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Energy security is a top key priority in the country’s economic agenda. The challenge 
lies in balancing energy security and economic development while addressing the 
issue of climate change. To strike a balance among these factors, the Philippines 
would need more low carbon energy and use energy more efficiently. In line with the 
United Nations Sustainable Development Goal 7 (SDG 7) that seeks to “ensure access 
to affordable, reliable, sustainable and modern energy for all”, the Department of 
Energy continues to deliver its mandate of providing energy to all Philippine residents 
to make lives comfortable and our businesses competitive as embodied in the 
country’s long-term economic aspiration known as Ambisyon Natin 2040.

The complex energy challenges facing the Philippines today require strong 
collaboration among key partners and stakeholders. The DOE, therefore, welcomes 
this timely set of research studies that were carried out under the auspices of the 
Access to Sustainable Energy Programme – Clean Energy Living Laboratories (ASEP-
CELLs) project with the guidance of the Ateneo School of Government (ASoG). 

ASEP-CELLs is a component of the European Union-Philippines Access to Sustainable 
Energy Programme, which has rendered advice on policy and strategy, developed 
planning tools and business models, and provided targeted support in the process 
of implementing investment schemes. ASEP and its various undertakings have 
assisted the DOE and stakeholders in the energy sector to resolve regulatory and 
administrative issues that hinder government from attaining its electrification targets 
and from establishing a sustainable electricity market.

Under its knowledge management pillar, the project has produced a comprehensive 
set of studies that are aligned with DOE’s major thrusts. These studies are conveniently 
classified into five sections:

• “Issues in Energy Security” which contains studies that deal with the major 
issues relevant to promoting energy security, particularly expanding access 
to electricity;

• “Role of Renewable Energy in Promoting Energy Security” showing the key 
role of the ASEP-CELLs project in facilitating the efficient transition of the 
Philippine economy to a low-carbon scenario;

• “Policy Studies in Support of Energy Security,” which is consistent with the 
mantra of evidence-based policy; and

• “Technical Studies in Support of Energy Security” and “Technical Studies in 
Support of Renewable Energy” contain studies that are analytical in nature, 
the results of which are usually the basis of robust energy policies.
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DOE will benefit immensely from the policy analysis and technical studies in this 
compendium. We are particularly pleased that renewable energy figures prominently 
in this anthology. This is the path to the future if the global community is to attain the 
1.5°C Paris Agreement goal. 

We commend the ASEP-CELLs project, ASoG, EU and their partners for this endeavor 
which will clear our pathways to attain energy security for the country.  DOE is proud 
to have been part of this project and acknowledges the benefits from this entire 
undertaking.

FELIX WILLIAM B. FUENTEBELLA
Senior Undersecretary
Department of Energy
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Energy security is defined by the International Energy Agency (IEA) as “the 
uninterrupted availability of energy sources at an affordable price.” The IEA 
further explains that “short-term energy security looks at the ability of the energy 
system to react promptly to sudden changes in the supply-demand balance. On 
the other hand, long-term energy security mainly deals with timely investments to 
supply energy in line with economic developments and environmental needs.” In 
this project, the term energy security encompasses all these aspects. This project 
also recognizes that a secure, reliable, cost-efficient, and sustainable energy 
sector is important for economic development.

Several problems and issues confront the energy sector of the Philippines, 
hindering the progress towards energy security. Short-term issues include the 
relatively high tariffs that are charged to both households and industries, while 
medium-to-long term issues focus on two key aspects: shifting the generation 
mix to more environmental-friendly sources and ensuring adequate power supply 
to foster higher economic growth. Policies and projects have to be implemented 
to ensure that these issues are addressed. Moreover, policies are also necessary 
to resolve conflicts among the components of energy security.

In March, 2019, the Ateneo School of Government (ASoG) embarked on a project 
under the auspices of the European Union that has contributed to the resolution 
of some of these issues. In the description of the action, the project “Access 
to Sustainable Energy Program – Clean Energy Living Laboratories,” or ASEP-
CELLs, aimed to “empower key stakeholders to effectively respond to energy 
challenges and seize opportunities for sustainable production and consumption, 
particularly in managing the transition to low-carbon energy.”

A comprehensive research agenda was developed in April 2019 and was revised 
in August 2019. It included the research studies that were conceived by the 
partner institutions during the project proposal phase. Partner institutions which 
ably contributed to the knowledge management pillar of the project are: Manila 
Observatory, University of San Carlos, Xavier University, and SolarSolutions, Inc. 
Another partner, ICLEI Southeast Asia Secretariat (ICLEI SEAS), was more active 
in the other two pillars of capacity building and advocacy. ASoG also benefited 
from the expertise of external specialists and researchers from the academe and 
the energy sector. Some of them authored studies, but those who comprised the 
project’s Research Advisory Board merit special mention here: Ms. Mylene C. 
Capongcol, Atty. Raphael Perpetuo M. Lotilla, Engineer Chrysogonus F. Herrera, 
Dr. Majah Leah V. Ravago, Ms. Josephine Mangila-Tioseco, Ms. Maris Cardenas, 
and Mr. Teodoro Brawner Baguilat, Jr.

Preface
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This anthology presents the research studies conducted under the auspices of 
the ASEP-CELLs project. The studies were intended to support the project’s 
three goals of increasing rural electrification (or energy access for all), energy 
efficiency, and the share of renewables in the energy mix. Beneficiaries of the 
various findings and analyses here would include the Department of Energy, the 
private sector, civil society organizations, and academic institutions. In addition, 
the compendium is envisioned to benefit the new administration as it takes over 
the Philippine government at a crucial juncture in the global community’s battle 
with climate change. At the same time, the research studies from ASEP-CELLs 
can also help jumpstart the activities of the Philippine Energy Research and Policy 
Institute (PERPI), which was established in August 2021. 

In this anthology, the studies are classified into five sections, and readers will 
also note that there are three types of papers. Of the papers in this anthology, 
seven have already been published in accredited international journals and are 
included here in full using the format of these respective journals. There are also 
19 papers that have been or will be submitted to journals and are included here 
in abstract form to avoid double submission, should these papers be published. 
The authors of these submitted papers, however, have agreed to share their 
papers in full with interested parties. The 19 remaining studies, which includes 
the overview chapter, are published in full in this compendium.

The work presented in this research anthology embodies three years of tireless 
effort by the authors, a modest but important contribution to the goal of energy 
security in the Philippines.

       THE EDITOR
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of this anthology. The European Union (EU) provided financial assistance 
through its Access to Sustainable Energy Programme (ASEP). Research studies 
were conducted under the auspices of the ASEP-CELLs (Clean Energy Living 
Laboratories) project, which was conceptualized by Dr. Jose Ramon T, Villarin, 
S.J., former President of the Ateneo De Manila University (ADMU), Professor 
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Mendoza, ably assisted by Ms. Ivyrose S. Baysic, Head of the Ateneo Policy 
Center.  Meanwhile, members of the Research Advisory Board provided 
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Achieving Energy Security in the 
Philippines: Overview Chapter
Josef T. Yap and Joyce Marie P. Lagac

Built on three major pillars, the Access to Sustainable Energy Programme, Clean 
Energy Living Laboratories (ASEP-CELLs) project was carried out from March 
2019 to April 2022. These three pillars are knowledge management, capacity 
building, and advocacy. This research compendium is part of the first pillar 
and presents an anthology of the 44 research and policy studies completed 
under the auspices of the project. Project partners who contributed studies 
are the Ateneo School of Government (ASoG), Manila Observatory, University 
of San Carlos (USC), and Xavier University; the project Senior Technical 
Advisor, members of the Project Management Office, SolarSolutions, Inc., 
and noted external experts also prepared research studies under the purview 
of ASoG.  However, not all studies are published in full. Those studies which 
are intended to be published in academic journals but not accepted as of this 
writing appear only in abstract form. A situation of double submission is thus 
avoided, but the authors have agreed to provide complete studies upon the 
request of interested parties. Meanwhile, studies that were published before 
the completion of this anthology are included in their entirety with proper 
acknowledgement and reference. The rest of the studies are published in full 
in this compendium.

One broad theme underscored all the studies: promoting energy security in 
the Philippines. Energy security taken in its broadest sense is defined by the 
International Energy Agency (IEA) as 

the uninterrupted availability of energy sources at an affordable price. 
Energy security has many aspects: long-term energy security mainly 
deals with timely investments to supply energy in line with economic 
developments and environmental needs. On the other hand, short-
term energy security focuses on the ability of the energy system to 
react promptly to sudden changes in the supply-demand balance. 
(Alonzo and Guanzon 2018) 

The definition is consistent with the areas to which the three ASEP-CELLs 
pillars were aligned: low-carbon renewable energy (RE) sources, energy 
efficiency (EE) and energy access (EA).

Introduction1
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While the papers in this anthology are unified by a common theme, they are 
also classified into five major sections. Some of the papers straddle two or 
more categories and the actual classification was a judgement call on the part 
of the editor. The first section is titled “Issues in Energy Security.” Studies in 
this section deal with the major issues relevant to promoting energy security, 
particularly expanding access to electricity. One important area is analyzing 
constraints and challenges to promoting energy security.  At the core of 
the debate is the energy trilemma, where the trade-offs among the various 
objectives of energy policy are evaluated.

The second section is titled “Role of Renewable Energy in Promoting Energy 
Security.” At the heart of the ASEP-CELLs project is the goal of facilitating 
the efficient transition of the Philippine economy to a low-carbon scenario. 
The studies in this section deal with the role of RE in this process. Similar to 
the issue of energy security, an important area is analyzing constraints and 
challenges to promoting renewable energy.

The third section is titled “Policy Studies in Support of Energy Security.” Many 
of the studies in the compendium subscribe to the mantra of evidence-based 
policy. This section looks into the design of policies to promote the various 
components of energy security. Most of the recommended policies are under 
the purview of the Department of 
Energy (DOE).

The fourth section is titled “Technical Studies in Support of Energy Security.” 
As the title implies, the studies in this section are analytical in nature and 
place emphasis on the methodology of examining the structure of the energy 
sector. Papers by the USC in the first four sections are mainly applications to 
the remote islands in their project.

Finally, the last section is titled “Technical Studies in Support of Renewable 
Energy”, which is a subset of the fourth section. The studies in this section 
examine technological factors that affect the progress of RE in the Philippines. 
For example, solar radiation and wind speed are affected by geographical 
location and changes in the climate. Some of the papers from Xavier University 
are related to papers by the Manila Observatory but are applied to Mindanao. 
The following pages expound on the key discussions and findings of the 
papers found in each section.
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Issues in Energy Security2
This section begins with the study titled “Access to Sustainable Energy in the 
Philippines: Market Failure and Political Economy Considerations” (Chapter 1 
of the anthology) which provides the framework and justification for the entire 
project. Design of policy interventions—along with the required advocacy 
and training for their implementation—is based on the concept of market 
failure, defined as the inability of the private sector to allocate goods and 
services efficiently or allocate them at all. Examples of this would be provision 
of electricity in off-grid areas or a more pronounced shift towards the use of 
renewable energy. The DOE has many programs and policies in place that can 
address these market failures. However, political economy considerations have 
prevented some of these interventions from being implemented effectively. 
This paper adopts a theoretical framework to analyze these existing constraints 
and identifies relevant areas for carrying out the analysis.

Chapter 1 is complemented by a study conducted by SolarSolutions, Inc. 
(Macabebe, et al. 2022) titled “Philippine Energy Report: Energy Development 
and Electrification in the Philippines.” This is an example of a study conducted 
under the auspices of ASEP-CELLs but was independently published. However, 
because of its length, the study cannot be published in full, and hence only an 
abstract (Chapter 2) is provided. A comprehensive description and analysis of 
the major issues that surround the electricity sector is provided by this study. 
Alternative frameworks to organize the discussion are also presented. One 
important topic is the optimal energy mix that would effectively address the 
various objectives of energy policy.

“Managing the Energy Trilemma in the Philippines” (Chapter 3), which 
is published in the journal Energy, Sustainability and Society (Yap et al. 
2021), highlights the conflicting objectives confronting policymakers 
when promoting energy security. Policy gridlock may arise if policymakers 
encounter trade-offs and are unable to prioritize their goals—e.g., should 
affordability of electricity be sacrificed in the altar of low-carbon emissions? 
This paper proposes a framework and methodology to manage the trilemma 
by applying methods related to multi-criteria decision-making in order to 
assign weights to the various components of the trilemma. Following the 
broad interpretation of energy security, these components are autarky, price, 
supply, and carbon emissions. The values of these variables are generated by 
a software called PLEXOS and are incorporated in a welfare function. Trade-
offs and complementarities among the four variables are taken into account 
by the equations in the PLEXOS model. Meanwhile, weights for each of the 
components of the trilemma are obtained using the Analytical Hierarchy 
Process. Attempting to resolve the conflict among the goals of energy 
policy is difficult leading to a possible gridlock. Policy options can, however, 
be ranked using the values generated by the welfare function. The ranking 
clearly depends on the preference or priorities of the hypothetical head of the 
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DOE but at least a decision could be reached. In this manner, trade-offs are 
measured and the trilemma can be managed even if it is not resolved.

An attempt was made to apply the same methodology in the paper 
“Managing the Energy Trilemma using Optimal Portfolio Theory” (Chapter 
4). In the standard portfolio model, the efficient frontier is formed by the 
optimal combination various energy-generating technologies using two 
important parameters: the expected rate of return and the risk measured by 
the variance in the return. Two extensions are made in this paper. First, a third 
dimension is added to the framework by incorporating the amount of carbon 
emissions for each type of generating technology. Second, a methodology to 
select a point (or line) in the optimal frontier is proposed. A welfare function 
is introduced, the components of which are the three relevant variables: risk, 
return, and carbon emissions. Similar to the methodology in Yap et al. (2021), 
the weights of each of these variables reflect the preferences of a hypothetical 
DOE Secretary. Different combinations of weights will yield different optimal 
choices which are defined in terms of the shares of the various generation 
technologies. 

Similarly, sustainability is a key theme in the study conducted under the 
auspices of the Manila Observatory titled “Energy and Climate Nexus: The 
Contribution and Vulnerability of the Global and Philippine Energy Sector 
to Climate Change” (Chapter 5). Current energy systems in the Philippines 
are developed around fossil fuels. If effort is not exerted to drastically slow 
down climate change and rethink the way energy is produced and used, the 
consequences may be catastrophic. This study explores how Philippine energy 
systems can be transformed and looks into the contribution of the global and 
national energy sectors to climate change. The study examines greenhouse 
gas (GHG) emissions trends, the role of the energy sector in influencing these 
trends, and whether they are consistent with the temperature goals in the 
Paris Agreement. This paper also assesses the vulnerability of the energy 
sector to climate change. Finally, it includes a discussion of the potential of an 
integrated approach to transforming the energy sector.

In addition to sustainability, one of the central issues in archipelagic countries 
like the Philippines is electrification of off-grid areas. USC completed many 
studies in this area and one of them, “The Viability of Providing 24-Hour 
Electricity Access to Off-Grid Island Communities in the Philippines” (Chapter 
6), was published in the journal Energies (Lozano et al. 2021). This paper aims 
to expand the viability assessment of electrification projects in off-grid island 
communities; this mainly addressed the apparently opposing needs of the 
major stakeholders at play by developing a viability assessment framework 
considering the techno-economic dimensions as well as the socio-economic 
impacts to the consumers. The analysis follows a two-phase approach, where 
system design optimization and financial impact calculations are done in the 
first phase, while the socio-economic viability is accomplished in the second 
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phase. Results suggest that high capital investment for renewable energy has 
a better pay-off when there is higher demand for electricity. On the other hand, 
consumers also tend to receive higher economic benefit as they consume 
more electricity.

In the same section, Xavier University contributed one paper: “Assessment and 
Evaluation of the True Electrical Energy Mix in Cagayan de Oro City” (Chapter 
7). The study is concerned with estimating the actual energy mix in Cagayan 
de Oro City, given that many residences and commercial establishments have 
installed solar panels. The actual energy mix will affect the implementation of 
Resolution 09, Series of 2013, approving the Rules Enabling the Net Metering 
Program. The study concludes that while Cagayan de Oro City Customer 
Owned Renewable Energy (Solar PV) installations may be growing, its capacity 
is still relatively small and does not affect the overall energy mix.

Meanwhile, two policy papers were derived from the SolarSolutions Inc.
comprehensive study presented in Chapter 2. The first appears in this 
section as Chapter 8 or “The Philippine Energy Challenge: Building Towards 
an Affordable, Reliable, Clean, and Inclusive Universal Access to Energy.” 
It is a condensed version of the main report but adds a discussion on the 
concept of energy justice. The policies and programs on energy access were 
analyzed to identify the challenges faced by the Philippine government as it 
works towards achieving 100% household electrification by 2030. Reviewing 
the policies and programs that support electrification of the unserved and 
underserved communities allows the study to recognize the limitations and 
policy gaps, as well as nuances, in the method of gathering and reporting 
energy data. Thus, one of the major recommendations of the study is to revisit 
the operational definition of energy access that the government adheres to 
when designing programs and reporting accomplishments, and to adopt the 
multi-tier framework which considers the indicators of SDG 7 used to assess 
energy access.

The second policy paper, “Electricity Access: Beyond Yes or No,” which appears 
as Chapter 9, describes in greater detail the proposed multi-tier framework in 
Chapter 8. The Multi-Tier (MTF) Framework is a tool that can provide further 
insight into underserved electrification. The framework classifies areas into 
six tiers measured against the following attributes: Capacity, Availability, 
Reliability, Quality, Affordability, Formality, and Health and Safety. This gives 
policymakers more flexibility in designing programs that are intended to 
accelerate electrification.
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Role of Renewable Energy in Promoting Energy Security3
The second section of the anthology opens with “Promoting Renewable 
Energy: How Fares the Philippines?” (Chapter 10), which acknowledges the 
importance of sustainability as a component of energy security. RE has a key 
role in engendering sustainability. The share of RE in electricity generation 
in the Philippines, however, has fallen from 45.4% in 1990 to 21% in 2019, 
a clear indication that the interventions have not been effective. Main 
constraints to the expansion of RE are formidable, which include market-
based factors, technology inertia, market failure, and political economy 
issues. Some of these are factors obtained from the framework in Chapter 1. 
Even if policies are designed to overcome these constraints, there has been a 
delay in the implementation of some of them; but more importantly, many of 
the interventions do not adhere to the principles underlying sound industrial 
policy. In particular, this paper shows that policies should abide by the principle 
of embeddedness, which refers to the coordination between the public 
sector and private firms that allows the former to be aware of the constraints 
and opportunities of the latter. To address this problem, policymakers must 
incorporate said principles and streamline future interventions by anchoring 
them to three aspects: the moratorium on greenfield coal plants, the study on 
Competitive Renewable Energy Zones (CREZ), and the serious consideration 
of incorporating nuclear power in the energy mix. Meanwhile, the COVID-19 
pandemic has provided an opportunity to “build back better.” Studies have 
shown that some “green” fiscal recovery measures have strong multiplier 
effects and, at the same time, promote sustainability. An example is retrofitting 
buildings to enhance energy efficiency. The experience of other Southeast 
Asian countries in designing interventions can be useful but policymakers 
should acknowledge that one size does not fit all.

The framework and analysis in Chapter 1 and Chapter 10 were also adapted 
in the study “Expanding Off-grid Electrification through Renewable Energy 
in the Philippines” (Chapter 11). The paper argues that off-grid electrification 
in the Philippines can be accelerated by expanding the use of renewable 
energy. However, this option is constrained by market-based and technology 
factors, market failure, and the political economy, as well as idiosyncratic 
reasons, as highlighted in selected case studies. Nevertheless, policies, most 
notably those related to access to finance and smart use of technology, can 
be designed to support the expansion of RE, and Competitive Renewable 
Energy Zones can also play an enabling role.

Being a centerpiece of the efforts to promote RE, the feed-in-tariff (FiT) has 
to be analyzed systematically. This is the topic of “Evaluating the Feed-in 
Tariff Policy in the Philippines” (Chapter 12), which was published in the 
International Journal of Energy Economics and Policy (Lagac and Yap 2021).  
Data show that while the FiT has led to an increase in RE generating capacity, 
the share of renewable energy in the country has been declining since 2011—
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consistent with the trend since 1990 described earlier in Chapter 10. The 
findings also suggest that the Philippines has incurred a net social cost from 
its implementation of the FiT.

Closely related to the political economy analysis in Chapter 10 is “Renewable 
energy policy failure in the Philippines: A case of socially embedded selection 
pressures” (Chapter 13). This study conducted a qualitative analysis of the 
policy network that revealed a social embeddedness among actors, primarily 
the incumbent energy developers, utilities, and government. The paper 
shows that the resulting selection pressures across the regime dimensions of 
political power and technology have contributed to the failure of RE policy. 
The study concludes with the need for protective spaces in order to realize an 
energy transition.

Several case studies highlight the important role of renewable energy. 
“Sustainability of Energy Systems: Empowering Bottom-Up Approach to 
Renewable Energy Projects” (Chapter 14) explores the concept of community-
based renewable energy systems (CBRES) and dovetails with Chapter 11. 
The study identifies factors that make community renewable energy (CRE) 
sustainable in the Philippine context based on a pilot project. It was found 
that community support and commitment was an important element in the 
sustainability of the CREs. These were attained through consultation and 
community participation in the development, operations and maintenance 
of the RE system. This shows that communities, when empowered, can be 
their own energy service provider through the CBRES model. This bottom-up 
approach is a solution to the lack of energy service providers that would cater 
to remote areas.

Meanwhile, the study conducted by Xavier University titled “The Socio-
Economic Profile and Awareness, Knowledge, and Willingness to Pay for 
Renewable Energy: Household Case In Cagayan De Oro City” (Chapter 15) 
sheds light on the potential role of RE in electrification in Northern Mindanao. 
The study concludes that with the growing body of knowledge, awareness, 
and the public’s willingness to transition to renewable energy sources, the 
city government of Cagayan de Oro should plan to integrate national energy 
policies and plans into local planning and development processes through 
collaborative work.

USC also completed two case studies that are found in this section. One of 
them, “Moving Up the Electrification Ladder in Off-Grid Settlements with 
Rooftop Solar Microgrids” (Chapter 16), was published in the journal Energies 
(Rabuya et al. 2021). This study investigates the transition towards higher tier 
electricity access on Gilutongan Island, an off-grid island in Cebu, Philippines, 
which is also an informal settlement community with no open land available 
for a centralized solar PV system. The solar PV potential of suitable rooftops on 
the island was determined using satellite imagery, ground measurements, and 
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computation. This is an application of the multi-tier framework described in 
Chapters 2 and 9. Transitioning households from lower to higher tiers unlocks 
the potential in meeting more of their energy needs.

Another published study in Energies, which appears as Chapter 17, is 
“Balancing Energy Trilemma Using Hybrid Distributed Rooftop Solar PV 
(DRSP)/Battery/Diesel Microgrid: A Case Study in Gilutongan Island, Cordova, 
Cebu, Philippines” (Lacea et al. 2021). This paper shows that achieving reliable, 
affordable, and clean electricity are crucial for energy sustainability. Attaining 
these goals requires managing the three core factors (TCF) of the energy 
trilemma to increase reliability (access), minimize the levelized cost of electricity 
(LCOE) (energy equity), and avoid potential CO2 emission (environmental 
sustainability) simultaneously. This paper aims to present a design strategy for 
the hybrid energy system microgrid (HESM) model, consisting of a distributed 
rooftop solar PV (DRSP), battery, and diesel-generator to meet the increasing 
demand while balancing the TCF of the ET. The design strategy was applied 
in a cluster of 11 households in Gilutongan Island, Cebu, Philippines, where 
there is no open land space for a solar PV microgrid system. The paper is 
essentially an application of the concepts in Chapter 3 and Chapter 6.
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Policy Studies in Support of Energy Security4
This section is mostly comprised of studies conducted under the auspices 
of ASoG. The reader finds in Chapter 18, “Politico Economic Determinants 
of Electric Cooperatives’ Performance in the Philippines,” how Electric 
Cooperatives (ECs) are tasked with ensuring electricity access and quality 
of service provision in rural areas. Aside from the economic, spatial and EC-
specific characteristics of their franchise areas, another challenge to their 
service delivery is politico-economic in nature. (The underlying framework 
is described in Chapter 1.) This paper examines the politico-economic 
determinants of EC performance in the Philippines and the empirical results 
show that higher politicization, as measured by an increased share of fat political 
dynasties is associated with more bloated staffing for ECs and relatively poor 
collection efficiency. Moreover, economic and EC-level variables, such as per 
capita income, gigawatt hour sold, and to an extent, consumers per circuit 
kilometers of line, are significantly correlated with EC performance. Given 
these findings, the paper asserts that institutional measures to help ECs serve 
their mandate should be pursued, such as upholding the independence of the 
EC Board of Directors, encouraging participation of member consumers, and 
protection from other forms of political lobbying.

The analysis in Chapter 18 is extended in the study “Drivers of Electric 
Cooperatives’ Performance in the Philippines: A Principal Component Analysis 
and K-Means Clustering Approach” (Chapter 19). This study attempts to 
identify the main drivers of EC performance through Principal Component 
Analysis (PCA), synthesizing the numerous variables into a few relevant 
components (i.e. dimension reduction). The retained components are then 
used to cluster similar ECs through K-means clustering, with the clustering 
solution being compared to existing NEA performance assessments.

Meanwhile, the issue of nuclear energy is addressed directly in Chapter 20, 
“Towards a Balanced Assessment of the Viability of Nuclear Energy in the 
Philippines.” This study presents evidence that nuclear energy has one of the 
lowest levels of greenhouse gas (GHG) emissions per unit of power produced. 
However, conventional wisdom surrounding the Bataan Nuclear Power Plant 
(BNPP) has branded this project as a white elephant, which created a stigma 
around nuclear energy among a significant number of Filipinos, particularly 
members of civil society. The study presents evidence that the BNPP was 
operational at the time the administration of President Corazon Aquino 
decided to shut it down. Moreover, the risks related to the BNPP’s location 
are largely inconsequential. The BNPP became a white elephant because 
of an ill-advised political decision. Evaluating the viability of nuclear energy 
in the Philippines should therefore be balanced and must deal solely with 
underlying technical and scientific issues, which are well-known. This paper 
was published in the Journal of Environmental Science and Management (Yap 
2021).
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GHG emissions are at the heart of Chapters 21, 22, and 23  all of which deal 
with the Nationally Determined Contribution (NDC) of the Philippines. “The 
Philippine Climate Change Commitments and the Energy Transition to A Low-
Carbon Future” (Chapter 21) was completed under the auspices of the Manila 
Observatory. The study serves primarily as an overview of the energy sector in 
the Philippines and how its current structure affects prospects of transitioning 
to a low-carbon scenario. The author cites several concerns regarding this. 
One of these concerns is the lack of consistency, coherence and certainty of 
regulations and policies. This is reflected in two contrasting and inconsistent 
scenarios that the DOE and the Climate Change Commission are pursuing: one 
is on a high-carbon emission pathway under the Philippine Energy Plan and the 
other on the low-carbon side under the National Renewable Energy Program, 
National Energy Efficiency & Conservation Program (NCEEP), National Climate 
Change Action Plan (NCCAP) and Nationally Determined Contribution (NDC). 
Other concerns cited by the author are the risk of stranded coal power assets; 
and market failure in the provision of rural electrification largely because of 
the emphasis on the privatization and liberalization approach espoused under 
EPIRA. The analysis dovetails with the framework in Chapter 1. The market-
oriented framework under EPIRA has shifted the treatment of electricity to a 
form of social service to one described as “a commodity in need of optimal 
allocation.”

Chapter 22, “Evaluating the Philippine Nationally Determined Contribution 
(NDC) in 2021” examines the revised NDC that was communicated to the 
United Nations Framework Convention on Climate Change (UNFCCC) on 15 
April 2021. The Philippines committed to a projected greenhouse gas (GHG) 
emission reduction and avoidance of 75%, referenced against a projected 
business as-usual (BAU) cumulative emission of 3,340.3 MtCO2e for the period 
2020-2030. However, even if a significant part is conditional on financial 
assistance from multilateral agencies, the commitment is unrealistic, according 
to this paper, given the past trends in GHG emissions and projections under 
the Clean Energy Scenario of the Department of Energy.

Chapter 23, “Philippines Roadmap: Policies and Laws Needed to Reduce 
Greenhouse Gas Emissions Pursuant to its Nationally Determined 
Contribution,” looks into the legal pathway to lowering GHG emissions 
pursuant to the NDC commitment of the Philippines under the Paris Agreement 
that it submitted to the UNFCCC. In its NDC, the Philippines committed to a 
projected GHG emissions reduction and avoidance of 75%, of which 2.71% is 
unconditional and 72.29% is conditional, representing the country’s ambition 
for greenhouse gas mitigation for the period 2020 to 2030 for the sectors of 
agriculture, wastes, industry, transport, and energy. The first part of the paper 
focuses on the problem of climate change in the world and in the Philippines, 
as well as the need for the Philippines to reduce its GHG emissions. Then the 
study looks into the different international agreements on climate change. 
After this, the paper discusses existing Philippine Government policies, laws, 
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implementing rules and regulations (IRR), executive orders, administrative 
orders, and administrative issuances that can help the Philippines comply 
with its commitment. Based on this discussion, the paper gives policy 
recommendations and proposes laws. It concludes by featuring current events 
on climate change policy and proposes a way forward to a carbon-free future.  

The last chapter in this section is “Sovereign Wealth Fund (SWF) Policy 
Options for Philippine Off-shore Energy Resources” (Chapter 24). The study 
analyzes a policy framework for managing existing and potential energy 
resources. It argues that a well-designed SWF can positively transform the 
country’s management of proceeds from energy resources as well as bolster 
Philippine sovereignty over those resources. A benchmark SWF consists of 
a privileged set of putative universal or international norms, namely, the so-
called Santiago Principles that were promoted under the aegis of a working 
group of the International Monetary Fund. However, instead of presuming 
global consensus, the study unpacks the historical and political backgrounds 
of SWFs of the three case studies. The study applies the insights derived 
from the case studies in terms of policy standards, political conditions, and 
consequences. The SWF of the Philippines is developed by reimagining 
the Malampaya Fund as a SWF, thus laying down policy options that would 
have avoided resource plunder and promoted better outcomes in terms of 
transparency, governance, and benefit to Filipinos. The last part presents a 
discussion of the potential contribution of SWF to Philippine sovereignty, 
with a specific commentary on the management of the yet-to-be developed 
resources of the Philippine Rise.
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Technical Studies in Support of Energy Security5
Energy security encompasses meeting the demand for electricity in order to 
expand access. In light of this, ASoG commissioned a study titled “Rational 
Choices and Welfare Changes in Philippine Family Energy Demand: Evidence 
from Family Income and Expenditure Surveys” which appears as Chapter 25 
in this compendium. The study examined Philippine family demands for 1) 
electricity, 2) gas and liquid fuels, 3) solid fuels, 4) food, and 5) “others”—
based on the Family Income and Expenditure Survey (FIES) in 2009, 2012, and 
2015—and found them “rational” (i.e., consistent with utility maximization 
or expenditure minimization). Specifically, the paper shows that own-price 
elasticities are negative (i.e., downward-sloping demand curves). The above 
results validate computing compensating variation (CV) and equivalent 
variation (EV) which are changes in “compensated incomes” that maintain 
welfare or utility level after a change in prices. During 2009-2015, the 
aggregate price index (i.e. CPI) increased 3.08 percent annually to which price 
increases of energy, with a weight of 7.4 percent, contributed 0.23 percentage 
points, about equal to the mid-point CV and EV estimates of welfare losses 
ranging 0.18 to 0.30 percent of 2009 total expenditures. However, total 
expenditures increased annually by over 3.0 percent, which was more than 
enough compensation for welfare losses. But improved household energy 
end-use efficiency by “waste” reduction—in the 2011 Household Energy 
Consumption Survey—fully compensated the small welfare losses of 0.18 
to 0.30 percent even without increasing total expenditures or investing in 
efficiency improvements.

Another aspect that can affect electricity demand is aging. “Residential 
Electricity Consumption over the Demographic Transition in the Philippines” 
(Chapter 26) applies an index decomposition analysis linked with an 
economic-demographic model to trace how population age structure change 
may affect household electricity demand in the Philippines. The results show 
that population ageing has a direct, significant, and persistent effect on 
residential electricity demand growth. In economies like the Philippines where 
the elderly consumes more electricity per person relative to other cohorts, 
population ageing is expected to raise aggregate electricity demand through 
sheer compositional accounting effect. But even in economies where average 
electricity consumption is flat or declining in age, demographic dividends are 
projected to raise aggregate electricity consumption by expanding electricity 
access and increasing usage intensity across all age groups through a positive 
income effect. The permanence and irreversibility of population ageing, and 
the persistence of economic growth from demographic change may drive 
continuing growth in the energy sector.

A study conducted by USC, “Applying User-Perceived Value to Determine 
Motivators of Electricity Use in a Solar Photovoltaic Implementation in a 
Philippine Island” (Chapter 27), applied the concept of user-perceived value 
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(UPV) in electrification in order to determine the motivation of end-users to 
consume electricity in the island of Gilutongan Island, Cordova, Cebu, who 
were beneficiaries of a 7.92 kWp solar photovoltaic installation. The study 
was published in the journal Sustainability (Lozano and Taboada 2021). The 
findings suggest that among members in the local community, 1) better status 
and 2) ability to engage in productive use of electricity (PUE) are among the 
strongest factors that motivate rural households to consume electricity. Other 
factors identified were increased access to information as well as conveniences. 

Performing the role of Mindanao CELL in the project, researchers from 
Xavier University submitted several studies that are also found in this 
section. The introductory section of “Exploring the Nexus of the Residential 
Energy Consumption, Effective Rate, Unemployment and Income Revenue 
in Cagayan De Oro City” (Chapter 28) examines the general pattern of the 
electricity sector in the Philippines and compares it with that of Northern 
Mindanao. However, the bulk of the paper explores the determinants of 
residential energy consumption in Cagayan de Oro between 2005 and 2019. 
The empirical results show that the city’s total income and unemployment, 
not the electric rate, explain the growing demand for electric consumption in 
Cagayan de Oro City. The study concludes with recommendations on how to 
reduce electricity cost that will contribute to energy security. An interesting 
proposal is to include “carve-out” clauses in power supply agreements. The 
findings can guide future energy policy in Northern Mindanao.

Also focusing on Mindanao, the main objective of “Evaluation Of Energy Mix 
Of The Projected Wholesale Electricity Spot Market (WESM) In Mindanao” 
(Chapter 29), as the title suggests, is to evaluate the energy mix of the projected 
WESM on the Mindanao grid. After analyzing the data obtained from all the 
processes during the period June-July, 2021, the authors conclude that the 
WESM promotes clean energy resources and green technologies. Based on 
the data obtained from the Independent Electricity Market Operator of the 
Philippines (IEMOP), 31.47% of the total generated capacity was dispatched 
by renewable plants in 2021 compared with the 27.8% that was generated in 
2019. The results of the study should provide DOE, EIMOP and the consumers 
of electricity with a clearer picture of the energy mix scenario which would 
then lead to a more comprehensive understanding of the use of cleaner 
energy sources.

Meanwhile, “GIS-Aided Profiling of Electric Power Distribution Utilities in 
Mindanao, Philippines” (Chapter 30) presents data on supply and demand 
of electricity for all the distribution utilities (DUs) in Northern Mindanao using 
a Geographical Information System. This study aims to track the status of 
electrification in Northern Mindanao using generated maps of DUs in the area 
using the software ArcGIS. The results of the study will be useful for a variety 
of stakeholders. For example, Local Government Units can use the data when 
planning the transition towards cleaner sources of energy.
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Technical Studies in Support of Renewable Energy6
The focus of this section is to explore how developing RE sources can help 
the Philippines move away from its dependence on fossil fuels. While the use 
of RE can reduce GHG emissions and help in mitigating climate change, the 
location of the Philippines makes it highly prone to disasters, thus making 
renewable energy sources susceptible to changes in climate. Using data from 
SEACLID/CORDEX and Representative Concentration Pathway (RCP) 4.5 and 
RCP 8.5 scenarios, the Manila Observatory investigated the impact of climate 
change on three renewable energy sources in the Philippines, published as 
three separate chapters, Chapters 31, 32, and 33, in this anthology. The study 
“Impact of climate change on renewable energy resources in the Philippines: 
Wind energy” (Chapter 31) assesses how changes in climate affects wind 
speed and wind power density, which impacts wind energy potential in the 
future. The findings show that there is an expected increase in wind power 
density for North Luzon, West Visayas, and Mindanao during the near future 
scenario (2016-2035), but an expected decrease in Celebes and Sulu Sea 
in the mid future (2046-2065). Following the same methodology, the study 
“Impact of climate change on renewable energy resources in the Philippines: 
Solar energy” (Chapter 32) finds that changes in temperature due to climate 
change significantly affects future photovoltaic (PV) output. Areas such as 
Mindoro, Palawan, and Western Visayas are expected to experience higher PV 
output. Finally, an assessment of the impact of climate change on hydropower 
is presented in the study “Impact of climate change on renewable energy 
resources in the Philippines: Hydro energy” (Chapter 33). 

Proper energy planning and implementation is also necessary to realize the 
potential of RE sources in addressing problems in energy access and security 
in the Philippines. A study conducted by MO, “Mapping Risks to Renewable 
Energy: A Value-Added Feature of a Space-Based Decision Support System” 
(Chapter 34), used geospatial data and geographic information systems (GIS) 
to locate potential renewable energy sources in the Philippines. The authors 
also developed a spaced-based renewable energy decision support system 
which can aid policymakers in mapping the location of different RE sources 
and assess potential risks involved in the development and operation of the 
RE technology.  

The studies titled “State of Hydropower in the Philippines Key Issues and 
Challenges in Harnessing the Power of Water” and “Wind Energy in the 
Philippines Resource and Associated Risks” (Chapters 35 and 36, respectively) 
provide an overview of the potential of hydropower and wind energy in the 
Philippines and discuss the advantages and disadvantages of developing 
the RE sources. The first study highlights the impact of hydropower facilities 
on protected areas and watershed reserves. Construction of facilities near 
indigenous resource displaces people from their ancestral domains. On 
the other hand, the second study looks into the existing literature on wind 



15Overview Promoting Energy Security in the Philippines: ASEP-CELLs Project Research Compendium

energy resources in the Philippines and found that the country has not fully 
realized its wind energy potential. The paper also discussed potential risks 
associated with wind energy, such as how large-scale wind farms affects the 
weather and climate; it also highlights the importance of holistic planning 
in developing wind energy as wind power density changes over time, as 
mentioned in Chapter 31.  Policymakers should take into account accurate 
planning and risk management in developing wind energy as the location of 
the Philippines makes it highly susceptible to disasters. Among the incentives 
of RE development is the local employment it provides, which can help in the 
growth of the local economy.   

Among RE technologies in the Philippines, biomass is one of the most 
underutilized, with its share in the total electricity generation mix only at 1.2%. 
The paper “Mapping Biomass Resource, Biomass Power Plants Site Suitability, 
and Associated Risks” (Chapter 37) highlights the potential of biomass and 
the importance of incorporating a systematic and strategic spatial decision-
making process in accelerating the resource development. The study 
enumerated four risks that should be considered when identifying a potential 
site for resource development. Biomass energy facilities require an adequate 
supply of water for every stage of biomass energy development. Insufficient 
irrigation may affect the size of crops which affects biomass production. 
Climate is another risk to be considered as too much water from rain brought 
by typhoons may lead to crop destruction and impact biomass development. 
Land and biodiversity were also identified as risks to biomass energy. The 
paper also highlights the hazardous impacts of biomass development such as 
depletion of soil nutrients, local pollution, and impact on air and water quality. 

In contrast, “Mapping the Resource, the Associated Risks and Suitable Sites for 
Land- and Water-based Solar Power Plantations in the Philippines” (Chapter 
38) utilize remote sensing and modelling to identify potential sites for solar 
power and map out the potential risk involved in developing the resource. The 
maps generated from the study are in three scales: national, regional, and a 
local scale (municipality of Naujan in Oriental, Mindoro).  Some of the hazards 
identified in the study include flood, earthquakes, areas of conflict, typhoon, 
battery and PV panels contamination in sanitary landfills, and displacement 
due to solar power plant development.

Xavier University (XU) also conducted research studies to consider the viability 
of different renewable energy sources, but focus was given on addressing 
the energy problems in Mindanao. The paper “Solar PV Potential Spatial 
Optimization” uses remote sensing data from satellite imageries and GIS 
layers in order to effectively identify and map potential Solar PV locations 
and assess suitability and risks. However, due to time constraints, this paper 
was not was not completed on time and was therefore not included in the 
compendium. Using GIS and remote sensing, “Biomass Energy Potential 
and Resource Assessment of Five Major Crops in Mindanao” (Chapter 39) 
aims to assess the potential of five major crops as a biomass resource. The 
paper “Determination of the Potential Heads for Hydropower Plants using 



16Promoting Energy Security in the Philippines: ASEP-CELLs Project Research CompendiumOverview

Geo-Spatial Technology: A Case Study of the Eight Major River Basins of 
Mindanao, Philippines” (Chapter 40), likewise, use GIS to assist decision-
makers in assessing the viability of Hydropower plants in the region.

Meanwhile, “Prediction of Supplementary Off-Grid Solar Energy Source Using 
Deep Learning Long-Short Term Memory” (Chapter 41) developed a solar 
irradiance forecasting model in order to measure the amount of future solar 
radiation which can be used to develop an effective solar energy system in 
Cagayan de Oro city. The aim of the study is to use the data for solar resource 
assessment on the proposed potential solar power plants in CDO. Finally, 
“Future Wind Energy Forecasting Using Radial Basis Function Neural Network” 
(Chapter 42) analyzes the potential of wind velocity to supply electricity in 
CDO city using Artificial Neural Network (ANN). The model can be used to 
assist local policymakers in CDO to forecast future wind velocity in their area.

Two studies were conducted by the Air Quality Dynamics Laboratory of the 
Manila Observatory to assess the impact of coal-fired power plants (CFFPs) 
on the environment. “Pollution dispersion and exposure from two coal-fired 
power plants near a coastal Philippine city” (Chapter 43) quantified the hidden 
costs associated with CFPPs in Cagayan de Oro City. Ambient fine particulate 
matter (PM2.5) samples measured downwind of the CFPPs during the modeling 
period showed much higher PM2.5 concentrations than the modeled results, 
indicating that there were other potential pollution sources prevailing in the 
study area. The other study “Day-night differences, and source apportionment 
of PM2.5 measurements near coal-fired power plants in Bukidnon, Philippines” 
(Chapter 44) determined the composition and possible sources of PM2.5 in 
the identified area. On average, the majority of the PM2.5 mass concentrations 
at the sampling site exceeded the WHO guideline value but were within the 
“moderate” US Environmental Protection Agency (EPA) Air Quality Index 
(AQI) category.

This anthology presents the studies that are intended to support the ASEP-
CELLs project’s three goals of increasing rural electrification (or energy 
access for all), energy efficiency, and the share of renewables in the energy 
mix. Beneficiaries of the various findings and analyses would include the 
Department of Energy, the private sector, civil society organizations, and 
academic institutions. In addition, the anthology should benefit the new 
administration as it takes over the Philippine government at a crucial juncture in 
the global community’s battle with climate change. Meanwhile, the Philippine 
Energy Research and Policy Institute (PERPI) was established in August, 2021. 
The research studies from ASEP-CELLs can help jumpstart the activities of 
PERPI.
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The problems of the Philippine energy sector are well documented (Alonzo 
and Guanzon 2018; ADB 2018; DOE 2017). These include relatively low per 
capita consumption of electricity, which is consistent with one of the lowest 
electrification rates in Southeast Asia; the second highest electricity tariff 
in Asia; and a stagnant share of renewable energy (RE) over the past two 
decades. Many of these issues are a consequence of the difficulties in the 

The Philippines has fallen behind its Asian neighbors in terms of energy access 
measured	 in	 electricity	 consumption	 and	 electrification	 rate.	 Renewable	
energy, however, has a relatively high share in the generation mix but has 
remained stagnant in the past two decades. Meanwhile, the Philippines fares 
relatively	well	in	terms	of	energy	efficiency,	but	this	may	be	distorted	by	the	
direction of causality between energy consumption and level of development. 
Market	failure—defined	as	the	inability	of	the	market	to	allocate	goods	and	
services	efficiently	or	allocate	them	at	all—is	a	principal	reason	for	problems	in	
energy	access,	energy	efficiency,	and	progress	in	the	use	of	renewable	energy.	
Appropriate government interventions can remedy these market failures. The 
Department of Energy (DOE) has many programs and policies in place that 
are aligned with such government interventions. However, political economy 
considerations have prevented some of these programs and policies to 
be implemented effectively. This paper adopts a theoretical framework to 
analyze	the	existing	constraints	and	identifies	relevant	areas	for	carrying	out	
the analysis. The latter forms the core of the ASEP-CELLs project agenda in 
knowledge management.

Keywords: market failure, political economy, energy access, renewable 
energy,	energy	efficiency

Abstract

Introduction
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Table 1.1 compares per capita electricity consumption and per capita GDP 
across selected Asian countries. What stands out is that the Philippines has 
the lowest per capita electricity consumption, less than a third of Thailand. 
Not unexpectedly, the Philippines also has the lowest per capita GDP (except 
for Viet Nam). The causality between these two variables can run both ways 
(Mapa et al. 2018). The Philippines, however, fares relatively well in terms of 
energy efficiency as measured by kilogram of oil equivalent consumption per 
USD1000 GDP (Table 1.1). This picture, however, may be distorted by the 
causality between energy use and level of development, and the structure of 
the Philippine economy which is skewed in favor of services and not the more 
energy-intensive manufacturing sector.

One can readily argue that the underdeveloped energy sector in the 
Philippines has constrained economic growth. The major problems started 
with the decision in 1986 not to operationalize the Bataan Nuclear Power 
Plant, resulting in a power shortage that crippled the Philippine economy. 
Over the period 1989–1993 the country experienced several eight-to-twelve-
hour blackouts, and power was rationed. An Asian Development Bank (ADB) 
study estimates that there was a 6% drop in the Philippines’ GDP from 1989–
1991 (Alonzo and Guanzon 2018).

Per Capita Electric 
Power Consumption, 

kWh, 2018

Per Capita GDP 
(at constant 2010 

USD), 2018

Energy Use (kg of oil 
equivalent per $1000 GDP, 

2011 PPP), 2014

China 4,018 7,752.60 175.77

Indonesia 812 4,284.70 88.36

Malaysia 4,302 12,120.10 122.65

Philippines 730 3,022.00 72.31

Singapore 7,954 58,247.90 62.49

Thailand 2,736 6361.6 132.57

Vietnam 1,476 1964.5 130.35

Table 1.1:
Per capita 
electricity 
consumption, 
per capita GDP, 
and Energy 
Use in selected 
Asian countries.

Source: World 
Bank (GDP, 
Energy Use),  
https://www.
indexmundi.
com/
map/?v=81000 
(electricity 
consumption)

Note: Energy 
Use data for 
Viet Nam is 
2013.

1990s when the Philippines experienced rolling power intermittencies due to 
transmission and distribution failures, domestic energy production shortages, 
high import tariffs, and geographical fragmentation (Ravago et al. 2018).
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Figure 1.1:
Total 
consumption 
per capita 
across selected 
Asian countries

Source: 
Enerdata

Figure 1.2:
Price of 
electricity of 
households in 
selected Asian 
countries

Source: 
Enerdata

Figure 1.1 shows the same pattern in per capita consumption for three 
years: 2010, 2014, and 2017. Meanwhile, Figure 1.2 shows that the price 
that Philippine households have to pay is second only to Japan. The only 
silver lining in the Philippine case is the percentage share of RE. Figure 1.3 
shows that the share of renewables in generation capacity is relatively high 
in the Philippines. This is largely due to a significant presence of geothermal 
resources throughout the country and hydro power in Mindanao. However, 
the stable share of renewables—especially when compared with the rapid rise 
in China—indicates that the Philippines has not been diversifying effectively 
towards other sources of energy.
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Figure 1.4:
Rate of 
electricity 
transmission-
distribution 
losses for 
selected Asian 
countries

Source: 
Enerdata

Figure 1.3:
Share of 
renewables in 
total electricity 
capacity for 
selected Asian 
countries

Source: 
Enerdata

Figure 1.4 shows one major reason why electricity prices are relatively high 
in the Philippines. This relates to transmission losses largely due to the 
archipelagic nature of the country. The data show that the Philippines has 
the highest rate of electricity transmission-distribution losses, followed closely 
by Indonesia, another archipelagic country. The prohibitively high cost of 
connecting small islands and remote regions to the grid also makes it difficult 
to take advantage of economies of scale that exist in generation.
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Policymakers have been aware of these issues and have taken steps to address 
them. The most notable government response was the passage of Republic 
Act No. 9136, or the Electric Power Industry Reform Act of 2001 (EPIRA). This 
was largely consistent with what has been described as 1990s model reforms 
(Lee and Usman 2018). The latter comprise the following core elements: 
separating utilities for generation, transmission, and distribution; maximizing 
private ownership and competition; and establishing an independent 
regulator, especially to ensure that prices reflect costs.

EPIRA embodied pro-market reform intended to restructure the Philippine 
energy landscape and to address the growing demand of Filipinos for reliable 
and competitively priced source of electricity. Among the major features of 
EPIRA include:

• Restructuring of the Philippine power sector from a vertically integrated 
state monopoly to an industry which fosters competition among power 
players;

• Establishing the Joint Congressional Power Commission (JCPC) and 
the Energy and Regulatory Commission (ERC);

• Creating the Wholesale Electricity Spot Market (WESM);
• Implementation of Retail Competition and Open Access (RCOA); and
• Providing support to Marginalized End-Users.

In addition to EPIRA, the Renewable Energy Act of 2008 (RE Law) also shaped 
the industry by promoting the exploration, development, and use of the 
country’s RE sources such as solar, wind, biomass, hydro and geothermal. 
More details will be presented in Section 5.
 
Subsequently, various versions of the Philippine Energy Plan have laid out plans 
and programs to address the aforementioned problems in line with EPIRA 
and the RE Law. Consistent with President Rodrigo R. Duterte’s AmBisyon 
Natin 2040, which envisions a “strongly-rooted, comfortable, and secure life” 
for all Filipinos by the year 2040, the DOE laid down eight Energy Sector 
Strategic Directions (ESSDs) to set the tone of the Department’s future policy 
track (Figure 1.5)
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Figure 1.5:
Strategic 
directions of 
energy sector

Source: DOE

Figure 1.6:
Nine-point 
energy agenda 
of DOE

Source: 
Enerdata

Meanwhile, under the guidance of the ESSDs, the DOE aims to achieve the 
indicative targets shown in Figure 1.6. They have been set as a nine-point 
energy agenda. The DOE strategies and targets are condensed in the key 
areas of ADB’s strategy for the Philippine energy sector (ADB 2018, 43):

• Supporting energy efficiency and sustainable development, including 
RE resources;

• Enabling access to energy for all, both for clean cooking and 
electricity, including strengthening electric cooperatives in remote and 
challenging areas, such as the Bangsamoro and island communities; 
and

• Supporting further energy sector reform and improved governance.

This paper presents an overarching framework to explain the need for 
policy interventions in the energy sector. Most of these interventions 
require government action. The core argument justifying the need for policy 
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1 Access to Sustainable Energy Programme-Clean Energy Living Laboratories (ASEP-CELLs) is a 
project funded by the European Union and implemented by the Ateneo School of Government 
(ASoG) in partnership with Manila Observatory (MO), ICLEI-SEAS, Xavier University (XU) and 
University of San Carlos (USC). For more details, please refer to https://asepcells.ph/.

intervention is centered on market failure. Thus, even with the pro-market 
reforms embodied in EPIRA, subsequent experience shows that market failure 
in certain areas calls for additional policy interventions.

However, even with a rigorous economic rationale, political economy factors 
still determine whether policy interventions will be carried out or be effective. 
Hence, another section of this paper deals with political economy factors that 
have hindered progress in government-led programs. A simple approach is to 
assume that the strategies and targets are economically and technically sound 
(unless otherwise stated). However, there are political factors that hinder 
progress. In particular, a small group of stakeholders exert disproportionate 
influence to undermine reforms or derail government programs and this action 
benefits them at the expense of the welfare of the general public. Analysis will 
then focus on how to reduce the influence of the small group of stakeholders 
or modify their behavior. However, the actual strategies and targets adopted 
by the government that deviate from social welfare considerations can also be 
explained as outcome of a politico-economic bargaining process.

The economic theory surrounding market failure is described in the next 
three sections followed by a list of possible policy interventions in Section 5. 
Meanwhile, Section 6 outlines the basic political economy framework. This will 
be followed by specific topics where the framework will be applied. The topics 
are related to the strategies and targets of the DOE and the key areas of ADB’s 
strategy. Some of them are research studies that are being conducted under 
the ASEP-CELLs project.1 The research agenda of the partners in this project 
are presented in appendices along with a brief description of the relationship 
to the market failure/political economy framework.
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2
A central argument in this paper is that the lack of access to electricity and 
the stagnant share of RE can be partly traced to market failure. Some of the 
problems related to energy efficiency can also be attributed to market failure. 
This section and the next two describe the basic economic theory.

Even if markets are efficient and there is no market failure, markets may not 
guarantee equitable or universal energy access. Households may be too 
poor and simply cannot afford electricity even if this is efficiently produced. 
Governments or society may also set equitable and/or universal access to 
reliable and sustainable energy as a desirable end goal in itself.

While not synonymous with a laissez-faire regime, a market-driven economy 
implies that the private sector plays a dominant role. Economic theory dating 
back to Adam Smith’s invisible hand predicts that greater market orientation 
will yield superior outcomes in terms of resource allocation thereby maximizing 
economic welfare. This result is largely derived by the profit-driven motive of 
the private sector, its propensity for risk-taking, and its incentive and capacity 
to innovate. Profit generation provides investible resources, risk-taking 
generates dynamism, and continuous innovation expands the technological 
frontier. The outcome is sustainable economic growth and development.

Policy is generally designed to enable the private sector to perform its 
unfettered role. The state is limited to the role of a custodian. This was the 
gist of the so-called Washington Consensus. The state’s custodian role is 
equivalent to the minimalist functions of providing essential public goods, 
including basic infrastructure, and enforcing property rights and contractual 
obligations. 

However, the market is not able to optimize all economic activities. Imperfect 
competition, externalities, asymmetric information, and inadequate 
coordination lead to market failure. The result is that goods and services 
cannot be allocated efficiently or cannot be allocated at all by so-called 
market forces. Government intervention can correct the divergence between 
market equilibrium and the socially optimal outcome.

Because of the characteristics of non-rivalness (consumption by one person 
will not reduce consumption of others) and non-excludability (difficult to 
charge a fee), the private sector will not have an incentive to provide certain 
goods and services, such as national defense, police, courts, and roads. The 
state responds to this market failure by using its coercive power to provide 
public goods and services. Meanwhile, even if a good can be characterized 
as excludable and rivalrous, government intervention can be justified. For 
example, automobiles are private goods that generate pollution, which 
is a negative externality. To reduce this “public bad” the government can 
intervene by imposing emission standards.

Market Failure and the Need for Government Intervention
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In the case of asymmetric information, it is generally difficult for ordinary 
people to assess the quality of professional services. In order to correct 
this type of market failure, the government can intervene in the market by 
limiting business permits and licenses to qualified providers. The government 
intervention increases information to buyers, which enables their demand to 
reach an optimal level. 

Deviation from perfect competition also leads to market failure. In 
industries characterized by increasing returns to scale, such as electricity 
and telecommunications, market monopoly might be more efficient than 
competition. In this case, the government may have to regulate prices or 
undertake production by state-owned enterprises—the so-called demiurge 
function—to avoid monopolistic pricing on the part of the seller.

Market failure also impedes structural transformation. One example is when 
information externalities drive a wedge between the social and private values 
that entrepreneurs face when they attempt a new venture. For example, if the 
introduction of a product in a new market fails, the company will have to bear 
the full cost, but if it succeeds, it will share the discovery with other producers. 
This may discourage innovation activities and the government can intervene 
by subsidizing research and development.

Meanwhile, coordination externalities refer to the fact that new industries 
require capital that private entrepreneurs may not have. Moreover, new 
industries require coordinated investments in many related industries that 
individual entrepreneurs cannot organize by themselves. The government 
can play a role by guaranteeing reciprocal action among the agents involved, 
thereby generating the collective action that is required.

Despite the well-defined areas for government intervention, there is still 
lingering concern about government failure. Neoliberals argue that government 
failure is the norm because government intervention almost always leads to 
rent-seeking behavior. Fabella (2018) argues that “this frequently adduced 
reason for state intervention should be redefined to account for the capacity 
of the state for crafting and implementing the intervention.” In other words, 
the outcomes of government intervention also depend on the nature of the 
state and the quality of bureaucracy. The more important issue is calibrating 
the role of the state to maximize economic welfare.
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3
Imperfect competition, externalities, asymmetric information, and coordination 
failure are also features of the energy sector. In this paper the energy sector is 
loosely equivalent to electricity provision. Market failure is explored in three 
areas: access, renewable energy, and energy efficiency. In the latter area, 
the concept of behavioral failure is also relevant. This is related to consumer 
behavior that is inconsistent with utility maximization or, in the current context, 
with energy-service cost minimization.

Meanwhile, some cases of market failure in the area of access are actually 
market barriers and do not relate to deviation from actual outcomes from 
what is socially optimal. However, policy interventions are also required.

Market Failure in the Energy Sector

3.1

A relatively large number of the Philippine population remains unconnected 
to the grid, mostly those residing in Mindanao. Grid expansion is constrained 
by the archipelagic structure of the country and right of way problems. 
Remote islands are understandably off-grid because it is not profitable to 
connect them to the main grid. In this context, it would be useful to make a 
distinction between grid extension Distribution Utilities (DUs) and transmission 
interconnection which is under the purview of the National Grid Corporation 
of the Philippines (NGCP) that is based on a concession from the National 
Transmission Corporation (TransCo).

Meanwhile, an example of right of way problems is the construction of the 
Mindanao-Visayas Interconnection Project (MVIP).  The challenges include 
valuation negotiations with landowners and uncertain ownership due to 
absence of proper land titles with sometimes two claimants. In other cases, 
the presence of informal settlers remains to be the main problem.

A significant cause of relatively low electrification rate, therefore, is the 
phenomenon of missing markets. This is a market failure because some goods 
and services—electricity in this case—are not produced despite being needed 
or wanted.

Apart from limits to grid expansion, liquidity constraints may lead to 
underinvestment in the energy sector. However, with greater emphasis on the 
role of the private sector, this has become less of a problem. Nevertheless, 
the DOE has to seek alternatives to domestic private investment to boost the 
capacity in the energy sector.

The regulatory licensing and approval process required to construct a power 
plant also affects the country’s total generation capacity (Escresa 2018). 

Market Failure in Access to Electricity
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3.2
Depletable resources are currently the main drivers of global energy 
consumption. Examples of resources that have finite stocks are oil, natural gas, 
coal, and uranium. Even if the supply is not exhausted, these stocks eventually 
may not be economical to use due to the presence of a more cost-efficient 
substitute energy source. These simple facts about the nature of depletable 
resources lead to an apparently obvious conclusion: the world will eventually 
have to make a transition to alternative or renewable sources of energy.

The fundamental question is whether markets will lead the world to make these 
transitions at the appropriate speed and to the appropriate renewable resource 
conversions, when viewed from a social perspective. “Appropriateness” 
is guided by the requirement to slow down climate change in order not to 
exceed the 2° Celsius of warming above the preindustrial average global 
temperature.

Market Failure in Renewable Energy

While there appears to be a case for reducing the number of permits and the 
processing time based on the overlapping objectives of some of the permits, 
a separate study is required in order to identify how to specifically make the 
whole procedure more efficient.
 

• Apart from problems with the national grid, Fabella (2018, 397) 
describes possible market failures related to Power Supply Agreements 
(PSAs):

• Possible abuse of market power: Generation companies (Gencos) 
may just dictate the terms of the PSA on small fragmented DUs and 
Electric Cooperatives (ECs);

• DUs do not have the incentive to procure power from lowest cost 
suppliers since generation cost is a pass-on cost to captive consumers;

• Possible transfer pricing with proprietary/affiliated Gencos: (1) EPIRA 
allows DUs to procure up to 50% of power purchases from proprietary 
or affiliated/imbedded Gencos, and (2) Generation is considered a 
competitive activity, so profits of generation companies are not 
capped, while distribution is considered a regulated activity where 
profits are subject to rate of return ceiling. Transfer pricing can be 
attractive;

• Coordination failure: Small fragmented DUs and ECs are unable to 
aggregate their demands into bid-attractive volumes and auction 
them on their own, even if they are willing to do so; and

• Possible collusion between Gencos and DUs: Since DUs are not 
incentivized to procure at a lower cost, they could collude with Gencos 
to gouge the captive customers of DUs.
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Under certain assumptions—specifically no market or behavioral failures—
decentralized market decisions will always lead to the optimal use of both 
depletable and renewable resources. Moreover, the socially optimal rate of 
transition from depletable energy resources to renewable energy can be 
attained under this framework.

Economic theory can provide guidance and a more rigorous motivation for 
renewable energy policy, relying on analysis of the ways in which privately 
optimal choices deviate from economically efficient choices. These deviations 
are described as market failures and in some cases, behavioral failures. More 
details are provided in Section 4.

3.3

The pursuit of energy efficiency fundamentally involves investment decisions 
that trade off higher initial capital costs and uncertain lower future energy 
operating costs. Conceptually, there is an optimal trade-off between the initial 
capital cost and anticipated energy prices in the future. This can be expanded 
to a societal optimum if any externalities are incorporated. Market failure 
comes about if the more relevant prices are not considered. For example, if 
environmental externalities and the energy intensity of the products involved 
are not incorporated in the analysis, this would tend to lower the relative price 
of energy. This would likely lead to choices of technology with lower energy 
efficiency.  

The most common source of market failure—which is also true for RE as 
described in Section 4—is environmental externalities where many sources of 
energy lead to emissions of greenhouse gases and other air pollutants. This 
results in costs that are borne by others—that is, they are not internalized by 
the individual energy consumer. Absent policy, an environmental externality, 
leads to an overuse of energy relative to the social optimum and hence, 
underinvestment in energy efficiency and conservation.

Some of the more important reasons why consumers consistently disregard 
energy efficiency are related to lack of information or asymmetric information. 
For example, consumers are not aware about the future operating costs of 
various alternative products. They therefore tend to invest in less expensive 
and less energy-efficient products.  Many policies to address such problems 
are quite clear-cut, e. g. appliance labeling.

Other forms of market failure discussed in the literature include liquidity 
constraints. Some purchasers of equipment may choose the less energy-
efficient product owing to lack of access to credit, resulting in underinvestment 
in energy efficiency and reflected in an implicit discount rate that is above 
typical market levels. This effect is a variation of a market failure associated 

Market Failure in Energy  Efficiency2

2 This section 
largely based 
on Gillingham 
et al. (2009).
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with a lack of access to capital that is widely discussed in the development 
economics literature, and it applies to any capital-intensive investment, not 
just energy-efficient products (as in the case of access to electricity in the 
earlier section).

Meanwhile, the behavioral economics literature has drawn attention to 
several systematic biases in consumer decision-making that may be relevant 
to decisions regarding investment in energy efficiency. The crucial question is 
whether these deviations from perfect rationality lead to significant systematic 
biases in energy efficiency decision-making, and if so, whether these biases 
lead to under- or overinvestment in energy efficiency. This is the essence of 
behavioral failure.

The three primary themes that emerge from behavioral economics and have 
been applied in the context of energy efficiency are prospect theory, bounded 
rationality, and heuristic decision-making. The prospect theory of decision-
making under uncertainty posits that the welfare change from gains and 
losses is evaluated with respect to a reference point, usually the status quo. In 
addition, consumers are risk-averse with respect to gains and risk seeking with 
respect to losses, so that the welfare change is much greater from a loss than 
from an expected gain of the same magnitude. Bounded rationality suggests 
that consumers are rational but face cognitive constraints in processing 
information that lead to deviations from rationality in certain circumstances. 
Heuristic decision-making is related closely to bounded rationality and 
encompasses a variety of decision-making strategies that differ in some critical 
way from conventional utility maximization in order to reduce the cognitive 
burden of decision-making. For example, the theory of elimination by aspects 
was developed so that consumers use a sequential decision-making process 
where they first narrow their full choice set by eliminating products that do 
not have some desired feature or aspect (e.g., cost above a certain level), and 
then they optimize among the smaller choice set, possibly after eliminating 
further products.
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4.1

Environmental externalities are the principal source for much of the interest 
in RE. Fossil fuels emit an assortment of air pollutants that are not priced 
without a policy intervention. Air pollutants from fossil fuel combustion 
include nitrogen oxides, sulfur dioxides, particulates, and carbon dioxide. 
Some of these pollutants pose a health hazard, either directly, as in the case 
of particulates, or indirectly, as in the case of ground-level ozone formed from 
high levels of nitrogen oxides and other chemicals.

When harmful fossil fuel emissions are not properly costed by the polluter, 
the market will overuse fossil fuels and underuse substitutes, particularly RE 
resources. Meanwhile, if the emissions are not explicitly accounted for, there 
will be no incentive for firms to use technologies or processes that reduce 
the emissions or mitigate the external costs. The evidence for environmental 
externalities from fossil fuel emissions is considerable, even if estimating the 
precise magnitude of the externality for any given pollutant may not be a 
straightforward process.

Atemporal Environmental Externalities

3 This section is 
largely based 
on Gillingham 
and Sweeney 
(2010).

4
Market failures in the area of RE can be defined as either atemporal or 
intertemporal. Atemporal deviations are those in which the externality 
consequences are based primarily on the rate of flow of the externality. For 
example, an externality associated with air emissions may depend primarily 
on the rate at which the emissions are released into the atmosphere over a 
period of hours, days, weeks, or months. Such externalities can be described 
statically. They may change over time, but the deviation has economic 
consequences that depend primarily on the amount of emissions released 
over a specific time period (e.g., hours, days, weeks, or months). These may 
have immediate or gradual consequences that are felt over very long periods 
(i.e., they become intertemporal).

In this context, intertemporal market failures are those that emanate from the 
accumulation of externalities leading to a change in the stock over a period of 
time, typically measured in years, decades, or centuries. The stock can be of 
a pollutant (e.g., carbon dioxide) or of something economic (e.g., the stock of 
knowledge or the stock of photovoltaics installed on buildings). If the flow of 
the externality is larger (smaller) than the natural decline rate of the stock, the 
stock increases (decreases) over time. Intertemporal externalities can best be 
described dynamically, for it is the stock (e.g., carbon dioxide), rather than the 
flow, that leads to the consequences (e.g., global climate change).

Types of Market Failure in Renewable Energy3
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4.2

Information market failures relate directly to the adoption of distributed RE 
generation by households, such as solar photovaltic (PV) or micro-generation 
wind turbines. If households have limited information about the effectiveness 
and benefits of distributed generation RE, there may be an information 
market failure. In a perfectly functioning market, one would expect profit-
maximizing firms to undertake marketing campaigns to inform potential 
customers about the benefits of RE. However, for nascent technologies that 
are just beginning to diffuse into the market, economic theory suggests that 
additional information can play an important role. Information market failures 
are closely related to behavioral failures. Reducing information market failures 
would also be expected to reduce behavioral failures associated with heuristic 
decision-making.

Apart from these considerations, imperfect information also arises from 
uncertainties in the following: (1) The short- and long-term price of petroleum 
or carbon-based fuels and other substitutes; (2) the price of RE technologies 
which depends on the speed and type pf technological innovation, and how 
they are produced to scale; and (3) energy demand forecasting (national 
and local). These may have impact on the cost-benefit calculations of firms 
concerning investment decisions and consumers. This may also explain 
deviations from what is socially optimal. 

Imperfect information also leads to coordination failures, specifically 
investment decisions between generation and transmission. RE, specifically 
variable RE such as wind and solar, are location-specific. However, the 
transmission company is driven by prudent investment decisions as it is 
regulated by the ERC. Increasing reliance on variable renewable energy (VRE) 
may mean adopting changes in evaluating feasibility.

Information Market Failures (Atemporal)

4.3

Economies of scale, particularly increasing returns to scale, refer to a situation 
where the average cost of producing a unit decreases as the rate of output 
at any given time increases, resulting from a non-convexity in the production 
function due to any number of reasons, including fixed costs. This issue 
may inefficiently result in a zero-output equilibrium only under the following 
conditions: (a) “market-scale increasing returns;” (b) when the slope of the 
average cost function is more negative than the slope of the demand function; 
and (c) when the firm cannot overcome the non-convexity on their own.

Economies of Scale (Atemporal)
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Figure 1.7:
Economies of 
Scale: Slope 
of average 
cost function 
more negative 
than slope 
of demand 
function

Source: 
Figure 5.1 of 
Gillingham 
and Sweeney 
(2010), page 76

Market-scale increasing returns refer to a non-convex production function at 
output levels comparable to market demand. Figure 1.7 graphically illustrates 
the second condition. If the quantity produced is small (e.g., quantity “a”) 
then no profit-seeking firm would be willing to produce the commodity 
involved, but if production could be increased to the right of the crossing 
point (e.g., at quantity “b”), then it would be profitable for the firm to produce 
the commodity—the price would exceed average cost.

The role of policy would be to encourage production in order for the market 
to be at “b.” The policy can take the form of a subsidy or even a renewable 
portfolio standard.

4.4

Uncompetitive behavior may influence the adoption of RE technologies in 
several ways. First, market power in substitutes for renewable energy can 
influence the provision of RE through several channels. Firms effectively 
exercising market power in substitutes for RE (e.g., at times the Organization 
of the Petroleum Exporting Countries [OPEC] cartel) would raise the price of 
energy above the economically efficient level, making investment in RE more 
profitable. This will lead to an over-investment in RE. The opposite can also be 
true. Predatory pricing can also be the outcome when firms exercising market 
power in RE substitutes can discourage the development of RE by driving 
prices down.

Meanwhile, firms that have market power in substitutes for RE may have 
an incentive to buy out fledgling RE technologies to reduce competitive 
pressures—leading to a possible underprovision of RE resources if that 
purchasing firm “buries” the renewable technology. However, the prospect of 
being bought by a competitor could provide a strong incentive for a new firm 

Market Power (Atemporal)
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4.5

4.6

Particularly relevant to RE supplies are carbon dioxide (CO2) and other 
greenhouse gases (GHGs). For CO2, every additional ton emitted remains in 
the stock for over a century. Thus, emitting a ton today would have roughly 
the same cumulative impacts as emitting a ton in twenty years. This implies 
that, absent changes in the regulatory environment, the magnitude of 
the deviation for emissions now will be the same as the magnitude of the 
deviation for emissions twenty years from now. Economic efficiency implies 
that a society should be almost indifferent between emitting a ton of CO2 
now, twenty years from now, or any year in between. It is this relationship that 
imposes a structure on the time pattern of efficient policy responses.

Network externalities occur when the utility an individual user derives from 
a product increases with the number of other users of that product. The 
externality stems from the spillover of one user’s consumption of the product 
has on others, so that the magnitude of the externality is a function of the 
total number of adoptions of the product. Often quoted examples of network 
externalities include the introduction of the QWERTY typewriter keyboard, 
the telephone, and later, the fax machine. An important caveat about network 
externalities is that the externality may already be internalized. For example, 
the owner of the network may recognize the network effects and take them into 
account in their decision-making. When the externality is already internalized, 
network externalities are more appropriately titled “network effects” or “peer 

Intertemporal Environmental Externalities

Imperfect Capture of Future Payoffs from Current Actions:
Network Externalities

to be created with the explicit intention of selling itself to a larger company. 
Which of these effects dominates and whether there is market power in 
substitutes for RE can only be determined empirically.

Market power may also influence the adoption of RE resources by influencing 
the rate and direction of technological change. If there is less competition in a 
market, firms are more likely to fully capture the benefits of their innovations, 
so incentives to innovate are higher. Conversely, if there is more competition, 
firms may have an incentive to “escape” competition by investing in new 
innovations that allow them to differentiate their product or find a patentable 
product. Some evidence suggests that the relationship between competition 
and innovation may be an inverted U-shaped curve, with apositive relationship 
at low levels of competition and a negative relationship at higher levels of 
competition.
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5
This section is a mix of theoretical policy responses and actual responses 
in the Philippine context. Subsequent stand-alone studies can evaluate the 
actual responses. One way is to compare them with the proposed policies.

Policies to Address Market Failure in the Energy Sector

effects,” and do not lead to market failures in network industries characterized 
by demand-side increasing returns to scale. Competition is heavily influenced 
by positive feedback in that each consumer adoption of a product increases 
the likelihood of future adoptions.

5.1

EPIRA has two major provisions to support marginalized end users. The 
“Lifeline Rate” refers to the subsidized rates given to customers with up to 100 
kWh consumption every month. Residential households with higher electricity 
consumption shoulder the cost of the subsidies.  The implementation of the 
lifeline rates was extended in 2011 for another ten years. Under the lifeline 
rate subsidy mechanism of MERALCO, households consuming up to 20 kWh 
a month of electricity are free of charge; 50% discount is given to customers 
using 21–50 kWh; 35% for 51–70 kWh users; and 20% for 71–100 kWh 
consumers.

On smaller islands and isolated grids, provision by new power providers, 
independent power producers, and qualified third parties is increasingly 
being encouraged but the National Power Corporation-Small Power Utilities 
Group (NPC-SPUG) still acts as the main provider in these regions. However, 
many of the areas served by the NPC-SPUG still do not get reliable and 24-
hour electricity services. As of July 2017, of the 123 NPC-SPUG existing 
power plants nationwide, seventy-six are operating less than 24 hours per 
day, indicating an unmet demand. Some small island electric cooperatives 
also operate diesel generator sets that may only provide four to six hours 
of electricity per day. Much of the off-grid demand lies on the islands of 
Masbate, Palawan, and Mindoro, and there are tentative plans by the NGCP 
to interconnect the latter to the main Luzon grid.

The Universal Charge for Missionary Electrification (UCME) was prescribed 
under EPIRA to institutionalize the provision of subsidies in rural areas not 
interconnected to the main grid. However, access to the UCME has been 
limited to areas that are either under the NPC-SPUG or that have been 
waived by electric cooperatives to qualified third parties. According to 
current rules, electric cooperatives that generate their own power in small 

Policies to Enhance Access4

4 Paragraphs 
2 and 3 are 
lifted from ADB 
(2018).
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5.2

Each of the failures described in Section 4 provides motivation for policy to 
correct the failure, but it is not always a simple task to appropriately match 
the policy to the failure. It should also be noted that the coverage of market 
failures in Section 4 was not exhaustive. 

Several concerns warrant careful attention in this matching process. First, the 
effectiveness of the intervention in actually correcting the market failure should 
be evaluated. Second, the benefits from the intervention must be weighed 
against the costs of implementing the policy, including both government 
administrative costs and individual compliance costs—considering the risk 
of poor policy design or implementation (i.e., the possibility of government 
failure). In addition, careful consideration of any equity or distributional 
consequences of the intervention is important, both for ethical reasons and 
for gaining the political support for passage of the policy.

In some cases, there may be large enough potential damages from a market 
failure that the most sensible intervention is direct regulation, so that it can 

Policies to Address Market Failure in Renewable Energy

and isolated islands are not eligible to access the UCME. This has resulted 
in the inequitable distribution of the UCME, with the bigger SPUG-operated 
off-grid islands receiving most of the UCME funds while smaller and more 
isolated islands are unable to access those funds. The streamlining of the 
permitting processes and rules on UCME eligibility is necessary to further 
increase RE deployment. The DOE is undertaking a comprehensive review of 
these existing rules, regulations, and permitting processes and is expected to 
come up with a specific set of rules and permitting processes for projects in 
off-grid and missionary areas.

The possible market failures associated with the PSAs (see Section 3) were 
addressed by DOE Circular No. DC2015-06-0008 signed on June 11, 2015, and 
titled “Mandating All Distribution Utilities to Undergo Competitive Selection 
Process (CSP) in Securing PSA.” This circular was eventually superseded by 
Joint Resolution No. 1 promulgated by both the  ERC and DOE on October 
20, 2015. The ASEP-CELLs project team will review the success of the CSP in 
addressing problems of access.

Meanwhile, Republic Act No. 11361 or the “Anti-Obstruction of Power 
Lines Act” was signed into law by President Duterte on August 2019 with 
the objective of ensuring uninterrupted supply of electricity in the country. In 
order to support the expansion of the national grid, all power line corridors 
must be kept clear and free of any obstruction that may disrupt electricity from 
power plants to consumers. The new law aims to ensure the protection of 
integrity and reliability of power lines and provides penalties for any violation.
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Labor supply/demand 
imbalances 

T T

Environmental 
externalities 

P P P P P P P P P P P P

National security 
externalities

P P P P P P P P P P P P

Information market 
failures

P P P

Regulatory failures P

Too High Discount 
Rates 

P P P

Imperfect foresight P

Economies Scales T T P

Market power P P P

R&D Spillovers P P P P P

Learning by Doing T T

Network Externalities T  P

Some Policy 
Instruments

Market
Failures

Table 1.2: Sources of market failure and illustrative potential policy instruments “P”
indicates Permanent Change or Instrument; “T” indicates Transient Instrument.

Source: Gillingham and Sweeney (2010)

be certain the risk is mitigated. For example, if a toxin is deemed to have 
sufficiently high damages with a high enough probability, it may be sensible 
for the government to simply ban it. Of course, a comprehensive analysis 
of the costs and benefits of different policy options that explicitly includes 
uncertainty will reveal this result. Finally, the temporal structure of the market 
failures may have a profound influence on the temporal structure of optimal 
intervention. Economic theory suggests that not only should an intervention 
be matched to the failure, but the temporal pattern of the intervention should 
be matched to the temporal pattern of the failure. For example, the optimal 
correction for failures that decrease in magnitude and eventually vanish over 
time would be a transient intervention.
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Table 1.2 summarizes the matching. In this table, the various market failures are 
listed as rows and the policy instruments are the columns. Those instruments 
that, in the judgement of the original authors, are potentially well matched to 
the market failure are indicated by the letters “P” and “T”, indicating whether 
the instrument could be expected to be permanent or transient. Of course, 
the particular circumstances of each market failure and the potential policy 
must be assessed. Some potential policies may be useful only under limited 
circumstances, and the evidence for some market failures in renewable energy 
is much weaker than others. Moreover, some of the policy options listed may 
be reasonably well-matched with a market failure but may be second-best to 
other policy options.

5.2.1 Policies for Environmental externalities

Table 1.2 lists a wide variety of different policy instruments to 
address environmental externalities. The most straightforward of 
these is to simply price the environmental externality, following 
the theory first developed by Pigou in 1920. In doing so, firms 
and consumers will consider the externality in their decisions of 
how much to produce and consume of the commodity under 
consideration. The price could be imposed directly as a pollution 
tax or pollution fee, with the optimal tax set at the magnitude 
of the externality. A cap-and-trade system could also impose 
a market-wide limit on the emissions, in which case trading of 
the allowances under a cap-and-trade system would lead to a 
market-clearing price for the allowances. The cap should be set 
so that the resulting permit price is equal to the magnitude of the 
externality. The magnitude of the externality can be estimated 
based on damage estimates from scientific and economic 
literature.

As mentioned before, in some cases the risk from particularly 
severe pollutants (e.g., possibly some criterion air pollutants) may 
be sufficiently high that the marginal damage associated with the 
release of the pollutant would always exceed the economic costs 
of reducing that pollution, implying direct regulation could be 
an economically efficient policy. Direct regulation would entail 
the government setting strict limits on the amount of the severe 
pollutant that can be emitted, or in some cases, even banning 
emission entirely.
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5.2.2 Policies for Economies of Scale

While economies of scale are not likely to play a very significant 
role for renewable energy in general, there may be specific places 
where it plays a role. One approach to address economies of scale 
would be a temporary direct subsidy sufficient to induce firms 
to produce at the higher level. Once a sufficiently high level of 
production is achieved that the positive competitive equilibrium 
is reached, the subsidy can be removed. Because in many cases 
firms can individually overcome problems of economics of scale, 
it is unlikely that such approaches are in fact needed.

Economies of scale also has an implication for market structure 
as efficiency requires that only one seller (natural monopoly) or 
a few sellers will serve the market. However, there is a danger 
of a monopolistic or oligopolistic structure. Hence, this implies 
market regulation which is the raison d’étre of the ERC.

5.2.3 Policies for Stock Based Environmental Externalities:
Carbon Dioxide

Carbon dioxide is perhaps the most important stock-based 
environmental externality, so the discussion can focus on this 
pollutant, but a similar result would hold for any stock-based 
pollutant. In any given year, a firm can alter the amount of carbon 
dioxide it releases into the atmosphere, but once the carbon 
dioxide is released, the firm has no further control. That additional 
carbon dioxide remains in the atmosphere, increasing the stock 
of carbon dioxide for the next century. The economically efficient 
carbon price in any given year (e.g., 2019) can be determined by 
taking the damages in each subsequent year and discounting 
them back to the chosen year using the social discount rate. In 
this sense, the optimal carbon price is still the magnitude of the 
external cost, just as with atemporal environmental externalities.

There are three ways in which the calculated optimal carbon price 
differs by year (e.g., how 2019 differs from 2029). First, and most 
importantly, the damages are discounted back further at the 
earlier date, implying that the carbon price is lower at the earlier 
time. Second, some damages occur during the time between the 
two dates. Depending on the damage function, this difference 
may be small (perhaps as it is between 2019 and 2029), and 
not change the increase over time of the optimal carbon price. 
Third, there is a natural rate of stock decline from dissipation of 
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5.2.4 Policies for Imperfect capture of future payoffs from current 
actions: Network Externalities

Network externalities may play a role in the adoption of 
distributed generation RE. If it can be demonstrated that there is 
truly a network externality rather than network effects, then one 
approach to correct for this externality would be a temporary 
production subsidy. Once a product has taken over (nearly) the 
entire market, there would be no room for further spillovers, and 
thus no need for the subsidy policy.

emissions in the atmosphere. This fact would slightly increase 
the growth rate of the optimal carbon price.

The magnitude of the damages from carbon dioxide is 
controversial and estimates will improve with increased scientific 
knowledge. Different time patterns of damages would lead to 
different time patterns of the carbon price, based on the three 
points discussed above. For example, if the damages from an 
additional ton of carbon dioxide grow (in real terms) at the social 
discount rate, then the optimal carbon price will also grow (in 
real terms) at approximately the social discount rate. Under the 
unlikely assumption that the incremental damages are constant 
in real terms into the future, a nearly constant (in real terms) 
economically efficient carbon price can be found.

5.2.5 Actual Policies in the Philippines

The Renewable Energy Act of 2008 together with the Biofuels Act 
of 2006 aim to address the country’s continuous dependence on 
imported fossil fuels by promoting the exploration, development, 
and use of the country’s RE sources such as solar, wind, biomass, 
hydropower, and geothermal energy. The enactment of the RE 
Law is vital for the low carbon emission development strategy of 
the Philippines, and addressing the challenges of energy security 
and threats of climate change. 

The National Renewable Energy Program (NREP) outlines the 
policy framework and sets out the indicative interim targets 
within the 2011–2030 timeframe to achieve the goals set forth 
in the Renewable Energy Act of 2008. The NREP lays down 
the blueprint for developing the country’s renewable energy 
resources, stimulating investments in the RE sector, developing 
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technologies, and identifying the most feasible and least costly 
RE development options. 

The DOE is mandated to implement the RE Law and to perform 
the necessary actions for the execution of the policy mechanism 
set forth by NREP. Among the provisions set forth in the RE Law is 
the creation of the National Renewable Energy Board (NREB) and 
the Renewable Energy Management Bureau (REMB). The NREB 
recommends policies and supports the activities of the DOE, 
especially the NREP. REMB ensures the effective implementation 
of the RE Law provisions. The Bureau developed and formulated 
the NREP to accelerate the development, utilization, and 
commercialization of RE resources and technologies.

Several policy mechanisms were promoted to encourage the 
development of renewable energy in both on-grid and off-grid 
systems. The following policies were set out by the DOE to 
encourage RE development in the Philippines:   

• Feed-in Tariff (FiT) System offers a fixed rate for the 
electricity produced by RE developers to encourage 
investments in emerging renewable energy technologies. 

• Net Metering for RE is the first non-fiscal incentive 
mechanism fully implemented under the Renewable 
Energy Act of 2008. Through the installation of solar 
PV panels up to 100 kW, house owners and commercial 
establishments can now partly satisfy their electricity 
demand by themselves. Excess power generated from 
the solar PV installation will be delivered to the local 
distribution grid of the electric distribution utility and will 
be used to offset the end-user’s electricity consumption. 

• Renewable Portfolio Standard (RPS) is a market-based 
policy that requires power DUs, electric cooperatives, 
and retail electricity suppliers (RES) to source an agreed 
portion of their energy supply from eligible renewable 
energy (RE) facilities. The aim is to increase RE utilization 
by 35%. 

• Green Energy Program is an RE policy mechanism which 
shall provide end-users the option to source their energy 
requirements from DU’s and RES. The DUs and electric 
cooperatives shall contract directly with RE developers 
to meet the requirements of their consumers. 

A recent study made a tentative evaluation of the FiT in the 
Philippines (Lagac and Yap 2020). This study was eventually 
published and appears as Chapter 12 in this anthology. The 
framework in Section 6 can be used to assess the impact of the 
other policies and explain their success or lack thereof.
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5.3

R.A. 11285, or the Energy Efficiency and Conservation Act was signed into 
law on April 12, 2019. The law would “institutionalize energy efficiency and 
conservation as a national way of life geared towards the efficient and judicious 
utilization of energy by formulating, developing, and implementing energy 
efficiency and conservation plans and programs to secure sufficiency and 
stability of energy supply in the country” (Section 2). The law also encouraged 
“the development and utilization of efficient renewable energy technologies 
and systems to ensure optimal use and sustainability of the country’s energy 
resources.”

Meanwhile, an Inter-Agency Energy Efficiency and Conservation Committee 
was created “to evaluate and approve government energy efficiency projects” 
(Section 9).

Policies to Address Energy Efficiency

6
Even if policies that improve social welfare are clearly defined based on 
economic theory, their adoption and implementation is not assured. A political 
economy framework is presented where the policies that will emerge are 
those that best fulfill the objectives of actors that have the greatest influence 
in policy-making (Jakob et al. 2019). The general structure is presented in 
Table 1.3.

Political Economy Framework5

5 Based on 
Jakob, et al. 
(2019).
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Societal Objectives Societal Actors

Environmental
Climate Change Mitigation

Local Air Quality

Voters groups
Unions

Energy-intensive industries
Utilities

Resource owners
Industry associations

Multi-national corporations, investors
Civil society (e.g. NGOs)

International NGOs (e.g. WWF, Greenpeace etc.)

Socio-Economic
Economic costs and efficiency

Employment and wages
Diversifying the economy, structural change

Poverty alleviation
Distribution, inequality

Public revenues and investments
Profits

Strategic
Technology Transfer

Energy Security

Political Objectives Political Actors

Reelection
Increasing influence and political power

International standing

Influential individuals (e.g. president)
Key ministries and agencies across different governance 

levels
Political Parties (e.g. via parliament)

Context

Techno-Economic
Economic situation (GDP, business cycle, fiscal deficit, etc.)

Fossil fuel endowments
RE potential

Industrial structure (e.g. share of manufacturing and energy-intensive industries)

Institutional
Organization of the power sector
Representation of interest-groups

Political system (e.g. democracy, parliamentary vs. presidential, electoral system)
Government capacity

Discursive
Political events (champions for green policies, media attention, framing, socio-environmental conflicts,

COP similar event in country under consideration, etc.)
Ideational factors (climate change knowledge, right-left polarization)

Trust in Government

Environmental
Vulnerability to Climate Change

Focusing events (climate-related impacts, Smog episodes, power cuts)

Table 1.3: Political economy framework.

Various individuals and groups, each with different interests, attempt to 
influence the design of policy or program outcomes. Their incentives are 
affected by both pecuniary and non-pecuniary benefits. However, transaction 
costs and other costs related with lobbying or coordinating forms of collective 

Source: Jakob et al. (2019)
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6.1

The framework first identifies the most important actors who influence the 
formulation of climate and energy policies. This category is divided into 
societal actors and political actors. Societal actors include unions, industry 
associations, civil society organizations, and voters, as well as international 
organizations and bi- and multilateral development banks. Political actors 
include political parties, the legislative body, key ministries, the chief executive, 
etc. While the behavior of political and societal actors is confined within a set 
of formal and informal institutions constituting a society’s configuration, actors 
are the core unit of analysis because they are the driving forces of policy 
change or continuity.

Identifying the most important individuals and groups in the area of climate 
and energy policies is the first element of the framework. The actors are 
categorized as either societal or political, examples of which have been listed 
earlier.

Second, the framework determines the objectives and priorities of these actors. 
The framework recognizes that energy and climate policies are designed with 
multiple objectives in mind, and that objectives and their prioritization differ 
across groups. For instance, the primary interest of environmental civil society 
organizations may likely be domestic or international environmental issues 
while unions are concerned mainly with employment and wages. On the other 
hand, the private sector balances profits and corporate social responsibility. 
Meanwhile, each of these groups may also care about other aspects more 
directly concerning other groups, such as distributional implications. The 
interaction of societal and political actors is also important. Political actors 
are concerned not only about the interests of the societal actor groups they 
represent but they may also have additional idiosyncratic objectives, such as 
being reelected or increasing standing or power. As an example, the ministry 
of the economy might be most responsive to the demands of the private 
sector, while the ministry of the environment might likely be influenced by 
environmental civil society groups. Which of these policies eventually become 
implemented will be determined by the complex interplay of these political 
actors’ interests mediated by the political process. The political economy is 
defined by how people as individuals and groups interact to pursue specific 
interests given different ideas, means of influence, and use of institutions in a 
given context. 

Elements of the Framework

action are also important (Coase 1960; Williamson 1979). The strength of each 
actor or coalition depends on a number of factors such as the group size.
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Third, the framework analyzes the general context in which policy-making 
is conducted. Context includes economic, environmental, and institutional 
aspects. Economic factors include, for example, the level of development, 
economic structure (e.g., share of energy-intensive industries), or energy 
resource endowments (e.g., fossil or RE resource base) of a country. Formal 
and informal domestic institutions dictate both how societal groups interact 
with policy actors, and how formal policy decisions are taken (e.g., the 
electoral system, constraints on lobbying) and implemented. Beyond domestic 
institutions, the international relations of a country may also matter for domestic 
climate and energy policy formation in varying forms and degrees (e.g., Paris 
Agreement; access to international financial markets). Environmental factors 
include the degree to which a country or more specific regions are affected 
by local (e.g., air pollution) and global (e.g., climate change) environmental 
problems.

Context matters in four ways. First, it affects how individual policy objectives 
affect individual societal actors. For example, the way in which profits matter 
for utilities likely depends on whether electricity generation is mainly carried 
out by private or state-owned companies. Second, context determines the 
form and degree in which societal actors have an influence on political actors. 
For example, the extent to which organized lobby groups can influence policy 
decisions can be expected to depend on the formal and informal interest 
group representation, the prevailing level of corruption, political ideologies, 
and trust in government. Third, context shapes the form and degree of 
how these political actors can affect policy-making. For example, legislative 
chambers and ministries likely have different powers in presidential and 
parliamentary systems, and the power of political parties can be expected 
to differ between proportional and majoritarian electoral systems. Finally, 
context factors are relevant both in establishing the relatively stable milieu 
within which climate and energy policy formation takes place, as well as in 
affecting policy processes via specific and sometimes contingent events. 
Examples for the latter include exogenous events such as episodes of local 
environmental problems (e.g., extreme weather events).

A similar framework was utilized by Lee and Usman (2018). 
These are the major components of their framework.

Actors. These are individuals and groups, including formal 
and informal organizations and coalitions. Actors in the 
power sector cover users (e.g., households, industry, and 
government, etc.; suppliers); owners (e.g., managers, and 
employees of public or private generation, transmission, 
distribution, and retail utilities); the state (e.g., political 
parties, legislators, the executive branch, regulatory 
bodies, and the judiciary); and all those engaged in the 

Box 1.1:
The Political 
Economy of 
Power Sector 
Reforms

Source: 
Figure 5.1 of 
Gillingham 
and Sweeney 
(2010), page 76
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sector through finance, information or other means - 
taxpayers, investors and shareholders, development 
partners, media, civil society organizations, trade unions, 
and industry associations.

Interests and ideas. These are actors’ motives, needs, 
mental models, worldviews, ideologies, incentives, and 
responsibilities. Archetypal interests in the energy sector 
span the gamut of human needs. For example, electricity 
can facilitate access to basic services of water, food, 
heat, light, personal security, and transport. Financial 
security is boosted by buying electricity at an affordable 
price, selling it at profit, or securing work in the sector. 
Environmental security depends partly on choices about 
energy technologies. More abstractly, involvement in the 
sector can provide belonging and esteem for individuals: 
sector professionals who identify with norms among peers, 
and politicians who vie for positions of public office. At the 
macrolevel, sector assets are often critical to public safety 
and the basic functioning of the economy. The energy 
sector thus also concerns national security. Ideologies can 
profoundly shape attitudes to forms of ownership and 
control of energy assets.

Influence and interactions. This refers to the power or 
ability of an actor to affect the behavior or choice of 
actions available to others. It may be formal (de jure) or 
actual (de facto). Areas of influence in the power sector 
include planning and procuring new electricity supply 
infrastructure, making and enforcing environmental 
standards, setting prices, choosing suppliers, voting in 
elections, and appointing individuals to office. Influence 
depends on the availability of information and cognitive 
capacities, which may differ across actors. Each action 
may involve cooperation, competition, conflict, coercion, 
and exclusion.

Institutions. In general terms, institutions are rules 
governing human interaction. These comprise formal 
rules such as laws, and informal social norms such as 
stigma against corruption. Institutions shape incentives 
and means of influence, and are a target of reforms, but 
they can also shape the process and feasibility of reform.

Context. This is the social, economic, and physical 
environments in which actors operate at local, regional, 
and global levels. Aspects that constitute context 
include demographics, income levels, drivers of social 
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6.2

The framework in Table 1.3 can be used to explain the process of policy change. 
Emerging actors that support specific policy options may alter the balance of 
power leading to a shift in policy. An example would be civil society becoming 
active and influential in public debate on RE. In terms of objectives of actors, it 
is conceivable that exogenous developments, such as technological progress 
or changing market conditions, allow for new opportunities that broaden the 
option space for policy makers. For instance, declining costs for low-carbon 
energy sources—which became prominent in the past fifteen years—allow the 
attainment of greater renewable sources in the energy mix. 

Regarding the context in which policy decisions are taken, institutional reforms 
can strengthen the political influence of some actors and weaken the influence 
of others. For instance, liberalization of the power sector would likely decrease 
incumbents’ political power and provide opportunities for new entrants. 
Changes in the political system could allow greater visibility and power for 
green parties. Moreover, shifting population attitudes can be expected to 
increase acceptance of certain climate policies. Such change of attitudes 
could result from new scientific findings that increase the understanding that 
climate change is a serious threat to society.

Understanding the process of policy change in this framework can lead to 
suggestions on how to deal with a policy impasse and stagnation of RE in the 
Philippine context. It can be a matter of redistributing political power among 
actors, introducing new technology, or changing laws. The next section looks 
at various issues where the framework can be applied.

Understanding Policy Change

exclusion, industry structure, technologies, pollution 
levels, geography, and natural resources. Context shapes 
actions, and actions can also shape context over time.
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7
Even if policies that improve social welfare are clearly defined based on 
economic theory, their adoption and implementation is not assured. A political 
economy framework is presented where the policies that will emerge are 
those that best fulfill the objectives of actors that have the greatest influence 
in policy-making (Jakob et al. 2019). The general structure is presented in 
Table 1.3.

Policy Issues to be Addressed by ASoG and Luzon CELL6

6 Under the pillar of capacity building, ASoG and the Luzon CELL will develop course modules 
and learning materials leading to a master’s in public management (MPM) Program on 
Sustainable Development and Clean Energy, which targets senior and middle managers of 
public and private institutions, policy-makers, and program implementers to become public 
management experts on clean energy in their respective institutions. In this paper what is 
highlighted is their research agenda. The following chapters in this anthology were completed 
under the auspices of ASoG: 1, 2, 3, 4, 8, 9, 10, 11, 12, 13, 14, 18, 19, 20, 22, 24, 25, and 26.

7.1

One of the more controversial items in DOE’s nine-point agenda is the 
technology-neutral approach. Such a policy declaration is inconsistent with 
the strategy to promote a low-carbon future and may be inconsistent with the 
Renewable Energy Act of 2008. The latter is the basis for the RPS which is a 
market-based policy that requires power DUs, electric cooperatives, and RES 
to source an agreed portion of their energy supply from eligible RE facilities. 
The aim is to increase RE utilization by 35%.

La Viña et al. (2018) argue that the direction and prioritization of programs is 
largely discretionary upon the DOE Secretary. Hence, in 2014 the DOE focused 
on having an optimal energy mix for the entire sector. After the election of 
President Duterte in 2016, the DOE moved away from an optimal energy mix 
policy and instead emphasized the need to meet the capacity requirements 
of the Philippines, thereby prioritizing energy access regardless of technology.

The inconsistency of a technology-neutral policy with other goals is directly 
related to the concept of the energy trilemma (e.g., the published work of 
Yap, et al. 2021 included as Chapter 20 in this anthology). A trade-off exists 
between the objectives of accessibility and sustainability, among others—
here referring to low-carbon technology. In most cases, policy-makers cannot 
resolve the trilemma but instead focus on managing it.

Institutional Challenges: Overall Strategy
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7.3

A policy note produced in 2019 by the Energy Collaboratory of the Manila 
Observatory, which identifies the Energy Gap in the Philippines, found that the 
ERC and the PCC have regulatory overlaps (Manila Observatory 2019). These 
overlaps pose challenges to the institutional interfaces in the energy industry.  
Gaps in the energy industry itself, its processes, its contextual circumstances, 
and its legal and policy implications have been identified (Manila Observatory 
2019). However, this policy assessment has encountered difficulty in being 
able to custom-fit what exact laws and current institutional mechanisms in the 
energy sector should be laid down. Instead, a more general overview of gaps 
in the laws and current regulations have been examined to address immediate 
policy demands, (i.e., the Nationally Determined Contributions) (see Chapter 
23 of this anthology). In addition, however, the industry has evolved and 

Institutional Challenges: Regulatory Framework

7.2

Under RCOA, end-users with a monthly average peak demand of at least 
750kW and above for the preceding twelve months are designated by the 
ERC as contestable customers and may participate in the retail market. RCOA 
allows power suppliers to directly transact with contestable customers and for 
the end-users to freely choose their electricity supplier depending on their 
power supply requirements. This dovetails with the objective of “affordability, 
power of choice and transparency” which will ultimately “strengthen consumer 
welfare and protection” (Ferrer 2018). 

There was a delay in implementing the 750kw threshold when a temporary 
restraining order (TRO) was issued in February 2016 upon the petition of large 
consumers like the Philippine Chamber of Commerce (PCC). MERALCO also 
sought to invalidate RCOA on the grounds that it was in conflict with EPIRA 
and its implementing rules and regulations. 

The DOE eventually revised the rules. The retail electricity supply business 
of MERALCO has significantly lost market share since rules on RCOA were 
implemented, the latest report from the Philippine Electricity Market Corp. 
(PEMC) shows. The report states: “Over the years, a significant drop in the 
Meralco group’s share was observed. From about 63% at the start of RCOA 
implementation in July 2013 billing month, its share was halved to 32% by the 
end of September 2018” (Saulon 2019).

A study can be conducted to trace the evolution of the implementing rules of 
RCOA and the eventual impact on the electricity market. This can be a case 
study on how policy reforms can address the market failure related to a heavy 
concentration of market power.

Institutional Challenges: Implementation and Review of EPIRA
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EPIRA has changed the backdrop of the industry greatly and the development 
of subsequent laws such as the recently enacted Energy Efficiency Act. 

Nevertheless, the structure, governance, and risk assessment for competition 
and sector-regulation, to be improved, must focus on also improving the 
existing Memorandum of Agreement between the DOE and the PCC and the 
coordinative mechanism that should exist between energy sector regulators 
and competition authorities.

In line with this, a main policy challenge is on sector regulation overlaps from 
the level of ex ante regulation of licensing, permitting, and certifying to ex 
post regulation of competition issues such as in pricing and imposition of 
tariffs. 

For instance, under EPIRA, the law mandates the ERC to exercise its 
investigative and quasi-judicial powers, act against any participant or player 
in the energy sector for violations of any law, rule and regulation governing 
the same, including the rules on cross-ownership, anti-competitive practices, 
abuse of market positions and similar or related acts by any participant in the 
energy sector or by any person. This results in the following: (1) the obligation 
of distribution utilities under Section 23 of the EPIRA to supply electricity in 
the least cost manner to its captive market and DOE/ERC Joint Resolution No. 
1. This is to conduct a Competitive Selection Process (CPS) in the procurement 
of supply for their captive market which favors Coal Fired Power Plants (which 
almost always offer the lowest electricity cost); (2) the Feed-in-tariff (FIT) which 
applies to small players, imposing a cumbersome application process to its 
participants and creates a preference for big players who are able to manage 
such administrative and financial requirements; (3) the implementation of open 
access provisions and competition in retail; and (4) the separation between 
the different market segments. These issues are often unclear.

7.4 Institutional Challenges at the Local Level

One important gap in the RE conversation––though not always apparent––is 
the  legal implication, foremost of which are the ancestral domain use and 
the free, prior, informed consent (FPIC) process. RA 8371 or the Indigenous 
Peoples’ Rights Act of 1997, the main authority on indigenous peoples’ 
questions, lays down and highlights the rights of indigenous communities.  
Focus is significant here since most, if not all, RE sources require entry into 
land, which are usually ancestral domain. 

Numerous examples exist such as the creation of solar farms, the construction 
of wind turbines and mills, and the building of structures which will ensure 
the continuation of energy sources. When entry is made into arable ancestral 
land used primarily for agriculture or grazing, it would mean less space for 
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7.5

The project will conduct a study that will examine to what extent political-
economic considerations influence the quality of service provision of DUs with 
respect to supply adequacy and reliability (the study appears as Chapter 18 
in this anthology). The EPIRA considers distribution as a natural monopoly 
which requires a national franchise whose operations are regulated by the 
ERC. While their primary obligation is to “provide distribution services and 
connections to its system for any end-user within its franchise area” (RA 9136 
2001), DUs also procure power supply for their captive customers. This usually 
takes the form of a long-term supply agreement (Such a situation is favored 
by the setbacks in the implementation of RCOA and persist notwithstanding 
the establishment of the WESM). 

In an ideal setting, DUs serve as agents of their captive consumers and select 
the generation firm and technology that offers the lowest cost of supplying 
and distributing electricity. However, there are other considerations that 
may influence the DU’s selection process, which may deviate from the ideal. 
Electric cooperatives, which are non-profit organizations, may appear to be in 
a better position to address the principal-agent problem since they are owned 
by member-consumers. Paradoxically, their organizational and incentive 
structure makes them vulnerable as vehicles for rent-seeking behavior among 
local politicians (Hasnain and Matsuda 2011). For private DUs, deviation from 
the ideal may be traced to a cross-ownership structure in distribution and 
generation (Fabella 2018). To address these potential issues, the DOE has 
mandated all DUs to undertake a CSP in the procurement of power supply. 
The identification of the political-economic factors that shape the selection 
process would further aid in the conduct of a successful CSP.

Supply Issues: Generation Mix of DUs and Capacity

7.6

The country’s energy laws and issuances are usually crafted for the development 
of on-grid areas. However, these same policies are sometimes adopted and 
implemented in off-grid areas with little or no consideration for the differences 
in their characteristics. Off-grid areas refer to areas that are not connected to 
the three main transmission grids of Luzon, Visayas, and Mindanao. These 

Supply Issues: Off-Grid Areas

farming production in land that is not for public consumption. FPIC, then, is a 
vital element for areas which are affected. Administrative Order No. 03, Series 
of 2012 lays down the revised guidelines on the acquisition of the FPIC and 
lists down the requisites that have to be complied with in order to obtain the 
same.
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7.7

7.8

The primary research question under this topic is as follows: Identifying the 
regulatory barriers/ issues that will encourage solar home systems (SHS) 
adoption and use among unelectrified households in remote off-grid areas 
through EC-led PV Mainstreaming Program or other modalities. However, it 
will be expanded to address the revival of the nuclear option (see Chapter 20 
of the anthology).

In the context of energy and sustainable development, one issue that can be 
raised is whether technology leapfrogging can promote structural change and 
at the same time address the aforementioned problems, including resolving 
the energy trilemma.

Leapfrogging is generally defined as “a development strategy in which 
industrializing nations skip conventional economic growth stages by adopting 

Supply Issues: Promoting VRE and the Nuclear Option

Policy Issue: Technology Leapfrogging and the Role of RPS

are usually small islands or isolated mountainous regions with relatively lower 
income households and lower population density. It is also in these areas 
where almost all unelectrified households and communities are located. In 
off-grid areas with electricity, supply usually comes from diesel generators that 
are expensive, unreliable, and intermittent. Due to geographical and demand 
side considerations, grid extension or transmission interconnection may be 
prohibitively costly. These factors make it unattractive for the private sector to 
serve the market. Most are serviced by NPC-SPUG.
 
While there already exists a policy dichotomy between these two areas, it 
is based on the implicit assumption that what is good for on-grid may also 
be good for off-grid. The aim of this study is to focus on the characteristics 
and needs of the off-grid sector and identify other policy and implementation 
gaps as well as innovative solutions, including the identification of appropriate 
generation and distribution technology for these areas (microgrids, mini and 
nanogrids, solar home systems, decentralized generation, hybridization).

This topic is related to the problem of market access. Data from the 
SolarSolutions project will be useful (see Chapter 2 of the anthology). Case 
studies can be made of the Philippine islands, with Romblon being considered 
a success story (see Chapter 11 of the anthology). This experience can then be 
compared with Palawan and Masbate. This list of provinces can be considered 
tentative.
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contemporary resource-efficient technologies in order to reduce post-
consumption repercussions, such as pollution” (REN21 2014 as cited in 
Batinge et al. 2017). Leapfrogging is a form of catching up with contemporary 
technology. Another expert refers to leapfrogging as a situation where users 
of a vintage form of a technology skip the current dominant form of that 
technology—with its excessive investment requirements—and go directly 
to its modern form. A common example of leapfrogging technology is 
telecommunication devices. Most developing countries leapfrogged to 
mobile telephones without completely adopting the landline telephone 
system, which was the dominant form of virtual communication.

Leapfrogging can address the market failure related to network externalities 
and access to markets. One way to frame the issue in the Philippines is to 
set RPS to a desirable target, say 50%, by 2030. By “leapfrogging” to a 50% 
share of renewable energy in the total mix, will this enable the Philippines to 
address the problems defined earlier, (i.e., high cost, relatively low access, 
and environment-unfriendliness)? Will this resolve the energy trilemma?

Some authors doubt the feasibility of technology leapfrogging as a strategy 
(e.g., Lee et al. 2016).  However, the main argument raised against leapfrogging 
is the high cost of RE. The decline in the cost of wind and solar power over the 
past decade has been dramatic, thereby weakening this argument. However, 
the lynchpin in fully integrating VRE has been the cost of battery storage. In 
this context, adopting a technology leapfrogging strategy becomes optimal 
only if the cost of battery storage falls significantly during the period the 
strategy is in place.

7.9

The Implementing Rules and Regulations (IRR) of RA 11285 was signed on 
November 22, 2019.  In line with this, about thirty-one codes and guidelines 
have to be developed by DOE in consultation with other government agencies 
and concerned stakeholders. For each code or guideline, a consultation 
process has to be followed by DOE: conduct inter-agency meetings, organize 
stakeholder meetings, and hold at least two to three public consultations. The 
law provides DOE a timeframe of six months from the promulgation of the 
IRR. 

Some possible research topics include:
 

1. Establishing baseline data on energy consumption per major energy 
consuming sector. Even the DOE energy balance table is based on 
sales and not end-use activity data. The baseline data can also be 
used for the national GHG inventory that can support carbon-related 
taxation or incentives.

EE Policy Issues and Research Agenda7

7 ASEP-CELLs 
is grateful to 
M s. Josephine 
Mangila-
Tioseco, Energy 
Efficiency 
Strategy Expert 
at the EU- ASEP 
for this section.



56Issues in Energy SecurityChapter 1

2. Market survey on the penetration of energy efficient appliances and 
lighting products. ASEP was able to do limited market survey for LED, 
washing machine, and electric fans in Metro Manila in 2018. DOE 
needs to cover more to guide policies, standard setting, and energy 
labelling.

3. Research support for the thirty-one codes and guidelines that will be 
developed by DOE.
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Appendix 1: Manila Observatory Research Agenda

(The following chapters in this anthology were completed under the auspices of MO: 
5, 21, 23, 31, 32, 33, 34, 35, 36, 37, 38, 43 and 44).

Output 1: Renewable Energy Atlas
Manila Observatory Regional Climate Systems Laboratory (MO RCS)

In a future globally warmer world, potential changes in climate variables, such as wind, solar 
radiation, temperature, and rainfall, will have impacts on renewable energy resources. Thus, 
it is important to establish a baseline climatology before examining the projected changes in 
these variables under different climate change scenarios to provide a range of plausible future 
outcomes that will be useful for planning and decision-making.

Methodology

This study will conduct a climate change analysis to characterize the impacts of global warming 
on renewable energy resources in the Philippines. Observation data from meteorological 
stations and satellites will be collected and analyzed to describe the historical climatology of 
variables, such as wind, solar radiation, temperature, and rainfall in the Philippines. Existing 
climate projections from multiple climate models will also be collected and analyzed. Further 
downscaling of regional climate projections may be done, (e.g., over Mindanao), to produce 
higher resolution output. The performance of the regional climate models will be first 
evaluated by comparing the simulated historical (baseline) climate with observations, in order 
to determine potential uncertainties in the model output. Then, future changes in climate 
variables, such as wind, solar radiation, temperature, and rainfall, will be examined under 
selected scenarios defined by the Representative Concentration Pathways for different time 
periods in the 21st century.

Expected Output

The expected output from this study is a renewable energy atlas for the Philippines, based on 
a robust analysis of historical and projected climate variables that are relevant to renewable 
energy resources. This information will also be provided as input for mapping the risks to 
renewable energy in Output 2. Findings from the study will also be documented in a research 
publication.
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Output 2: Space-Based RE Decision Support
Geomatics for Environment and Development (MO-GED)

Renewal Energy (RE) options, are atmospheric or land-based.  These therefore exist 
geographically.  Given their availability in space and time, and considering actual land use 
and cover as well as hazards, the suitability of sites for harnessing RE options, including 
their storage and distribution, need to be ascertained.  Risks to RE options must likewise be 
considered, where risk (R) is the confluence of hazards, exposures, and vulnerabilities (HEVs).

Hazards affecting RE resources are historical and projected climate scenarios plus those that are 
hydro-meteorological and seismic.  Exposures may include potential RE resources themselves, 
existing and planned RE infrastructures, grid and off-grid electrification, population density, 
etc.  Associated vulnerabilities of RE options may encompass physical susceptibilities, coping 
(short-term) and adaptive capacities (long-term).

It is imperative, therefore, that all of the above be analyzed in the given spatial and temporal 
context for RE decision support. Should secondary data sources permit, energy demand and 
supply shall be mapped for the three (3) island groups comprising the Philippines. RE resource 
security is influenced by their site suitability and by risks to these.  Other RE restraining or 
hindering forces are competing demands on resources (i.e., water, food) and their nexus, 
population growth, urbanization, densification, and marginalization/poverty.

Methodology

MO will map RE resources, their site suitability, and corresponding risks, optimizing data 
available from secondary sources.  MO will apply mapping tools, such as remote sensing and 
geographic information systems (RS-GIS) in the Philippine and regional contexts.
 
Expected Outputs

1. The problematic of space-based RE decision-support
2. Mapping agenda based on research questions and components
3. Staffing, logistical support and operational systems
4. Scope and limits of the space-based RE decision support at national and regional scales
5. National HEV maps
6. Validation of national HEV maps
7. National RE risk maps
8. Nationally validated RE options
9. Regional HEV maps
10. Validation of satellite-based E regional maps
11. Validation of regional HEV maps
12. Regional RE risk maps
13. Regionally validated RE options
14. RE atlas and scientific papers
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Output 3: An Assessment of the Impacts of a Coal-fired Power plant on Air Quality 
Manila Observatory Air Quality Dynamics Laboratory

The Philippines is projected to require 62,248 Megawatts of power by 2040 (DOE 2018).  This 
projected demand for electrical energy is driven in part by the country’s economic performance 
and the increase in its population.  Currently, one of the proposals to meet the projected demand 
is the planned construction of 25 additional coal-fired power plants.  While the operation of 
coal-fed power plants may supply the much needed energy of a growing economy, one trade-
off is that the combustion of coal is known to release a variety of airborne pollutants such as 
particulate matter (PM), nitrogen oxides (e.g., NO2), sulfur dioxide (SO2), mercury, and other 
heavy metals, as well as volatile organic compounds (VOC’s) (Burt et al. 2013). Exposure to 
these ambient air pollutants is associated with increased risks of cardiovascular, respiratory, 
and cerebrovascular diseases, as well as pregnancy complications (Ren and Tong 2008, and 
references therein). Thus, based on previous studies, it can be surmised that there are hidden 
costs associated with the operation of coal-fired power plants.  In addition, these hidden costs 
will likely take a considerable percentage of the adverse health effects on the population.  

It should be noted that health-related research studies will not be possible without any baseline 
measurements of the relevant emissions.  Thus, MO proposes to quantify the emission, 
transport, and dispersion of air pollution from a given power generating facility guided by the 
following science questions:

1. What are the observed concentrations of fine particulate matter upwind and downwind 
of the source?

2. What major sources contribute to the observed concentrations of fine particulate 
matter upwind and downwind of the source? And what are their relative contributions? 

3. What is the spatial distribution of the particulate emissions downwind of the power 
plant?  Given the fact that exposure to emissions from a nearby power plant depends 
on meteorological factors (temperature, wind speed, wind direction, and precipitation) 
as well as the topography of the area, it is also relevant to ask where the emissions are 
dispersed or transported (see Hao et al. 2007).   

4. Are there vulnerable populations downwind of the emitter?  And how are they located 
relative to the distribution of the pollutants?

Methodology 

To address the questions above, a three-pronged approach is proposed: (1) measurement, (2) 
modeling, and (3) mapping. 
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I. Measurement

What is proposed is filter-based sampling of PM2.5 in two locations: upwind and downwind of 
the source.  This scheme will enable the quantification of baseline or background concentration 
of PM2.5 as well as the determination of the additional particulate loading from the power 
plant.  It is also important to quantify the elemental, ionic, and carbon content of the collected 
PM2.5 on filter samples.  To support the dispersion modeling and mapping approaches, it is 
proposed that measurement of relevant meteorological parameters (temperature, wind speed, 
wind direction, precipitation, and solar radiation) must be conducted within the airshed of the 
power plant.  MO also plans to analyze the wind climatology of the airshed to determine the 
relevant upwind and downwind sampling locations per season.  

II. Modeling 

MO proposes to conduct two independent modeling approaches: dispersion or transport 
modeling, and receptor modeling.  Dispersion modeling will enable the determination of the 
distribution of particulate matter downwind of the source.  Receptor modeling, on the other 
hand, will enable the identification of the possible sources (e.g., power plant, mobile sources 
such as automobiles, etc.) and their corresponding percentage contributions to the observed 
PM2.5 concentrations on filter samples.  This methodology will help identify the contribution 
of the power plant to the overall ambient burden of PM2.5 relative to other sources such as 
emissions from mobile sources (e.g., trucks, private vehicles, and PUV’s) and biomass burning.
   
III. Mapping 

The results of the dispersion modeling study will be presented as air pollutant dispersion 
maps, which show the concentrations of pollutants in the vicinity of the power plant of concern.  
Overlays of population and poverty incidence data on the air pollutant concentrations map 
may also be used to identify vulnerable populations.  

Expected Outcomes

This study will be able to provide the much-needed baseline measurements to determine the 
concentration of pollutants emitted by the source, as well as their dispersion downwind of 
the emitter. This study will also identify the vulnerable populations in the vicinity of the power 
plant.  A desk review of the comparative cost of the health impact of a conventional power 
plant (such as the studied facility) versus a renewable energy source will also be examined. 
However, the proposed study will not include epidemiological studies of the effect of power 
plant emissions on the surrounding population. 
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Output 4: KLIMA Policy Centre (Energy Collaboratory)

The KLIMA Policy Centre/Energy Collaboratory will serve as the Information, Education, 
and Communication (IEC) arm of the Project. Since the Manila Observatory will provide for 
the scientific, technical, and research service on knowledge production, development, and 
management for RE, energy access, and energy information, policy, and decision support, 
which will feed into advocacy, education, and capacity-building pillars of the project.

Outputs include media briefings and prepare policy notes on energy. In particular, policy 
papers will be produced on the following topics: 

1. Assessing the overlap of energy regulation and policy among agencies, i.e., Energy 
Regulatory Commission (ERC), Philippine Competition Commission (PCC), and 
Department of Energy (DOE);

2. Climate Commitments; and
3. Climate Impacts.

The Collaboratory shall also engage with government agencies and other stakeholders on 
energy policy and implementation of the Paris Agreement on climate change. The Collaboratory 
will also conduct forums (as necessary) to ensue discussion on these matters. 

Relation of MO Outputs to Market Failure-Political Economy Framework

These studies, particularly Output 1 and Output 2, will help facilitate the transition to greater 
use of renewables. Areas where solar farms can be established, and wind turbines built can 
be identified. This relates to the market failure associated with lack of information. Meanwhile, 
Output 3 can contribute to the quantification of environmental externalities. This can be an 
input to an exercise where appropriate pricing or taxation is the outcome. The activities of the 
Klima Policy Centre can benefit from the framework outlined in Section 6 and summarized in 
Table 1.3. Areas where and how the policy debate on climate change can be influenced are 
identified. 
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Knowledge exchange and management for demonstration local government units (LGUs)

Learning from fellow local governments, non-government organizations, and the private sector 
is a must for local chief executives and champions among demonstration LGUs. It enables 
local champions to build confidence, draw inspiration from the lessons learned and success of 
other LGUs, and present their own plans and actions. 

ICLEI SEAS intends to facilitate the exchange of knowledge through 1) the Asia LEDS 
Partnership (ALP) Forum 2019; and 2) City-to-City Cooperation Program. 

The ALP Forum is a platform for various sectors such as development organizations, financing 
institutions, local and national governments, and the private sector to converge and discuss 
best practices, instruments, models that support low emission development strategies (LEDS)8 

in Asia. The ALP forum is conducted every two years. For 2019, it is expected to be held 
during the 4th quarter. 

Likewise, ICLEI SEAS intends to bank on its current projects and linkages to realize the City-
to-City Cooperation Program. ICLEI SEAS is considering the regional workshop of Building 
Efficiency Accelerator (BEA) member cities in Southeast Asia. BEA aims to mainstream energy 
efficiency policies and programs among its member cities such as Pasig and Sta. Rosa in the 
Philippines. The regional workshop will serve as an opportunity for the demonstration LGUs 
to learn from accomplishments and lessons learned by BEA partner cities in mainstreaming 
energy efficiency solutions in their built environment and green building code. 

Objectives

• Foster exchange of knowledge and best practices;
• Enhance the capacity of champions; and
• Provide link to groups and networks as possible partners and source of financing.

The activities are linked to the advocacy and capacity development pillars of the ASEP-CELLs. 
Ultimately, the activities will serve as points of collaboration for the demonstration LGUs 
and improve their capacities in incorporating energy access (EA), energy efficiency (EE), and 
renewable energy (RE) at the local level.

Moving forward, it is vital that the dates of the activities and availability of the LGUs be 
coordinated early to ensure their participation. The activities are scheduled for Year 1; however, 
their implementation depends on the organizers who have yet to finalize the dates.

Appendix 2: ICLEI SEAS Research Agenda

8 Similar to low-carbon growth and green growth, which aim to reduce greenhouse gas emissions through policy, 
plans, programs, and projects while pursuing economic growth.
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Setting up the local energy scene: Assessment and stocktaking

To build the capacity of the demonstration LGUs in mainstreaming EA, EE, and RE, ICLEI SEAS 
will review and assess the local energy scene as precursor to integrate national energy policies 
and plans in the Local Climate Change Action Plan (LCCAP) or in the Local Government 
Comprehensive Development Plan. ICLEI SEAS will conduct consultation workshops for 
the demonstration LGUs and key stakeholders to identify gaps, existing interventions, and 
resources. The results of the workshops with the LGUs and stakeholders are essential inputs 
to determine the political and institutional landscape on the energy sector in the Philippines.

Objectives

• Evaluate local plans, policies, or programs pertaining to energy; 
• Identify entry points in mainstreaming EA, EE and RE in local plans
• Determine the roles of key stakeholders in the local energy scene; 
• Identify local champions and their possible roles in implementing the local energy plan; 

and
• Come up with an assessment on the energy sector political and institutional landscape

The activities are directly related to the of the ASEP-CELLs. Likewise, it serves as an avenue 
to disseminate knowledge products resulting from Pillar 1 (Knowledge Management) and to 
engage local champions and stakeholders thereby contributing to Pillar 3 (Advocacy). ICLEI 
SEAS will conduct the activities in Years 1 and 2.

Local policy integration among demonstration LGUs

The activities under this output will draw from the results of assessing the local energy scene. 
ICLEI SEAS will conduct workshops specifically for demonstration LGUs to help them come 
up with an energy plan that can be conveyed at the grassroots level. A separate consultation 
workshop for stakeholders will also be held to draw inputs and concerns that the LGU may 
integrate in formulating a local energy plan.  The energy plan must support national policies 
and is geared towards improving climate resilience and energy security of the LGU. The energy 
plan should also be incorporated in the LCCAP. 

Objectives

• Identify local strategies that can support national energy plans/policies including 
opportunities for EA, EE, and RE;

• Identify strategies that can support the realization of the LGUs’ energy plan;
• Validate the roles of key stakeholders and possible champions; and
• Come up with a technical working group who would lead project proposal preparation 

(succeeding activity). 
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• To facilitate LGUs in formulating their energy plan, ICLEI SEAS will develop a guide in 
mainstreaming energy into the planning and development of LGUs. The activities support 
the Capacity Development Pillar of ASEP-CELLs and will be implemented in Year 1.

Bridging the capacity gaps 

ICLEI SEAS will conduct a dialogue/workshop among key national government agencies 
(NGAs), LGUs, academe, and the private sector, and workshop for demonstration LGUs. The 
former will be done in Manila as most NGAs are based in the capital. The dialogue will serve as 
an opportunity to discuss energy plan and policies as well as the activities and roles of various 
groups in EA, EE, and RE. Likewise, it can serve as means to disseminate studies resulting from 
the research activities of the ASEP-CELLs and rally support by reaching a diverse audience.

Another workshop for demonstration LGUs will also be held to help them understand the 
relationship of national energy policies/plans and EE, EA, and RE solutions into their local 
energy plan or roadmap. This will also help them convey their energy plan at the grassroots 
level.

Results from these activities will give a better understanding on the vertical integration of 
national and local energy policies and plans.

Objectives

• Identify local champions who could sustain political commitment and lead in promoting 
EA, EE, and RE; 

• Discuss integration of national and local energy policies/plans in advancing    
EA, EE, and RE;

• Discuss EA, EE, and RE concepts for the LGU; and
• Identify strategies to disseminate a local energy plan that is anchored on national policies/

plans and integrates EA, EE, and RE. 

To maximize the activities, the knowledge products of the ASEP-CELLs may be disseminated 
and/or laymanized for the public. Harmonizing the activities with the CELLs and PMO is needed 
to avoid duplication of efforts towards target sectors and LGUs.  The activities are related 
to the Advocacy and Capacity Building Pillars of the ASEP-CELLs and will be implemented 
during Year 2.
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Project proposal packaging and link to financing for demonstration LGUs.

ICLEI SEAS will enhance the capacity of the LGUs in preparing project proposals and tapping 
possible funding sources. The results from the previous workshops with demonstration LGUs 
will serve as inputs and direction to come up with a project a proposal. Prior to this, the LGUs 
would be asked to come up with priority projects and a technical working group who would 
be trained for the write shops.

Objectives

• Develop the capacity of the TWG to prepare project proposal that can be submitted 
to possible funding sources;

• Identify possible local and international funding sources; and
• Link the LGU to organizations or network that could provide financing or assistance 

to draw financing.

These activities will be implemented in Year 3 and will support the Capacity Development 
Pillar of ASEP-CELLs.

Others

• Research agenda (overcoming resistance to change) – review and assess any best practices 
and strategies of local governments in overcoming resistance to change, or any case 
studies that can show how to overcome resistance to change

• Support the development of course modules – provide inputs to the learning module 
(e.g., integrating national energy plans at the local development planning and local 
governance)

• Support the development of Social Marketing Plan – Assist the PMO and CELLs in 
disseminating relevant information

• Support coordination with LGUs in demonstration sites – harmonization of efforts at the 
LGU level

Relation of ICLEI SEAS Outputs to Market Failure-Political Economy Framework

The activities of ICLEI SEAS will address market failure that stems from lack of information. An 
advocacy and capacity building program can also prevent behavioral failure. The end result 
will be that LGUs will make proper decisions with regard to local energy plans. However, as 
emphasized in the main text, actual plans and programs that are implemented largely depend 
on the objectives of those actors that have the greatest influence in policy-making. Educating 
these actors properly is one of the main goals of ICLEI SEAS.
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Appendix 3: Xavier University: Mindanao Clean Energy Living 
Laboratory (CELL)

(The following chapters in this anthology were completed under the auspices of XU: 7, 15, 28, 
29, 30, 39, 40, 41, 42).

Technical description for Output 1–3 under Knowledge Management

This aspect of the project focuses on the development of a sustainable knowledge management 
system for more relevant policy-making and program interventions in relation to sustainable 
low-carbon renewable energy (RE), efficiency of energy systems (EE) and energy access (EA). 
The project is expected to advance an understanding of the context of Mindanao so that the 
challenges and opportunities for low-carbon RE development, EE and EA are identified and 
analyzed. RE, EE, and EA are often studied, but generally in isolation. Using the case study 
approach, this project will integrate social and scientific methods. The main benefits of this 
project will be: (1) understanding the factors (e.g., energy source, technologies in energy 
production, transmission and distribution system, environment, regulations) that drive the 
energy market at the local government level; and (2) assessing an optimal mix of energy 
generation technologies (fossil-based, hydro, solar, wind, biomass, geothermal) in terms of 
energy security (ES). Here, energy security is understood as the uninterrupted availability of 
affordable electrical energy, focusing on the ability of the energy system to react promptly 
to sudden changes within the supply-demand balance. It is generally agreed that to ensure 
energy security, diversification of energy sources is necessary, and their supply guaranteed. 
The International Energy Agency (IEA) defines EA as the reliable and affordable access to 
electricity to supply a basic bundle of energy services. Thus, while EA is directed at the 
household level, ES is levelled at the energy system.

The overall strategy of this project consists of bringing together small groups of researchers, 
subject matter experts, and stakeholders in a variety of activities. Activities will primarily focus 
on the analysis of key aspects of the current and future fossil-based and RE supply chains, 
combined with population, urbanization, hydrologic, topographic, and surface meteorological 
characteristics of Mindanao. Effort will be spent in identifying relevant secondary data sources 
related to each of the fossil-based and RE sectors. Specifically, data on the following will 
be collected: (a) power demand and power growth rate; (b) capacities and generation rates 
of fossil-based and RE facilities; (c) electricity transmission and distribution network; (d) 
institutional arrangements of the Mindanao power sector; and (e) energy policies and fiscal 
incentives. Data on the locations of RE (hydro, solar, wind, biomass, geothermal) installations 
(current and in development) will also be collected, mapped, and analyzed. A data bank will 
be formed, from which information will be culled and used to map the characteristics and to 
profile the energy status of Mindanao vis-à-vis EE of and EA to fossil-based and RE (both on-
grid and off-grid).

Changes in the weather patterns and extreme conditions due to climate change have severe 
implications for the energy sector. Such changes can disrupt and affect the energy supply and 
power distribution, making the energy infrastructure in Mindanao highly sensitive to climate 
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change impacts. To ensure climate-resilient energy infrastructure and continued provision of 
basic energy services, it is equally important to understand the inherent vulnerabilities in the 
energy sectors. Since power supply in the island is connected via transboundary rivers (used 
for hydropower generation) and interconnected grids, it is important to understand the likely 
impacts of climate change on Mindanao’s energy production and consumption, following a 
regional approach. Existing literature on climate change impact assessments on the energy 
sector will be consolidated. Sensitivity and vulnerability indicators will be applied to map 
climate-change-resilient energy infrastructures in Mindanao.

The economics of energy system vary depending on the technology applied for energy 
generation. While supply and demand are predictably the key contributing factors that 
drive the energy market, weather forecasts and actual weather events, generation changes 
and government regulations also contribute to the challenges of forecasting energy prices. 
This project will use multiple case studies to determine which among these factors have 
the greatest influence on energy prices and costs in Mindanao. Different types of energy 
generation technologies (fossil-based, RE) and implementations (distribution utility, electric 
cooperative) will be considered in the case studies. Sources of data to be gathered for each 
case study will be documents and interviews from the personnel of implementing agencies 
and organizations. A detailed data base of evidence will be drawn up for each case. Although 
the primary foci are on RE in Mindanao, some aspects of the RE sector are relatively under-
developed. Consequently, energy case studies (both within and outside of Mindanao) that 
have already been completed will be compiled as benchmarks or exemplars.

The project will also develop a methodology for the assessment of an optimal mix of energy 
generation technologies with reference to ES, as previously defined. The modeling and 
optimization will consist of: (a) identification of internal and external disturbances and their 
parameters, and (b) development of model for the optimization of energy systems with 
different energy generation technologies and scenarios of internal and external disturbances. 
Internal disturbance parameter is associated with the energy generation technologies and 
the energy supply networks. It indicates the reliability (e.g. capacity factor) and availability 
(maximum share or network capacity) of the technologies. External disturbances are natural or 
anthropogenic events, which may disturb the energy system or some elements of the system 
work. These could include variations in the fuel or energy types (fossil-based, RE), and price 
deviation of the fuel or energy resource. As previously enumerated, weather forecasts and 
actual weather events, generation changes, government regulations, and initial and operating 
costs of the generation technology potentially contribute to the deviations of energy prices. 
The application of the economic optimization model to a reference energy system, where 
fossil-based energy, RE and their combinations were analyzed, will enable the assessment of 
the impact of energy generation technologies on ES and a recommendation of the threshold 
shares of these technologies in the energy generation mix.
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Technical description for OUTPUT 4: Enterprise Development and Transaction Support 
(EDTranS) hub

The Enterprise Development and Transaction Support (EDTranS) hub is an arm of the 
Mindanao CELLs that is used as a conduit in reaching out and capacitating target communities 
and champions. It is through the EDTranS hub that the implementation of CELLs strategies 
and goals, development of initiatives on project improvements, and ensuring sustainability of 
programs are achieved. The hub strengthens the capacity of the Mindanao CELLs in leading 
its purpose of providing a venue of connecting to stakeholders and champions. The Mindanao 
hub maintains valuable resources that are needed to make the Mindanao CELLs team more 
effective in leading their day to day activities in line with the SDG 7 of the United Nations 
Development Program. 

The figure below is the schematic diagram of the Mindanao CELLs with its
corresponding arms.

The hub will ensure that the three pillars of development (such as: Knowledge Management, 
Capacity Development, and Advocacy) from the identified projects (such as: Project 1: 
Profiling/Mapping, project 2: Algorithm, Modeling and Optimization, project 3: Case Studies) 
are well-organized and implemented. It will develop strategies on how to insure that individual 
projects should directly benefit identified stakeholders. The hub shall develop capacity 
building initiatives for the implementation of the projects by organizing workshops, lecture 
series, or conferences, trainers training, and module development for RE, EE and EA. It is 
through the hub where advocacy programs are coined and implemented in order to promote 
RE, EE and EA to the Filipino youth, professionals, and partner communities. 
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The Mapping component under Project 1 is aimed to provide geospatial analysis and data for 
RE, EE, and EA. The first and second years will focus on primary and secondary data collection 
primarily from the Department of Energy, Distribution Utilities and Electric Cooperatives. This 
can be done through series of workshops and focus group discussions from local champions 
and actual data collection to partner NGOs, LGUs and research institutions. Some LGUs will 
also be involved in potential development of RE sources (Hydro, Solar, Wind, and Biomass) in 
their respective areas. 

The Geospatial data will be in the form of both spatial (GIS format maps and data) and 
aspatial data (i.e., tabulated energy sources and paper maps) which can then be digitized and 
georeferenced. The existing database of XUERC can also be utilized as it already has some 
data from its Disaster Risk, Environment and Management and Computer-Aided Services and 
Technologies program. Another useful database is the network of Automated Weather Stations 
in Mindanao and major cities such as for Cagayan de Oro, Zamboanga, Iligan, Cabadbaran 
and Davao. XU is the local partner of Manila Observatory in maintaining these stations with 
Shell Philippines and Smart (PLDT) partnership. As of this writing the areas covered with XU 
is growing which includes Cagayan de Oro, Misamis Oriental, Iligan, and Bukidnon. These 
weather stations have good data for solar irradiance, wind velocity, wind direction and rainfall 
as deemed necessary for Project 2 – Algorithm, Modelling, and Optimization. As most data 
are available on highly urbanized cities and with pre-existing stations installed, some data 
can be derived from remote sensing technology such as for solar irradiance. This can be 
used to compute for Solar RE potential. Major rivers in Mindanao have also been studied by 
XU particularly by ERC for flood and Hydrologic studies which could also be potential sites 
for Pico, Micro and Mini Hydro plants. For biomass potential the existing partnership of XU 
in mapping agricultural lands can be tapped to further study the potential of potential for 
biomass RE. 

For the third year RE, EE, and EA will be studied for the Risks associated with the existing and 
building power infrastructures in certain areas. XUs program on Disaster Risk Reduction and 
Management can be a good resource of information and developing HEV maps and analysis 
through either risk indexing and overlay methods to enhance the resilience of both micro and 
macro grid. 

Relation of XU Outputs to Market Failure-Political Economy Framework

The XU action is a microcosm of the entire project applied to the Mindanao area. Hence, 
the focus is on market failure in the energy market in Mindanao and applying the political 
economy framework accordingly. An important aspect of their project is an evaluation of the 
role of Electric Cooperatives. This should dovetail with the discussion on PSAs and the political 
economy of the energy mix.
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Energy Development And Electrification 
in the Philippines

2

Erees Queen B. Macabebe, Aison S. Garcia, Sol D. P. Magsuci, Lorelisa Ethel R. Luya, Maria Liwanag O. Montayre, 
Norberto Pocholo P. Labog, Reynaldo C. Guerrero and Rafael Roman D. Concepcion*
*raffy@solarsolutions.ph

Total	electrification	is	one	of	the	goals	set	out	by	the	Philippine	government	
in eradicating energy poverty. In 2017 the Philippines set an ambitious goal 
of	total	household	electrification	by	2022,	encompassing	both	unserved	and	
underserved areas.  This was established in the Philippine Development Plan 
(PDP) 2017-2022.  

The	effort	to	push	for	total	electrification	has	always	been	part	of	the	Philippine	
agenda. In 2001, the Energy Power Industry Reform Act (EPIRA) was passed to 
reorganize	and	deregulate	the	industry	in	order	to	introduce	higher	efficiency,	
greater innovation and end-user choice. It also aims to ensure the quality, 
reliability, security, and affordability of electric power supply. More recently, 
the	 National	 Electrification	 Administration	 Reform	 Act	 of	 2013	 (NEARA)	
enacted	on	May	7,	2013,	gave	more	focus	on	the	promotion	of	sustainable	
development	 in	 rural	 areas	 through	 rural	 electrification	 and	 pursuance	 of	
electrification	programs	to	bring	electricity	to	the	countryside,	among	others.	
The	Department	of	Energy	 (DOE)	has	 crafted	 the	Missionary	Electrification	
Development	Plan	 (MEDP)	which	defines	strategies	and	activities	 to	ensure	
the provision of electricity in missionary areas. Foremost of these is the 
Universal	Charge	for	Missionary	Electrification	(UCME)	which	subsidizes	power	
generation in these remote areas.

Meanwhile, progress on the different energy technologies and frameworks 
has	 accelerated	 in	 the	 past	 decade.	 	 More	 efficient	 and	 affordable	 forms	
of energy sources and frameworks that give focus to social inclusivity and 
other societal dimensions have since been developed. This is in line with the 
Philippines’ commitment to the Sustainable Development Goal Seven: Access 
to Affordable, Reliable, Sustainable and Modern Energy for All.  

As	of	2019,	household	electrification	is	at	92.96%.	Majority	of	the	unserved	
and underserved households are in off-grid, remote and unviable areas of the 
country, ideal for community-based micro-grid system as an optimal energy 
alternative. Additional policy must be in place to supplement the current 
framework of EPIRA and NEARA. 

Executive Summary



75Issues in Energy SecurityChapter 2

The	 Philippine	 Energy	 Report	 identified	 and	 analyzed	 key	 challenges,	
recommended actions to deal with issues it revealed and offered guidance in 
updating the Philippine energy policy, regulatory and institutional framework.

Keywords: Electric power supply, Energy access, Energy Power Industry 
Reform	 Act	 (EPIRA),	 Household	 Electrification,	 Missionary	 Electrification,	
Philippine Development Plan (PDP), Underserved communities, Unserved 
communities
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Managing the energy trilemma 
in the Philippines
Josef T. Yap1* , Aaron Joseph P. Gabriola2 and Chrysogonus F. Herrera2 

Abstract 

Background: The transition to an energy mix with lower carbon emissions is hampered by the existence of the 
so-called Energy Trilemma. The primary consequence is a trade-off between various objectives of energy policy, e.g., 
equity and sustainability. This conflict can lead to policy gridlock if policymakers are unable to prioritize the goals. This 
paper proposes a framework and methodology to manage the trilemma by applying methods related to multi-crite-
ria decision-making in order to assign weights to the various components of the trilemma.

Results: Following the International Energy Agency (IEA), an expanded concept of energy security is adopted and 
translates to a version of the trilemma different from that of the World Energy Council. This study takes into account 
autarky, price, supply, and carbon emissions. The values of these variables are generated by a software called PLEXOS 
and are incorporated in a welfare function. Trade-offs and complementarities among the four variables are taken into 
account by the equations in the PLEXOS model. Meanwhile, weights for each of the components of the trilemma are 
obtained using the Analytical Hierarchy Process. The experts interviewed for this exercise are considered hypothetical 
heads of the Philippine Department of Energy (DOE).

Conclusion: Two scenarios were compared: a market-based simulation and one where a carbon-tax was imposed. 
As expected, the carbon-tax leads to a fall in the level of carbon emissions but a rise in the cost of electricity. Because 
the demand for electricity has a higher price elasticity among lower income classes, the carbon-tax will worsen equity. 
Attempting to resolve the conflict among the goals of energy policy is difficult leading to a possible gridlock. Policy 
options can, however, be ranked using the values generated by the welfare function. The ranking clearly depends on 
the preference or priorities of the hypothetical head of the DOE but at least a decision could be reached. In this man-
ner, trade-offs are measured and the trilemma can be managed even if it is not resolved.

Keywords: Energy trilemma, Energy security equity and sustainability, Policy gridlock, Multi-criteria decision-making, 
Welfare function
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Background
Energy poverty continues to be a major concern in the 
Philippines, especially when compared with its neighbors 
in Asia. One aspect of energy poverty is household access 
to electricity. Table  1 shows that as of 2018, the Philip-
pines has the lowest electrification rate among Asian 
countries with a similar level of development. Meanwhile, 

Table 2 shows that in 2020 the Philippines had the lowest 
per capita consumption of electricity in the same set of 
countries. It is not a coincidence that the Philippines also 
has one of the lowest levels of development as measured 
by per capita gross domestic product (GDP).

To address the problem of energy poverty, the Phil-
ippine Department of Energy targeted 100 percent 
electrification of households with access to the grid 
by 2022. For off-grid areas, the 100 percent electrifi-
cation rate is expected by 2040. The objective dove-
tails with one of the major components of Sustainable 

Open Access

Energy, Sustainability
and Society

*Correspondence:  josef.t.yap@gmail.com; asep-cellspmo@ateneo.edu
1 Ateneo School of Government, Quezon City, Philippines
Full list of author information is available at the end of the article

3



78Issues in Energy SecurityChapter 3

Page 2 of 17Yap et al. Energ Sustain Soc           (2021) 11:34 

Development Goal (SDG) 7 which is to ensure uni-
versal access to affordable, reliable, sustainable, and 
modern energy by 2030. However, SDG 7 also targets 

a substantial increase in the share of renewable energy 
in the global energy mix. Hence, the increase in access 
must be accompanied by a transition from fossil fuels 
to renewable energy.

Achieving increased access and a higher share of 
renewable energy requires managing the so-called 
Energy Trilemma. This refers to “the conflicting goals 
that governments face in securing energy supplies, pro-
viding universal energy access, and promoting environ-
mental protection” (World Energy Council [4]). The 
Energy Trilemma is defined across three dimensions 
(Fig. 1). “Energy Security reflects a nation’s capacity to 
meet current and future energy demand reliably and 
withstand and bounce back swiftly from system shocks 
with minimal disruption to supplies. Energy Equity 
assesses a country’s ability to provide universal access 
to affordable, fairly priced, and abundant energy for 
domestic and commercial use. Environmental Sustain-
ability of Energy Systems represents the transition of a 

Table 1 Electrification rate (% of population) for selected Asian countries

Source: World Bank [1]

1990 1995 2000 2005 2010 2018

Indonesia 61.7 66.9 86.3 86.2 94.1 98.5

Malaysia 93.9 95.6 97 98 99.3 100

Philippines 62.1 67.9 73.5 78.6 84 94.8

Thailand 75.9 81.7 82.1 92.3 99.7 100

Viet Nam 74.1 80.3 86.2 96.1 97.6 100

Table 2 Per capita electricity consumption and per capita GDP 
in selected Asian countries

Source: electricity consumption: [2]; GDP: World Bank [3]

Per capita electric power 
consumption, kWh, 2020

Per capita GDP (at 
constant 2010 USD), 
2020

China 3991 8405

Indonesia 799 4312

Malaysia 4193 11,637

Philippines 717 2980

Singapore 7680 56,349

Thailand 2736 6094

Viet Nam 1451 2133

• The three goals 
that should be 
achieved to reach 
energy sustainability. 
• A balanced 
“triangle” implies 
integrated policy 
solutions and 
coherent innovation 
approaches.

–World Energy Council

Fig. 1 The energy trilemma. Source: World Energy Council [5]
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country’s energy system toward mitigating and avoid-
ing potential environmental harm and climate change 
impacts.”1

Typically, the topic of sustainability should cover the 
concept of the environomy, which is the union of the 
environment and the economy (e.g., Ravago and Rou-
masset [6]). This would then involve a broader trilemma 
involving prosperity, equity and environmental sustain-
ability. The Energy Trilemma has a narrower focus.

Resolving the Energy Trilemma entails designing poli-
cies wherein trade-offs among goals can be avoided. 
This is a highly unlikely scenario and in the event of rela-
tively large trade-offs, a policy gridlock may ensue. The 
key research question addressed in this paper is how to 
move past this possible gridlock. Instead of attempting 
to resolve the Energy Trilemma, a framework is devel-
oped to manage it by quantifying the trade-offs among 
the conflicting goals. Weights reflecting the preferences 
of policymakers are assigned to these goals thereby prior-
itizing them. Policies can then be ranked through a wel-
fare function that combines quantitative measures of the 
different goals. Even if conflicts among the goals cannot 
be resolved, progress can be made by adopting policies 
that have a higher welfare rank.

Situating the research
Trade‑offs and synergies
The term “trilemma” implies that trade-offs are involved 
when energy policies are designed and implemented. For 
example, ten years ago, significantly increasing the share 

of variable renewable energy (VRE) like solar would have 
been infeasible because of the prohibitive costs involved 
(Table  3). The trade-off between equity, particularly 
affordability, and sustainability was quite clear-cut. Now-
adays, because of the sharp decline in the cost of solar 
power generation, the trade-off emanates from the feasi-
bility of integrating VRE in the grid system. In this con-
text, the high cost of battery storage is the major factor 
that prevents the full utilization of wind and solar power 
in the grid system.

Thus, despite the sharp decline in generation costs 
involving VRE, the energy trilemma remains a problem 
that has to be managed. This paper proposes a methodol-
ogy to achieve this objective. The approach is inspired by 
Barbier and Burgess [8] who evaluate trade-offs and com-
plementarities—or synergies—among the SDGs. They 
adopt accepted methods to calculate changes in welfare 
under specified constraints. This allows measuring wel-
fare effects of an increase in the level of one SDG while 
taking into account trade-offs or complementarities with 
other SDGs. In their study, a quantitative evaluation of 
progress over 2000–2016 for each of the 17 SDGs is car-
ried out using a representative indicator for each goal. 
Their results have important implications for policies 
designed to achieve the SDGs. In particular, because syn-
ergies are taken into account, policies can be calibrated 
to be consistent with the priorities of policymakers.

The essence of the framework in this study is specify-
ing a welfare function W that is dependent on the com-
ponents of the trilemma. One such specification is as 
follows:

Different policies will yield different values for the 
three components of the trilemma, i.e., security, equity, 
and sustainability, thereby generating a set of values for 
W. This will enable policymakers to rank the policies. A 
conventional simulation package can generate the values 
of the three components, taking into account the trade-
offs and complementarities among them. The obvious 
challenge is to arrive at reasonable values for the param-
eters α, β, and ϒ. They represent the preferences of the 
policymakers, which in turn, should ideally reflect the 
aspirations of society. Methods under multi-criteria deci-
sion-making (MCDM) can be applied for this purpose.

Being able to rank policies will facilitate decision-mak-
ing. Progress can therefore be achieved even if the con-
flicts or trade-offs cannot be resolved. This is the essence 
of managing the trilemma. The choice of the term “man-
age” is deliberate as “resolving” the trilemma is a difficult 
task.

W = SecurityαEquityβSustainabilityγ

Table 3 Summary of mean levelized cost of energy (LCOE) for 
different energy sources

Source of data: Lazard [7]
a 2010 LCOE for hydropower from the International Renewable Energy Agency 
(IRENA) Database. b,c2018 and 2019 LCOE data collected from the Annual 
Technology Baseline Website of the National Renewable Energy Laboratory

Fuel source 2009—USD/
MWh

2018—USD/
MWh

2019—
USD/
MWh

1 Wind 135 42 41

2 Solar 359 43 37

3 Combined cycle 
gas turbine

83 58 56

4 Coal 111 102 109

5 Nuclear 123 151 155

6 Geothermal 76 91 91

7 Hydropower 40 a 52 b 54

8 Biomass 89 108 c 100

1 World Energy Council [5], page 13.
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Review of literature
Energy trilemma is recognized as a global challenge. To 
track progress in coping with this challenge, the World 
Energy Trilemma Index has been prepared annually 
since 2010 by the World Energy Council. In its latest 
publication, WEC [9] presents a comparative ranking of 
the energy systems of 108 countries. An assessment of 
a country’s energy system performance is also provided, 
based on the balance and progress in the three compo-
nents of the Trilemma. The performance of the Philip-
pines is shown in Fig.  2. The country is ranked 76th in 
terms of balance and progress in the different compo-
nents of the trilemma.

The literature identifies strong and weaker versions 
of the trilemma. The former calls for policymakers to 
choose two of the three policy goals. This implies that the 
trilemma cannot be resolved but only managed. On the 
other hand, the weaker version recognizes that political, 
economic, and institutional reforms can lead to progress 
in all three components. Hence, from this perspective, 
the trilemma can be resolved by overcoming structural 
barriers through appropriate policy measures.

Examples of studies that adopt the weaker version of 
the trilemma are country cases for the Philippines (La 
Viña et al. [10]) and Indonesia (Gunningham [11]). The 

discussion largely revolves around policies that gov-
ern the transition into a greater share of low-carbon 
sources in the energy mix. In the case of the Philip-
pines, the authors argue that policymakers can and 
should work at two categories of reform: rationalization 
and diversification.

At the core of rationalization efforts is a long-term 
energy plan that is impervious to shifts in government 
administrations. If this plan is perceived as robust, it 
will reduce political and regulatory risk, and at the same 
time encourage investments in the energy sector that 
will promote the goals of energy security, equity, and 
sustainability. Such a plan should also be cognizant of 
global technological developments which will discour-
age unnecessary subsidies for specific energy sources. 
Government–private sector coordination and public–
private partnerships can be supported by a program 
such as the Competitive Renewable Energy Zones or 
CREZ (Lee et al. [12]). This is an example of an energy 
mapping system that identifies optimal areas for devel-
opment vis-à-vis available energy sources and transmis-
sion lines. Overall, rationalization entails less emphasis 
on liberalization—or a market-led approach—and a 
greater role for government regulation.

Fig. 2 Evolution of the energy trilemma in the Philippines 2000–2020. Source: [9]
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Meanwhile, the thrust of diversification is reducing the 
country’s relatively heavy dependence on fossil fuel, par-
ticularly imported coal. The main obstacle to attaining 
this objective is the limited ability of renewable energy 
to perform the role of coal power plants as a source of 
baseload capacity. At present, the Philippines has an 
excess supply of coal plants that exceeds baseload needs, 
making it necessary for these coal plants to provide the 
mid-merit requirement. Policies have to be enacted to 
allow sources that can support the mid-merit require-
ment more efficiently than coal. “To address this, a cap 
on approved coal endorsements using a portfolio-based 
regional energy plan detailing the baseload, mid-merit, 
and peaking requirements in each of Luzon, Visayas, 
and Mindanao is necessary. This prevents an oversupply 
of coal plants beyond baseload needs, and, for the long-
term, contractual lock-in of coal supply beyond what is 
economically, socially, and environmentally acceptable.”2

Indonesia is a resource-rich country that plays a sig-
nificant role in the global energy market. However, its 
per capita consumption of electricity is relatively low 
(Table  2). One reason for this is a strategy that encour-
ages exports of energy resources and heavy dependence 
on coal. Gunningham [11] recommends effective energy 
governance to increase access, reduce fuel subsidies, and 
at the same time, facilitate the transition of the energy 
sector to one with lower carbon emissions. Four impor-
tant elements of the governance structure have to be 
analyzed.

First, there is a need to instill norms—or standards of 
appropriate behavior—related to the importance of cli-
mate change. International organizations like the Inter-
national Energy Agency (IEA) have an important role 
to play in convincing Indonesian policymakers of the 
importance of measures related to climate change adap-
tation and mitigation. Second, many stakeholders includ-
ing international and local NGOs have argued against the 
implementation of fuel subsidies.3 Third, global energy 
governance can also help address the biggest challenge to 
Indonesia’s transition to a low-carbon scenario: the lack 
of financial resources that can underwrite a revolution in 
the energy sector. The more prominent financing tools 
include the Global Environment Fund (GEF) and the 
climate change funds of the World Bank, most notably 
the Clean Technology Fund. Neither of these initiatives 
has offered the financial resources needed to overcome 
Indonesia’s climate change challenges. “If such carrots 

do not achieve the necessary changes (and they are small 
compared to the current cost of energy subsidies to the 
Indonesian budget of some $20 billion per annum), there 
remains the possibility of the use of sticks. Of the latter, 
the most plausible are carbon border taxes: taxing goods 
from countries that do not commit to climate change 
mitigation in order to ensure that those who do are not 
disadvantaged.”4

The preceding discussion highlights the difficulty of 
designing policy to resolve the energy trilemma. Moreo-
ver, the policies will still likely involve trade-offs. Manag-
ing the trilemma can be facilitated if the trade-offs can be 
quantified. A straightforward approach is the adoption of 
portfolio-based techniques widely used in financial mar-
kets. The general objective is to balance short-term costs 
with medium- to long-term price stability. The stand-
ard methodology is Markowitz’s mean–variance analy-
sis to determine the optimal energy mix for electricity 
generation.

A recent application is the case of the Philippines (Bal-
anquit and Daway-Ducanes [13]). In their study, they 
consider eight generating technologies, each associ-
ated with two important parameters: the expected rate 
of return ri and the risk measured by the variance in 
the return. These parameters are both derived from the 
technology’s daily power price (PP) ratio, defined as the 
amount of energy sold or discharged over its average 
price.

where αi ∈ (0, 1) is the share of technology i and that 
∑

iαi = 1.
On the other hand, the expected portfolio risk is given 

by

where σij is the covariance of two distinct technologies 
i and j . The methodology then adopts the approach of 
Markowitz [14] by minimizing a given portfolio’s risk 

ri = E

[

PPit − PPi(t−1)

PPi(t−1)

]

,

σ 2
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[

(

PPit − PPi(t−1)

PPi(t−1)
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2 [10], page 43.
3 The paper of Gunningham was published in 2013. The Indonesian gov-
ernment eliminated gasoline subsidies in 2015 and set fixed subsidies for 
diesel. For more details, please refer to https:// www. oecd. org/ fossil- fuels/ 
publi cation/ Indon esia% 20G20% 20Self- Report% 20IFFS. pdf. 4 [11], pages 190–191.
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for every targeted rate of return r. The problem can be 
depicted as:

The procedure will yield optimal shares of each type of 
technology. A set of optimal portfolios can be depicted 
on the return-risk plane (Fig. 3). The curve is the optimal 
portfolio frontier. Any point to the left is infeasible while 
any point to the right is considered sub-optimal.

The energy trilemma is partially addressed in the port-
folio model because energy security is associated with 
“risk” and equity is associated with “return”. The authors 
claim that in their framework, consumer welfare is maxi-
mized in terms of price stability, energy security, and 
clean-energy investment, implying that the third horn of 
the trilemma, sustainability, is also incorporated. How-
ever, clean energy only figures in the discussion because 
VRE sources are among the eight technologies consid-
ered. There is no explicit procedure by which lower car-
bon emissions can be targeted.

Unlike the application using Philippine data, the study 
of Stempien and Chan [15] makes categorical reference 
to the trilemma. Targeting “sustainability” is opera-
tionalized by adding another variable in the model: the 
expected return on emissions in terms of energy per unit 

min
αi∈[0,1]

Var(r) =

8
∑

i=1

α2
i σ

2
i + 2

∑

1≤i≤j≤8

αiαjσij

s.t.
∑

8
i=1αiri = r,

∑8

i=1
αi = 1.

of  CO2, i.e., kWh per ton of  CO2. Instead of having a two-
dimensional optimal portfolio frontier, the efficient plane 
is as depicted in Fig.  4. The three dimensions represent 
the constraints imposed by the trilemma under which the 
portfolio is optimized.

Neither the studies of Balanquit and Daway-Ducanes 
[13] and Stempien and Chan [15] provide a mechanism 
to choose among the options along the optimal portfo-
lio frontier. This can be done by specifying a set of indif-
ference curves—or planes in the multi-dimensional case. 
These are analogous to the aforementioned welfare func-
tion. The indifference curves (planes) are specified by 
determining the risk–return profile of the policymakers 
involved, which can also be accomplished through meth-
ods associated with MCDM (see Box 1).

The indifference curves should slope upward (Fig.  5). 
This indicates that in order for the investor to achieve the 
same level of utility, he must be compensated for accept-
ing a greater level of risk with a higher expected rate of 
return. A higher indifference curve implies a higher level 
of utility. The choice of generation mix is where the indif-
ference curve is tangent to the optimal portfolio frontier 
(point A in Fig.  5). In this framework, different policies 
will lead to various points in the risk–return plane. Poli-
cymakers should adopt the policy that generates the 
highest indifference curve or welfare.

Box 1 Multi‑criteria decision‑making
Multiple-criteria decision-making (MCDM) or mul-
tiple-criteria decision analysis (MCDA) falls under 
the discipline of operations research. MCDM is a set 
of methodologies that deal with multiple criteria in 
decision-making. The methodologies that are identi-
fied in the literature mostly differ in terms of assigning 
weights to the criteria involved. Among the methods 
are the aggregated indices randomization method 
(AIRM), analytic hierarchy process (AHP), analytic 
network process (ANP), balance beam process, base-
criterion method (BCM), best–worst method (BWM), 
Brown–Gibson model, etc.

The AHP is applied in this study, the basic refer-
ence being Saaty [16]. By allowing the decision-maker 
to reveal his priorities, AHP streamlines a complex 
decision-making process. In a nutshell, a multifaceted 
process is reduced to a series of pairwise comparisons 
with the results being synthesized. AHP allows both 
subjective and objective aspects of a decision to be 
combined.

The AHP generates a weight for each evaluation 
criterion according to the decision-maker’s pairwise 
comparisons of the criteria. The higher the weight, 
the more important is the corresponding criterion. 

Fig. 3 An example of an optimal portfolio frontier. Source: Fig. 6.1 of 
[13]
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To make pairwise comparisons, a scale of numbers 
is established in order to indicate how many times 
more important or dominant one criterion is over 
another. The table below presents the scale.

The fundamental scale of absolute numbers for AHP

Definition Preference scale

Equally preferred 1 Two criteria contribute 
equally to the objective

Equally to moderately 
preferred

2

Moderately preferred 3 Experience and judgment 
slightly favor one criterion 
over another

Moderately to strongly 
preferred

4

Strongly preferred 5 Experience and judgment 
strongly favor one crite-
rion over another

Fig. 4 Modified Markowitz theory of energy portfolio optimization. Source: Fig. 2 of [15]
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Optimal 
portfolio 
frontierI1

I2

I3

Portfolios 
below the 
frontier are 
suboptimal.

Portfolios 
above the 
frontier are 
unfeasible.

A

Fig. 5 Equilibrium (point A) between optimal portfolio frontier and 
the indifference curves of the hypothetical DOE secretary
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The fundamental scale of absolute numbers for AHP

Definition Preference scale

Strongly to very 
strongly preferred

6

Very strongly preferred 7 A criterion is favored very 
strongly over another; its 
dominance demonstrated 
in practice

Very strongly to 
extremely preferred

8

Extremely preferred 9 The evidence favoring 
one activity over another 
is of the highest possible 
order of affirmation

Source: Saaty [17], page 86

A more complicated process is the Stochastic Multi-
criteria Acceptability Analysis or SMAA (Lahdelma 
and Salminen [18]). This is a family of methods for 
aiding multi-criteria group decision-making in prob-
lems with uncertain, imprecise, or partially missing 
information. These methods are based on exploring 
the weight space in order to describe the preferences 
that make each alternative the most preferred one, or 
that would give a certain rank for a specific alternative. 
The main results of the analysis are rank acceptability 
indices, central weight vectors, and confidence factors 
for different alternatives. The rank acceptability indi-
ces describe the variety of different preferences result-
ing in a certain rank for an alternative, the central 
weight vectors represent the typical preferences favor-
ing each alternative, and the confidence factors meas-
ure whether the criteria measurements are sufficiently 
accurate for making an informed decision.*

SMAA was applied to the energy trilemma by Song 
et  al. [19]. The different alternatives were evaluated 
based on three criteria which are the components of 
the trilemma. As an exercise, the authors used as alter-
natives the top ten countries based on the 2015 Energy 
Trilemma Index. Exact weights of the three criteria 
were not derived but these can be inferred from the 
reported rank acceptability indices.

*Lahdelma and Salminen [18], page 285.

Methods and framework
Expanding the concept of energy security
The IEA’s website defines energy security as “the unin-
terrupted availability of energy sources at an afford-
able price. Energy security has many aspects: long-term 
energy security mainly deals with timely investments to 
supply energy in line with economic developments and 

environmental needs. On the other hand, short-term 
energy security focuses on the ability of the energy sys-
tem to react promptly to sudden changes in the supply–
demand balance.”5

Based on this rather broad definition, the concept of 
the trilemma is modified in this study. Energy govern-
ance seeks to promote energy security and one of the pri-
mary tasks is to manage the trade-off among its various 
components. Following the IEA’s definition, these would 
be the major components to be considered: (1) adequate 
supply, (2) price, (3) environmental impact, and (4) abil-
ity to react promptly to sudden changes in the supply–
demand balance. Hence, there is a “quadrilemma” among 
these components. Heretofore, however, the term “tri-
lemma” is retained.

A simulation package is applied to generate val-
ues of these four variables over a selected time period 
under reasonable assumptions. Some of these assump-
tions reflect policy choices. The trade-offs and synergies 
among the components of the trilemma are embedded in 
the equations of the simulation model. The authors have 
access to PLEXOS and therefore the study is limited to 
power generation.

The main advantages of PLEXOS are the transpar-
ency of its methodology, flexibility in its application, 
and robustness of the results. Electricity demand can 
be scaled down to zonal and nodal levels, enabling the 
model to generate locational marginal prices. This is 
important given the archipelagic topography of the Phil-
ippines, which necessitates constructing an electric grid 
wherein marginal prices vary significantly. Meanwhile, 
PLEXOS can model physical elements of the system in 
a more detailed resolution. This implies that the bidding 
behavior of various plants can be modeled, allowing the 
idiosyncratic features of different energy sources to be 
incorporated. For example, the temporal nature of solar 
and wind power is readily defined, and specific features 
can vary on a regional and plant basis. Finally, unlike 
other commercial software, PLEXOS does not resort to 
heuristics. Instead, it takes advantage of the computa-
tional power of commercial LP Solvers to handle the 
problem of modeling and simulating the full Philippine 
power system even in the long term. The robustness of 
the results derives from the ability of PLEXOS to carry 
out sensitivity analysis, allowing users to simulate vari-
ous scenarios. A consistency check of the results leads 
to confidence that algorithms are performed correctly. 
What should also be emphasized is that the framework 

5 https:// www. iea. org/ topics/ energ ysecu rity/ (Accessed 26 November 2019).
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and methodology presented and applied in this study are 
invariant to the specific software and assumptions.

Basic PLEXOS framework6

The long-term (LT) phase plan of PLEXOS is discussed 
in this section to highlight the trade-offs and synergies 

among the components of the expanded trilemma: autarky 
(AT), affordability (P), Supply (S), and Sustainability as 
measured by carbon emissions (C). The other components 
of PLEXOS are presented in the appendix. The LT phase 
seeks to solve the long-term generation capacity expansion 
problem by finding an optimal set of builds and simulta-
neously solving for the dispatch optimization problem 
from a central planner’s perspective. In particular, the LT 
plan looks to identify what type of generator units to put 
in, where to put them in the system, and when to build it. 
This is further subjected to reliability constraints such as 
respecting capacity reserve requirements.

The general objective is to minimize net present value 
of capital and production costs of future generator build 
decisions and retirements (Fig. 6). Costs can be classified 
into two categories:

• Capital costs C(x), consisting of costs attributed 
to building new generator capacity and generator 
retirements. Generator build costs include the fixed 
amounts required to pay for capital and service debts.

• Production costs P(x), which include costs of operat-
ing the system using the existing plant line-up plus a 
basket of candidate builds. Also included in the for-
mulation of production cost is the notional penalty of 
unserved energy.

Expansion candidates like variable renewable sources 
such as solar and wind are examples requiring relatively 
high capital costs and virtually minimal production costs. 
Liquid fuel resources such as oil-based generating units 
are expected to have high production costs. Adding car-
bon tax augments production costs of carbon-intensive 
generating resources, and hence, will prompt the simula-
tor to look for a solution that moves away from these fos-
sil fuel-based options, favoring renewable sources more.

The minimal formulation of the LT Plan is shown as 
follows:

Minimize:

Subject to:
Energy balance constraint

Feasible energy dispatch

Feasible builds

Integrality

Capacity adequacy

�

(y)

�

(g)

DFy ×
�

BuildCostg × GenBuild(g ,y)

�

+
�

(y)

DFy ×



FOMChargeg × 1000 × PMAXg



Unitsg +
�

i≤y

GenBuildg ,i









+
�

t

DFt∈y × Lt ×



VoLL × USEt +
�

g

�

SRMCg × GenLoadg ,t
�





∑

(g)

GenLoad(g ,y) + USEt = Demandt∀t

GenLoad(g ,t) ≤ PMAX



 Unitsg +
�

i≤y

GenBuildg ,i





∑

i≤y

GenBuildg ,i ≤ MaxUnitsBuiltg ,y

GenBuild(g ,y)integer

Fig. 6 Illustration of the objective of the LT Plan: minimize net 
present value of capital and production costs. Source: Energy 
Exemplar [20]

6 PLEXOS is a high-performance simulation platform operationally used 
by energy market participants, system planners, investors, regulators, con-
sultants, and analysts worldwide [20] The PLEXOS simulations are based 
on mathematical programming. The underlying structure of PLEXOS is 
described in this subsection and the appendix.
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Definitions:

Variable Description Type

GenBuild(g,y) Number of generating units build in 
year y for Generator g

Integer

GenLoad(g,t) Dispatch level of generating unit g in 
period t

Continuous

USEt Unserved energy in dispatch period t Continuous

CapShorty Capacity shortage in year y Continuous

Element Description Unit

D Discount rate. We then derive  DFy = 1/
(1 + D)y which is the discount factor 
applied to year, and  DFt which is the dis-
count factor applied to dispatch period t

Lt Duration of dispatch period t Hours

BuildCostg Overnight build cost of generator g $

MaxUnitsBuilt(g,y) Maximum number of units of genera-
tor g allowed to be built by the end of 
year y

PMAXg Maximum generating capacity of each 
unit of generator g

MW

Unitsg Number of installed generating units of 
generator g

VoLL Value of lost load (energy shortage price) $/MWh

SRMCg Short-run marginal cost of gen-
erator g which is composed of Heat 
Rate × Fuel Price + VO&M Charge

$/MWh

FOMChargeg Fixed operations and maintenance charge 
of generator g

$

Loadt Average power demand in dispatch 
period t

MW

PeakLoady
7 System peak power demand in year y MW

ReserveMarginy Margin required over maximum power 
demand in year y

MW

CapShortPrice Capacity shortage price $/MW

The formulation is illustrative only and is usually 
extended to include terms to handle candidate genera-
tors subject to inter-temporal constraints such as hydro 

�

(g)

PMAXg



Unitsg +
�

i≤y

GenBuildi



+CapShorty ≥ PeakLoady+ReserveMarginy∀y

energy limits, ramp-rate limitations, storage units like 
batteries, or contracts with minimum and maximum off-
take requirements.

The following components of Energy Security are gen-
erated from PLEXOS: autarky (AT), affordability (P), sup-
ply (S), and sustainability (C). Autarky is defined as the 
share of energy from indigenous sources and is related 
to the ability to react promptly to sudden changes in the 
supply–demand balance. Affordability is equated to the 
price or cost of electricity. Meanwhile, the variable supply 
is proxied by the Capacity Reserve Margin = (Total gen-
eration capacity − peak load)/peak load.

Sustainability is a broad concept. As explained earlier, 
sustainable development requires that the principles of 
public policy be extended to the environomy—the union 
of the environment and the economy. This requires the 
inclusion of natural resource depletion and pollution in 
production and consumer-preference structures.8 This 
study simplifies the framework by using carbon emissions 
(C) as an indicator of sustainability. A more comprehen-
sive set of indicators can be incorporated by expanding 
the welfare function.

Applying the model
Autarky (AT) is the annualized percentage of all indig-
enous generation  (GenLoad(g,t)) against the total genera-
tion of all sources. Indigenous sources include renewable 
generation such as wind, biomass, solar, and geother-
mal as well as resources fueled by domestic coal and 
gas. Recall that the model follows an economic dispatch 
algorithm. In order to satisfy the load at a minimum total 
cost, the set of generators with the lowest marginal costs 
are used first, with the marginal cost of the final genera-
tor needed to satisfy load requirements setting the system 
marginal price. System marginal prices are adjusted per 
location with considerations on cost of congestion and 
cost of losses to arrive at the locational marginal price. 
The affordability variable (P) is the annual load weighted 
marginal price.

Meanwhile, the Supply variable (S) refers to the total 
built capacity of existing fleet plus additional generation 
fleet  (GenBuild(g,y) ×  PMAXg) to meet the peak demand 
and reserve margin of each year. The carbon emission 
variable (C) refers to the carbon intensity. It is calculated 

7 To determine energy demand and its peak, GDP/economic growth across 
the forecast horizon is obtained along with growth of energy demand. The 
historical relationship between these variables is then used to project energy 
demand quantities (GWh) and the peak load (MW). Implied growth rates of 
peak and energy demand are similar and are assumed in this exercise not to 
diverge across the horizon. To preserve temporal patterns of electricity con-
sumption (whose seasonality is affected by variables like temperature), an 
hourly profile of a base year (most recent year) is used to serve as basis for the 
period-by-period load consumption of forecasted years.

8 The discussion on “sustainability” is based on Ravago and Roumasset [6], 
page 43.
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by the summation of all emissions of carbon generating 
resources divided by the GWh generation in a year. Or 
simply, summation of  GenLoad(g,t) ×  CO2 emission fac-
tors divided by  GenLoad(g,t) of all resources in the system. 
All variables AT, P, S, and C are further normalized to 
take a value of 0–1.

In order to manage the trilemma, the variables will be 
combined in a welfare function, thus:

The parameters α, β, ϒ, δ are the weight of each factor 
in the welfare function and the most important objec-
tive is to maximize welfare, W. Let W* be the maximum 
welfare and by definition

Weights can be obtained through simulation-based 
optimization.

However, a more practical application is to obtain 
the weights of a hypothetical Secretary of the 
Department of Energy (DOE). His welfare func-
tion is WH = ATαHPβHSγ hCδH , where the weights 

W = ATαPβSγCδ .

W ∗
= ATα∗Pβ∗Sγ ∗Cδ∗.

αH ,βH , γH , δH can be obtained from the Analytical 
Hierarchy Process (or a similar procedure as described 
in Box  1). WH can then be used to evaluate policy 
options. As stated in the introduction, different policies 
will yield different values for the components of the tri-
lemma, in this case AT, P, S, and C, thereby generating a 
set of values for W. The policy associated with the high-
est W can then be selected and implemented. Similar to 
the argument made earlier, the framework is invariant 
to the specific methodology to obtain the weights.

It should be noted that in the actual simulation, the 
welfare function is defined as

A decline in both the price level and amount of carbon 
emissions increases welfare. Moreover, the four variables 
are normalized to a [0,1] interval before W is calculated.

For the portfolio model, instead of a welfare function, 
a utility function U that depends on r and σ2 is defined, 
i.e., U (r, σ2). The appropriate weights for risk and return 
can also be determined through one of the MCDM 

(1)W = ATα

(

1

P

)β

Sγ

(

1

C

)δ

.

Fig. 7 Market-based simulation results using PLEXOS
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procedures. If patterned after the welfare function, the 
utility function can be specified as: U = (r)α(σ 2)

β . Such 
an application is left for future study.

Results and discussion
Using PLEXOS, the power sector was forecast for 
the period 2020–2040 under a market-based sce-
nario (Fig. 7). In this approach, the electricity market is 
assumed to unfold along a path where growing demand 
is automatically satisfied in the least cost manner. There 
is no mandated generation mix across the study period 
and no carbon tax is applied. Variable renewable energy 
costs are anticipated to continue along a significant 
downward trajectory. Meanwhile, domestic natural gas, 
as it depletes, gets replaced by the use of imported liquid 
natural gas (LNG).

Under the market-based scenario, coal remains to be a 
significant part of the mix as it is a cheap option for run-
ning on baseload function. The share of coal in the mix is 
anticipated to reach a peak of more than 70 percent in the 
first half of the study horizon. Renewable energy genera-
tion, on the other hand, is seen to rise to unprecedented 
levels starting in the second half of the period. In 2040, 
the share of solar generation is estimated to increase by 
more than 10 times its original share in 2020. Following 
this market-based scenario, autarky is expected to fall 
from a high level of 54 percent in 2020 to 30 percent in 
2030. The drop is influenced by the increased depend-
ence on imported fuel energy sources, namely coal, and 
the switch to imported LNG as local natural gas gets 
depleted.

Annual market price averages are projected to expe-
rience a slight increase from its initial price level by 
approximately 0.7 P/kWh (real 2018 terms) towards the 
period 2031–2040. The uplift is presumed to provide sig-
nals to encourage additional investment to support grow-
ing demand and reserve requirements. Capacity reserve 
margins remain stable at 25 percent throughout the 
horizon. Carbon intensity is anticipated to climb in the 
near term, starting from 854 tCO2/GWh in 2020, reach-
ing a peak of 1048 tCO2/GWh in 2030. This will slowly 
pull back to a level of 990 tCO2/GWh in 2040. The rise 
of carbon intensity in the medium term is attributed to 
the increase in the share of thermal coal in the generation 

mix. On the other hand, the slow decline of carbon inten-
sity in the second half is a result of the proliferation of 
variable renewable resources.

Meanwhile, two energy experts were interviewed in 
order to obtain values for the parameters α, β, ϒ, and δ. 
They are identified as (hypothetical) Secretary 1 and Sec-
retary 2. The Analytical Hierarchy Process was applied 
by presenting the four goals on a pairwise basis to each 
expert. There are six pairwise comparisons to be made. 
The basic process of AHP is described in Box 1 and the 
results are shown in Table 4.

Secretary 3 represents the optimal weights obtained 
from a simulation-based optimization procedure. These 
are the values α∗,β∗, γ ∗, δ∗ described earlier. A corner 
solution is obtained meaning that all parameters are zero 
except for β which is unity. This is not surprising since 
a policymaker who favors a market-based solution will 
definitely emphasize the least-cost alternative. Under the 
market-based scenario, the value of W is calculated as fol-
lows (Table 5):

These are obtained by substituting the annual values 
(AT), affordability (P), supply (S), and sustainability (C) 
into Eq. (1) and getting the average of W over the period 
2020–2040.

To demonstrate the application of the framework in 
dealing with the trilemma, the policy of imposing a car-
bon tax is simulated. In this exercise, a carbon tax is 
imposed, equivalent to the social cost of carbon (SCC), 
which is estimated to be USD 47.2 Real 2018/MT  CO2. 
The estimate is from the United States Environmental 
Protection Agency (US EPA).9 With an average discount 
rate of 3 percent, the social cost of carbon is USD 40.00 
per metric ton of  CO2 in 2018 using 2007 as a base year. 
This is converted to USD 47.2 to reflect current prices in 
2018. Skeptics of climate change effects use a higher dis-
count rate. At an average discount rate of 5 percent, the 
social cost of carbon falls to USD 12.00 per metric ton of 
 CO2 in 2018. The debate on the appropriate level of car-
bon emissions and carbon tax is eschewed in this paper.10

Table 4 Preferences of two hypothetical DOE secretaries

Source: Authors’ calculations

α Β ϒ δ

Secretary 1 0.42 0.12 0.28 0.18

Secretary 2 0.25 0.25 0.25 0.25

Secretary 3 0 1 0 0

Table 5 Value of W under market-based scenario

Source: Authors’ Calculations

W from Policy A (market‑based results)

Secretary 1 0.0832

Secretary 2 0.0912

Secretary 3 0.6892

9 https:// 19jan uary2 017sn apshot. epa. gov/ sites/ produ ction/ files/ 2016- 12/ 
docum ents/ sc_ co2_ tsd_ august_ 2016. pdf (accessed 15 February 2020).
10 See for example Dietz and Stern [21].
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The carbon tax was incorporated in PLEXOS (see sec-
tion on Basic PLEXOS Framework and Appendix) by 
adding to the short-run marginal cost (SRMC) of plants 
using coal, gas, and oil technologies. The appropriate 
emission factors were used.

The simulation results after imposing a carbon tax 
are shown in Fig.  8. The major trade-off involved in 
this policy exercise is a rise in the price of electricity 
accompanied by a decline in carbon emissions. In other 

words, enhanced sustainability is achieved at the cost of 
a decline in affordability. This will worsen equity if elec-
tricity demand of lower income classes has a higher price 
elasticity, which is the case in the Philippines (Dumagan 
and Abrigo [22]). The policy options can be evaluated by 
comparing the values of W (Table 6).

Welfare improves under a government headed by Sec-
retary 1 or Secretary 2. Welfare declines under an admin-
istration led by Secretary 3.

It should be noted that the value of W is higher under 
Secretary 3 for both policy regimes. Does this imply that 
Secretary 3 will be a more suitable head of the Depart-
ment of Energy? Not at all. One can readily find a combi-
nation of values of the parameters and the variables that 
will generate a higher W. The parameters simply reflect 
the preferences of society. The welfare function is a 
mechanism to rank different policies given these param-
eters. What the results show is that both Secretary 1 and 
Secretary 2 will favor a carbon tax over a market-based 
scenario. Secretary 3 will not.

Fig. 8 Comparing market-based scenario with carbon tax scenario equal to 100% of social cost of carbon

Table 6 Comparing welfare before and after imposition of a 
carbon tax

Source: Authors’ calculations

W from Policy A (market‑
based results)

w from policy b 
(imposition of a 
carbon tax)

Secretary 1 0.0832 0.2362

Secretary 2 0.0912 0.2230

Secretary 3 0.6892 0.2791
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Conclusions
The current application of the framework demonstrates 
its usefulness in avoiding a policy gridlock. Without the 
welfare function policymakers would grapple with the 
impact of the carbon tax. Would lower carbon emissions 
be an acceptable trade-off for higher cost of electricity 
and the accompanying rise in inequity? Comparing the 
value of the welfare function under the two scenarios 
would provide an objective basis for arriving at a deci-
sion. Progress can therefore be achieved even if the con-
flicts or trade-offs are not resolved. This is the essence of 
managing the trilemma.

Meanwhile, the reverse question can be investigated: 
given the parameters α, β, ϒ, δ, what would be the values 
of the components to maximize welfare? These can be 
designated as AT∗, P∗, S∗, C∗ . A time series for each varia-
ble can be generated. Policies can then be designed to tar-
get these values, with the full model taking into account 
the trade-offs and synergies.

Another logical extension of the model is to include 
economic variables such as per capita GDP and poverty 
incidence in the analysis. This can be readily accom-
plished by linking PLEXOS to a full-fledged macro-
economic model. The welfare function can then include 
relevant economic variables.

Policies that improve all components of the welfare 
function, while rare, can be designed. The Philippines 
should take advantage of the passage of Republic Act No. 
11285 (An Act Institutionalizing Energy Efficiency and 
Conservation, Enhancing the Efficient Use of Energy, 
and Granting Incentives to Energy Efficiency and Con-
servation Projects) in 2019. Measures to improve energy 
efficiency will yield higher outputs or services from the 
same amount of resources. These measures include green 
building codes, minimum energy performance standards 
for equipment, and minimum standards for fuel effi-
ciency, electric vehicles, and energy management systems 
industries. Improving energy efficiency can positively 
affect all components of the trilemma at the same time. 
This hypothesis can be verified by simulating the impact 
of measures to enhance energy efficiency.

La Viña et  al. [10] point out that energy efficiency is 
part of the general strategy of demand-side management. 
This, in turn, is an element of an overall energy transition 
strategy called ‘change of individual energy consump-
tion behavior’ (CIECB). Resolving the trilemma can be 
achieved by altering the individual energy consumption 
behavior which is characterized mainly the use and pur-
chase of energy services and devices. By understanding 
factors that influence consumption behavior—such as 

income, education, age, geography, mindset—a CIECB 
governance approach could help in designing poli-
cies that generates energy efficiency through effective 
demand-side management.

Appendix: PLEXOS Platform11

PLEXOS is a commercial grade optimization-based soft-
ware used to model electricity markets. The forecasting 
approach using PLEXOS is largely simulation-based, 
which is in contrast to other known practices where fore-
casts are done by regression. Its core simulation engine is 
centered on mixed-integer programming and the struc-
ture of the platform comprised interleaved simulation 
phases namely:

1. Long-term phase (LT Plan)
2. Projected assessment of system adequacy (PASA)
3. Medium-term schedule (MT Schedule)
4. Short-term schedule (ST Schedule)

The phases are solved in sequence and the output of 
one becomes the input to the succeeding simulation 
steps. The LT Plan was presented in the main text. PASA 
step looks to find the optimal timing of annual mainte-
nance events of generating units. Outputs of LT and 
PASA steps are passed on to the MT and ST Schedules 
to further solve the more detailed dispatch optimization 
problem—the final solution of which contains param-
eters of interest such as the projected hourly dispatch 
schedule of individual generating unit and hourly system 
market prices.

PASA phase
The PASA simulation phase automatically schedules dis-
tributed maintenance events to equalize capacity reserves 
across peak periods (e.g., daily, weekly, monthly peak 
periods). Capacity reserve is the spare capacity over peak 
load in a region. Distributed maintenance events refer to 
outage periods typically required annually by generating 
plants to allow maintenance activities such as periodic 
maintenance, inspection of facilities, etc. Maintenance 
events are considered to occur in discrete periods and 
explicitly expressed to cover an expected number of 
hours and performed at a defined frequency in a year. 
This is in contrast to forced outage events where the 
number of times unplanned outages are drawn are imple-
mented randomly.

11 Excerpts from PLEXOS Wiki https:// wiki. energ yexem plar. com/ (Accessed 
November 30, 2019).
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The PASA phase is done after the LT phase when the 
annual future plant line-up is finalized. The distributed 
maintenance events are outputs of PASA and are passed 
down as input to the subsequent MT and ST simulation 
steps as optimal maintenance schedules. The optimal 
schedule of the PASA step is mainly based on capacity 
reserves only and not on production costs. This means 
maintenance timings handed down by PASA does not 
necessarily result in minimizing opportunity loss of 
an individual generator (due to lost revenue from the 
market).

MT schedule
MT schedule deals with the key problem in power sys-
tem modeling which is to handle medium and long terms 
decisions in a computationally efficient way. In particu-
lar, this includes effectively addressing inter-temporal 
constraints present in energy-constrained generating 
units such as hydropower, storage units like battery, and 
contracts requiring fuel minimum/maximum off-takes 
by solving the economic dispatch optimization problem 
under a reduced chronology scenario.

To illustrate, take for example a forecast horizon span-
ning 20  years: The simulator is expected to simultane-
ously optimize decisions in the higher resolution level 
(in this case, hourly) while respecting medium-term con-
straints that span weeks for energy-constrained hydro 
generator or up to a year for a gas contract with mini-
mum gas off-take. A simple approach would be to for-
mulate 20 × 8760 h = 175,200 dispatch intervals and solve 
it mathematically through one giant step. This simple 
approach, however, in reality, is computationally expen-
sive and impossible to solve even with modern-day com-
puters. To work around this, the MT Schedule finds an 
alternative solution over a reduced number of simulated 
periods by grouping together “similar” dispatch intervals 
and assigning them into blocks. Then, MT schedule opti-
mizes decisions over this reduced chronology. The origi-
nal medium-term constraints are then reduced into a set 
of equivalent short-term constraint targets and objectives 
that can be seamlessly integrated to the more detailed ST 
schedule that runs on full chronology. For example, given 
an energy-constrained hydropower plant with monthly 
limits–the MT schedule, because of its reduced num-
ber of chronological steps, will solve for an approximate 
hydro dispatch schedule based on the medium-term 
constraint. According to this approximate medium-term 
decisions, there is a set of shorter period target equiva-
lents of the medium-term constraint that can be seam-
lessly passed on and enforced to the ST schedule–for 
instance, from monthly into daily energy targets. The ST 
schedule takes these daily targets as constraints added 

directly to the short-term formulation for its short-term 
dispatch policy.

Because MT schedule runs on a reduced chronology, 
it deals with constraints that span longer periods such as 
weeks, months, or even several years.

Strategic bidding models
Included in the MT schedule step are methods for stra-
tegic bidding such as Long Run Marginal Cost (LRMC) 
recovery and Residual Supply Index methodology. SRMC 
or short-run marginal costs refer to the variable costs of 
a generating unit’s operation. LRMC refers to variable 
costs combined with the fixed costs covering fixed opera-
tion and maintenance and capital recovery fees to cover 
debt servicing and return to shareholders.

The PLEXOS LRMC cost recovery method is an auto-
mated price modification heuristic in which the price of 
generation from each Generator that belongs to a Com-
pany is modified to reflect the fixed cost burden of the 
Company as a whole. This price modification is dynamic, 
done iteratively, and designed to be consistent with the goal 
of recovering fixed costs across an annual time period.

Residual Supply Index (RSI) method is an empirical 
approach to modeling strategic bidding. It adopts a histori-
cal relationship (regression) between Price–cost Mark-up 
and certain system conditions and uses it to predict Bid-
cost Mark-up under future system conditions and applies 
the bid-cost mark-ups to the supply bids and runs the 
model to determine dispatch and market-clearing prices.

ST schedule
The ST schedule is a full chronological production cost 
simulation model used to emulate the dispatch and pric-
ing of the real-time market clearing engine of the Whole-
sale Electricity Spot Market (WESM). The ST schedule 
solves both economic dispatch and unit commitment 
problems simultaneously.

In its core is the following economic dispatch and unit 
commitment formulation described as follows:

Minimize F =
∑T

t=1

∑N
i=1[Ci(PGi(t)) + Si(ui(t))]

Subject to: 
∑N

i=1PGi(t) = Ptotal
D + Ploss Power balance

Pmin
Gi ≤ PGi ≤ Pmax

Gi  Gen. unit operating limit
ui ∈ [0, 1] On or off
Other unit constraints Min up/downtime, ramp rate, 

etc.where:

– Ci is fuel cost of gen unit i
– Si is start up or shut down cost of gen unit i
– ui is decision variable of start-up or shutdown of gen 

unit i
– PGi is generation output of gen unit i
– Pd is total demand plus losses at time t
– PGi is generation output of gen unit i
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– Ptotal
D  is total demand

– Ploss is total transmission losses

Marginal prices and nodal prices:
The linear programming formulation described 

above refers to the primal problem which deals with 
physical quantities such as generation and demand. 
The formulation can be converted to a dual problem 
that primarily deals with economic values. The solu-
tion to the dual problem tells about the marginal price 
for energy which refers to the optimal value of the dual 
variable associated with the power balance constraint 
( 
∑

PGi(t) = Ptotal
D + Ploss ). The marginal price represents 

the cost to system cost changes (in $) for every one unit 
change in load (in MW).

The formula is as follows:

where: λ is the system lambda. δC is the change in total 
system cost, $. δD is the change in load, MW.

In a lossless transmission network and under no trans-
mission constraints, the marginal prices across each elec-
trical bus (represented by a trading node) are the same. 
Considering electrical network losses in the formulation 
results in separation of nodal prices. The same is true as 
network constraints causing congestion are introduced. 
The nodal price can be described as the system marginal 
price plus cost of losses and the cost of congestion.

where: λi  is the nodal price. αi  is the node’s cost of con-
gestion. βi is the node’s marginal loss charge.
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Managing the Energy Trilemma using 
Optimal Portfolio Theory
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Renewable energy is leading the transition from a carbon-reliant energy sector 
to a sustainable energy system (World Energy Council 2019). The success 
of the transition relies on policies to manage the three dimensions of the 
energy trilemma namely, energy security, energy equity and environmental 
sustainability. The World Energy Council (2019) formally defines the three 
dimensions of the energy trilemma as follows: (1) energy security reflects a 
nation’s capacity to meet current and future energy demand reliably, withstand 
and bounce back swiftly from system shocks with minimal disruption to 
supplies; (2) energy equity assesses a country’s ability to provide universal 
access to affordable, fairly priced and abundant energy for domestic and 
commercial use; and (3) environmental sustainability represents the transition 

Presence of the energy trilemma implies the need for policymakers to make 
choices among its components. One method to determine the trade-offs 
among the various components is calculating the optimal energy mix using 
portfolio theory. In the standard model, the various generating technologies 
are each associated with two important parameters: the expected rate of 
return and the risk measured by the variance in the return. Two extensions 
are made in this paper. First, a third dimension is added to the framework by 
incorporating the amount of carbon emissions for each type of generating 
technology. Second, a methodology to select a point (or line) in the optimal 
frontier is proposed. A welfare function is introduced whose components 
are the three relevant variables: risk, return, and carbon emissions. The 
weights	of	each	of	these	variables	reflect	the	preferences	of	a	hypothetical	
Department of Energy Secretary. Different combinations of weights will yield 
different	 choices	which	 are	defined	 in	 terms	of	 the	 shares	 of	 the	 various	
generation technologies.

Keywords: Energy Trilemma, Portfolio Optimization, Generation Mix, 
Energy Planning, Renewable Energy

Abstract

Introduction
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2
The energy planning literature proposes two methodologies in selecting 
power generation assets. The most common methodology, known as the least-
cost approach, chooses technology with the lowest cost and evaluates energy 
generation assets based on the levelized cost of electricity (LCOE2).  However, 
the focus on a single criterion in evaluating power generating technologies 
has been criticized because it gives preference to fossil fuels compared to 
renewables (deLlano-Paz et al. 2017). 

Review of Related Literature

of a country’s energy system towards the mitigation and avoidance of 
potential environmental harm and climate change impacts. The challenge for 
policymakers is how to balance the trade-offs involved in  the interplay of 
these three dimensions.  

The Philippines represents a particularly interesting case in the study of the 
energy trilemma due to its increasing energy demand and dependence on 
fossil fuel, the high electricity prices, energy access and its greenhouse gases 
(GHG) emission targets. According to the World Energy Trilemma Report, 
the Philippines ranked ninety-fourth out of 128 countries based on the WEC 
Trilemma Index with a score of 58.6.1  The country was given a grade of BCC for 
the three components of the trilemma and was ranked unfavorably compared 
with its ASEAN neighbors. The cost of electricity as well as the increasing 
carbon emissions due to electricity generation are among the factors that 
explain the low score. 

Using data from the Wholesale Electricity Spot Market (WESM), the research 
aims to develop a diversified optimal energy mix in the Philippines using 
portfolio theory. The research considers the interplay between risk, total 
carbon emissions and expected rate of return of each energy portfolio. It also 
proposes a methodology which policymakers can adopt in energy systems 
planning. The methodology considers the different trade-offs of the three 
dimensions of energy trilemma and identifies which energy portfolios provide 
the highest welfare.

2 The National Renewable Energy Laboratory (NREL) describes the Levelized Cost of Electricity 
(LCOE) as the lifetime cost of the energy system including initial investment, operations and 
maintenance, cost of fuel, cost of capital.

1 WEC Trilemma Index ranks the countries in their ability to provide sustainable energy based on 
three dimensions: energy security, energy equity, and environmental sustainability. The ranking 
measures overall performance in achieving sustainable mix of policies. (Source: https://trilemma.
worldenergy.org/)
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The second methodology addresses the shortcomings of the least-cost 
approach and frames energy planning as an investment selection problem. 
The methodology is based on modern portfolio theory. Developed by Nobel 
laureate Harry Markowitz, the Mean-Variance Theory (MVT) or the Modern 
Portfolio Theory (MPT) is a mathematical framework used in finance for 
portfolio selection under uncertainty (NobelPrize.org 1990). Unlike traditional 
portfolio theory, MPT emphasizes diversification, evaluating the portfolios on 
a risk-return perspective, and selecting the most efficient allocation of assets. 

Bar Lev and Katz (1976) pioneered the use of MPT in energy planning. Using 
1969 U.S. regional data, they generated an efficient portfolio of fuel mixes and 
compared it with actual data from electric utilities. They found that although 
the portfolios are diversified they are characterized by a relatively high rate of 
risk and return.

Humpreys and McClaim (1998) proposed the use of Generalized AutoRegressive 
Conditional Heteroskedasticity (GARCH) models to generate an efficient 
portfolio frontier that allows time-varying covariance matrix that can generate 
more realistic and efficient estimates. This addressed the shortcomings of the 
Bar-Lev and Katz’s methodology.  The study focused on finding an energy mix 
that can reduce the risk of energy price shocks in the U.S. economy. In contrast 
to the findings of Bar-Lev and Katz, they noted that the U.S. is not operating 
efficiently and are following a risk aversion strategy due to their position close 
to the minimum variance. To reduce price volatility, they suggested increasing 
coal generation in the energy mix. 

Awerbuch and Berger (2003) applied the MPT on current and projected 
European Union (EU) data to develop energy portfolios that exhibit lower 
cost and risk.  They found that current and projected EU generation mixes 
are inefficient from a risk-return perspective and a more diversified energy 
generation portfolio with renewables is more cost-effective compared to a 
fuel-dominated mix.  

Arnesano et al. (2012) applied the portfolio theory to generate energy portfolios 
that will reduce cost and risk and promote environmental sustainability in the 
Italian energy sector.  Improving on the model developed by Awerbuch (2003), 
Awerbuch and Berger (2003), and Awerbuch, Jansen, and Beurskens (2006), 
they quantified the contributions of renewables in the energy generation mix. 
Their results showed that increasing the contribution of renewable energy (RE) 
in the portfolio mix will reduce costs.   

Similarly, Stempien and Chan (2017) tried to address the energy trilemma in 
energy planning by extending the model of Awerbuch and Berger (2003).  To 
quantify the environmental sustainability aspect of the trilemma,  they introduced 
the expected return on emissions in their framework. Their objective was to 
maximize the rate of return (equity) and the return on emission (environmental 
sustainability) while reducing risk (energy security). Using Singapore as a case 
study, they found that while the generation mix of Singapore at that time was  
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3
In their study, Balanquit and Daway-Ducanes (2018) considered eight 
generating technologies, each associated with two important parameters: 
the expected rate of return ri and the risk measured by the variance in the 
return. These parameters are both derived from the technology’s daily power 
price (PP) ratio, defined as the amount of energy sold or discharged over its 
average price. 

Theoretical Framework and Empirical Results

(1)

(2)

(3)

optimal, it was biased against energy security. They also determined that  
portfolios with a greater share of solar technology are more sustainable and 
provided more energy security. 

In the Philippines, a recent study by Balanquit and Daway-Ducanes (2018) 
applied the portfolio optimization theory to generate portfolios and find the 
optimal generation mix. Their aim was to find an efficient generation mix 
that will address energy security, price stability and clean energy. The result 
suggests that the actual energy mix in the Philippines in 2017 (50% from coal, 
30% natural gas and 20% RE) was inefficient. A move towards increasing RE 
and decreasing coal would produce a more efficient generation portfolio with 
a higher rate of return at the same level of risk. However, Yap et al. (2020) — the 
published version of which appears as Chapter 3 in this anthology—pointed 
out that the methodology used by Balanquit and Daway-Ducanes only partially 
addressed the aspects of the energy trilemma as it did not quantify the impacts 
of carbon emissions in their model. 

This study tries to fill the gap by extending the methodology of Balanquit and 
Daway-Ducanes. The impact of carbon emissions is quantified and enables 
the analysis of the interplay among risk, return, and total carbon emissions. 
This paper then develops a tool that allows policymakers to evaluate energy 
generation portfolios in the framework of the energy trilemma.

where            is the share of technology   and that . 
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On the other hand, the expected portfolio risk is given by:

(4)

where  is the covariance of two distinct technologies  and . The 
methodology then adopts the approach of Markowitz (1952) by minimizing 
a given portfolio’s risk for every targeted rate of return r. The problem can be 
depicted as:

(5)

(6)

(7)

The procedure will yield optimal shares of each type of technology. A set of 
optimal portfolios can be depicted on the return-risk plane (Figure 4.1). The 
curve is the optimal portfolio frontier. Any point to the left is infeasible while 
any point to the right is considered sub-optimal.

Figure 4.1:
An example 
of an optimal 
portfolio 
frontier

Source: Figure 
1 of Balanquit 
and Daway-
Ducanes (2018)
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Figure 4.2 shows the equivalent of Figure 4.1 using hourly generation data 
from February to May 2020 in Luzon from the Wholesale Electricity Spot 
Market  (WESM). This was constructed using a simulation-based optimization 
procedure (see Box 4.1). Following the methodology of Balanquit and Daway-
Ducanes (2018) to generate the PP ratio—the amount of energy generated 
per ₱1 of investment—data including market prices and schedules, marginal 
plants and market bids and offers were applied. This variable was used to 
derive the expected rate of return and variance of the portfolio as described 
in equations (1) and (2). Applying the Markowitz portfolio theory, a set of 
efficient mixes were derived to generate an optimal portfolio frontier on the 
risk-return plane.

Carter, Dare and Elliot (2002) developed a model to solve 
for the mean-variance efficient portfolio using Microsoft 
excel. Their procedure aims to address the tedious 
mathematical computation in applying the Markowitz 
portfolio theory in optimization. The framework is adapted 
in this study to generate an efficient portfolio frontier. 
Following this model, the return for each generation asset 

at time  is calculated as follows:

Box 4.1:
Simulation-
based 
Optimization

(11)

Figure 4.2:
Risk-return 
frontier using 
Philippine data
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where  is the return on technology  at time  and  
is the power-price ratio. To generate the return on the 
portfolio, the sum product (SUMPRODUCT) function is 
applied as follows:

where  is a vector of weights and  is a vector of 
average returns. The SUMPRODUCT function calculates 
the sum of the products of the weights of each electricity 
generation asset and its mean (expected) returns. 

To get the portfolio risk, a variance-covariance matrix 
(VCM) is constructed using the Data Analysis tool. The 
matrix  contains the variance of each generation asset in 
the main diagonal together with the pair-wise covariance 
between technologies. Next, the matrix multiplication 
(MMULT) function is applied to calculate the portfolio 
variance:

With the computed portfolio return and variance, the 
excel solver tool can find any point on the efficient frontier 
and provide the energy mix that minimizes the variance.  
Setting different target returns will generate other points 
on the efficient portfolio frontier. 
 
The total emissions generated per portfolio is calculated 
as follows:

where  is the total carbon emissions,  is the share 
of technology  in the energy mix,  is the total energy 
generated and  is the carbon emission released per MW 
of electricity generated.

(12)

(13)

(14)

To reflect the negative relationship between welfare-
emissions and welfare-risk, the reciprocals of  and       
were incorporated in the welfare function. The data on 
returns was normalized to convert the values of the dataset 
to a common scale, without distorting differences in the 
ranges of values.

(5)
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For the baseline model, the parameters ,  and  were 
assigned equal weights and welfare was calculated for 
each portfolio as follows:

To present the impact of an energy planner’s preference,     
,  and  were adjusted to different values as shown 

in table A3.2. The values of W is optimized by applying 
a similar methodology used with the excel solver tool 
described above.

The study of Stempien and Chan (2017)  incorporates “sustainability”  by 
adding another variable in the model: the expected return on emissions in 
terms of energy per unit of CO2, i.e. kWh per ton of CO2.  Instead of having 
a two-dimensional optimal portfolio frontier, the efficient plane is as depicted 
in Figure 4.3. The three dimensions represent the constraints imposed by the 
trilemma under which the portfolio is optimized.

Figure 4.3:
Modified	
Markowitz 
theory of 
energy portfolio 
optimization

(6)

Source: Figure 
2 of Stempien 
and Chan 
(2017)
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To incorporate environmental sustainability in the Balanquit-Daway study, 
the following equation is added to the optimization problem shown in 
equations 5–7:

where  is the total carbon emissions,  is the share of technology  in the 
energy mix,  is the total energy generated and  is the carbon emission 
released per MW of electricity generated by source i. Because there are 
no standard values for C used in the literature, emissions data from various 
sources such as the U.S. Energy Information Administration (EIA) and the 
Intergovernmental Panel on Climate Change (IPCC) were adopted. Table 
4.1 summarizes the amount of carbon released according to generation 
technology used. Coal emits 1,100 gCO2 per kWh while renewables such as 
wind and solar have the lowest emissions during energy generation.

(8)

Technology Emissions (gCO2 per kWh)

Solara 42

Winda 23

Coala 1100

CCPPd 150

Hydroa 31

Bioenergyb 67

Natural Gasc 450

Geothermala 250

Diesele 278

Table 4.1:
Carbon 
Emissions 
per	kWh	of	
Electricity 
Generated

Source: 

a From Natural Gas and Power Production Presentation by Timothy J. Skone at the 2015 EIA Energy Conference (https://www.

eia.gov/conference/2015/pdf/presentations/skone.pdf)

b Weisser, D. (2007). A guide to life-cycle greenhouse gas (GHG) emissions from electric supply technologies. Energy, 32(9), 

1543-1559.

c Renewable Energy Source and Climate Change Mitigation Report by the Intergovernmental Panel on Climate Change (https://

archive.ipcc.ch/pdf/special-reports/srren/SRREN_FD_SPM_final.pdf)

d Bruckner T., I.A. Bashmakov, Y. Mulugetta, H. Chum, A. de la Vega Navarro, J. Edmonds, A. Faaij, B. Fungtammasan, A. Garg,

E. Hertwich, D. Honnery, D. Infield, M. Kainuma, S. Khennas, S. Kim, H.B. Nimir, K. Riahi, N. Strachan, R. Wiser, and X. Zhang, 

2014: Energy Systems. In: Climate Change 2014: Mitigation of Climate Change. Contribution of Working Group III to the 

Fifth Assessment Report of the Intergovernmental Panel on Climate Change [Edenhofer, O., R. Pichs-Madruga, Y. Sokona, 

E. Farahani, S. Kadner, K. Seyboth, A. Adler, I. Baum, S. Brunner, P. Eickemeier, B. Kriemann, J. Savolainen, S. Schlömer, 

C. von Stechow, T. Zwickel and J.C. Minx (eds.)]. Cambridge University Press, Cambridge, United Kingdom and New 

York, NY, USA.

e Guidelines for Estimating Greenhouse Gas Emissions of Asian Development Bank Projects (https://www.adb.org/sites/default/

files/institutional-document/296466/guidelines-estimating-ghg.pdf)
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Figure 4.4:

Figure 4.5:

Emissions-Risk 
frontier using 
Philippine data

Emissions-
Return frontier 
using Philippine 
data

Figures 4.4 and 4.5 present the optimal portfolio frontier of the Philippines 
in the emissions-risk and emissions-return planes, respectively. The parabolic 
shape of the frontiers can be explained by the sharp fall of emissions as the 
share of fossil-fuel based sources declines.
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When conducting the simulation-based simulation, additional constraints 
were imposed on the model. First, a floor was set for the share of coal, i.e.                   

. This reflects the requirement for the system to have a reliable 
baseload capacity. This constraint can be modified when, for example, solar 
and wind energy sources become more cheaply dispatchable with lower cost 
battery storage.

The second constraint is a cap on both hydropower and geothermal sources. 
Both are not widely available in the Philippines. The relevant constraints are                      

 and . These constraints can readily be modified as 
technology evolves.

4 Operationalizing the Framework
Figure 4.6:
Equilibrium
(point A) 
between 
optimal 
portfolio 
frontier and the 
indifference 
curves of the 
hypothetical 
DOE Secretary

Neither the study of Balinquit and Daway-Ducanes nor that of Stempien and 
Chan provides a mechanism to choose among the options along the optimal 
portfolio frontier. This can be achieved by specifying a set of indifference 
curves—or planes in the multi-dimensional case. This is depicted in Figure 
4.63. A similar figure can be constructed for the emissions-risk and emissions-
return planes. The indifference curve can be considered as the equivalent of 
a Welfare Function that is a combination of return ( r ), risk ( σ ) , and amount 
of carbon emissions (TC) or:

(9)

The parameters , , and  can be determined using any of the techniques 
under Multiple-criteria decision-making (MCDM). Box 4.2 provides an overview 
of MCDM. Assuming values of the parameters have been calculated, point A 
in figure A3.6 gives the maximum value of W assuming      

3 This 
digression 
is necessary 
because 
while it is 
straightforward 
to specify the 
functional 
form of W, 
the functional 
form of the 
optimal frontier 
is not readily 
obtained from 
the empirical 
data.
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For this paper, a similar simulation-based optimization procedure to obtain 
the frontier was applied to obtain W* (see Box 4.1). The results for various 
combinations of the parameters are presented in Table 4.2. These results are 
obtained without the aforementioned constraints. Hence, the share of hydro 
power reaches 90% in most scenarios. If lower emissions receives a high 
priority, the share of variable renewable energy, i.e. solar and wind combined, 
reaches 90%. These results are optimal but not feasible.

(10)

The results with constraints on the share of coal, geothermal and hydro power 
are shown in Table 4.3. The constraints apparently restrict the solution to a 
fixed point. A more robust simulation methodology has to be implemented 
before these results are deemed acceptable.

  Biomass CCPP Coal Diesel Geothermal Hydro Natural 
Gas Solar Wind 

Baseline Model
3.9 1.0 0.0 0.1 3.1 90.0 1.9 0.02 0.0

Scenario 1: 
Preference for 

Lower Risk 3.9 1.0 0.0 0.1 3.1 90.0 1.9 0.02 0.0

Scenario 2: 
Preference for 

Lower Emissions 0.0 0.0 0.0 10.0 0.0 0.0 0.0 51.5 38.4

Scenario 3: 
Preference for 
Higher Return 3.9 1.0 0.0 0.1 3.1 90.0 1.9 0.02 0.0

Table 4.2: Shares of Each Generation Asset with the Highest Welfare per Scenario (unconstrained)

Source: Authors’s calculations.

 is constant or given. The optimal values of r and σ are r* and σ* respectively. 
The maximum value WA* is:



107Issues in Energy SecurityChapter 4

Similar to the argument of Yap et al. (2020), the parameters reflect the 
revealed preference of a hypothetical Secretary of the Department of Energy. 
The choice of the optimal mix would depend on his preferences.

  Biomass CCPP Coal Diesel Geothermal Hydro Natural 
Gas Solar Wind 

Baseline Model
39.67 0.01 30.0 0.04 0.0 30.0 0.0 0.26 .01

Scenario 1: 
Preference for 

Lower Risk 39.67 0.01 30.0 0.04 0.0 30.0 0.0 0.26 .01

Scenario 2: 
Preference for 

Lower Emissions 39.65 0.012 30.0 0.042 0.0 30.0 0.0 0.27 .01

Scenario 3: 
Preference for 
Higher Return 39.64 0.012 30.0 0.044 0.0 30.0 0.0 0.29 .01

Table 4.3: Shares of Each Generation Asset with the Highest Welfare per Scenario (constrained)

Multiple-criteria decision-making (MCDM) or multiple-
criteria decision analysis (MCDA) is a sub-discipline of 
operations research that explicitly evaluates multiple 
conflicting criteria in decision making. The literature 
identifies many methods to implement MCDM, particularly 
in giving weights to the criteria involved. Among the 
methods are: Aggregated Indices Randomization Method 
(AIRM), Analytic hierarchy process (AHP), Analytic network 
process (ANP), Balance Beam process, Base-criterion 
method (BCM), Best worst method (BWM), Brown–Gibson 
model, etc.

A relatively complicated process is the Stochastic Multi-
criteria Acceptability Analysis or SMAA (Lahdelma and 
Salminen 2010). This is a family of methods for aiding 
multi-criteria group decision making in problems with 
uncertain, imprecise or partially missing information. 
These methods are based on exploring the weight space 

Box 4.2:
Multiple-criteria 
decision-
making 
(MCDM)
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5 Conclusion
This paper extends the application of MPT on energy generation planning by 
adding carbon emissions in the framework. By quantifying the impact of GHG 
emissions, the environmental sustainability dimension of the energy trilemma 
is addressed. In addition, a welfare function is introduced which allows the 
energy planner to select a portfolio based on their set of preferences. 

The findings from the simulations suggest that under unconstrained 
optimization, a higher share of hydro power results in a more efficient energy 
mix. Under a scenario wherein lower carbon emissions is a priority, 52% of solar 
and 38% of wind energy generates the highest welfare. Allowing constraints 
on coal, hydro and geothermal fixes the solution for all scenarios to a portfolio 
with 40% biomass, 30% coal and 30% hydro power. 

The use of more complete spot market data which covers several years and a 
more robust simulation methodology for constrained optimization will likely 
produce a more realistic scenario for energy planning. The paper achieves the 
minimal objective of explaining an alternative methodology to manage the 
energy trilemma.

in order to describe the preferences that make each 
alternative the most preferred one, or that would give a 
certain rank for a specific alternative. The main results of 
the analysis are rank acceptability indices, central weight 
vectors and confidence factors for different alternatives. 
The rank acceptability indices describe the variety of 
different preferences resulting in a certain rank for an 
alternative, the central weight vectors represent the typical 
preferences favoring each alternative, and the confidence 
factors measure whether the criteria measurements are 
sufficiently accurate for making an informed decision.

SMAA was applied to the energy trilemma by Song et al. 
(2017). The different alternatives were evaluated based on 
three criteria which are the components of the trilemma. 
As an exercise, the authors used as alternatives the top ten 
countries based on the 2015 Energy Trilemma Index. Exact 
weights of the three criteria were not derived but these can 
be inferred from the reported rank acceptability indices.
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Energy and Climate Nexus: 
The Contribution and Vulnerability 
of the Global and Philippine 
Energy Sector to Climate Change
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Energy underpins modern life. It is instrumental in driving economic 
development, alleviating poverty, and improving our well-being. However, 
our energy systems evolved and developed around fossil fuels, which are 
abundant and relatively inexpensive. The combustion of these fuels since 
the start of the industrial revolution has released enough greenhouse gases 
(GHG) in the atmosphere to change the climate (University of Cambridge & 
World Energy Council 2019). If this continues, the climate will continue to 

Energy underpins modern life. It is instrumental in driving economic 
development, alleviating poverty, and improving our well-being. However, 
our energy systems are developed around fossil fuels. This is because fossil 
fuels are abundant and relatively inexpensive; but despite their supposed 
advantage, they have also released enough greenhouse gases to change 
the climate. If we do not make an effort to stop climate change and rethink 
the way we use and produce energy, the consequences may be catastrophic. 
This paper explores how we can transform our energy systems and looks 
into the contribution of the global and national energy sectors to climate 
change. The study examines greenhouse gas emissions trends, the role of 
the	energy	sector	in	influencing	these	trends,	and	whether	they	are	consistent	
with the temperature goals in the Paris Agreement. This paper also assesses 
the vulnerability of the energy sector to climate change. Finally, it includes 
a discussion of the potential of an integrated approach to transforming the 
energy sector.

Keywords: energy, nationally determined contribution, law, policy, 
climate change

Abstract

Introduction
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change beyond the capacity of our society and ecosystems to adapt and the 
consequences will be catastrophic (IPCC 2014b). We, thus, need to rethink 
the way we produce and use energy and transform our energy systems. 

This paper examines global GHG emissions trends, the role of the energy 
sector in driving these trends, and whether they are consistent with the goal 
of the Paris Agreement (PA) to keep the global average temperature increase 
to within 1.5 to 2°C relative to pre-industrial levels by 2100. This paper also 
summarizes the key components and pathways that are PA-compatible. It then 
looks at the Philippine GHG and energy trends as well as energy policies and 
evaluates whether these constitute a fair contribution to the global mitigation 
goal. It likewise explores the feasibility of decarbonizing the energy systems 
in the country. The second part of this paper assesses the vulnerability of 
the energy sector to climate change. Given that this is a nascent field of 
study, this paper only summarizes the qualitative impacts of changes in 
climate parameters to the energy supply chain. It also includes future climate 
projections for the Philippines under different GHG emissions scenarios as an 
initial attempt to contextualize which of these impacts might be pertinent to 
the country.  The final section of this paper makes the case for an integrated 
approach to transforming the energy sector. 

2 Mitigation gap and decarbonization pathways
2.1

Despite the widespread adoption of climate policies and rapid deployment 
of renewable energy, global greenhouse gas emissions grew by 11% since 
2010, or an average of 1.5% annually  (UNEP 2019).  In reviewed analyses, 
there are no signs of these numbers peaking in the next few years (Hausfather 
2019; Rogelj et al. 2018). However, much of this increase can be attributed to 
energy production and consumption.  In 2018, out of the 55.3 gigatonnes of 
equivalent carbon dioxide (GtCO2e) emitted, 70% are from the energy sector, 
with electricity and heat, manufacturing and construction, and transportation 
accounting for the bulk of consumption (UNEP 2019; UNFCCC, IRENA, 
and UN Environment 2018). In terms of energy supply, increasing coal use 
has reversed the previous decade’s decarbonization trend and accelerated 
emissions growth from 1.7% annually in 1990-2000 to 3.1% annually from 
2000 to 2010 (IPCC 2014a). In terms of fuel source, coal is the single largest 
driver of GHG emissions. 

Having dominated the energy supply since the 1850s, coal is responsible 
for 0.2°C of the 1°C warming observed in the past century (IEA 2020; IPCC 
2014a). Without significant interventions, coal will continue to drive future 
increases in emissions. In 2018, GHG emissions from coal-fired power plants 
reached 10 GtCO2e, or about a fifth of the total global emissions. Developing 

Global case



114Issues in Energy SecurityChapter 5

countries in Asia are critical because they host most of these coal-fired power 
plants and these power plants are only 12 years old on average (IEA 2020). 
Given that the average operational lifetime of these plants is 45 years, with 
some operating for up to 50 to 60 years (Cui et al. 2019), they could lock 
developing countries into carbon-intensive energy pathways. Moreover, fossil 
fuels continue to dominate their energy mix, with coal accounting for 52% 
and oil and gas for 35% of their total primary energy supply (Zhou et al. 2020). 

Continued reliance on coal and increase in GHG emissions are incompatible 
with the temperature targets under the PA. Using the carbon budget approach, 
which estimates the amount atmospheric space we have left until the end 
of the century to remain within the temperature targets, we have already 
emitted 1,900 of the 2,900 GtCO2e budget between 1870 to 2011 (University 
of Cambridge & World Energy Council 2019). This implies  having between  
20 to 40  years to reach carbon neutrality,  depending on assumptions on the 
level of GHG emissions, temperature targets, likelihood of reaching these 
targets, and  uncertainties of earth system processes covered (Rogelj et al., 
2018). In general, the ambition and certainty needed to reach the temperature 
targets entail deeper and faster cuts in GHG emissions. For example, in the 
least-cost trajectories that have a likely chance (probability > 66%) of limiting 
the temperature increase to below 2, 1.8, and 1.7°C by 2100, annual GHG 
emissions must  decline to 41, 35, and 25 GtCO2e by 2030, respectively. To 
put this in perspective, if no additional policies are implemented, the current 
emissions trajectory is on track to reach 60 GtCO2e by 2030. This translates 
to a temperature increase of 3.4 to 3.7°C by 2100. The nationally determined 
contributions (NDCs) also fall short of bending the emissions curve to be 
consistent with the temperature goals of  the PA. By 2030, global emissions 
will be 56 and 54 GtCO2e, respectively, if unconditional and conditional 
contributions are fully implemented. These leave emissions reduction gaps 
of 15 to 32 GtCO2e, which, if left unfilled, will translate to a temperature 
increase of 2.7 to 3.4°C by 2100  (UNEP 2019). 

To bridge the emissions reduction gaps, the NDCs need to increase by 
threefold to be within 2°C and fivefold for the more ambitious 1.5°C target  
(Christensen and Olhoff 2019; Rogelj et al. 2018; UNEP 2019). Energy 
systems, on the other hand, entail early peaking of GHG emissions and 
decarbonizing the energy supply between 2050 and 2100 (University of 
Cambridge & World Energy Council 2019).  While the magnitude of needed 
reductions is substantial, sufficient low-cost and even negative mitigation 
options exist. Available mitigation potential for 2030, for instance, is double 
the 2°C emissions gap (UNFCCC et al. 2018). 

Aside from the economic and technical feasibility of reducing GHG emissions 
at this scale,  the benefits of early and rapid action are manifold. First, the 
rate of emissions reductions needed is easier to achieve, following pathways 
that will not compromise other development goals—such as improving food 
security and reducing biodiversity loss. If GHG emissions peaked in 2000, 
for instance, annual reductions needed to be within 2°C would  only have 
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Table 5.1: Energy sector mitigation strategies (Compiled from Bauen 2006; Christensen and Olhoff 2019;  
Edenhofer et al. 2013; IPCC 2011, 2014b; Li et al. 2012; UNEP 2019

been 1 to 2%; because emissions continued to grow, annual reductions 
need to be 4 to 5% henceforth. Further delaying action by a decade would 
entail even steeper annual reductions at 7% (Hausfather 2019); outside of 
the current economic recession due to the COVID-19 pandemic, the latter 
rate has no historical precedent (IEA 2020). Second, the cost of mitigation 
is lower because there is lesser risk of locking in carbon-intensive energy 
infrastructure and stranding of fossil assets; moreover, mitigation co-benefits, 
such as better air quality, energy security, and ecosystem resilience, further 
bring down the cost of action (Christensen and Olhoff 2019; IPCC 2014b) 
Third, it minimizes reliance on carbon dioxide removal (CDR) technologies 
and geoengineering strategies. These are not just unproven on a larger 
scale, but are also associated with large uncertainties and unintended side-
effects, such as ocean acidification and competition for land and water. Their 
deployment also pose ethical and governance challenges (IPCC 2014b). 

Strategies to reduce the GHG emissions of the energy sector to achieve the 
1.5°C and 2°C targets are qualitatively similar. The more ambitious target 
only necessitates more rapid and deeper emissions cuts (Rogelj et al. 2018).  
The table below summarizes  the four main strategies, called pillars of 
decarbonization, as well as their components that can significantly reduce 
GHG emissions of the sector while still meeting energy needs. 

Mitigation
strategies Components

Reduce the
carbon-

intensity of 
the energy 

supply 
(electricity 
and other 

fuels)

In PA compatible pathways, carbon dioxide (CO2) emissions from energy supply need to 
significantly decline by as much as 90% relative to 2010 levels between 2040 and 2070.

Plan and implement the phase out of coal. Existing coal-fired power plants and those awlready 
in the pipeline will consume the remaining carbon budget for the 1.5°C target. Doing so will 
also lessen the cost of mitigation by  reducing the risk of stranding C-intensive assets.

Improve the efficiency of and switch to gas-fired power plant as a bridging technology  in 
the near to medium  term. However, simply switching from coal to gas will be insufficient to 
decarbonize the energy supply. Fossil-based power plants without carbon capture and storage 
(CCS) need to be completely phased-out by the end of the century. 

Increase the share of low-carbon (low-C) fuels, particularly those form renewable sources, in 
the energy supply.  Their share in the total primary energy supply (TPES)  needs to quadruple 
relative to current levels by 2030 and to further increase to at least 50% of the TPES by 2050. 

Increase the share of low-C fuel sources in electricity generation from the current 30% to 80-
90% by 2050. This entails further accelerating the expansion low-C generation capacity  that 
are already at 8-9% per year
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Mitigation
strategies Components

Note that low-C fuels and technologies  are highly heterogeneous and are also associated with 
multiple risks and co-benefits. Their deployment needs careful planning and policy support to 
address these concerns. For renewable energy (RE) sources, their global technical potential is 
2.6 times larger than the global energy demand. Their costs are also rapidly declining, even 
outpacing cost projections. Some technologies, such as utility-scale solar photovoltaic (PV) and 
onshore wind are already competitive with coal plants. Their median average life-cycle impacts 
are also generally lower than their fossil-based counterparts at 4-46 vs. 469-1,001g CO2e/
kWh. Nuclear is another mature, low-C technology. However, its deployment needs to address 
multiple risks, such as nuclear proliferation, uranium mining, waste management, and safety. 

Reduce 
energy use in 

supply and 
end-uses

Large demand reductions will lower the needed supply-side mitigation and the use of CDR 
technologies. A combination of behavioral changes, improvements in energy efficiency, 
regulatory and technological measures, and infrastructure provision can lower energy demand 
without compromising development imperatives.    

For energy supply, improving the efficiency of energy production, conversion, and transmission 
and distribution can significantly reduce energy intensity. For example, retrofitting or adopting 
efficient  transmission and distribution networks can reduce the losses that can be as high as 
20% of the energy generated

For transport, mobility can be met without further increasing energy use by improving the 
average fuel economy of vehicles, improving mass transportation , encouraging modal shifts, 
and planning urban development to lessen travel demand.

For buildings, the largest potential to reduce energy use reduction is improving the building 
stock. This can be achieved by improving the material efficiency during construction and 
including energy performance standards in building codes. 

For industries, improving material and energy efficiency can reduce energy use. This can be 
complemented by lowering demand for energy-intensive products. Decarbonization of this 
sector is relatively more challenging because the processes are highly integrated and some 
energy-intensive processes and inputs have no substitutes.

Reduce the 
carbon-

intensity of 
end-uses

Given the relative ease of decarbonizing power, electrification is integral to the reduction of 
C-intensity of end-uses. In PA compatible pathways, the share of electricity in the final energy 
needs to increase to 50% by 2050.  This means electricity needs to expand to other energy 
end-uses, such as heating and transport

For sectors that are harder to abate with low-C electricity, sustainably produced biofuels and 
hydrogen can be deployed
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2.2

The Philippines is an insignificant source of GHG emissions. In 2012, it emitted 
158 million tonnes of equivalent CO2 (MTCO2e), or about 0.33% of the global 
emissions that year. Its per capita CO2 emissions are also only a fifth of the 
global average (Asian Development Bank 2017; USAID 2016). However, this 
will unlikely be sustained given the rapid growth in energy consumption and 
increasing carbon intensity of the country’s energy system. This is evident 
in the country’s emissions intensity of GDP which is already higher than the 
global average at 1,085 and 861 tCO2/million US$/GDP, respectively. Between 
1990 and 2012, its  GHG emissions grew by 53%, which was also faster than 
the global growth during the same period at 40%. From 2012 onwards, its 
GHG emissions also increassed by 4% annually  from an average of 3% in the 
previous decade (USAID 2016). 

Mirroring the global case, the energy sector is also the major source of GHG 
emissions  in the Philippines. In 2012, it accounted for 54% of the total GHG 
emissions and between 1990 and 2012, its emissions grew by 43 MtCO2e  
(Asian Development Bank 2017). The bulk of this increase is driven by the 
increasing share of fossil fuels in the energy mix. The table below shows that 
fossil fuels account for more than two-thirds of the country’s TPES. Without 
implementing additional low-C policies, the growth of fossil fuels is projected 
to outpace the growth of renewable sources. The share of renewable sources 
also shrank to 28% from 55% in 1990 (Asian Development Bank 2017).  

Philippine case

Mitigation
strategies Components

Introduce 
negative 
emissions 
strategies

Strategies to remove GHGs from the atmosphere need to be deployed in high emissions 
scenarios to reduce the likelihood of exceeding the carbon budget, or in managing overshoot

Generally, nature-based solutions, such as forestry and agriculture, are cost-effective. Their es-
timated abatement potential is substantial at  5GtCO2e annually. However,  their CO2 removal 
is prone to reversal and interactions with food production, water and land uses need to be 
carefully managed.

CCS technologies already exist. But they have not been deployed on a large scale.  Deploy-
ment barriers include cost and social concerns on possible unintended side-effects.

Estimated capacity for geological carbon storage is at 3,900Gt ,which is significantly larger 
than annual GHG emissions of 30-60 GtCO2e. However, aside from concerns on stability and 
safety, most storage sites are away from major emission sources 
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Table 5.2:

Table 5.3:

Figure 5.1:

Total primary 
energy supply 
outlook for 
2015-2030,	
disaggregated 
by fuel type
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Another driver of GHG emissions is the increase in energy demand. While 
energy  demand growth is not a problem per se, it becomes so when it is 
satisfied using carbon-intensive energy sources. Table 5.3 shows that transport 
and industry sectors constitute the largest shares and exhibit the most rapid 
growths in energy demand. Oil fuels 92.7% of the transport sector while coal 
meets 30% of the energy needs of the industry sector (Department of Energy 
2016). Residential and commercial sectors are also large energy consumers 
whose energy needs are projected to increase in the next decade. They are 
mainly powered by electricity, where fossil fuels account for the bulk of the 
power mix (Department of Energy 2016). Figure 5.1 shows that in 2016, more 
than 80% of electricity was generated from fossil fuels. 

Fuel type Share of TPES (%) Annual growth rate (%)

Oil 34.3 3.4

Coal 33 6.2

Natural Gas - 4

Renewable sources 28 1.5

Sector Share of TPEC (%) Annual growth rate (%)

Transport 35.6 4.4

Industry 26.6 5.7

Commercial 11.9 4.7

Agriculture 1.1 2.7

Residential 24.8 2

Solar
1%

Wind
1%

Biomass
1%

Oil
6%

Geo
11%

Hydro
8%

Neutral Gas
27%

Coal
45%
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The Philippines committed to reduce its GHG emissions by 75%, relative 
to a  business-as-usual (BAU) scenario by 2030, as its nationally determined 
contribution (NDC) to achieving the PA temperature targets. Of this 
mitigation commitment, only 2.71% is  unconditional while the remaining 
fraction is contingent on the availability of international assistance on 
financing, capacity building, and transfer of technologies (Republic of 
the Philippines 2021). This current NDC is slightly higher than the initial 
commitment of 70% reduction (Republic of the Philippines 2015), which 
Climate Action Tracker (CAT) rates as fair and PA-compatible. However, 
current policies and emissions trends are not on track to meet this NDC 
(Climate Action Tracker 2019b). As shown in Table 5.2, fossil fuels dominate 
the TPES. This is likely to continue, or even increase, with the government’s 
aim to expand domestic production of fossil fuels and its technology-neutral 
policy to meet the household electrification target (DOE 2017). Technology 
neutral policies are generally cost-effective because they are open to 
innovations and prevent the lock-in of inefficient options. However, in this 
case, these policies implicitly favor fossil fuels because their environmental 
and social costs are not internalized. The tax on coal, for instance, is unlikely 
to disincentivize coal use because it is set too low at US$ 2.85 cents/tonne 
(Climate Action Tracker 2019b) compared to the social cost of carbon that 
is between US$ 14-138/tonne (US EPA 2016). Distributors are able to pass 
this tax to consumers as well. 

The initial NDC also had little effect on decarbonizing the power mix. Since 
2017, 3.2 gigawatts (GW) of coal generation capacity have been added and 
another 14.6GW are set to be built by 2040 (Climate Action Tracker 2019b). 
Estimated emissions reductions from the National Renewable Energy 
Program (NREP) and energy conservation roadmaps are also modest at 
10% relative to BAU. The decarbonization of the transport sector is also 
not a priority of the Department of Transport (DOTr). For instance, although 
low-C transport is mentioned in its National Transport Strategy, it has no 
quantified emission reduction targets  (Climate Action Tracker 2019a). 

Aside from the inadequacy of current policies to meet the NDC target, the 
target itself needs to be revisited. The 75% reduction is pegged against a 
BAU scenario that is estimated to emit 3,340.3MtCO2e  of GHGs between 
2020 to 2030 (Republic of the Philippines, 2021). This translates to an annual 
average emissions of 343MtCO2e which is more than double the country’s 
GHG emissions in 2012  of 158MtCO2e (USAID 2016). Some models also 
estimate that under BAU, transport emissions will increase by 133% and 
power emissions by 400% between 2015 and 2030 (Department of Energy 
2016), while total emissions will increase by 500% between 2010 and 
2050 (Asian Development Bank 2017). Given these, although the nominal 
conditional target seems ambitious, if met, it would still mean increasing 
GHG emissions. This is inconsistent with the PA-compatible emissions 
trajectory of early peaking and rapid decline to  reach near-zero emissions 
in the second half of the century (see Table 5.1 for details). 
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Multiple opportunities exist to scale up the NDC and to bend the emissions 
curve to be consistent with the PA targets. One of the main pillars of 
decarbonization is to reduce the C-intensity of energy supply. In particular,  
the share of renewables in the TPES and the power mix needs to increase 
to at least 50% and to 80-90% by 2050, respectively. These are technically 
achievable given the country’s high renewable resource potential. Shown in 
Table 5.4 are the estimated capacity of the country’s competitive renewable 
energy zones (CREZ). The CREZ are areas with high concentrations of 
potentially low-cost renewable resources, strong developer interest, suitable 
topography and minimal land-use constraints (Lee et al. 2020). The renewable 
resource potential in these CREZ dwarfs the NREP capacity addition target 
of 20,000MW by 2040. The estimated 43,000 MW additional generation 
capacity needed to meet the demand by 2040 can thus be met  exclusively by 
renewable resources. Immediate integration of these resources is also possible 
because the existing grid can already accommodate 30-50% RE penetration, 
as long as adjustments on grid operations are made (USAID & NREL 2018). 

In addition, CREZ-informed transmission planning and expansion can support 
higher penetration rates in the future. Deployment of distributed renewables 
in off-grid areas can also help achieve the country’s  total electrification target 
while limiting GHG emissions. Connecting these areas to the main grid will 
be lengthy and expensive. Distributed renewables can be readily deployed 
and are likely cheaper than the diesel generators  currently in use (IRENA, 
2017). Decarbonizing the C-supply also means that coal without CCS needs 
to be phased out by the end of the century.  Current trends of increasing fossil 
fuel imports and the domestic production and expansion of their share in the 
power mix and TPES  (DOE 2017) run counter to this goal. Natural gas can be 
used as a bridging fuel; however, plans on their gradual phase out are also 
non-existent. 

Reducing C-intensity of end-uses  and energy demand are also important 
decarbonization pillars. For the former, electrification of the transport and 
industrial sectors offer the largest mitigation opportunities given their heavy 
reliance on oil and coal, respectively. Low-C fuels can also be used in processes, 
such as calcination, and subsectors, such as aviation, that are more difficult to 
electrify.  For the latter, energy use can be lowered by improving  the efficiency 

Location
Potential generation capacity per resource (MW)

Solar PV Wind Geothermal Hydro 
Power Biomass

Luzon 35,031 54,115 285 270,603 210

Visayas 11,876 25,429 40 1,917 71

Mindanao 11,203 14,443 40 382,514 93

 

Table 5.4:
CREZ
potential 
generation 
capacity, 
disaggregated 
by resource 
type and 
location (Lee et 
al. 2020)
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3
The contribution of the energy sector to GHG emissions and its subsequent 
role in mitigation has dominated the literature and policy discussions  
(Michaelowa et al. 2010). Another equally important, but underrepresented 
facet of the climate change and energy nexus, is the climate feedback on 
the energy systems (Arent and Tol 2014; Ebinger and Vergara, 2011) The 
natural variability of the climate is already impacting the energy systems 
(IPCC 2014a). Climate change, in the form of shifts in trends, mean, intensity, 
frequency, variability, and spatiotemporal distribution of climate parameters, 
is expected to magnify these impacts. Generally, more climate change would 
mean larger impacts that will be negative on the whole (IPCC 2014a). Table 
5.5 summarizes the vulnerability of the energy supply chain to the impacts of 
climate change. These are only qualitative because the magnitude of impacts 
is difficult to quantify given its sensitivity to climate models, future emissions 
scenarios, methods, timeframes, and other modelling assumptions. These 
impacts need to be incorporated in the design, construction, operation, and 
maintenance of the energy systems because some form of climate change will 
be inevitable. For example, even if the 2°C temperature target is met, higher 
mean surface temperatures, sea level rise, weather variability, and extreme 
weather events are expected to materialize (Ebinger and Vergara 2011). They 
should likewise be incorporated in the design of mitigation strategies, given 
the preponderance of renewable energy resources, that are climate-sensitive, 
in most decarbonization scenarios. 

Climate feedback on the energy systems

of  the energy supply chain, from generation to end-uses. Economic incentives, 
provision of infrastructure, and urban planning can also lower energy demand, 
increase energy savings,  and encourage energy efficient behavior.  The final 
decarbonization pillar is the deployment of negative emissions technologies. 
These technologies will be necessary if the trend of increasing fossil fuels use  
is not reversed.  
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Resource, 
technology, or 
infrastructure

Potential climate impacts

Endowment      

Biomass

• The effect of changes in average rainfall on biomass is minimal if it occurs outside of the 
growing season. During the growing season, changes in biomass are proportional to the 
changes in average rainfall

• Flooding, droughts, and other extreme weather events, such as tropical cyclones, can 
destroy crops

• Temperature can alter soil conditions, metabolism of pests, and suitable areas for plant 
growth

• Increase in CO2 can improve photosynthesis

Coal

• Heavy rainfall can trigger floods and erosions that affect surface mines
• Heavy rainfall can also increase the moisture content of coal thereby lowering its quality. 

The increased moisture content can make coal preparation and handling more costly
• Droughts can cease mining operations due to the lack of water needed for air 

conditioning and mining operations

Geothermal • No impact on the size and distribution of the resource

Hydro

• Changes in precipitation and temperature will affect the seasonal and interannual 
variations in streamflow. The global effect of these changes to the hydropower capacity 
is slightly positive. However, effects across regions are expected to vary substantially. 
Some studies estimate that hydropower capacity in Asia will increase but high 
uncertainties are associated with these estimates

Ocean

• Changes in water temperature, salinity, wind patterns, and rise in sea level can affect 
wave formation 

• Some studies indicate no impact on the size and distribution of the resource while some 
find the effects inconclusive

Oil and natural  
gas

• Climate change will not affect the volume of these resources but access to these 
resources

• As ice cover in the Arctic melts, oil and gas reserves could increase because new areas 
will be open for exploration and ice-free summers can lengthen drilling and exploration 

• Thawing permafrost can also compromise the structural integrity of infrastructure built 
on ice

• Sea level rise and extreme weather events can destroy mining equipment and interrupt 
production

Solar

• The resource is sensitive to changes in climate parameters that affect solar radiation, 
such as atmospheric water vapor content and cloud cover. Effect on overall global 
technical potential is likely small but effect on regional distribution will likely vary and 
depend on the extent of climate change. For example, under high climate change 
(Representative Concentration Pathway, RCP, 8.5), clear sky radiation is expected to 
decrease in most regions except for Europe and China

Table 5.5: Impacts of changes in climate parameters to the energy supply chain
(Compiled from: Arent and Tol 2014; Chandramowli and Felder 2014; Ebinger and Vergara 2011; Gelil 2013; IPCC 

2011, 2014b, 2014a; Li et al. 2012; Michaelowa et al. 2010; Panteli and Mancarella 2015; Pryor and Barthelmie 
2010; Schaeffer et al. 2012; Stromberg et al. 2011; Wild et al. 2015)



123Issues in Energy SecurityChapter 5

Resource, 
technology, or 
infrastructure

Potential climate impacts

Wind
• Climate change can induce shifts in the  geographic and temporal distribution of the 

resource (wind speeds, directional distribution, and energy density)
• Global technical potential will be unaffected but regional distribution will likely change

Energy Conversion

Biomass and 
biofuels

• Reduced biomass availability due to changes in climate parameters (temperature, 
soil moisture, precipitation) can affect biofuel production. Energy generation in 
decentralized devices, like household stoves, and power generation plants will also be 
affected

• Biofuel feedstock can decline as the increase in productivity due to elevated CO2 levels 
is offset by the decline in productivity due to increased ambient temperature  

• Crop yields are affected by changes weather patterns

Coal

• Increased cost in coal handling and storage can affect the economic viability coal as an 
energy source

• Heavy rainfall, flooding, extreme winds require changes in the handling of combustion 
byproducts such as fly ash and boiler slag

Hydro

• Changes in temperature and rainfall patterns can affect streamflow and power 
output. Impacts of streamflow variability on production depends on plant-specific 
characteristics. Generally, plants with large reservoirs are less vulnerable to river flow 
variations. They are also less vulnerable to flooding because it can open floodgates and 
cease turbine operations. Impacts likewise depend on whether the plant is the main 
source or complementary source of power. The former is more vulnerable to changes in 
streamflow to minimize shortages while the latter can operate on average rates

•  Reservoirs are vulnerable to siltation that can reduce power output. Long lifetimes of 
these reservoirs also mean less adaptability to changes in precipitation although they 
can also be used for climate adaptation (flood control) 

• Planning and operation are already affected by uncertainties associated with natural 
climate variability. Climate change compounds these uncertainties 

• Changes in river flow and extreme weather events can affect dam safety, damage 
turbines, and increase flood risk 

• Higher ambient temperatures can increase evaporation rates, reduce water storage, and 
reduce power output

Oil and natural 
gas

• Higher ambient temperatures can increase cooling water demand in refineries 
• Water shortages can affect the operations of oil refineries which are water-intensive
• Sea level rise, coastal erosion, and extreme weather events can damage onshore and 

offshore facilities

Thermal power 
plants (covers 
diverse fuel 

sources: coal, 
oil, natural gas, 

geothermal, 
biomass)

• Rising ambient temperature reduces thermal conversion and cooling efficiency. It also 
increases the temperature of cooling water which further reduces thermal efficiency 
and can cause thermal pollution at discharge. These effects are magnified in fossil fuel 
power plants with CCS where rising temperature doubles the cooling water requirement 
an reduces the conversion efficiency by 8-14% 

• Water scarcity, higher ambient temperatures, and low precipitation reduce the 
availability of cooling water which can curtail generation 

• Extreme weather events can exceed the standard design criteria. While it affects all 
types of thermal power plants, the implications are more severe with nuclear power 
plants because their safety standards are more stringent 

• Higher ambient temperatures can also self-ignite coal stockpiles 
• Thermal plants located in coastal areas are vulnerable to flooding and sea level rise
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Resource, 
technology, or 
infrastructure

Potential climate impacts

Solar

• Hot spells and other extreme weather events can damage the infrastructure and reduce 
the efficiency of solar conversion 

• Increasing ambient temperatures can reduce conversion efficiency and power outputs.  
Concentrating solar power (CSP) technologies are more vulnerable because higher 
temperatures also increase water use

• Windstorms deposit dust on the surface of solar collection devices and reduce their 
efficiency. They also increase the need for cleaning. Conversely, they can increase the 
efficiency by cooling down the modules

• Precipitation washes away the dust deposited on the surface of the modules but 
resulting efficiency gains are offset by lower solar radiation. It also  increases water 
availability of CSP

Wind

• Changes in spatiotemporal wind patterns can affect power generation. The lack of 
reservoir makes it susceptible to variations in wind patterns and matching it with power 
demand. 

• Lack of reservoir makes it more susceptible to negative climate impacts relative to hydro 
but its shorter lifespan makes it more adaptable to future climate change 

• Extreme weather events, such as extreme winds, can destroy turbines, reduce the 
lifespan of infrastructure, reduce operating hours,  and make access to the facility 
difficult

• Increasing ambient temperature can reduce air density and consequently reduce power 
outputs

• Temperature extremes can alter the properties of materials such as rubber seals

Transmission and distribution

Power 
transmission 

and 
distribution 

systems

• Higher temperatures and heat waves can increase energy losses because of reduced 
power carrying capacity, line sagging, and reduced substation capacity 

• Sea level rise, flooding, and extreme weather events can damage transmission and 
distribution (TD) facilities and increase the frequency of power disruption 

• Degradation of resources due to climate change can shift the location of power 
generation facilities. This then increases the risk of stranding TD assets

Infrastructure 
for fuel 
delivery

• Extreme weather events, siltation, erosion, sea level rise can damage fuel transport 
infrastructure and prevent the delivery of fuels to generation facilities 

• Changes in climate parameters that exceed the design criteria can reduce performance 
efficiency or cause malfunctions

Energy Use

Residential 
and 

commercial

• Changes in temperature can shift demand and load patterns. The relationship between 
temperature and demand is U-shaped where warmer summers increase energy demand 
for cooling and warmer winters lower energy demand for heating. Increases in cooling 
demand tend to outweigh reductions in heating requirement.. Hotter summers can also  
increase peak demand

• Changes in demand patterns can alter the fuel mix of supply as cooling is powered by 
electricity whereas heating is from oil and gas

Transport
• Higher temperatures increase cooling demand in vehicles that subsequently increase 

their fuel consumption 
• Higher temperatures also affect the performance of motor engines

Industry and 
agriculture

• Higher temperature increases water and electricity demand
• Generally, energy services are vulnerable to changes in temperature and water 

availability because of pre-existing inefficiencies
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A range of technological and behavioral adaptation strategies exists to 
reduce the vulnerability of energy systems to climate change. Listed in Table 
5.6 are some examples. Aside from pro-active measures, strategies to address 
unavoided impacts due to adaptation limits are also important. Among 
others, these include risk transfer and sharing schemes as well as emergency 
preparedness  and recovery measures (UNFCCC et al. 2018).

Resource/
Technology Adaptation measures

Biomass

• Cultivate crops that are resilient to temperature and water stresses
• Improve irrigation systems to reduce vulnerability to droughts 
• Establish an early warning system for extremes in precipitation and temperature to 

inform planting and harvesting decisions 
• Site biomass plants in areas that are free from hazards
• Establish  crop insurance

Coal
• Strengthen mining sites to withstand floods, tropical cyclones, and other extreme 

weather events
• Select sites that have low exposure to hazards and abundant water supply

Hydro

• Implement integrated watershed management to reduce erosion and dam siltation 
• Adjust the design of reservoirs to address climate impacts, such as enlarging flood 

gates and increasing dam heights to accommodate extreme stream flows 
• Modify plant management and operations to account for anticipated changes in 

climate parameters, such as changes in stream flow patterns and precipitation

Solar
• Account for changes in cloud cover in site selection
• Adjust design and construction to withstand extreme weather events
• Deploy emergency repair teams

Wind

• Adjust design and construction to withstand higher wind speeds and other extreme 
weather events

• Account for changes in wind distribution in site selection 
• Procure insurance to cover production shortfalls and physical damages from hazard 

events (applicable to other renewable technologies) 
• Deploy emergency repair teams

Table 5.6: Examples of adaptation measures to reduce the impacts of climate change to the energy system 
(Compiled from: Michaelowa et al. 2010; UNFCCC et al. 2018)

Apart from a few case studies (see Silang et al. 2014; Stromberg et al. 2011), 
there is no systematic analysis of the impacts of climate change to the energy 
supply chain in the Philippines. In its absence, climate projections that 
drive these impacts will instead be examined. The Philippine Atmospheric, 
Geophysical and Astronomical Services Administration (PAGASA) used 
moderate (RCP 4.5) and high (RCP 8.5) emissions scenarios in its recent climate 
projections. Generally, the projected changes in climate parameters increase 
with the extent of climate change. Temperature is projected to increase from 
0.9 to 1.9°C by  mid-century and from 1.3 to 2.5°C by the end for the century 
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4
The energy sector can no longer ignore climate change. As the largest source 
of GHG emissions, it is vulnerable to transition risks in a carbon constrained 
world. It is likewise vulnerable to the impacts of climate change. However, 
while important, climate change, and sustainability in general, is not the only 
objective of energy governance. Other goals include energy security and 
equity. Owing to their disparate histories, these goals have been pursued 
and governed separately. For example, energy security emerged as a national 
concern during the oil crisis in the 1970s and countries stockpiled oil as a 
response. Similarly, coal, as a cheap energy source, has been extensively used 
to expand energy access that became a development milestone in the 1980s 
(Bauen 2006).

The urgency of climate change, along with other concerns resulting from 
heavy reliance on imported fossil fuels, such as trade imbalance, air pollution, 

An integrated approach to addressing the energy trilemma

under the medium emissions scenario, whereas larger increases of 1.2-2.3°C 
and 2.5-4.1°C for the same timescales are expected under the high emissions 
scenario. 

There is a wide variance on the future spatiotemporal distribution of rainfall. 
Generally, many parts of the country will experience an increase in extreme 
rainfall events, while seasonal rainfall could change by as much as 40%  (either 
increase or decrease) relative to historical values. Except for some sections 
in Mindanao, these changes in seasonal rainfall are within natural climate 
variability. In terms of tropical cyclone (TC) development, large interannual 
variabilities are expected. But overall, there will be a slight decrease in the 
number of TCs and a slight increase in the number of strong TCs. For sea level 
rise (SLR), the rate of annual increase is more pronounced at 5.7-7 millimeters 
(mm) than the global average of 2.3-3.6 mm. This is because El Niño Southern 
Oscillation (ENSO), land subsidence, and overdrawing of groundwater 
exacerbate the climate-induced SLR (PAGASA, 2018). 

Although data on impacts to energy resources and energy chain is still needed,  
these projections indicate that future climate change will likely manifest in the 
country as rising temperatures and sea levels. The Philippines will likewise 
continue to deal with the variability of tropical cyclones and precipitation. The 
country’s energy systems are already vulnerable to current climate conditions. 
As examples, the recent tropical cyclones destroyed the power grids while 
changes in seasonal rainfall affected the operation of hydroelectric dams and 
caused both flooding and water shortages  (Rivas 2019; UN OCHA 2020). 
Reimagining and redesigning our energy systems by integrating climate 
feedbacks are, thus, imperative, not only to minimize these impacts, but also 
to meet our energy needs without further increasing GHG emissions. 
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and exposure to geopolitical risks, merit a reassessment of the fragmented 
and fossil-fuel dependent approaches to energy governance. As this paper 
has demonstrated, there are no insurmountable barriers to achieving universal  
access and  ensuring continuity of energy supply while also limiting the extent 
of climate change and its impacts. Energy security, for instance, can be 
addressed by a combination of demand side measures and fuel diversification, 
with renewable sources constituting the bulk of the energy mix. While the 
intermittency of some renewable sources might lower security, adjustments 
in grid operation, expansion of capacity reserves, and technological 
improvements in energy storage can limit such a concern. Universal access to 
affordable and reliable energy can also be achieved without increasing carbon 
intensity. Fossil fuels are only cheap because the environmental and social 
costs are externalized. Technological improvements are already making the 
cost of renewables competitive and strong regulatory frameworks can further 
drive down their cost and reduce their sensitivity to climate impacts. 

Addressing the energy trilemma simultaneously allows us to take advantage 
of the co-benefits and synergies across goals, while also minimizing adverse 
consequences. Given the long lifetimes of energy infrastructure, this 
integration needs to occur without delay. It should also be noted that the 
energy system is part of a larger system. Cross-sectoral interactions also need 
to be incorporated in energy planning. For example, expansion of biofuels can 
interact with water and land-uses and urban development should influence 
energy demand. 

For the Philippines, an integrated approach can start with recognizing that 
decarbonizing the energy systems and meeting energy needs are not mutually 
exclusive. Moreover, existing targets of securing energy supply, ensuring 
universal access to energy, and strengthening resilience to hazards (DOE 2018) 
as well as sectoral plans need to be anchored on a long-term decarbonization 
goal. Unlike the existing NDC, it needs to have explicit and quantifiable GHG 
reduction targets with a view to achieving net zero emissions by the end of 
the century, at the latest. Transitions and transformations, are, by nature,  
disruptive and associated with large uncertainties. Energy governance needs 
to be adaptive and flexible to successfully navigate this highly dynamic and 
complex decision-space. Addressing the distributive impacts of these changes 
are also critical to ensure that the transition to a low-carbon energy system will 
have broad support and will be equitable.
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Abstract: Techno-economic viability assessments of rural electrification projects, especially those
that integrate renewable energy technologies, typically look at system design optimization that
would yield the most favorable cost and investment scenarios. However, the true viability of these
projects relies more importantly on their impact to the rural communities while ensuring positive
financial returns to the project developers. This paper aims to expand the viability assessment of
electrification projects in off-grid island communities in order to mainly address the apparently
opposing needs of the major stakeholders at play by developing a viability assessment framework
considering the techno-economic dimensions as well as the socio-economic impacts to the consumers.
The analysis follows a two-phase approach, where system design optimization and financial impact
calculations are done in the first phase and the socio-economic viability is accomplished in the second
phase. Results suggest that high capital investment for renewable energy has a better pay-off when
there is higher demand for electricity. On the other hand, consumers also tend to receive higher
economic benefit as they consume more electricity. However, the low income of rural consumers
strains their capacity to pay, which necessitates their engagement in more economically-productive
uses of electricity. The viability assessment framework can be a useful tool for both investors and
consumers as this provides important insights which can be translated into impactful interventions
that may include government support through improved policy implementation that can positively
sustain electricity access in off-grid communities through renewable energy.

Keywords: rural electrification; techno-economic viability; socio-economic viability; renewable
energy; electricity access

1. Introduction

Electricity is regarded as a fundamental enabling component to the achievement of
socio-economic growth and development such that global efforts are now directed towards
last-mile connections in order to provide affordable, reliable, and sustainable universal
access to the 840 million people who are still living without electricity [1,2]. The dilemma,
however, is that most of the unelectrified households live in isolated and least developed
regions that are deemed unviable to electrify. It has been recognized that the best option for
more than half of the population without access to electricity is decentralized generation
(i.e., microgrids or minigrids), ideally supplied from renewable energy (RE) sources [3].
Several studies have already explored the practical implementation of decentralized sys-
tems integrated with RE in increasing electricity access to certain developing regions [4–7],
and even in developed countries like Ireland [8]. In the Philippines, over 2.7 million house-
holds still live in the dark [9]. The poor economic status of majority of these households is
further exacerbated by their remote location as most of them live in small island villages
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that are financially and technologically impractical to electrify through grid extensions.
Some electrified island villages simply rely on diesel generator sets to provide electricity
for restricted hours while others have been more fortunate to secure financial assistance for
bringing in renewable energy systems that provide them with longer access [10,11]. The
enactment of Republic Act 9136 or the Electric Power Industry Reform Act (EPIRA) and
the creation of the Missionary Electrification Development Plan (MEDP) has prompted
the shift from a predominantly government-initiated electrification effort to an increased
private sector participation in making electricity available, especially to remote and off-grid
areas where grid extensions are not viable [12,13], necessating rural electrification projects
to become financially-viable endeavors to attract private capitalization. It is widely recog-
nized that we now have better technologies to support decentralized electricity generation,
but there still remains a challenge especially on cost reduction, planning, better integration
to local and national development pathways, and other technological barriers—such as
system inefficiencies and weak electrical network infrastructure [14–17]. Several studies
have also expressed the need to look beyond the cost of electricity or the optimal design
derived from techno-economic analysis of rural electrification projects and consider how
to efficiently provide electricity to low-income consumers while also attracting private
capitalization [18–20]. However, most studies are still geared towards better development
of technical parameters that yield the best design options [21–23], more often omitting the
socio-economic impacts to the consumers.

This study aims to expand the viability assessment of providing 24-h electricity access
to rural off-grid communities through the integration of renewable energy technologies
by also considering the socio-economic impacts of increasing electricity access to rural
communities. While the study performs an optimization analysis, the study does not
aim to provide a new approach to electrification systems design and optimization or to
load profiling methodologies. Instead, this study develops a framework to evaluate the
viability of providing 24-h electricity access from the techno-economic and socio-economic
perspectives in order to address the important needs and requirements of major stakehold-
ers in an electrification project. The analysis follows a two-phase approach in order to
determine the viability and sustainability of providing 24-h electricity access in off-grid
island communities. First, the optimal system design is determined and techno-economic
analysis is performed from a business perspective; and second, the design is evaluated for
socio-economic viability considering pre-defined parameters. The framework is applied
and tested in Pangan-an Island and validated in a solar photovoltaic implementation in
Gilutongan Island. This paper is further divided into sections, where Section 2 presents
a review of viability studies of rural electrification initiatives and Section 3 describes the
research locale and the methodology. Section 4 presents the results of the techno-economic
and socio-economic viability assessments, as well as the validation of the framework.
Section 5 presents the discussion of results, which is geared towards the importance of pro-
viding programs to capacitate low-income household consumers in engaging in productive
uses of electricity. Section 6 discusses the policy implications of the viability assessment
results and conclusions are drawn in Section 7 of the paper.

2. Viability of Rural Electrification Initiatives

There is a perceived positive impact when 24-h electricity service is provided in rural
communities that go beyond mere electricity service [24]. With access to electrification
considered to be fundamental to social and economic development, increased access, es-
pecially during day-time use, paves the way for more productive activities that lead to
income generation and social growth. Moreover, smart grid approaches such as broad-
band over power line (BPL) or power line communication (PLC) applications are seen to
improve access to telecommunications and internet while also providing power through
renewable energy sources in rural areas, further opening up these isolated communities to
the world [25–27]. However, despite the progressive implication of 24-h electricity access in
rural communities, there lies a question of whether or not it is a socio-economically viable
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endeavor to pursue, especially in poorer regions where daily living is not dependent on
electricity use and where incomes are relatively low [28].

Costello (2018) highlighted the crucial role of consumers in the promotion and ad-
vancement of renewable energy in rural electrification projects, identifying the need to
emphasize not just the long-term economic impacts of low electricity costs or the environ-
mental impacts of transitioning to low-carbon sources but also the associated social benefits
and individual economic efficiency to entice the market to embrace renewable energy [29].
Consumers in rural areas, with low demand and low incomes, tend to undervalue the
future benefits of renewable energy developments due to its perceived high capitalization
costs and are most likely to think of individualistic economic impacts instead of looking at
the holistic consequences of shifting to renewable energy sources. This leads consumers to
further make inefficient energy choices [30]. It is also argued that while electricity access
leads to a certain improvement in domestic activities in rural areas, such as increased
lighting and use of household comfort appliances, it does not have a distinctive impact
on stimulating economic development as typical livelihoods in rural communities are not
reliant on electricity [31]. Moreover, while households in rural communities might be keen
to get connected, they might be deterred by their inferior socio-economic status and low
incomes to consume electricity [32].

However, cost might not always be the highlighted issue of rural households where
electrification is concerned. Consumers are also sensitive to other attributes of rural
electrification systems and the viability of such projects also depends on whether these
attributes are delivered or not. Issues such as reliability of connection and the quality
of electricity are determined to be more influential factors in the viability of microgrid
electrification [33,34]. In the electrification efforts in rural Mexico where solar home systems
are deployed, household consumers expressed the importance of service levels and that
system sizing options must be put in place to cater to potential increases in household
demand [35].

Despite vigorous efforts in expanding rural electrification efforts, there are still un-
favorable results. The inadequate understanding of the effects of electricity access on
socio-economic attributes leads to poor planning and design [36]. Tariff setting and de-
mand fulfilment are key factors that also dictate the proactive consumption of electricity
users [37]. The socio-economic demographics of consumers—such as household expendi-
ture, household size, and appliance ownership—should also play part in the projection
of load demand [38]. Moreover, conventional approaches to rural electrification systems
design need to be re-evaluated and design solutions must be conceptualized to achieve
reliable, affordable, and sustainable electrification despite uncertain load development and
very low demand [39]. While the estimation of load demand is considered crucial in the
design and sizing of electrification systems [40–42], other factors related to the sustainabil-
ity of electrification systems are also equally vital. Consequently, it is also important to
ensure that policy interventions are in place, especially through financial measures such as
subsidies and incentives, particularly when private sector investment is required [43].

3. Materials and Methods
3.1. Research Environment

Gilutongan and Pangan-an Islands are small islands located off the coast of Mactan
Island in Cebu (see Figure 1). In 1999, Pangan-an Island (10◦13′12” N, 124◦02′20” E),
an island barangay in Lapu-Lapu City, was a beneficiary of a Php 22-million 45 kWp
centralized solar power facility donated by the Belgian government in coordination with
the Lapu-Lapu City government and the Philippine Department of Energy [44]. Operated
and maintained by a local cooperative called Pangan-an Island Community Cooperative
for Development (PICCD), it provided 24-h electricity access to some of the island residents.
However, in 2011, the facility discontinued its operations due to degradation of the solar
modules and the battery storage systems with no replacements made [45]. Several issues
have been considered for the electrification setback in Pangan-an, of which the definition
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of true electricity tariff and capacity of consumers to pay are at the forefront [44]. From the
time of discontinued operations until the present, most of the island residents rely on the
community diesel generator to provide four hours of electricity every night, with some
residents installing their own solar home systems and others opting not to be connected
to electricity at all. The residents connected to the 35 kW community diesel generator get
electricity access from 6:00 pm to 10:00 pm at a cost of US$5 per 7 kWh consumption with
a US$0.50 per additional kWh of consumption (roughly US$1.21 per kWh). The original
facility is composed of 504 solar PV modules of 90 Wp capacity, 118 units of 2 V 1800 Ah
lead acid batteries, 2 units of bespoke 12.5 kVA inverter, charge controller, and low voltage
distribution system. At the time when 24-h electricity was provided to the island, the
minimum load of 1 kW was recorded at 6:00 am and the maximum load of 10 kW was
recorded at 7:00 pm [45]. There were previous plans to rehabilitate the solar PV facility, but
these plans have not come to fruition.
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Gilutongan Island (10◦12′00” N, 123◦59′00” E), an island barangay in Cordova, Cebu
City, obtains electricity from a 194 kVA diesel generator donated by the Cebu provincial
government in mid 2010s and requires a daily tariff of US$0.14 per light bulb and US$0.16
per power outlet. The diesel generator operates for 4 h every night and is maintained by
the local government unit of the barangay. A 7.92 kWp solar photovoltaic system with a
28.8 kWh battery energy storage system was installed last March 2020, providing 24-h
electricity to 11 household beneficiaries composed of 44 individuals. The solar PV system
was installed on two rooftops located within the vicinity of the 11 households, with the
electrical distribution system for the households also improved according to Philippine
electrical standards. Each household pays a flat rate of US$0.4 per day provided that their
daily consumption does not exceed 1 kWh, while an additional tariff is computed based on
the rate of US$0.4 per kWh for any additional power consumed.

3.2. Research Methodology

Figure 2 presents the research framework. The viability assessment framework follows
a two-phase strategy, where electrification projects are assessed according to the techno-
economic and socio-economic viability. The techno-economic viability is primarily useful
to project implementors or investors as this provides the financial standpoint of the project.
The socio-economic viability is targeted toward the consumers and how end users can
benefit from the project and could also be helpful for project implementers in defining
project parameters. With this strategy, the major stakeholders and their respective needs
and requirements are recognized and given equal importance. Electricity consumption
data for Pangan-an Island was obtained through a survey of selected households. One
hundred ninety-seven households were surveyed in Pangan-an, a representative sample of
the 405 households living in the community [46]. The techno-economic assessment is done
using optimization results derived from simulation and calculating financial returns, and
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the socio-economic assessment is done through calculations of the economic benefit and
capacity to pay. Validation, in terms of techno-economic and socio-economic viabilities, is
done considering actual data obtained from the solar installation in Gilutongan Island.
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3.3. Load Profiling

The daily load demand profile for Pangan-an Island corresponds to the projected
future demand of the households obtained through the survey. Because only a sample of
the households was surveyed, total electricity usage for each appliance (Ea) was computed
based on the proportion of respondents projected to use certain appliances over a given
period of time, as shown in Equation (1)

Ea =
(

N ∗ m
n

)
∗
(

P ∗ ∑m
x=1 tx

m

)
(1)

where
(

N ∗ m
n
)

refers to the proportion of the respondents projected to use the appliance
multiplied to the total population of the island with m referring to the number of households
responding to use the appliance, n referring to the total sample population, and N referring

to the total population of the island; P refers to the wattage of the appliance; and ∑m
x=1 tx
m

refers to the average number of hours of usage per appliance per household [47].
Two load demand profiles were created for 24-h consumption, considering load with

fridge and load without fridge. The load demands were generated corresponding to
the economic profile of the households with consideration that each economic profile
will purchase and use different types of appliances with different power requirements.
Three income classifications were considered: lowest income bracket corresponding to
poor households earning less than US$160 (Php 8000) per month; middle income bracket
corresponding to low-income households earning between US$160 (Php 8000) to less than
US$300 (Php 15,000) per month; and the highest income bracket corresponding to lower
middle-income households earning between US$300 (Php 15,000) to less than US$600
(Php 30,000) per month. The income groups were based on the profile of income classes
in the Philippines by Albert, et al. (2019) of the Philippine Institute for Development
Studies [48].

3.4. Techno-Economic Viability Assessment

The techno-economic viability assessment looks at the levelized cost of electricity,
investment requirements, and financial returns. Optimization of the electrification system
using HOMERPro, a software typically used in studies involving off-grid systems [49,50],
is done for Pangan-an Island. Input parameters are the load demand profile, technical
components, economic components, and the solar resource since only solar PV is consid-
ered. The optimization considers solar energy and diesel generator set as the primary
sources of electricity. Battery energy storage system (BESS) is integrated into the design
configurations. The technical components considered in the simulation are independent of
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the existing components of the decommissioned facility of the island. The solar PV module
is Canadian solar—a flat-plate, monocrystalline panel with 290-watt peak power. The
inverter is a Fronius Symo 24.0-3 and the battery is Trojan SAGM 12 75, 12 V with 1.99 kWh
capacity. The diesel generator set is a 30 kW Kohler generator. The inflation rate between
a one-year period covering June 2019 to May 2020 ranged from 0.8% to 2.9% [51]. The
average for this 12-month period is 2.05% and this average is considered as the inflation
rate in the simulation. The latest interest rate published by the Bangko Sentral ng Pilipinas
(BSP) from April 2020 is already with consideration from special circumstances brought
about by the COVID-19 pandemic, thus the base nominal rate considered in the study is
the one published by BSP in December 2019 at 4.0% [52]. The island sources out its diesel
from the mainland at US$0.90 (or Php 45) per liter. Systems fixed capital cost includes
installation, transportation, and other incidental costs related to the implementation of the
system. Exchange rate is assumed to be Php 50 to US$1.00.

The financial parameters used in the viability analysis are the payback period and
return on investment. Although HOMERPro computes these parameters, the computation
relies on the levelized cost of electricity (LCOE), which is just the break-even value of the
investment [53]. It is necessary for investors to realize a profit margin, so in this analysis,
the parameters are computed based on the cash flows generated from the simulation, on a
tariff set at LCOE plus profit margin, and on equations provided below [54]. The profit
margins are set at 10% and at 20% of LCOE, which are arbitrary and are defined for the
sake of comparing one system from the other. Payback period is computed considering
uneven cash flows and the equation

Payback = A + (
B
C
) (2)

where A = the last year with a negative cumulative cash flow, B = the absolute value of the
cumulative cash flow at year A, and C = total cash flow at year A + 1. The modified return
on investment (ROI) is computed considering net cash inflow instead of net income per
the equation

ROI =
(

Average net cash in f low
Initial investment

× 100%
)

(3)

where the average net cash inflow is computed from the nominal cash flows and the initial
investment is the initial capital corresponding to the load scenario.

3.5. Socio-Economic Viability Assessment

The socio-economic viability assessment computes for the economic benefit of in-
creased electricity access and the capacity to pay of consumers. Figure 3 shows the details
of the framework for the assessment.
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The National Rural Electric Cooperative Association (NRECA) defines economic
benefit, in terms of electrification, as the monetary benefit that the consumers receive from
the use of electricity as compared to using their current energy alternatives [55]. In this
study, economic benefit is computed as the benefit of providing 24-h electricity access
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through hybridization with renewable energy technologies. Economic benefit is computed
per Equation (4) derived from NRECA (2010) and Choynowski (2002) [55,56]

D = [Qa × (Pa − Pe)] + [

(
Pa − Pe

2

)
× (Qe − Qa)] (4)

where D = economic benefit of providing 24-h electricity access, Pe = price of 24-h electricity
per kWh, Pa = price of current electricity system per kWh, Qe = consumption of electricity
at 24-h access, and Qa = consumption of electricity at less than 24-h access. The electricity
consumption values are based on the load profiles and the price of 24-h electricity is based
on LCOE plus profit margin.

The capacity to pay is defined as the consumers’ ability to pay the calculated electricity
cost. It is analyzed according to the current economic status of the respondents and
their expressed level of consumption. A consumer is considered capable of paying if the
electricity cost is less than 5% of the household gross income as defined by the World
Bank [57]. The capacity to pay is computed per Equation (5)

CtP =

(
COE × ECa

HIa

)
× 100% (5)

where COE = cost of electricity, ECa = average daily electrical consumption (EC) per
household belonging to a given income classification (a), and HIa = average daily income
per household belonging to a given income classification (a). The cost of electricity is as
defined in the techno-economic assessment where arbitrary profit margins of 10% and
20% are applied to the LCOE. The average daily electrical consumption per income class
is based on the projected load demand for Pangan-an and the average daily income is
computed on the current income obtained from the demographic information.

3.6. Validation

The techno-economic and socio-economic viability is validated considering the actual
data from a solar PV system installation in Gilutongan Island, providing 24-h electricity
access to 11 households. The daily load profile is computed as an average of the actual
one-year energy consumption recorded for the 11 households between April 2020 and
March 2021. LCOE is computed considering the net present value of the actual capital
investment of the system and the annuities based on Equation (6) [58]

LCOE =
NPVcost

NPE
(6)

where NPVcost is the net present value of the total investment and annuities consisting of the
cost of the solar PV system components, installation costs, distribution costs, replacement
costs, and operations and maintenance cost; and NPE is the net present value of the total
energy output. In the computation, a base nominal rate of 4% is also considered with a
project lifespan of 20 years. Techno-economic and socio-economic analysis are done as
discussed in Sections 3.4 and 3.5.

4. Results and Discussion

The demographic profile of the respondents from Pangan-an Island are shown in
Table 1. Almost half of the respondents did not graduate elementary school; while more
than 70% of the households are average-sized with 4 to 6 members, or large-sized with
more than 6 members; and 69% are classified as poor. The average household monthly
income is Php 6268.72 (US$125.37), which is mostly coming from manual labor, fishing,
shell gleaning, souvenir selling, vending, and providing personal services.
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Table 1. Demographic profile of Pangan-an Island.

Demographic Parameters Pangan-an

Educational Background
Did not graduate elementary 49%

Elementary graduate 24%
Did not graduate high school 0%

High school graduate 18%
College level 5%

College graduate 3%
Post-college studies 1%

Household size
Small-sized (1 to 3 members) 23%

Average-sized (4 to 6 members) 47%
Large-sized (above 6 members) 30%

Average household monthly income
(according to income cluster) [48]

Poor (less than US$158 per mo.) 69%
Lower income (US$158–316 per mo.) 26%

Lower middle income (US$317–632 per mo.) 5%

Figure 4 shows electricity access status of the households in Pangan-an, with 70% of
the respondents being connected to an electricity source. Out of these, 90% are supplied by
the community diesel generator while 3% get power from their own generators and 7%
have their own solar home systems. The power supply from the communal generator is
made available to residents from 6:00 pm to 10:00 pm daily. The electricity billing is done
monthly and payment is collected by a representative from the local cooperative. Electricity
is mostly used for lighting (74%) and mobile phone charging (35%), with very few residents
also using it to power television sets (30%), electric fans (26%), and radios (20%).
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4.1. Energy Market and Load Profile

Figure 5 shows the electricity load profile of Pangan-an Island based on projected
electricity demand of island residents if supply is made available 24 h a day. The total daily
usage is computed by adding the hourly usage shown in the figure. Two load scenarios are
determined and shown in Table 2.
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Figure 5. Projected daily electricity load demand for Pangan-an Island.

Table 2. Electricity load scenarios (Pangan-an).

Load Scenario Hours of Access Households Connected With or Without Fridge

LS 1 24 100% With fridge
LS 2 24 100% Without fridge

Total expected daily usages are 709.48 kWh for LS 1 and 248.68 kWh for LS 2.
Respondents have expressed that if 24-h electricity will be made available on the

island, they will be willing to purchase and use TV sets, electric fans, electric iron, and
refrigerators on top of the usual lighting and mobile phone charging. The potential energy
market seems ambiguous as residents seem to have an increased purchasing power but are
also prone to consume less electricity (see Table 3 for a comparison of monthly income and
electricity bill from a 2015 study [59] and the survey conducted for this work, where the
average monthly income is significantly higher but the average monthly electricity bill is
relatively lower).

Table 3. Comparison of monthly income and electricity cost in Pangan-an. 2015 [59] vs. 2018 (surveyed).

Attribute Average Std. Min. Max.

Monthly Income (in US$)
2015 data 52.81 51.21 0 164.00
2018 data 125.37 90.30 0 * 540.00

Monthly Electricity bill (in US$)
2015 data 6.42 2.12 5.00 15.00
2018 data 5.86 3.59 0 ** 13.50

* Some households indicated that their sustenance come from children working outside the island. ** Corresponds
to 7% of the respondents who obtain electricity from personal solar home systems.

The latest data on electricity billing suggests that on average, a single household in
Pangan-an consume roughly 8.72 kWh per month with the lowest household consumption
recorded at 7 kWh and the highest household consumption at 24 kWh. Total consumption
computed from the monthly electricity payments for all households connected to the island
generator is 1124.2 kWh per month or 37.5 kWh per day, a value lower than any of the
forecasted load demand shown in Figure 5. While the current demand is clearly constricted
by the availability of electricity access on the island, the projected demand might be too
optimistic and thus, careful energy market studies should be carried out by potential
investors and project developers if electricity access should be increased.

4.2. Techno-Economic Viability Assessment

The optimal electrification system designs corresponding to the two load profiles
generated for Pangan-an were determined using HOMERPro. The simulation tool was set
to “optimizer” where the software is allowed to select the optimal system with the option
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to select either an optimal system with diesel generator or an optimal system without
generator. Results of the simulation, as well as the financial parameters computations, are
shown in Table 4.

Table 4. System design optimization and economic results (Pangan-an).

Parameters Pangan-an Island Load Scenarios

LS 1 LS 2
Solar PV size 50 kW 30 kW

Generator Yes Yes
Battery qty 200 strings 100 strings

Inverter size 22 kW 10 kW
Levelized cost of electricity US$0.366 US$0.405

Net present cost US$1.83 M US$725,969
Operating cost per year US$86,971 US$33,558

Initial capital investment US$110,977 US$63,885
Renewable energy fraction 29.1% 32.8%

Load served (in kWh) 252,764 90,772
Economics at 10% profit margin

Payback period 6.43 years 8.13 years
ROI 13.5% 10.8%

Economics at 20% profit margin
Payback period 3.16 years 4.44 years

ROI 21.8% 16.6%

Optimization results suggest that all load scenarios would require a hybrid microgrid
system with solar PV, battery energy storage, and diesel generator. The levelized cost of
electricity is higher when demand is lower primarily because the price to break-even is
higher. Better financial results (i.e., shorter payback and higher return on investment) are
observed in LS1 with higher load requirements. The relatively high capital investment
required for systems with renewable energy technology are likely to be profitable when
consumption is high. Higher profit margins also yield better financial results.

4.3. Socio-Economic Viability Assessment

The economic benefit of providing 24-h electricity access is computed for electricity
costs defined at LCOE plus profit margin. The current electricity cost per kWh is based
on the current tariff at the island, which is at US$1.21 per kWh consumption. The current
electricity consumption from the load profile (Section 3.1) is 1124 kWh per month. Table 5
summarizes the results.

Table 5. Economic benefit to consumers (Pangan-an).

Electricity Load Scenario Pe (in USD) Pa (in USD) Qe (Annual) Qa (Annual) D (in USD)

LS 1
At 10% profit margin 0.4026 0.715 252,764 13,490 41,626.97
At 20% profit margin 0.4392 0.715 252,764 13,490 36,754.52

LS 2
At 10% profit margin 0.4455 0.715 90,722 13,490 14,057.51
At 20% profit margin 0.4860 0.715 90,722 13,490 11,947.21

Table 5 shows that the benefit to consumers reasonably decreases as electricity cost per
kWh increases. Substantial economic benefit is expected when electricity consumption is
higher. The highest economic benefit is when consumers are expected to use refrigerators
apart from the other typical household appliances and lighting. This somehow reinforces
the notion that as households consume electricity beyond just simple lighting by finding
more productive uses, they will experience greater economic benefit. However, if electricity
is used simply for lighting and other consumptive uses, such as mobile charging and
internet access, households will find less benefit from increased electricity access. Moreover,
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the electricity prices being set are relatively lower than the current price that the consumers
are paying, which significantly influences the computed values. If investors were to set
higher profit margins, then the economic benefit would considerably be much lower.

The capacity to pay is computed at household level. The projected load demand in
Figure 6 is sorted out per income classification and an average daily consumption per
household is defined. The average daily household income is also obtained for each income
classification with poor households earning on average US$2.73 per day, low-income
households at US$6.66 per day, and lower middle-income households at US$12.78 per day.
The electricity cost is computed based on electricity prices derived from the previously
defined profit margins (shown as Pe in Table 5). The results are summarized in Table 6.
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Table 6. Capacity to pay per household per income classification (Pangan-an).

Income Classification/Load
Scenarios

Average Consumption
(in kWh per Day)

Electricity Cost
(US$ per Day)

Percentage of Income
Spent on Electricity

LS 1
At 10% profit margin

Poor 0.45 0.18 7%
Low income 2.15 0.86 13%

Lower middle class 2.41 0.97 8%
At 20% profit margin

Poor 0.45 0.20 7%
Low income 2.15 0.94 14%

Lower middle class 2.41 1.06 8%
LS 2

At 10% profit margin
Poor 0.45 0.20 7%

Low income 0.95 0.42 6%
Lower middle class 1.21 0.54 4%

At 20% profit margin
Poor 0.45 0.22 8%

Low income 0.95 0.46 7%
Lower middle class 1.21 0.59 5%

Table 6 shows that households belonging to the poor and low income class expend
more than 5% of their income on electricity for all load scenarios with the low income
households spending more than 10% in LS 1, where they are expected to use refrigerators.
Poor households show better capacity to pay than the low-income households at these
load scenarios, spending between 6% to 8% of their income on electricity because these
households were considered to be non-fridge users. Calculations are favorable for lower
middle-class households who spend between 4% to 5% of their income on electricity
when they are not using refrigerators. While the majority of the results are not ideal, it
is important to note that the capacity to pay is calculated based on current income of the
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households. If consumers can find ways to improve their income with the increased access
to electricity, then capacity to pay will also increase. Moreover, if investors should choose
to increase profit margins, this would negatively sway the results unfavorably.

The viability of rural electrification projects does not solely depend on the financial
parameters that determine risks and rewards for project implementers nor on the technolog-
ical factors that dictate system design and energy sources. More importantly, the viability
of these projects also relies on the community, especially on whether the community has
adequate electricity demand and whether the consumers within the community exhibit the
capacity to pay for increased electricity access at a tariff set above the calculated levelized
cost of electricity. Moreover, the economic benefits offered by increased electricity access
must be explicitly defined for the community and consumers must be encouraged to use the
available electricity supply, especially through productive means, to realize these benefits.

4.4. Validation

Since March 2020, 11 households in Gilutongan Island were provided with 24-h
electricity access, with only 17 recorded instances of power interruptions over a one-year
period. Figure 6 shows the actual hourly electricity consumption for the 11 households in
Gilutongan Island between April 2020 to March 2021. Since the provision of 24-h electricity,
households are able to use household electrical appliances for longer hours. Moreover,
some households are able to buy refrigerators and water vending machines that allowed
them to earn additional income. The total electricity consumption of the 11 households for
the one-year period is 4742.109 kWh.

Table 7 presents the actual costs of installation and the results of the techno-economic
viability assessment. The payback period and the ROI are computed based on the actual
consumption of the households, with the assumption that no increase in consumption is
expected for the succeeding years. The payback period is relatively longer and the ROI
is relatively lower, primarily due to the lower actual consumption of the 11 hosuehold
beneficiaries (see previous figure) which is only roughly 44% of the expected energy output
of the system as presented in the table. This is also indicative of the significance of rational
load profiling and appropriate system sizing to ensure that installed systems are optimal in
terms of meeting load demand. However, when more productive uses of electricity are
implemented by the households, the payback period and ROI of the system are expected
to be more favorable due to the increased demand and usage of renewable energy.

Table 7. Economic results for Gilutongan Island.

Parameters Values

Solar PV System US$9400.00
Distribution and installation US$8699.11

Annual operations and maintenance US$464.00
Annual energy output 10,713.60 kWh

Levelized cost of electricity US$0.264
Net present cost $38,438.99

Economics at 10% profit margin
Payback period 9.14 years

ROI 10.93%
Economics at 20% profit margin

Payback period 8.39 years
ROI 11.93%

Table 8 shows economic benefit calculations for the 11 household beneficiaries in
Gilutongan. The lower economic benefits can potentially be explained by the low demand
of the households, considering only roughly 1480 kWh increase in electricity consumption
between Qa (4.5 h electricity access) and Qe (24-h access). This also strengthens the results
of Pangan-an, where higher economic benefits are expected when demand is higher.
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Table 8. Economic benefit to consumers (Gilutongan).

Electricity Load Scenario Pe (in USD) Pa (in USD) * Qe (Annual) Qa (Annual) D (in USD)

At 10% profit margin 0.2904 1.21 4742 3259 3679.02
At 20% profit margin 0.3618 1.21 4742 3259 3573.40

* Pa and Qa is from Lozano, et al. [47].

Table 9 presents the results of the analysis on the households’ capacity to pay. Average
daily consumption among the 11 households is within the range of 0.5 to 1.5 kWh per
day. Some of these households have only increased their consumptive use of electricity
with the increased electricity access, while only a few who belong to the low-income
bracket have found productive uses of electricity. This has greatly impacted the capacity
to pay, especially for the poor households where electricity cost is more than 10% of their
household income.

Table 9. Capacity to pay per household per income classification (Gilutongan).

Income Classification/Load
Scenarios

Average Consumption
(in kWh per Day)

Electricity Cost
(US$ per Day)

Percentage of Income
Spent on Electricity

At 10% profit margin
Poor 0.96 0.2788 12%

Low income 1.02 0.2969 5%
At 20% profit margin

Poor 0.96 0.3041 13%
Low income 1.02 0.3239 5%

5. Significance of Productive Uses of Electricity

The crucial role of the private sector in extending reliable, sustainable, and affordable
electricity access to last-mile regions is already extensively discussed in literature [60–62].
However, scarce demand and impoverished community conditions that could lead to
unfavorable financial returns deter investors from pursuing rural electrification projects.
The economic viability of providing increased access to rural isolated communities through
renewable energy relies primarily on the electricity consumption of the residents. Bet-
ter returns are expected for high capital investments when demand is also high, which
necessitates the active contribution of consumers in rural electrification efforts.

Rural consumers must be urged to use electricity for economic growth in order to
stimulate high demand and to realize the high economic benefits of increased electricity
access. Encouraging the marginalized consumers in isolated areas to engage in productive
uses of electricity (PUEs) fosters socio-economic growth and motivate them to consume
electricity [63–65]. However, as economic activities in these isolated communities rarely
utilize electricity, the challenge of finding appropriate PUEs becomes daunting. Investors
and project implementers must take this into consideration when instigating rural electrifi-
cation projects, expanding their approaches to mentor the community and guide them to
use electricity to generate more income and to improve their productivity. This, in turn, will
generate higher electricity demand, which translates to economies of scale and favorable
returns for the investors.

Increasing the access of reliable, affordable, and sustainable electricity to isolated
rural communities cultivates for the improved welfare of the affected households [66]. It
promotes for better education through the use of modern teaching equipment in schools
and increased studying hours for students at night. It provides better access to health
services. It enables gender equality as women with electricity access will now have
better opportunities to earn a living, to study, or to ease the burden of domestic activities.
Moreover, promoting increased electricity access and stimulating PUEs break the cycle of
electricity poverty experienced by these marginalized populations [67].
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6. Policy Implications

Despite being an early recipient of renewable energy technology, Pangan-an Island
was not able to sustain their electrification system and was forced to utilize conventional
electrification means after the decommissioning of the island’s solar PV facility. Studies
indicated that the failure to sustain this system resulted from the inability of the island
residents to find more meaningful uses of electricity, merely using the increased access
for lighting and household entertainment, and in defining the true cost of electricity.
While the Philippine Department of Energy calls on private sector participation to increase
electrification in the rural areas [13], guaranteeing the financial practicality of implementing
electrification projects, especially those integrating renewable energy technologies, in poor
isolated communities becomes a requisite to spur the sector into participation.

Installing microgrids while considering cleaner energy sources typically requires high
capital investment that the marginalized populations usually cannot afford. It becomes
essential to explicitly define the benefits that consumers expect to receive with increased
electricity access for them to willingly adapt renewable energy. The implied economic bene-
fit to consumers tends to be higher as their demand also becomes higher, but low economic
status inhibits them from consuming more. It is also crucial for consumers to find suitable
PUEs in order for them to improve their economic well-being, subsequently allowing them
to pay for higher electricity consumption. As such, policies must be in place to encourage
recipient communities to actively engage in PUEs, as electricity is made more available to
them, in order to stimulate higher demand and in order to increase capability to pay for
higher demand. This is clearly demonstrated in the solar PV installation in Gilutongan
Island. While consumptive use of electricity has proliferated for the 11 households, it does
not really provide them high economic benefits unless they found more productive uses
of electricity.

The determination of implementing PUEs might prove to be a challenge for consumers
who earn income without relying on electricity. Thus, it falls on those implementing the
project to help the consumers find ways to use electricity for productive means. It is
therefore necessary to include, in the mandate of these implementers, a program that
will stimulate productive uses of electricity. Moreover, the program could focus on exist-
ing livelihood in these isolated communities and assess measures on how to “electrify”
these livelihoods to encourage PUEs and improve efficiency and productivity. In most
coastal communities in the Philippines, household income is highly dependent on fishing
or vending, thus refrigeration could be a potential option to be explored. Water is also
scarce in these communities and households source out potable water from the mainland
at expensive costs such that desalination systems powered by renewable energy could also
be a viable option to consider. Technological advancements and smart grid applications
like broadband over powerline (BPL) and powerline communication (PLC) could also
be explored further to provide increased access to telecommunications while providing
electricity access through renewables in these isolated island communities. Policies integrat-
ing electricity and telecommunications could be investigated to increase socio-economic
benefits and further rationalize capitalization costs.

7. Conclusions

Techno-economic viability studies in relation to rural electrification projects seldom
capture the latter’s impact on the socio-economic aspect of the communities. However,
sustainability of such projects greatly relies on the crucial role that consumers play in
their advancement. The study provided for a viability assessment framework that would
determine not just the economic impact of rural electrification to investors but also the
socio-economic outcomes to consumers. A two-phase approach was used where the techno-
economic viability was assessed in the first phase and the socio-economic viability was
evaluated in the second phase. Techno-economic parameters considered were levelized
cost of electricity, initial capital cost, net present cost, payback period, and return on
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investment. Meanwhile, economic benefit of increased electricity access and capacity to
pay were considered as socio-economic parameters.

Results of the study suggest that rural electrification projects will provide better pay-
offs for investors if electricity demand is high, as this results in economy of scale. Moreover,
the economic benefits of increased electricity access for consumers is greater when their
consumption is high. However, consumers might not be motivated to consume more
electricity, especially when electricity cost is high and electricity usage is limited to lighting,
household entertainment, and other consumptive uses. With low household income, the
capacity to pay is compromised especially when the electricity tariff is steep. For consumers
to consume more, they must be able to afford the electricity cost. As such, increasing their
income-generating capacities through productive uses of electricity becomes the most
pragmatic option as this allows investors to push for increased capacity and encourages
consumers to use more; thereby achieving mutual benefits for the major stakeholders.
Finding uses of energy that could help augment income for the users should be thought-
fully considered and should be put in place where increased electricity access is desired.
Moreover, the framework presented in the paper could be useful for project implementers
as well as for consumers, as this provides signficant insights into the techno-economic and
socio-economic impacts of increasing electricity access in off-grid communities.
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The energy mix combines various energy sources to meet the energy need 
in a particular area or location. Energy mix may be affected by the available 
resources in the area, the characteristic of the energy demand, and the policy 
imposed on the particular area. In Cagayan de Oro, where electrical energy 
demand varies every hour of the month based on the type of consumers, 
such an electrical energy supply mix is essential to meet the variations 
adequately. This electrical energy supply mix is also vital since it can affect the 
generation rate passed on by the electric utility to the consumers. Moreover, 
the renewable energy policy imposed by the Philippine government supports 
the incorporation of renewable energy sources, such as solar photovoltaic 
(Solar PV), into the mix. Growth of solar PV installation may be observed in the 
city, which may affect the city’s existing and projected demand and electrical 
energy supply mix. This paper aims to determine the status quo electrical 
energy mix and the true energy mix of Cagayan de Oro City. This is done by 
assessing and evaluating the current and projected energy demand, power 
supply contract of the electric utility, and the solar PV installations in Cagayan 
de Oro City. The study shows that Hydro Energy dominates the current energy 
mix of the city; however, due to the seasonal characteristic of Hydro Power, 
the energy mix may be overwhelmed by coal and diesel power during dry 
months, thus increasing the generation rates during these periods. Cagayan 
de Oro City Customer-Owned Renewable Energy (Solar PV) installations may 
be growing however its capacity is still so small that it may not affect the overall 
energy mix. Analysis shows a minimal effect on the computed generation rate 
with the current Renewable Energy (Solar PV) installations trend in the city. 
Then, with the projections of demand and supply, it was observed that coal 
power might dominate the energy mix in the next ten years; thus, generation 
rates may double in these periods. Lastly, new electrical energy sources are 
needed during peak periods and in the next ten years for Cagayan de Oro 
City. This is an opportunity for Renewable Energy Sources, which may also 
affect the generation rate for the city.

Keywords: Electrical Energy Demand, Electrical Energy Mix, Generation rate
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In figure 7.1, “the 2019 gross generation of the country increased to 106,041 
GWh registering a growth of 6.3% from the previous year (DOE 2019).” The 
report noted that in the same year, coal “continuously dominated the power 
mix” with an increased share of 54.5% as opposed to its 52.1% share in 2018 
(DOE 2019). The continued dominance of fossil fuels in the mix leads to the 
decrease of renewable energy generation share of 20.8% (DOE 2019).

The Electric Utility in Cagayan de Oro City, has the following power supply 
contracts and energy mix represented in Figure 7.2. 

Figure 7.1:
2018 vs 
2019 Gross 
Generation

Source: 
DOE 2019

1
The term “energy mix” refers to the combination of the several sources used to 
meet energy needs within a given area. It includes fossil fuels (oil, natural gas 
and coal), nuclear energy and the many sources of renewable energy (wood 
and other bioenergies, hydro, wind, solar and geothermal)…the composition 
of the energy mix varies greatly from one area to another and can change 
significantly depending on the period (Planet Energies 2021).” 

Energy mix can be determined by the percentage share of each component 
of energy supply within a defined boundary. “To meet its energy needs, each 
country, region or defined area uses the energy available to it, in different 
proportions (Bosančić, et al. 2017).”

Introduction
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Figure 7.2:
MWh	Offtake	
of CDO Electric 
Utility

Source: 
CEPALCO 2021

The Power Supply Agreement (PSA) of CDO Electric Utility with Mindanao 
Energy Systems, Inc. (MINERGY) as reflected on Figure 7.2 constitute the bulk 
energy on the mix. The said PSA serves as the base requirements contracted 
at a capacity of 150MW.

Figure 7.3:
Shares of 
Energy Sales 
per customer 
class of CDO 
Electric Utility

Source: 
CEPALCO 2021

The energy sales of CDO Electric Utility in Figure 7.3 presents that the 
“industrial customers account for the bulk of energy sales at 59.12%. In 
contrast, other customers, specifically street lights, accounted for only 0.73% 
of energy sales due to the low number of connections (CEPALCO 2021).”

Since 2016, customers of CDO Electric Utility have been using solar power in 
their residences and business establishments. This was followed by an increase 
of solar power utilization in the area today. Table 7.1 shows the approved net 
metering connection of CDO Electric Utility. Unregistered Renewable Energy 
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By utilizing solar PV and continuous technological improvements, including 
higher solar PV module efficiencies, the cost of electricity declined. In 2019, 
module prices dipped as low as USD 0.26/W. The production costs are 
projected to fall by as much as 59% by 2025, making solar the largest source 
of cheaper power. Thus, the decline in photovoltaic system prices is expected 
to increase the adoption of solar power in the Philippines and drive the market 
during the forecast period (Mordor Intelligence n.d.).

Table 7.1:
Net Metering 
Connection of 
CDO ELECTRIC 
UTILITY

Class kWh

  2016 2017 2018 2019

Residential 1,614 7,373 30,573 68,347

Commercial 5,482 24738 31.562 33,894

Industrial 681,625 1,901,255.83 0 7,962.5

2

Table 7.1 presents the listed total number of kilowatt-hours connected with 
CDO Electric Utility through a Resolution 09, Series of 2013, adopting the 
Rules Enabling the Net Metering Program for Renewable Energy. It stated that 
the said program is available only to On-Grid distribution systems.

Seeing the abrupt growth of customers installing rooftop solar on their 
respective residences and business establishments, connecting these to 
the distribution utility helps the utility’s requirement for Renewable Portfolio 
Standards (RPS) as mandated by the Department of Energy.

But the main issue is that many customers with self-generating facility did not 
apply Net Metering to the utility. This case disrupts the true mix of energy that 
the utility is operating.  

Statement of the Problem

(RE) facility or data from customers who did not apply net metering with the 
utility are not listed since their solar power installed is less than their average 
energy consumed.
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Figure 7.4:
Conceptual 
Framework of 
the study

3

4

With the rising installation of Renewable Energy by the customers of CDO 
Electric Utility, the daily mix did not reflect the true electricity energy mix that 
the utility was supposed to supply in its franchise area.

This study aims to determine the true electrical energy mix in Cagayan de Oro 
City. In order to attain the general objective of the study, the researcher will 
perform the following:

1. Determine the demand and supply of Cagayan de Oro City power 
consumers who have Renewable Energy facilities in their establishment.

2. Calculate the electrical energy demand of Cagayan de Oro City with 
the electrical energy demand of the customer-owned Renewable 
Energy facilities.

3. Evaluate the status quo electrical energy mix and the true electrical 
energy mix when the Renewable Energy facility is operating. 

Input

Existing Electricity 
Energy Mix with 

Net Metered 
Facilities

Assessment 
and Evaluation 
Unregistered 

Electrical Energy 
Demand and 

Capacity

Assessment and 
Evaluation of the 

True Electrical 
Energy Mix

True Electrical 
Energy

Mix of Cagayan
de Oro City

Unregistered
RE Facility

Process Output

Objective of the Study

Conceptual Framework
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5 Literature Review
5.1

Globally we see that coal, followed by gas, is the largest source of electricity 
production. Of the low-carbon sources, hydropower and nuclear make the 
largest contribution, although wind and solar are growing quickly. Figure 7.5 
data shows the electricity production of different sources of energy, as well as 
the world’s top electricity resources.

Based on the statistics provided for under Figure 7.5, the coal industry has a 
prevalent role in our electrical grids. “In the late 1980s, coal account for more 
than 60% of electricity production. By 2019 this had fallen to 2% (Ritchie and 
Roser 2020)”.

World Electrical Energy Mix

Figure 7.5:

Figure 7.6:

Graph showing 
electricity 
production by 
2020

Graph showing 
electricity 
production by 
2020

Source: Ritchie 
and Roser 2020

Source: Ritchie 
and Roser 2020
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Figure 7.6 shows the breakdown of the electricity mix of the world. “First 
with the higher-level breakdown by fossil fuels, nuclear and renewables. Then 
with the specific breakdown by source, including coal, gas, oil, nuclear, hydro, 
solar, wind and other renewables (which include bioenergy, wave and tidal) 
(Ritchie and Roser 2020)”. 

Coal dependency reduced by 7% due to the production and usage of other 
sources, however, the production of coal has not decreased since 1985. As 
renewable resources emerged in a lot of countries, power dependency and 
share of renewable energy in the electricity mix increased in percentage. In 
the early 2000s, there were no renewable energy source that can account to at 
least 1% of the mix. Now, wind power, solar power, and hydro power accounts 
to 7%, 3%, and 21% respectively of our energy supply.

This dramatic change in the percentage infers that renewable energy sources 
now plays a more prevalent role in our electricity mix as our dependency on 
non-renewable energy source depletes.

5.2

“The 2019 gross generation of the country increased to 106,041 GWh 
registering a growth of 6.3% from the previous year (DOE 2019)”. Grid 
generation contributed 98.5% of the mix while off grid contributed 1.5%. The 
Luzon grid, being the economic center of the country, contributed the majority 
of generation at 71.8%. While Visayas and Mindanao grids recorded 15.1% 
and 13.0% share, respectively. Coal continuously dominated the power mix in 
2019 by increasing its share from 52.1% in 2018 to 54.6%. The further increase 
in coal generation was attributed to the entry of new coal-fired power plants 
across the country. With the domination of fossil fuels in the mix, renewable 
energy technologies decreased its total generation share to 20.8% due to 
the continuous drop in generation of hydro and limited penetration of other 
technologies to the mix. Natural gas contributed 21.1% while oil-based plants 
continuously registered the least contribution in the power mix at single digit 
growth rate of 3.5%.

In the Philippines
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Figure 7.7:
2018 vs 
2019 Gross 
Generation, 
GWh

Source: DOE 
2019

5.3

The total Offtake for the last historical year is lower than the quantity stipulated 
in the PSA. The PSA with case no. 2013-134RC and 2013-138RC accounts for 
the majority of MWh Offtake. The supplier indicated as “Photovoltaic Plant in 
the graph above has no ERC case number since it is Distribution Utility (DU) 
owned. CDO Electric Utility did not apply for PSA Approval since there is no 
counter party. Hence, there is no corresponding ERC case number.

Cagayan de Oro Electrical Energy Demand and Mix

Figure 7.8:
MWh	Offtake	
of CDO Electric 
Utility

Source: 
CEPALCO 2021
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Figure 7.9:
2020 Load for 
Peak	MWh	and	
MW	Days

Source: 
CEPALCO 2021

“Peak MW occurred on 14:00 due to the increased demand from medium 
voltage customers. Peak daily MWh occurred on 15:00 due to the increased 
demand from medium voltage customers. As shown in the Load Curves, the 
available supply is higher than the Peak Demand, (CEPALCO 2021).”

5.4 Trends in RE Technologies

5.4.1 China’s rapid recovery

“China supplied around 70% of solar photovoltaics globally. 
Since the COVID-19 began spreading, their solar photovoltaic 
production declined. 

Due to their effective measures in containing the virus, their local 
economy reopened and once again the manufacturing operates 
normally to cater the demand (McCarthy 2020).”
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5.4.3

5.4.4

Offshore Wind

Green Hydrogen

“Offshore wind projects have potential to meet humanity’s 
energy demands. The challenge of these technology is incredibly 
expensive, difficult to execute, and remain logistically uncertain.

Europe pioneers in Offshore wind projects and have provided 
insight to other countries that are now beginning to roll out their 
own projects. 

By 2030, offshore wind projects could generate 234 gigawatts of 
electricity annually, a massive increase led by China (McCarthy 
2020).”

5.4.2 Energy Storage

“Wind turbines and solar panels generate energy based on 
weather conditions and operates intermittently. As a result, 
there are surges and dips in energy production that don’t always 
correspond to energy demand, and energy generated from 
renewable sources must be stored in batteries.

The costs of renewable electricity storage are expected to 
continue to decline, allowing for greater storage capacity, while 
new forms of storage are emerging, including “flow batteries” 
that have a longer lifespan than the standard lithium-ion batteries 
(McCarthy 2020).”

“The energy mix portfolio will likely include nuclear power, 
biothermal energy, hydropower and green hydrogen. Green 
hydrogen, a type of fuel created by separating hydrogen particles 
from water through a process called electrolysis.

Green hydrogen can be used to heat homes and fuel hybrid cars. 
Many countries are betting on green hydrogen as an alternative 
to emissions-intensive fuels like natural gas.

The European Union, for instance, is making green hydrogen a 
key part of its economic recovery plan (McCarthy 2020).”
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5.4.5 Decentralizing energy grids

“The supply of energy around the world is dominated by 
centralized grids that are prone to blackouts and infrastructure 
damage. The decentralization of energy grids will help 
countries reduce their emissions by prioritizing renewable 
forms of energy and “leapfrogging” fossil fuels, as forecasted 
(McCarthy 2020).”

5.5

6.1

“In the Philippines, net-metering is the first policy mechanism of the 
Renewable Energy Act of 2008 which has been fully implemented. This allows 
customers of Distribution Utilities (DUs) to install an on-site Renewable Energy 
(RE) facility not exceeding 100 kilowatts (kW) in capacity so they can generate 
electricity for their own use. Any electricity generated that is not consumed by 
the customer is automatically exported to the DU’s distribution system (DOE 
2013).”

Figure 7.10 below shows the research flow of this research. Based on the 
figure, the research is undertaken first by gathering pertinent data needed in 
the study. This is then followed by assessing the Cagayan de Oro Electric Utility 
Demand and Energy Mix profile. Such a process is essential to determine the 
status-quo energy demand and mix of Cagayan de Oro City. These processes 
will serve as the baseline information, which will be used in the projection of 
Cagayan de Oro Energy Demand and Energy Mix. In this process, projected 
energy demand and mix will be generated, using the baseline information 
and incorporating the calculated customer-owned Renewable Energy (RE) 
sources. Then, with these results, an evaluation of the true energy demand 
and the mix is undertaken. Such a process will provide information’s on 

Net Metering Schemes

Research Flowchart

6
This chapter will present the processes and methods undertaken by the 
researcher to fulfil the objectives of this research. Section 6.1 presents the 
research flow, while the preceding sections discuss the details of each element 
of the research flow.

Methodology
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Start

Data Gathering

Assessment of Cagayan de Oro Electric Utility

Energy Demand Profile and Energy Mix Profile

Projection of Cagayan de Oro Energy Demand

and Energy Mix with customer owned

Renewable Energy Resources

Evaluation of True Energy Demand and

Energy Mix of Cagayan de Oro City

End

6.2

The data gathering process on this study is a vital step to come up with 
relevant data needed in the preceding sections. The applicable data gathered 
in this study include:

• Historical Electrical Energy Demand of Cagayan de Oro City
• Net Metered Customers of Cagayan de Oro City
• Historical Energy Supply Data of Cagayan de Oro City
• Customer Owned Renewable Energy Installations in Cagayan de Oro 

City

These data are gathered using the published data of Cagayan de Oro City 
electric utility,  survey from Solar Photovoltaic (PV) Installers in the city, and 
focus group discussions with the various stakeholders, like commercial 
establishments, electric distribution utility, solar PV installers, power generation 
suppliers, academe, profession organizations, and academe, in the city. Some 
information is kept confidential; as such, names and titles of the sources of 
information in this paper are concealed using general names and titles.

Data Gathering

Figure 7.10:
Flowchart of the 
research

the effect of customer-owned RE sources on the energy demand and mix 
of Cagayan de Oro City. Such effect is evaluated based on the increase in 
demand, the percentage in the mix, and changes in the electricity generation 
rate of Cagayan de Oro City.
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6.3

This study process assesses the current or status quo energy demand and 
mix profile of Cagayan de Oro City. Data on the historical energy demand 
and supply is used to generate the status quo profiles of the city. Status 
quo energy demand and supply are matched to create the city’s status quo 
electrical energy mix. This is undertaken by considering the merit order based 
on the published energy supply profile and the Power Supply Agreement 
(PSA) of the electric distribution utility of the city. This process will provide 
information on the status quo computed electrical energy demand profile and 
electrical energy mix.

Assessment of Cagayan de Oro Utility Energy Demand and
Energy Mix Profile

6.4

6.5

Using the status quo data, historical energy demand and supply, and gathered 
information on the installed RE facilities, where all are Solar PV, in Cagayan 
de Oro City, the energy demand and energy mix is projected in the next ten 
years. This process is done by adding the computed peak demand from the 
consumers with installed RE facilities to status quo peak demand to produce 
the true energy demand. The total capacity of these installed RE facilities is 
added to the status quo supply to generate the updated supply profile with 
customer-owned RE facilities. This result is then matched to the true energy 
demand to determine the true energy mix of the city. Then, with the trend of 
the status quo peak demand profile and customer-owned RE facilities in the 
city, the projected monthly customer-owned demand profile and projected 
monthly energy demand profile with and without customer-owned RE facilities 
are generated. This projected data and the PSA of the electric distribution 
utility in the city is then used to create the projected energy mix of the city in 
the next ten years.

Projections of Cagayan de Oro City Energy Demand and 
Energy Mix Profile with customer owned Renewable Energy Sources

The calculated and projected true energy demand and energy mix from 
the previous section is then used to evaluate the true energy demand and 
energy mix of Cagayan de Oro City. The evaluation process is conducted 
by conducting a sensitivity analysis based on the observed characteristics of 
the energy demand and mix of the city. Such characteristics are focused on 
the dominant type of energy supplier in the city, as it may significantly affect 
the energy mix. Also, the effect on the energy mix projections caused by the 

Evaluation of True Energy Demand and Energy Mix of 
Cagayan de Oro City
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7.1

This section provides data gathered from the electric utility, solar PV 
installers, and electricity consumers in Cagayan de Oro City. These data are 
collected based on the discussed process from the previous chapter. Due to 
confidentiality agreements by the researcher and the data providers, specific 
names and titles are concealed using general names and titles. Next, data on 
the energy demand, supply, net metering, and customer-owned renewable 
energy (Solar PV) is presented.

Data Gathering

7
This chapter presents the results based on the discussed methodology in the 
previous chapter. Results in each research flow process are discussed and 
shown to provide the connectivity of each approach.

Results and Discussion

7.1.1 Historical Energy Demand Profile of CDO electric utility

Figure 7.11 below shows the historical energy demand profile of 
Cagayan de Oro (CDO). This data is obtained from the published 
power supply procurement plan of the electric distribution utility 
in CDO. Based on the figure, the historical energy demand profile 
of the city shows an increasing trend reaching up to 1,200,000 
MWh with 223 MW peak demand in 2020. These historical peak 
demand data are essential for the following sections’ energy 
demand projections.

dominant type of energy supplier, PSA of the electrical distribution utility, and 
the customer-owned RE facilities are carefully evaluated in this section. Such 
an analysis is essential to assess the effect on the mix in the future.

Moreover, any changes in the energy mix may cause variations in the generation 
rate imposed by the electric distribution utility. Thus, this section also 
evaluates the effect of these changes on the generation rate. The evaluation is 
conducted by calculating the generation rate based on the amount of energy 
supplied by each energy source and its PSA contracted rate or the contracted 
rate based on the net metering policy (for customer-owned RE facilities). The 
blended generation rate is calculated by dividing the total energy demand by 
the total cost of energy based on the energy mix and rate contracts.
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7.1.2 Net Metered Customer of CDO electric utility

Using the information gathered from the survey and focus 
group discussions, Table 7.2 below is generated. Based on 
the data collected, the net-metered customers in Cagayan de 
Oro are increasing per customer type. The data shows that the 
residential customers produce the most net-metered energy, 
followed by the commercial and industrial customers. It can also 
be observed that while the trend is increasing, some months and 
years produce less energy from each consumer type. This may be 
due to the seasonal characteristics of the RE facilities, which is, 
in this case, all are Solar PV installations. It can also be observed 
that the data only stated in October of 2016; this is because the 
utility started accepting applications for Net Metering starting 
2016 with fewer applicants. But, as the year progressed, the 
number of applicants increased significantly. This is maybe due 
to information dissemination and knowledge of customers in 
renewable sources and the increasing rate of electricity in the 
region. This information is consolidated to be used to assess the 
true energy demand and energy mix.

Figure 7.11:
Historical 
Energy Demand 
Profile	of	CDO

Source:
CEPALCO 2021
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  Residential (kWh) Commercial(kWh) Industrial (kWh)
  2016 2017 2018 2019 2016 2017 2018 2019 2016 2017 2018 2019

January  385 557 4258  2274 1547 3062    0

February  552 954 5037  1761 1630 2663    787.5

March  596 1142 4562  1956 1481 2067    525

April  812 1921 6405  2934 4446 4531    1050

May  594 2294 5562  2921 4118 3412    962.5

June  596 3051 5523  2622 2661 3223    1050

July  609 2701 5507  1783 2071 2129    437.5

August  745 3045 6010  1887 2373 2592    612.5

September  751 3922 8265  2136 3191 3742    787.5

October 614 560 4357 9526 2152 952 2573 3423    525

November 495 670 3364 7692 1400 1880 3002 3050    1225

December 505 503 3265  1930 1632 2469      

Table 7.2: Net Metered Customer Data

7.1.3 Historical Energy Supply Profile of CDO electric utility

Electrical energy demand varies every month, day, or hour due 
to variations in the consumption and electricity usage of the 
consumers in a particular area. As such, electric distribution 
utility supplies different sources to support the variability energy 
demand. Figure 7.12 below shows the 2020 energy supply 
profile recorded by the electric distribution utility in CDO. As 
shown in the figure, the peak MW occurred at 14:00 while the 
Peak daily MWh occurred at 15:00 due to demand variations 
of the customer’s types in CDO. With this variability, it can be 
observed that various contracted power generation suppliers 
are assigned to operate for a particular period in a day. Such 
power generation operation is due to the demand profile and 
the Power Supply Agreements (PSA) contracts approved and 
filed in the Energy Regulatory Commission (ERC). Table 7.3 
shows the details of the PSA’s per power supplier type. The table 
shows essential information such as Type, Supplier Type, Supply, 
Generation Rate, and PSA start and end. This information’s are 
needed in the assessment and evaluation of the energy mix in 
the preceding sections of this paper.
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7.1.4 Customer Owned Renewable Energy Installations in
Cagayan de Oro City

Using the information gathered from the survey and focus group 
discussions, the total kWp for the self-generating consumer that 
did not apply for net metering is calculated and shown in Table 
7.4. The table shows a per customer type classification where the 
residential customer shows the largest kWp installed capacity for 
2021. The table shows that for the year 2021, a total of 356.65 

Figure 7.12:

Table 7.3:

2020 Energy 
Supply	Profile

CDO Electrical 
Energy 
Suppliers

Source:
CEPALCO 2021

Source:
CEPALCO 2021

Code Type Supplier 
Type

Supply 
MW

Gen Rate
P/kWh

PSA 
Start PSA End

2018-054RC Base Hydro 135.00 2.61-3.02 1/1/2020 1/1/2026

Photovoltaic 
Plant

Base Solar PV 0.95 1/1/22008 1/1/2040

92-229 Peaking Diesel 15.31 1.06 – 10.59 6/1/1995 6/1/2022

2008-052RC Peaking Diesel 20.00 1.87 – 8.88 1/1/2012 1/1/2032

2008-052RC Base Hydro 8.00 5.22 – 5.24 10/1/2012 10/1/2042

2008-044RC Base Hydro 1.60 4.17 – 4.48 4/1/2005 4/1/2025

99-21 Base Hydro 7.00 5.06 – 5.09 09/1/2001 9/1/2026

2013-211RC Intermediate Coal 20.00 7.18 – 11.41 10/1/2014 10/1/2039

2014-020 Base Solar PV 10.00 10.21 – 10.36 10/1/2015 10/1/2040

2015-138RC Base Coal 50.00 5.85 – 7.08 9/1/2017 9/1/2042

2013-134RC Base Coal 100.00 5.60 – 6.08 9/1/2017 9/1/2042

2015-189RC Intermediate Diesel 30.00 0.68 – 0.74 1/1/2016 1/1/2026

2014-137RC Intermediate Coal 20.00 5.08 – 12.64 10/1/2014 10/1/2039
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7.2.1 Energy Demand Profile of Cagayan de Oro City

Energy demand may vary from hourly to monthly based on the 
seasonality of customer energy usage. The recent load curve 
of Cagayan de Oro City shows that the baseload is at 80 MW 
while its peak is at 223 MW. Figure 7.13 show this information 
as 100% of the time, the load reached at 80 MW is lowest per 
cent time is at 223 MW. The middle percentage provides the 
intermediate loads of the city. Also, as presented in Figure 7.14, 
the city’s peak demand falls in May, reaching up to 223 MW, 
while March is the lowest, reaching only 208 MW. Then using 
this information, monthly energy demand in the city is calculated 
and presented in Figure 7.15. Figure 7.15 shows the month of 
May as the highest energy demand reaching up to 132,851.22 
MWh, while February is the lowest with only 116,301.89 MWh 
energy demand. It can also be noted in the figure that the 

Customer Type Self-generating (kWp) 2021

Residential 356.65

Commercial 342.01

Industrial

Total 698.66

Table 7.4:
Customer 
Owned RE 
facility in CDOC

7.2

In this section of the paper, an assessment in terms of the energy demand 
and mix profile of Cagayan de Oro City using the gathered and generated 
data from CDO stakeholders, such as the CDO electric distribution utility, 
solar PV installers, commercial establishments, etc., of the city. Next are some 
discussions of the result of the assessment.

Assessment of Cagayan de Oro Utility Energy Demand
and Energy Mix Profile

kWp and 342.01 kWp for residential and commercial customers, 
respectively, was recorded from local RE installers of the city. 
While there is no industrial customers account for zero records as 
of the date of data gathered. This information are needed in the 
assessment and evaluation of the energy mix in the preceding 
sections of this paper.
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Figure 7.13:
2020 Load 
Duration Curve

Source:
CEPALCO 2021

monthly average energy demand of the city is 127,004.69 MWh. 
These results are essential in the next section to determine the 
electrical energy mix of the city.

Figure 7.14:
2020 Load 
Duration Curve

Source:
CEPALCO 2021
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7.2.2 Energy Mix Profile of Cagayan de Oro City

Using the monthly peak demand profile, computed monthly 
energy demand, and PSA’s of CDO electrical distribution utility, 
the 2020 energy mix is calculated and presented in Figure 
7.16 The figure shows that with the current energy demand 
and supply contracts, the current energy mix is dominated by 
hydropower providing 85% of the total energy. In comparison, 
coal only provides 14% of the energy mix. Other sources such 
as diesel and solar PV contribute only from 0 to 1% of the total 
energy demand. This result shows that the city’s existing supply 
is mostly coming from renewable energy sources.

Figure 7.15:
2020 
Computed 
Energy Demand 
Profile

Figure 7.16:
2020 CDOC 
Computed 
Energy Mix

Solar PV
1%

Diesel
0%

Coal
14%

Hydro
85%
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7.3.1 Projected Cagayan de Oro City Energy Demand Profile
with customer owned Renewable Energy Sources

With the data on 2020 monthly peak demand of the city (DU only) 
and the capacities of customer-owned RE facilities, particularly 
Solar PV, in the city, an updated monthly peak demand profile 
with customer-owned RE facilities (DU plus Solar PV owners) is 
developed and presented in Figure 7.17. The figure shows a 
slight increase in the city’s energy demand with the customer-
owned RE facilities. This increase is attributed since such 
demands are being supplied from the customer RE facilities and 
are not counted in the CDO electric distribution utility data. Also, 
with installation and capacity trends for the customer-owned RE 
facilities in the city, monthly demand projections from these 
customers for the next ten years are calculated and presented 
in Figure 7.18. These projections show that with the existing 
trend, the demand from these customers will reach up to an 
average of 1MW in the next ten years. Then, with the monthly 
peak demand projections from CDO electrical distribution utility 
and the projected monthly peak demand of the customers with 
RE facilities, projections in the peak demand with (utility plus 
solar PV owners) and without (utility only) the RE facilities are 
presented in Figure 7.19. The figure shows a minimal increase 
in the peak demand upon integrating the peak demand from 
customers with RE facilities. It can be observed that the city’s 
demand is so significant that an average of 1 MW in the peak 
demand is negligible. It can be observed that the projected 
peak demand of the city can reach up to 350 MW in the next 
ten years. Such observation can also be seen from an annual 

7.3

Using the existing energy demand profiles and PSA contracts of CDO electrical 
distribution utility, projections of the energy demand and mix is calculated 
and presented in this section. These projections are tagged as the status 
quo perspective, where customer-owned RE facilities are not considered in 
the energy demand and mix. Regarding the customer-owned RE facilities, a 
projection of the energy demand and mix is also established. Such perspective 
is tagged as the true energy demand and true energy mix. All the projections 
consider the hourly and monthly seasonality of peak demand and the merit 
order, capacity, and contract ending based on the CDO electrical distribution 
utility PSA’s. Moreover, projections are made for the next ten years using the 
most appropriate forecasting methodology, such as the Triple exponential 
smoothing, to cater to data seasonality.

Projections of Cagayan de Oro City Energy Demand and Energy Mix 
Profile with customer owned Renewable Energy Sources
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peak demand perspective, shown in Figure 7.20. It can be 
seen that in the year 2030, the projected peak demand by 
the electric distribution utility in CDO is approximately 350 
MW and incorporating the demand from customers with RE 
facilities, the projected peak demand reached an increase 
only to about 351 MW.

Figure 7.17:

Figure 7.18:

2020 Monthly 
Peak Demand 
Comparison

Projected 
Monthly 
Demand from 
Customers with 
RE Facilities
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Figure 7.19:
Projected 
Monthly Peak 
Demand	Profile	
Comparison

Figure 7.20:
Projected 
Annual Peak 
Demand	Profile	
Comparison

7.3.2 Projected Cagayan de Oro City Energy Mix Profile without 
customer owned Renewable Energy Sources (Status Quo)

Figure 7.21 shows the projected energy mix without the customer-
owned RE sources or status quo perspective with the projected 
peak demand data from the CDO electric distribution utility and 
its PSAs. The figure shows that for the years 2020 - 2025, the mix 
is dominated by hydropower sources; however, in 2026 – 2030, 
the mix will be dominated by coal power sources. This scenario 
is because of the existing PSAs of the distribution utility, where 
most of the hydropower source contracts will end by 2025. Thus, 
to supply the increasing demand remaining sources from coal, 
diesel, and other RE sources are tapped to support the demand. 
New sources are also needed in these periods since the energy 
demand is high, and the supply is limited due to PSA expirations. 
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Figure 7.21:

Figure 7.22:

Projected 
CDOC Energy 
Mix without 
Customer 
Owned RE 
Facility 
(Status Quo)

Projected 
CDOC Share of 
Energy Mix per 
Source without 
Customer 
Owned RE 
Facility (Status 
Quo)

This scenario is also prevalent in the result shown in Figure 7.22, 
where hydropower share in the mix falls from 85% in 2020 to 
approximately 3% in 2030, while coal power share increases from 
about 14% in 2020 to 70% in 2030. It can also be noted in the 
figure that the Solar PV share decreased from 1.58% in 2020 to 
only 1% in 2030. The figure also shows that such radical reverse 
of share occurs in the year 2026 due to PSAs expirations in the 
preceding years. Lastly, an increasing share for new sources are 
presented in these periods, wherefrom approximately 15% in 
2026 to 20% in 2030 is observed. Such an observation provides 
an opportunity for renewable energy sources, like solar PV, to 
increase their share in the mix.
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7.3.3 Projected Cagayan de Oro City Energy Mix Profile with 
customer owned Renewable Energy Sources (True Energy Mix)

Using the presented projections on the peak demand plus 
customer demand with RE facilities (Solar PV) and CDO electric 
distribution utility PSAs, the projected energy mix of the city 
with customer-owned RE sources or true energy mix perspective 
is determined and presented in Figure 7.23. The figure shows 
approximately the same result in the previous section, but with 
a bit of increased energy demand and share for solar PV in the 
energy mix. Such a case is visualized in Figure 7.24, where the 
share from solar PV becomes 1.71% in 2020 and 1.11% in 2030. 
This is approximately around 11 to 13% increase in percentage 
compared to the status quo. Moreover, with this increase in share 
on solar PV, the share of coal power decreased from 13.80% in 
2020 for the status quo to 13.77% in 2020 for the true energy 
mix. Then projection for 2030 shows that the share of 69.71% 
in the status quo decrease to 69.64% in the true mix. This result 
proves that with the trend of energy supply and demand of the 
city, an increase in the energy share for Solar PV may create 
a corresponding decrease in the energy share for coal power 
sources. However, it can also be noted that with the current 
trend of RE facilities, particularly solar PV, in the city, such an 
effect is negligible. The presented need for a new source in 
the projections may allow RE technologies, such as solar PV, to 
increase their share in the mix and may significantly affect the 
coal power sources’ share.
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Figure 7.24:
Projected 
CDOC Share 
of Energy Mix 
per Source 
with Customer 
Owned RE 
Facility (True 
Energy Mix)

Figure 7.23:
Projected 
CDOC Energy 
Mix with 
Customer 
Owned RE 
Facility (True 
Energy Mix)
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8.1

Results from the previous chapter provide that Hydropower sources dominate 
the energy mix of Cagayan de Oro; as such, sensitivity analysis on the capacity 
of these hydro sources are varied to determine its effect on the mix. The 
analysis is carried out by varying the hydro capacities into 100%, 90%, 70%, 
50%, 30%, and 10%. These scenarios are implemented for the projected 
energy demand in both status quo and true mix. Figures 7.25 and 7.26 show 
the effect on the percentage share of each power source type upon varying 
the hydropower capacities for the status quo and true mix perspectives. 
It can be observed in both figures that upon varying the hydro capacity, a 
corresponding change in the percentage share of the other sources. It can be 
observed that a decrease in hydro capacity provides a much more additional 
share for coal power sources, and an increase in hydro capacity decreases the 
stake for coal power sources. It can also be noted that for both perspectives, 
shares for each source are approximately constant even with the variation 
of hydropower in the year 2026 to 2030. This is because, at this period, the 
total capacity of hydropower is so small that it cannot significantly affect the 
shares of other sources. Lastly, in these periods, coal power sources dominate 
the mix, and additional new power sources are needed to coup-up with the 
energy demand. Then consistent with the previous observations, it can also 
be noted that the current trend of RE facilities, particularly solar PV, in the 
city has a negligible on the mix. The presented need for a new source in 
the projections may allow RE technologies, such as solar PV, to increase their 
share in the mix and may significantly affect the coal power sources’ share.

Sensitivity Analysis

8

Based on the presented assessment result on the energy demand and energy 
mix from the previous chapter, this chapter evaluate the true energy demand 
and energy mix of Cagayan de Oro City by sensitivity analysis and its effect on 
the generation rate. For the sake of comparison, each analysis and calculation 
is carried out for both the status quo and true energy mix. The Next section 
presents and discusses the results of the analysis and calculations. 

Evaluation of True Energy Demand and
Energy Mix of Cagayan de Oro City
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Figure 7.25: Projected Share of Energy Per Source without
Customer Owned RE Facilities (Status Quo) at Different Hydro Capacities



181Issues in Energy SecurityChapter 7

Figure 7.26: Projected Share of Energy Per Source with
Customer Owned RE Facilities (True Energy Mix) at Different Hydro Capacities
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8.2

The blended generation rate is calculated and presented using the resulting 
projected energy mix (status quo and true energy mix), PSA rates, net metering 
rates, and sensitivities. Figures 7.27 and 7.28 present the status quo and true 
energy mix results. It can be observed on Figure 7.27 that the calculated 
generation rate varies with the hydro capacities and increase with the energy 
mix and demand. For 100% hydro capacity from 3.711 Php/kWh in 2020 to 
4.6725 Php/kWh in 2025. However, from 2026 to 2030, the generation rates 
increase rapidly to 7.3617 Php/kWh in 2026 and 7.3152Php/kWh in 2030. 
Such a scenario is also prevalent for the other hydropower capacities. This 
increase is due to the radical change in the mix that increases the share of coal 
power sources in the energy mix.

Figure 7.28 shows the computed generation rates with the true energy mix 
and incorporating the net-metered quantities. The figure shows that the 
calculated generation rate varies with the hydro capacities and increase with 
the mix and demand. It is shown that for 100% hydro, the blended generation 
rate changes from 3.7062 Php/kWh in 2020 to 7.3125 Php/kWh in 2030. While 
for the lowest 10% hydro, the blended rate changes from 4.4108 Php/kWh 
in 2020 to 7.3193 in 2030. The figure also shows an abrupt increase in the 
blended generation rate starting 2026. Such radical growth may be attributed 
to the abrupt changes in the mix this year, where coal power became the 
dominant power supplier in these periods.

Calculated Blended Generation Rate

Figure 7.27:
Calculated 
Blended 
Generation 
Rate without 
Net Metered 
Quantities 
(Status Quo) at 
Different Hydro 
Capacities
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Lastly, comparing the blended generation rates of the status quo and true 
energy mix shows that the rates of the true energy mix are lesser in all the 
hydro capacities for the year 2020 to 2025. However, from 2026 to 2030, 
the true energy mix rates are much larger because of the large share of coal 
power sources in the mix. During these periods, the demand is high, and coal 
power sources dominate the supply for electricity because most of the hydro 
contracts have already expired. Although solar PV capacities are increasing, its 
total capacity is still too small to affect the blended generation rate. Moreover, 
a slight decrease in the blended generation rate is observed from 2026 to 
2030 due to the increasing trend of needed new power sources in these years. 
This result means that the type and approved PSA for these new sources are 
essential in the blended generation rates of Cagayan de Oro in the next ten 
years. Renewable energy sources, like solar PV, may supply these needed 
capacities and significantly change the blended generation rates.   

Figure 7.28:
Calculated 
Blended 
Generation 
Rate with 
Net Metered 
Quantities (True 
Energy Mix) at 
Different Hydro 
Capacities
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9
Based on the presented results of the previous chapter, the following are the 
essential findings and conclusions of the study:

• Cagayan de Oro City Customer-Owned Renewable Energy (Solar PV) 
installations may be growing however its capacity is still so small that 
it may not affect the overall energy mix.

• Analysis shows a minimal effect on the computed generation rate 
with the existing trend of Renewable Energy (Solar PV) installations in 
the city. Net metered quantities are a lesser amount since most Solar 
PV installations are not utilized for net metering but used for their 
consumption. Thus, there may be a need to increase the trend for 
the net-metered renewable energy facilities in the city to impact the 
generation rates significantly.

• Current energy mix of the city is dominated by Hydro Energy; however, 
due to the seasonal characteristic of Hydro Power, the energy mix 
may be overwhelmed by coal and diesel power during dry months, 
thus increasing the generation rates during these periods.

With the projections of demand and supply, it was observed that coal power 
might dominate the energy mix in the next ten years; thus, generation rates 
may double in these periods.

New Power Sources are needed during peak periods and in the next ten 
years for Cagayan de Oro City. This is an opportunity for Renewable Energy 
Sources, which may also affect the generation rate for the city.

Findings and Conclusion
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The Philippine Energy Challenge: 
Building Towards an Affordable, Reliable, 
Clean, and Universal Access to Energy

8

Erees Queen B. Macabebe, Aison S. Garcia, Sol D. P. Magsuci, Lorelisa Ethel R. Luya, Maria Liwanag O. Montayre, 
Norberto Pocholo P. Labog, Reynaldo C. Guerrero and Rafael Roman D. Concepcion*
*raffy@solarsolutions.ph

Since the formulation and adoption of the seventeen Sustainable Development 
Goals (SDGs) in 2015, they have become the blueprint for many countries 
in	 their	 fight	 against	 poverty,	 inequality	 and	 climate	 change	 for	 the	 next	
fifteen	years.	Government	policies	were	aligned	 to	contribute	 to	 the	SDGs	
and indicators for each goal is reported to track every nation’s progress 
towards achieving the SDGs. Energy is a key element in addressing the three 
dimensions of sustainable development: socio, economic and environment, 
as well as in the aspects of peace, justice and effective institutions. Thus, 
SDG 7 on affordable and clean energy serves as a backbone in many energy 
policies and programs as it has direct and indirect impact on the other SDGs. 
In this paper, the policies and programs on energy access were analyzed to 
identify the challenges faced by the Philippine government as it works towards 
achieving	100%	household	electrification	by	2030.	By	reviewing	the	policies	
and	programs	that	support	electrification	of	 the	unserved	and	underserved	
communities, the study was able to recognize the limitations and policy gaps, 
as well as nuances in the method of gathering and reporting energy data. 
Thus,	one	of	the	recommendations	is	to	revisit	the	operational	definition	of	
energy access that the government adheres to when designing programs and 
reporting accomplishments, and to adopt the Multi-Tier Framework (MTF) 
which considers the indicators of SDG 7 used to assess energy access. Only 
with proper data can policy-makers develop effective programs and address 
the	needs	of	the	unelectrified	communities,	that	is,	access	to	energy	that	is	
affordable, reliable, clean and inclusive.

Keywords: Energy Access, SDG 7, Philippine Energy Policy, EPIRA, 
Multi-Tier Framework, Energy Justice, Unserved, Underserved.

Abstract
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Electricity Access Beyond Yes or No: Redefining 
the Context of Energy Access and Electrification 
to Address the Challenges of Socioeconomic 
Development in Under-Electrified Areas

9

Erees Queen B. Macabebe, Aison S. Garcia, Sol D. P. Magsuci, Lorelisa Ethel R. Luya, Maria Liwanag O. Montayre, 
Norberto Pocholo P. Labog, Reynaldo C. Guerrero and Rafael Roman D. Concepcion*
*raffy@solarsolutions.ph

Electrification	rate	is	a	binary	measure.	Either	a	household	has	electricity,	or	it	does	
not. This type of measure provides for only a limited understanding of energy 
access without taking account factors such as quantity, reliability, affordability, or 
the productive applications associated with availability of electricity.

While	 the	 Philippines	 provides	 some	 nuance	 to	 its	 electrification	 classification	
categories (served, unserved, underserved), data describing the actual state of 
electrification	and	coverage	of	underserved	areas	is	highly	subjective	and	limited	
in scope.

The Multi-Tier Framework (MTF) is a tool that can provide further insight into 
underserved	electrification.	The	framework	classifies	areas	into	six	tiers	measured	
against the following attributes: capacity, availability, reliability, quality, affordability, 
formality, and health and safety.

The approach has been pioneered across seventeen countries including ASEAN 
countries, Cambodia and Myanmar. Insights from these studies can be adapted 
into	a	similar	approach	to	the	state	of	underserved	electrification	in	the	Philippines.

Elements	of	the	MTF	can	be	incorporated	into	national	surveys	for	electrification	
such as the household energy consumption survey and can also be leveraged as 
a	tool	to	equip	current	energy	and	electrification	initiatives	to	better	identify	and	
address underserved challenges and gain valuable insight of the gaps that need 
to	be		addressed	in	order	to	achieve	100%	electrification	targets	as	defined	by	the	
Philippine Energy Plan.

Keywords: affordability, ASEAN, energy access, Household Energy Consumption 
Survey (HEICS), Multi-tier framework, served, productive-use, underserved, 
unserved
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Promoting Renewable Energy: 
How Fares the Philippines?

10

Josef T. Yap, PhDa and Joyce Marie P. Lagacb

ajosef.t.yap@gmail.com | asep-cellspmo@ateneo.edu, bjlagac@ateneo.edu

Sustainability is a key component of energy security. To help achieve the global 
long-term goal of zero-carbon emissions by 2050, the Philippine government 
has implemented laws, policies, and programs to increase the share of renewable 
energy (RE). An important example is the feed-in-tariff (FiT) scheme. The share 
of	 RE	 in	 electricity	 generation,	 however,	 has	 fallen	 from	 45.4%	 in	 1990	 to	
21%	in	2019,	a	clear	indication	that	the	interventions	have	not	been	effective.	
Main constraints to the expansion of RE are formidable, which include market-
based factors, technology inertia, market failure, and political economy issues. 
Even if policies are designed to overcome these constraints, there has been a 
delay in the  implementation of some of them; but more importantly, many of 
the interventions do not adhere to the principles underlying sound industrial 
policy. In particular, policies should abide by the principle of embeddedness, 
which	refers	to	the	coordination	between	the	public	sector	and	private	firms,	
that allows the former to be aware of the constraints and opportunities of the 
latter. To address this problem, policymakers must incorporate said principles 
and streamline future interventions by anchoring them to three aspects: the 
moratorium	on	greenfield	coal	plants,	the	study	on	Competitive	Renewable	
Energy Zones (CREZ), and the serious consideration of incorporating nuclear 
power in the energy mix. Meanwhile, the COVID-19 pandemic has provided 
an opportunity to “build back better.” Studies have shown that some “green” 
fiscal	recovery	measures	have	strong	multiplier	effects	and,	at	the	same	time,	
promote	sustainability.	An	example	is	retrofitting	buildings	to	enhance	energy	
efficiency.	 The	 experience	 of	 other	 Southeast	 Asian	 countries	 in	 designing	
interventions can be useful, but policymakers should acknowledge that one 
size	does	not	fit	all.

Keywords: renewable energy, sustainability, political economy, 
energy	efficiency

Abstract
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Technology 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

1. Coal 23,301 25,342 28,265 32,081 33,054 36,686 43,303 46,847 51,932 57,890

2. Oil-Based 7,101 3,398 4,254 4,491 5,708 5,886 5,661 3,787 3,173 3,752

3. Combined 
Cycle

1,202 124 227 247 515 276 694 405 522 728

4. Diesel 4,532 2,762 3,332 3,805 4,730 5,521 4,722 3,100 2,505 2,8115

5. Gas Turbine 3 - - - - 10 - - - 26

6. Oil Thermal 1,364 512 695 438 463 80 245 282 145 184

7. Natural Gas 19,518 20,591 19,642 18,791 18,690 18,878 19,854 20,547 21,334 22,354

Table 10.1: Power generation by source (in GWh)

1
Energy security remains a major concern among many developing countries. 
The International Energy Agency (IEA) defines energy security as “the 
uninterrupted availability of energy sources at an affordable price. Energy 
security has many aspects: long-term energy security mainly deals with 
timely investments to supply energy in line with economic developments and 
environmental needs. On the other hand, short-term energy security focuses 
on the ability of the energy system to react promptly to sudden changes in the 
supply-demand balance” (IEA 2019).

Interpreted broadly, energy security is a key component of sustainable 
economic development. A major implication is that the environmental impact 
of energy plans and policies has to be considered. The overall goal is for the 
world to achieve net-zero carbon emissions by 2050. Net zero means that, on 
balance, no more carbon is deposited into the atmosphere than is taken out. 
All economies, including those in Southeast Asia (SEA), have an important 
role in reducing reliance on fossil fuel—oil, gas, and coal—for their energy 
requirements.

SEA has set a target share of 23% for renewables of the region’s primary energy 
consumption by 2025, a major increase from only 9.4% in 2014 (Peimani and 
Taghizadeh-Hesary 2019). However, according to the International Renewable 
Energy Agency (IRENA), the “current policies—including those still under 
consideration—only suffice to reachjust under 17% renewables. This leaves a 
crucial six-percentage-point gap” (IRENA 2016). A more detailed comparison 
of the goals of SEA countries is presented in Erdiwansyah, Mamat, and Shahrir 
(2019). In the Philippines, the goal expressed in the latest Philippine Energy 
Plan is to increase installed RE capacity to at least 20,000 megawatts (MW) 
by 2040 (DOE 2020b). As of 2018, 148 RE facilities are currently providing 
7,226.4 MW capacity. 

Introduction
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Source: Department of Energy (DOE) Power Statistics

The Philippines has committed to increase the share of renewable energy 
(RE) in its energy mix. However, the share of RE in electricity generation 
has remained stagnant over the past two decades. In 1990, the share of 
RE was 45.4% (Verzola et al. 2018), and this fell steadily in the succeeding 
years, reaching 42.8% in 2000, 26% in 2010, and 21% in 2019 (Table 10.1).1  
This paper assesses the progress of the Philippines in promoting energy 
security but with a focus on sustainability. The next section looks at the major 
obstacles to the development of RE, particularly in developing economies. 
Section 3 explores the responses of the government to these challenges. Data 
and other evidence presented in Section 4 provide a basis for assessing the 
progress. The policies and programs of the government are also juxtaposed 
against acceptable criteria for industrial policy. Meanwhile, Section 5 provides 
a cross-country comparison with a discussion on the importance of regional 
cooperation to enhance sustainability. The penultimate section deals with the 
possible impact of the coronavirus disease 2019 (COVID-19) pandemic on 
the prospects of RE. Proposed “green” fiscal recovery measures should be 
aligned to a medium-term program to expand the share of RE. The latter is 
presented in the last section.

1 Refer to DOE 
(2015)  for the 
data on the 
year 2000; 
Table 10.1 for 
data the years 
2010 and 2019

Technology 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

8. Renewable 
Energy (RE)

17,823 19,845 20,762 19,903 19,810 20,963 21,979 23,189 23,326 22,044

a. Geothermal 9,929 9,942 10,250 9,605 10,308 11,044 11,070 10,270 10,435 10,691

b. Hydro 7,803 9,698 10,252 10,019 9,137 8,665 8,111 9,611 9,384 8,025

c. Biomass 27 115 183 212 196 367 726 1,013 1,105 1,040

d. Solar 1 1 1 1 17 139 1,097 1,201 1,249 1,246

e. Wind 62 88 75 66 152 748 975 1,094 1,153 1,042

TOTAL 67,743 69,176 72,922 75,266 77,261 82,413 90,798 94,370 99,765 106,041

Share of Coal  
(%)

34% 37% 39% 43% 43% 45% 48% 50% 52% 54%

Share of 
Renewable 
Energy (%)

26% 29% 28% 26% 26% 25% 24% 25% 23% 21%
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2 Major Constraints to RE Development
2.1

There are four major categories of constraints to RE development: market-
related factors, technology-related factors, market failure, and political 
economy. Yap et al. (2020)—which appears as Chapter 1 in this anthology—
discuss market failure and political economy factors in the energy sector in 
the Philippines. Meanwhile, market factors and technology-related factors 
can be consolidated. These consist of (a) technology inertia, which is driven 
largely by the need to recover investments in fossil-fuel infrastructure and the 
costliness of incorporating variable RE (VRE) into the grid; (b) availability and 
cost of energy supplies and its relation to the need to import; (c) technology 
ease and low cost of production of biomass relative to VRE; and (d) financing 
constraints. 

Market and technology factors are more difficult to overcome because they 
have evolved over time and provided strong incentives for players in the energy 
market. Accessibility and affordability of energy supplies are some of the main 
considerations. The Philippine energy mix, therefore, is dominated by fossil 
fuels, with the power sector relying on imported coal to power its baseload 
generation capacity. Even if the cost of VRE has been falling, “technologies 
remain expensive and are not affordable for many SEA countries” (Peimani 
and Taghizadeh-Hesary 2019).

VRE (e.g., wind and sunshine) is an intermittent source of energy. Hence, 
the concept of system effects, which are driven by this attribute, has to be 
considered (World Nuclear Association 2020). These are often divided into 
the following four broadly defined categories: profile costs (also referred to as 
utilization costs or backup costs by some researchers), balancing costs, grid 
costs, and connection costs to the grid (sometimes included in the levelized 
cost of electricity or LCOE).

A 2019 OECD Nuclear Energy Agency study states: “Profile costs (or utilization 
costs) refer to the increase in the generation cost of the overall electricity 
system in response to the variability of VRE output. They are thus at the heart 
of the notion of system effects. They capture, in particular, the fact that in most 
of the cases, it is more expensive to provide the residual load in a system with 
VRE than in an equivalent system where VRE are replaced by dispatchable 
plants” (World Nuclear Association 2020).

Even if the status quo is maintained—implying that technology inertia 
prevails—the Philippines remains vulnerable to price volatility and supply 
disruptions. Other issues to consider are resource depletion—highlighted 
by the Malampaya gas field—and carbon dioxide (CO2) emissions. These 
risks can be weighed against the returns from maintaining the status quo. 

Market- and Technology-Related Factors
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2.2

Market failure occurs when a service or commodity is not produced at a 
socially optimal level. In this context, the supply of RE is inadequate because 
the positive externalities from its use are not taken into consideration by the 
potential suppliers. 

Market failures in the area of RE can be defined as either atemporal or 
intertemporal. Atemporal deviations are those in which the externality 
consequences are based primarily on the rate of flow of the externality. For 
example, an externality associated with air emissions may depend primarily 
on the rate at which the emissions are released into the atmosphere over a 
period of hours, days, weeks, or months. Such externalities can be described 
statically. They may change over time, but the deviation has economic 
consequences that depend primarily on the amount of emissions released 
over a specific time period (e.g., hours, days, weeks, or months). These may 
have immediate or gradual consequences that are felt over very long periods, 
i.e. they become intertemporal.

In this context, intertemporal market failures are those that emanate from the 
accumulation of the source of the externality leading to a change in the stock 
over a period of time, typically measured in years, decades, or centuries. The 
stock can be of a pollutant (e.g., carbon dioxide) or of something economic (e.g., 
the stock of knowledge or the stock of photovoltaics installed on buildings). If 
the flow of the externality is larger (smaller) than the natural decline rate of the 
stock, the stock increases (decreases) over time. Intertemporal externalities 
can best be described dynamically, for it is the stock (e.g., carbon dioxide), 
rather than the flow, that leads to the consequences (e.g., global climate 
change).

Market Failure in Renewable Energy2

2 This section is 
largely based 
on Gillingham 
and Sweeney 
(2010) as cited 
in Yap et al. 
(2020).

This is tantamount to dealing with the challenges of energy security and 
environmental sustainability from a balanced perspective. Section 3 looks 
at various policies, many of which have the objective of utilizing renewable 
resources.
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2.2.1

Environmental externalities are the principal source for much of 
the interest in RE. Use of fossil fuels emits an assortment of air 
pollutants that are not priced without a policy intervention. Air 
pollutants from fossil fuel combustion include nitrogen oxides, 
sulfur dioxides, particulates, and carbon dioxide. Some of these 
pollutants pose a health hazard, either directly, as in the case of 
particulates, or indirectly, as in the case of ground-level ozone 
formed from high levels of nitrogen oxides and other chemicals.

When harmful fossil fuel emissions are not priced or properly 
costed by the polluter, the market will over-use fossil fuels and 
under-use substitutes, particularly RE resources. Meanwhile, if 
the emissions are not explicitly accounted for, there will be no 
inducement for firms to use technologies or processes to reduce 
the emissions or mitigate the external costs. The evidence 
for environmental externalities from fossil fuel emissions is 
considerable, even if estimating the precise magnitude of the 
externality for any given pollutant may not be a straightforward 
process.

Atemporal Environmental Externalities

2.2.2 Information Market Failures (Atemporal)

Information market failures relate most directly to the adoption 
of distributed generation of RE by households, such as solar PV 
or microgeneration wind turbines. If households have limited 
information about the effectiveness and benefits of distributed 
generation renewable energy, there may be an information 
market failure. In a perfectly functioning market, one would expect 
profit-maximizing firms to undertake marketing campaigns to 
inform potential customers. However, for technologies that 
are just beginning to diffuse into the market, economic theory 
suggests that additional information can play an important role. 
Information market failures are closely related to behavioral 
failures. Reducing information market failures would also be 
expected to reduce behavioral failures associated with heuristic 
decision-making.

Apart from these considerations, imperfect information also 
arises from uncertainties in the (1) short- and long-term price 
of petroleum or carbon-based fuels and other substitutes; (2) 
price of RE technologies, which depends on the speed and 
type of technological innovation and how they are produced to 
scale; and (3) energy demand forecasting (national and local). 
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2.2.3 Economies of Scale (Atemporal)

Economies of scale, particularly increasing returns to scale, 
refer to situations where the average cost of producing a unit 
decreases as the rate of output at any given time increases, 
resulting from a non-convexity in the production function due 
to any number of reasons, including fixed costs. This issue may 
inefficiently result in a zero-output equilibrium only under the 
following conditions: (a) “market-scale increasing returns,” (b) 
when the slope of the average cost function is more negative 
than the slope of the demand function, and (c) the firm cannot 
overcome the nonconvexity on its own.

These may have an impact on the cost-benefit calculus of firms 
concerning investment decisions and consumers and explain 
deviations from what is socially optimal. 

Imperfect information also leads to coordination failures, 
specifically investment decisions between generation and 
transmission. RE, specifically VRE, are location-specific. However, 
transmission companies are driven by prudent investment 
decisions as they are regulated by the Energy Regulatory 
Commission (ERC). Increasing reliance on VRE may mean 
adopting changes in evaluating its feasibility. 

Quantity

Demand

Average
Cost

a b

Figure 10.2:
Economies of 
Scale: Slope 
of average 
cost function 
more negative 
than slope 
of demand 
function

Source: 
Figure 5.1 of 
Gillingham 
and Sweeney 
(2010), page 
76).
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2.2.4 Market Power (Atemporal)

Uncompetitive behavior may influence the adoption of renewable 
energy technologies in several ways. First, market power in 
substitutes for renewable energy can influence the provision of 
renewable energy through several channels. Firms effectively 
exercising market power in substitutes for renewable energy 
(e.g., at times the Organization of the Petroleum Exporting 
Countries [OPEC] cartel would raise the price of energy above 
the economically efficient level), making investment in renewable 
energy more profitable, can lead to an overinvestment in 
renewable energy. The converse can also be true. Predatory 
pricing can also be an outcome wherein firms exercising market 
power in RE substitutes can discourage the development of RE 
by driving down prices.

Meanwhile, firms that have market power in substitutes for 
renewable energy may have an incentive to buy out fledgling 
RE technologies to reduce competitive pressures—leading to a 
possible under provision of renewable energy resources if that 
purchasing firm “buries” the RE. However, the prospect of being 
bought by a competitor could provide a strong incentive for a 
new firm to be created with the explicit intention of selling itself 
to a larger company. Which effect dominates, and whether there 
is market power in substitutes for renewable energy, can only be 
determined empirically.

Market power may also influence the adoption of renewable 
energy resources by influencing the rate and direction of 
technological change. If there is less competition in a market, 
firms are more likely to be able to fully capture the benefits of their 
innovations, so that incentives to innovate are higher. Conversely, 

Market-scale increasing returns refer to a non-convex production 
function at output levels comparable with market demand. Figure 
10.2 illustrates the second condition. If the quantity produced 
is small (e.g., quantity “a”) then no profit-seeking firm would 
be willing to produce the product, but if production could be 
increased to the right of the crossing point level (e.g., at quantity 
“b”), then it would be profitable for the firm to produce: price 
would exceed average cost.

The role of policy would be to encourage production for the 
market to be at “b.” The policy can take the form of a subsidy or 
even a renewable portfolio standard.
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if there is more competition, firms may have an incentive to try 
to “escape” competition by investing in innovations that allow 
them to differentiate their product or finding a patentable 
product. Some evidence suggest that the relationship between 
competition and innovation may be an inverted U-shaped curve, 
with a positive relationship at lower levels of competition and a 
negative relationship at higher levels of competition.

Intertemporal Environmental Externalities

Particularly relevant to renewable energy supplies are carbon 
dioxide (CO2) and other greenhouse gases (GHGs). For CO2, 
every additional ton emitted remains in the stock for over a 
century. Thus, emitting a ton today would have roughly the same 
cumulative impacts as emitting a ton in twenty years. This implies 
that—absent changes in the regulatory environment—the 
magnitude of the deviation for emissions now will be the same 
as the magnitude of the deviation for emissions twenty years 
from now. Economic efficiency implies that a society should be 
almost indifferent between emitting a ton of CO2 now, twenty 
years from now, or any year in between. It is this relationship 
that imposes a structure on the time pattern of efficient policy 
responses.

2.2.5

Imperfect Capture of Future Payoffs from Current Actions: 
Network Externalities

Network externalities occur when the utility an individual user 
derives from a product increases with the number of other 
users of that product. The externality stems from the spillover 
from one user’s consumption of the product has on others, so 
that the magnitude of the externality is a function of the total 
number of adoptions of the product. Often quoted examples of 
network externalities include the introduction of the QWERTY 
typewriter keyboard, the telephone, and later, the fax machine. 
An important caveat about network externalities is that the 
externality may already be internalized. For example, the 
owner of the network may recognize the network effects and 
take them into account in their decision-making. When the 
externality is already internalized, network externalities are more 
appropriately titled “network effects” or “peer effects,” and do 
not lead to market failures in network industries characterized by 

2.2.6
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2.3

Even if policies that improve social welfare are clearly defined based on 
economic theory, their adoption and implementation are not assured. A 
political economy framework is presented wherein the policies that will 
emerge are those that best fulfill the objectives of those actors that have the 
greatest influence in policy-making (Jakob et al. 2019). The general structure 
is presented and discussed in Yap et al. (2020).

Different actors with different or opposing interests would try to influence the 
crafting of policy or program outcomes in their favor. However, their incentives 
are not only shaped by pecuniary and non-pecuniary benefits but also by 
the transaction costs and other costs associated with lobbying or organizing 
forms of collective action (Coase 1960; Williamson 1979). This may depend on 
a number of factors such as the group size.

The major contending forces affecting the transition to a lower-carbon scenario 
in the Philippines are the fossil fuel interests, climate change mitigation and 
adaptation proponents, and the affected stakeholders (Verzola et al. 2018). 
To meet the goals of a stable, affordable, and secure power supply, the 
conflicts between the privatized electricity sector and government regulatory 
bodies must be resolved. One possible course of action is the principle of 
“embeddedness,” which will be discussed in the next section.

Another source of conflict is the divergence in approach among government 
agencies. A clear example is the case of the National Determined 
Contributions (NDC), which is part of the Paris Agreement. The Philippines 
submitted an ambitious NDC with a conditional GHG reduction target of 70% 
below business-as-usual levels by 2030. This is fully supported by the Climate 
Change Commission. Meanwhile, Department of Energy (DOE) Secretary 
Alfonso Cusi has declared that he will not support any measure that tends to 
increase electricity prices or impedes industrialization and economic growth.

On the other hand, the technology-neutral policy of the DOE—which is its 
official position—may be inconsistent with the objective of increasing the 
share of RE. Some experts argue that a shift in the trajectory of the energy 
mix requires a bias towards clean energy technology. Neutrality will allow the 
market to dictate outcomes, leading to the continued stagnation of RE.

Political Economy

demand-side increasing returns to scale. Competition is heavily influenced by 
positive feedback in that each consumer’s adoption of a product increases the 
likelihood of future adoptions.
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This section looks at policies that are intended to overcome market forces, 
technology inertia, and market failures with the objective of increasing the 
share of RE. In certain cases, two or three of these features are addressed by 
a particular policy. The theoretical considerations are first presented under a 
general discussion of industrial policy. This is followed by an inventory of laws, 
policies, and programs in the Philippines.

3 Responding to RE Challenges

3.1

Many of the laws, policies, and programs to encourage RE and reduce GHG 
fall under the rubric of industrial policy. These measures are designed to 
address market failures and overcome the inertia produced by market-based 
and technology-related factors. In other words, the goal is structural change 
in the energy sector. Modern industrial policy is concerned with anticipating 
change and facilitating it by removing obstacles and correcting market 
failures (Syrquin 2008 as cited in Felipe 2015). Industrial policies contribute to 
structural transformation by facilitating the transfer of resources to preferred 
sectors of the economy, which are usually the more dynamic ones.

Rodrik (2014) dovetails his earlier work to describe the contours of “green 
industrial policy” (see for example Rodrik 2008). He argues that industrial 
policies must be built on three key ideas. First, the requisite knowledge on 
the existence and location of technological spillovers, market failures, and 
constraints that impede green investments is diffused widely within society 
across businesses, entrepreneurs, and scientific communities. Second, private 
investors and other beneficiaries of public support have strong incentives to 
‘game’ the government by bending the rules to their advantage through their 
informational advantage and political muscle. Third, the intended beneficiary 
of industrial policies is neither bureaucrats nor business, but society at large.

Largely based on these three key ideas, Box 10.1 presents a set of principles 
that can guide industrial policy. This list can be used as a benchmark to 
evaluate the programs and policies implemented in the Philippines. Rodrik 
(2014) discusses a more succinct approach to evaluating industrial policy. 
The various principles can be incorporated in either (i) embeddedness, (ii) 
discipline, or (iii) accountability. 

Embeddedness refers to the coordination between the public sector and 
private firms that allows the former to be aware of the constraints and 
opportunities of the latter. It was first used in the industrial-policy context 
by Evans (1995), who described South Korea’s developmental state as 
one in which the bureaucracy exhibited ‘embedded autonomy.’ The South 
Korean bureaucracy, he argued, operated along Weberian, meritocratic lines 

Green Industrial Policy
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Economists and policymakers are looking at industrial 
policy for the important role that it can play in addressing 
market failures. This is especially so for failures related 
to information and coordination externalities, which are 
particularly pervasive in the development or adoption 
of new technologies, products, and markets. While the 
industrial policy debate is likely to continue, its focus is 
shifting from whether it is needed to how it should be 
designed and implemented.

Rodrik (2008) argues that industrial policy is not about 
subsidies, but about public-private collaboration to 
address market failures and providing the missing public 
inputs that the private sector needs to function effectively. 
For Rodrik, a change in the framework for formulating 
industrial policy is needed to ‘maximize its potential to 
contribute to economic growth while minimizing the risks 
that it will generate waste and rent-seeking’.

Box 10.1:
How to Design 
Industrial 
Policy*

*Lifted from 
page 18 of 
Zhuang et al. 
(2015).

but it was not insulated from the private sector. Quite the contrary, it was 
‘embedded in a concrete set of social ties that binds the state to society 
and provides institutionalized channels for the continual negotiation and 
renegotiation of goals and policies’. Embeddedness can address some of the 
political economy problems described in Section 2.

The embedded nature of industrial policy makes disciplining devices against 
abuse necessary. Firms and industries that receive assistance from the 
government must be aware that they cannot game the system, and that 
underperformance will result in the removal of assistance. Carrots must be 
matched by sticks.

Embeddedness and discipline are two sides of the same coin, establishing the 
acceptable boundaries of the relationship between public agencies and the 
private sector. They facilitate communication and collaboration between the 
two while ensuring that public officials retain sufficient autonomy and have the 
ability to deploy a stick when needed. However, the purpose of green industrial 
policy is to further the public good at large, not the interests of the two parties 
in this relationship, bureaucrats and private firms. Therefore, the third element 
of the institutional architecture must be public accountability. Public agencies 
must explain what they are doing and how they are doing it. They must be 
as transparent about their failures as their successes. Accountability not only 
keeps public agencies honest, but it also helps legitimize their activities.
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The emphasis should be on self-discovery of the potential 
to enter into high-technology and higher-value industries 
and on assisting in addressing coordination failures 
inherent in structural transformation. Rodrik (2008) argues 
that the standard instruments of industrial policy—credit 
and fiscal support and infrastructure provision, among 
others—can be improved if they are deployed in a more 
productive manner. To do this, he proposes the following 
ten design principles for industrial policy:

• incentives provided only to ‘new’ activities
• clear benchmarks and criteria for success and 

failure
• built-in sunset clauses
• public support that targets activities and not 

sectors
• activities that are subsidized have clear potential 

for spillover and demonstration effects
• the authority for carrying out industrial policy 

is vested in agencies with demonstrated 
competence

• implementing agencies are monitored closely by 
a principal with a clear stake in the outcome and 
who holds political authority at the highest level

• the agencies carrying out promotions maintain 
channels of communication with the private sector

• the objective should not be to minimize the 
chances that mistakes will occur—which would 
result in no self-discovery at all—but to minimize 
the costs of the mistakes when they do occur

• promotion needs to be renewable so the cycle of 
discovery continues

While these provide broad principles to guide the 
implementation of industrial policy, the right policy mix 
will differ by circumstance and country. Any effective 
strategy is likely to be country-specific, as there is no one-
size-fits-all solution.

The next two sections deal with policies and programs in the Philippines. 
These are summarized in Table 10.2. The policies and programs will be 
evaluated vis-à-vis the principles listed in Box 10.1 and the general categories 
of (i) embeddedness, (ii) discipline, and (iii) accountability.
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Philippine Renewable Energy Policies 

Important Laws and Policies 

EPIRA 

Renewable Energy Act

Biofuels Act of 2006 

Ease of Doing Business and Efficient Government Service Delivery Act

Energy Virtual One-Stop Shop (EVOSS) Act 

Solar Para sa Bayan 

Energy Efficiency and Conservation Act

Tools Used 

7-Year Income Tax Holiday 

Duty Free Importation 

VAT Free Importation

Special Realty Tax Rate 

Zero Percent VAT on RE Sales and Purchases 

Cash Incentive = 50% of UC for Missionary Electrification 

Tax Exemption on Carbon Credits 

Renewable Portfolio Standards 

Feed-In Tariff on Emerging Technologies 

Green Energy Options 

Net Metering 

Renewable Energy Market and Certificates 

Table 10.2: 
Philippine 
renewable 
energy policies
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3.2

In the Philippines, the Electric Power Industry Reform Act (EPIRA) of 2001 or 
Republic Act (RA) 9136 embodied pro-market reforms intended to restructure 
the Philippine energy landscape and address the growing demand of Filipinos 
for reliable and competitively priced source of electricity.  In addition to EPIRA, 
the Renewable Energy (RE) Act of 2008 or RA 9513 also shaped the industry by 
promoting the exploration, development, and use of the country’s renewable 
energy sources such as solar, wind, biomass, hydro, and geothermal.

The RE Act of 2008, together with the Biofuels Act of 2006, aims to address 
the country’s continuous dependence on imported fossil fuels by promoting 
the exploration, development, and use of the country’s renewable energy 
sources such as solar, wind, biomass, hydro, and geothermal. The enactment 
of the RE Law is also vital for the low-carbon emission development strategy 
of the Philippines and in addressing the challenges of energy security and 
threats of climate change. 

Among the mandates of the RE Law is the provision of fiscal and nonfiscal 
incentives to private sector investors to accelerate investment in renewable 
energy. Fiscal incentives include income tax holiday, duty-free importation, 
value added tax-free importation, and cash incentives. Meanwhile, nonfiscal 
incentives include net metering, green energy option, feed-in-tariff (FiT), and 
renewable portfolio standards (RPS). 

The FiT was a landmark policy pushed by the DOE to accelerate the 
development of RE in the country. The FiT rates covered solar, wind, hydro, 
and biomass. Solar PV received the highest FiT price at PHP9.68/kilowatt-hour 
(kWh) with 50 MW of installed capacity followed by wind with an approved 
rate of PHP8.53/kWh and a target capacity of 250 MW. Run-of-river hydro 
and biomass FiT rates were at PHP6.63/kWh and PHP5.90/kWh, respectively. 
Installation target for both was capped at 250 MW. A second round of FiT 
rates were released in 2015 to change the installation target FiT price of wind 
and solar.  On 24 February 2018, the DOE endorsed the extension of the 
biomass and run-of-river hydropower installation targets eligibility until 31 
December 2019, or upon successful commissioning of the run-of-river hydro 
and biomass power projects. The extension covers the remaining balance of 
the respective initial installation targets.

Laws and Policies in the Philippines



206Role of Renewable Energy in Promoting Energy SecurityChapter 10

The DOE, as the lead implementor of the RE Act of 2008 formulated the 
National Renewable Energy Program (NREP), which serves as a roadmap 
for a countrywide approach in fostering the development of renewable 
energy in the Philippines. Figure 10.1 presents the revised RE roadmap, 
which outlines the medium- and long-term goals from 2019 – 2040 that will 
help in increasing RE installed capacity of at least 20,000 MW. This is set to 
improve energy security and mitigate the effects of climate change and help 
in rural development. The roadmap outlines five key strategies that direct 
policy directions and programs. These strategies include (1) acceleration of RE 
positioning, (2) creation of conducive business environment, (3) reliable and 
efficient infrastructure, (4) promotion and enhancement of research design 
and development agenda, and (5) other activities. 

A key feature of the NREP is the establishment of an RPS, a market-based 
policy that requires power distribution utilities, electric cooperatives, and retail 
electricity suppliers (RES) to source an agreed portion of their energy supply 
from eligible RE facilities. Per the RPS rules released in December 2017, the 
renewable energy market (REM) operations must commence in  December 
2018. The REM rules must also be promulgated by mid-2018; draft rules were 
released in January 2018. The year 2019 is expected to be the transition year 
when mandated participants can make their preparations for the mandatory 
RPS compliance, which will commence in 2020.

The REM serves as the platform for trading Renewable Energy Certificates 
(RECs), which is equivalent to an amount of power generated from RE sources. 

Figure 10.1: 
Philippine 
energy plan, 
renewable 
energy 
roadmap

Source: DOE
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It is the intended facility for participants to comply with their RPS obligations. 
The REM aims to (1) create a fair and transparent market for trading RECs, 
(2) ensure that REC prices are governed by the laws of supply and demand, 
and (3) make certain that prices reflect benefits of the additional megawatt-
hour (MWh) of electricity generated from RE. REM participants include 
distribution utilities, electric cooperatives, retail electricity suppliers, and off-
grid mandated participants. 

Under the REM, the RE Registrar issues every mandated participant with one 
REC for every MWh of actual generation. If mandated participants surrender 
the RECs for compliance with their RPS obligations, then the RECs will be 
retired and cannot be traded to another participant. A trading participant may 
also transfer REC to another REM trading participant, but disclosure of price 
and volume of each REC transfer is required. 

An interesting piece of legislation is RA 11357, which is “An Act Granting 
Solar Para sa Bayan Corporation a Franchise to Construct, Install, Establish, 
Operate, and Maintain Distributed Energy Resources and Microgrids in the 
Remote and Unviable, or Unserved or Underserved Areas in Selected Provinces 
of the Philippines to Improve Access to Sustainable Energy” (2019). This law 
provides a private firm a unique advantage over its competitors, violating the 
principle of embedded autonomy.

The passage of RA 11032 or the Ease of Doing Business and Efficient 
Government Service Delivery (EODB) Act, a landmark legislation which aims 
to facilitate prompt actions or resolution of all government transactions 
with efficiency across all government offices and agencies in the Executive 
Department, is vital in improving the transparency as well as efficiency of DOE 
in its issuance of RE service contracts and permits, improving the permitting 
process from forty-five to twenty-five working days. 

RA 11234 or the Energy Virtual One-Stop Shop (EVOSS) Act aims to provide 
an electronic application and processing system, which provides users with 
information necessary for applications for new power generation, transmission, 
and distribution projects and allow them to submit and monitor their 
application. EVOSS eliminates duplication of documentary submission and 
processes and ensures timely completion of power generation, transmission, 
and distribution projects. 

RA 11285 or the Energy Efficiency and Conservation Act was signed into 
law on 12 April 2019. The law would “institutionalize energy efficiency and 
conservation as a national way of life geared towards the efficient and judicious 
utilization of energy by formulating, developing, and implementing energy 
efficiency and conservation plans and programs to secure sufficiency and 
stability of energy supply in the country” (Section 2). The law also encouraged 
“the development and utilization of efficient renewable energy technologies 
and systems to ensure optimal use and sustainability of the country’s energy 
resources”. Meanwhile, an Inter-Agency Energy Efficiency and Conservation 
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3.3

The passage of the RE Law expanded the role of the DOE and mandated the 
agency to be the lead implementor of the RE Law. In addition, the agency 
was mandated to create the National Renewable Energy Board (NREB) and 
the Renewable Energy Management Bureau (REMB) to help in its thrust to 
develop renewable energy in the Philippines. 

Section 27 of the RE Law authorizes NREB to provide policy recommendations 
and serve as a monitoring body for the implementation of the RE Law. The 
board is composed of a (1) Chairman; (2) one representative each from DOE, 
Department of Trade and Industry, Department of Finance, Department of 
Environment and Natural Resources, National Power Corporation, National 
Transmission Corporation, Philippine National Oil Company, and Philippine 
Electricity Market Corporation; and (3) endorsed representatives from RE 
developers, government financial institutions, private distribution utilities, 
electric cooperatives, electricity suppliers, and nongovernmental organization. 
Among the functions of NREB are to (1) recommend policies and actions to 
facilitate the implementation of NREP to be executed by the DOE, (2) monitor 
and review the implementation of NREP,  (3) evaluate and recommend to the 
DOE the mandated RPS and minimum RE generation capacities in off-grid 
areas, and (4) oversee and monitor the utilization of the Renewable Energy 
Trust Fund. 

The creation of the REMB replaced the former Renewable Energy Management 
Division. Under Section 32 of the RE Law, the REMB was established to 
effectively implement the provisions of the Act and facilitate and accelerate 
renewable energy development, utilization, and commercialization. The 
following are its primary functions: (1) implement policies and plans and 
programs related to the accelerated development, transformation, utilization, 
and commercialization of RE resources and technologies; (2) develop and 
maintain a centralized, comprehensive, and unified data and information base 
on RE resources to ensure the efficient evaluation, analysis, and dissemination; 
(3) promote the commercialization/application of RE resources including new 

Institution Building

Committee was created “to evaluate and approve government energy 
efficiency projects”.

In October 2020, the DOE declared a moratorium on new applications for 
greenfield coal power plants. This policy aims to accelerate the development 
of indigenous energy sources and the transition to cleaner energy sources to 
ensure sustainability. The new government policy does not cover coal plants 
that have been endorsed and have already secured permits. In addition, the 
DOE announced that 100% foreign ownership in large-scale geothermal 
energy exploration and development has been allowed.  
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and emerging technologies; (4) conduct technical research, socio-economic 
and environmental impact studies of RE projects; and (5) supervise and 
monitor activities of government and private companies and entities on RE 
resources and development. The REMB is composed of five divisions namely: 
biomass, geothermal, ocean and hydropower, solar and wind, and the NREB 
Technical Secretariat. 

3.4

A succinct perspective of the private sector can be gleaned from a presentation 
of Reynaldo T. Casas during the Future Energy Show 2020 on November 16, 
2020. He represented the Confederation of Solar Developers of the Philippines 
(CSDP) at the forum.  Casas expressed concern on the share of coal in total 
installed generating capacity, which is forecasted by the DOE to be 56% in 
2040 from its current share of 39%. This implies that the current interventions 
to expand RE (e.g., the Renewable Energy Act) are not working or are not 
adequate (TotalElectricity Terrapinn 2020).

One reason for the stagnant share of RE may be the absence of a comprehensive 
approach by the government in managing the energy sector. For example, 
the current version of the Philippine Energy Plan (2018–2040) does not 
propose any improvements in the net-metering scheme for consumers who 
installed solar panels. There has been no acknowledgment of the analysis 
emanating from the study on Competitive Renewable Energy Zones (CREZ) 
and no consideration of the possible impact of advancements in the area of 
battery storage.

Meanwhile, Mr. Casas highlighted the lack of financing for RE projects, a factor 
listed under market-based constraints earlier in this paper. Proposals from 
CSDP include acquiring funding from the government in collaboration with 
the finance industry, improving the bankability of RE providers through the 
FiT, and establishing an insurance scheme for RE providers as a contingency 
in case their off-takers are not able to comply with their commitments to 
purchase electricity from them. 

The CSDP applauds the efforts of the government to streamline the processing 
of investment projects through RA 11032 and RA 11234, the EODB act 
and EVOSS act, respectively. Mr. Casas also mentioned the Anti-Red Tape 
Authority which was established through the EODB act. While these efforts 
are laudable, the problem of bureaucratic inefficiency has been the target of 
major reforms in the Philippines for at least three decades. The latest foray 
may only be an extension of past efforts and only time will determine if these 
will yield significant results.

Private Sector Perspective
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Technology 2013 2014 2015 2016 2017 2018 2019

Coal 5,568 5,708 5,963 7,419 8,049 8,844 10,417

Oil-Based 3,353 3,476 3,610 3,616 4,153 4,292 4,262

Natural Gas 2,862 2,862 2,862 3,431 3,447 3,453 3,453

Renewable 
Energy (RE) 5,541 5,898 6,330 6,958 7,079 7,227 7,399

Geothermal 1,868 1,918 1,917 1,916 1,916 1,944 1,928

Hydro 3,521 3,543 3,600 3,618 3,627 3,701 3,760

Biomass 119 131 221 233 224 258 363

Solar 1 23 165 765 885 896 921

Wind 33 283 427 427 427 427 427

Total 17,325 17,944 18,765 21,423 22,728 22,815 25,531

Table 10.3:
Total installed 
generating 
capacity per 
technology
(in	MW)

Source:
Department of 
Energy (DOE)

Clearly, the government’s intention has been to promote renewable energy, 
with an ambitious goal of at least 20,000 MW of installed RE capacity by 2040 
and 35% of  RPS by 2030. However, data show that there is a fairly wide gap 
between good intentions and actual results.

Table 10.1 presents power generation by source from 2010 to 2019. The data 
suggest that although the total gigawatt-hours (GWh) of electricity generated 
from RE is increasing, the share of RE to the total power generation mix is 
decreasing. On average, the share of coal is increasing by 5% while the share 
of RE is decreasing by 2% annually. The share of RE in 2019 was only 21%. This 
was 26% in 2010 and 42.8% in 2000.

4 Evidence and Assessment of Progress
4.1 Objectives and Results

CSDP considers the experience of Singapore with regard to solar rooftops 
and Viet Nam with regard to the implementation of the FiT as models for the 
Philippines to emulate. However, caution has to be applied primarily because 
no one size fits all. Singapore is a city-state and Viet Nam’s government 
structure facilitates quick adjustments when policies do not have the desired 
effects. Moreover, solar rooftops have unintended consequences as the 
decline in sales of the distribution utility will compel the latter to spread its 
fixed cost to the remaining customers. In one context, the policy of promoting 
solar rooftops is anti-poor since only members of the upper-income bracket 
can afford this technology. This means the residual customers, whose share of 
the fixed cost will rise, are in the lower-income brackets.
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Renewable energy plants constitute the second-largest share of both installed 
and dependable generation capacity from 2013 to 2019 as shown in Tables 
10.3 and 10.4 while coal maintains the largest share in total capacity. Tables 
10.1, 10.3, and 10.4 indicate that the concerns expressed by CSDP are valid.

Technology 2013 2014 2015 2016 2017 2018 2019

Coal  5,206 5,378 5,613 6,979 7,674 8,368 9,743

 Oil Based 2,846 2,692 2,734 2,821 3,286 2,995 3,015

 Natural Gas 2,760 2,760 2,759 3,291 3,291 3,286 3,286

 Renewable 
Energy (RE) 4,559 4,789 5,325 6,005 6,264 6,592 6,691

 Geothermal 1,482 1,607 1,601 1,689 1,752 1,770 1,792

Hydro 2,983 2,982 3,073 3,181 3,269 3,473 3,508

 Biomass 76 81 146 157 160 182 227

Solar 0 17 125 594 700 740 737

Wind 103 379 383 383 427 427 427

TOTAL 15,371 15,619 16,431 19,096 20,515 21,241 22,735

Table 10.4:
Total 
dependable 
generation 
capacity per 
technology 
(in	MW)

Source:
Department of 
Energy (DOE)

  2019 2020
Technology No. of 

Plants 
Installed Capacity 

(MW) 
No. of 
Plants

Installed Capacity 
(MW) 

Installation 
Targets 

Biomass 31 250.5 31 250.5

250
Luzon 16 114.21 16 114.21

Visayas 11 115.45 11 115.45

Mindanao 4 20.84 4 20.84

Hydropower 20 172.43 20 172.43

250
Luzon 13 59.99 13 59.99

Visayas 3 31.1 3 31.1

Mindanao 4 81.34 4 81.34

Solar 24 525.95 24 525.95

500
Luzon 16 283.73 16 283.73

Visayas 6 225.5 6 225.5

Mindanao 2 16.72 2 16.72

Table 10.5: Projected FiT eligible RE capacities and installation targets
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The FiT and RPS were intended to be two of the principal policy mechanisms to 
realize the NREP targets. Table 10.5 presents the projected RE capacities and 
installation targets as a result of the FiT scheme. Among the four RE sources, 
biomass, solar, and wind have installed capacities above the mandated 
installation targets. Only hydropower is undersubscribed with 172.43 MW 
installed capacity compared to the 250 MW installation target. From the total 
number of additional RE plants from FiT, 61% of the new RE plants are located 
in Luzon while only 12% are located in Mindanao.

Source: Department of Energy (DOE)

An evaluation of the progress in expanding RE capacity in the Philippines can 
begin with the FiT program. From the data in Table 10.5, it seems the FiT 
scheme was successful in allowing VRE to establish presence in the Philippine 
energy market. However, this was not enough to overcome a stagnant RE 
sector. A closer evaluation revealed some flaws in the implementation of the 
FiT (Lagac and Yap 2020, the published version of which appears as Chapter 
12 in this anthology). The program started at a time when the cost of VRE was 
beginning to decline sharply, rendering the subsidies redundant. There are 
issues related to the phenomena of “missing money” and “curtailment risk 
and price dislocation.” Generally, these issues refer to the reduced profitability 
of existing investment as a result of the expansion of RE in response to the FiT. 
The cost of reduced profitability has not been quantified but this will definitely 
add to the net social cost that Lagac and Yap estimated. 

4.2 Assessment

  2019 2020
Technology No. of 

Plants 
Installed Capacity 

(MW) 
No. of 
Plants

Installed Capacity 
(MW) 

Installation 
Targets 

Wind 7 426.9 7 426.9

400
Luzon 5 336.9 5 336.9

Visayas 2 90 2 90

Mindanao     

Total 82 1375.78 82 1375.78

1400
Luzon 50 794.83 50 794.83

Visayas 22 462.05 22 462.05

Mindanao 10 118.9 10 118.9
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Meanwhile, FiT rates, which were recommended by the NREB and approved 
by the ERC, were designed to cover the cost of capital investment, connection 
to transmission or distribution network, and market-based return of capital. A 
host of other countries including Argentina, Canada, Mexico, Germany, and 
the People’s Republic of China conducted auctions to bring new renewable 
energy capacity to the market. Unlike the design of the Philippines’ FiT 
program where the NREB set a predefined FiT rate, renewable energy auctions 
allowed for greater price discovery and are considered both cost-efficient and 
transparent.

The experience with the FiT highlights one of the pitfalls with industrial policy. 
The correct way of thinking about industrial policy is

as a process of discovery, by the government no less than the private 
sector, instead of a list of specific policy instruments. This perspective 
focuses attention on learning where the constraints and opportunities 
lie and responding appropriately, rather than on whether the 
governments should employ tax breaks, R&D subsidies, credit 
incentives, loan guarantees, and so on. It is important, of course, to 
evaluate the effectiveness of these specific instruments. But the prior, 
meta-question on green industrial policy is whether a government has 
put in place the appropriate processes and institutions of engagement 
with the private sector (Rodrik 2014, 485).

In other words, embeddedness, as defined earlier, has to be observed and 
it has to be in the form of embedded autonomy. The FiT was implemented 
with only a narrow set of targeted beneficiaries and, as described earlier, not 
all ramifications were considered. The period for the scheme was also set at 
twenty years, leaving little leeway to shift course. It was virtually impossible, 
therefore, to impose “discipline,” which is another criterion for sound industrial 
policy. 

Meanwhile, it is acknowledged that there was a delay in implementing the RPS 
along with its accompanying elements (e.g., REM). Nevertheless, the RPS is an 
example of a program where “the targets remain contingent on a combination 
of policy mechanisms, technological advancements, cost reductions, and 
resource development all being successful” (ADB 2018, 27). In other words, 
there are too many moving parts, making it difficult to ensure policy coherence.
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SEA nations have an abundance of untapped RE potential, including ocean 
energy as well as a significant amount of geothermal potential in countries like 
Indonesia and Philippines (IRENA 2018). A more recent study provided high-
quality data and spatial analysis of the cost of utility-scale wind and solar PV 
generation in select countries of Southeast Asia (Lee et al. 2019). The results 
of the analysis show abundant potential for utility-scale, land-based wind, and 
solar PV development in member-states of the Association of Southeast Asian 
Nations (ASEAN) at a range of generation costs. Meanwhile, the study by 
IRENA argues that furthering RE development in the region offers employment 
and welfare opportunities. In recent years, these countries have increasingly 
diversified their portfolio to include RE sources to achieve benefits in terms of 
environmental sustainability, energy access, and energy security. 

Collectively, ASEAN had set a target of securing 23% of its primary energy 
source from RE by 2025. At the national level, countries have adopted 
policies to accelerate RE investments. To foster competition, countries like 
the Philippines and Thailand have liberalized their energy markets to create a 
competitive and dynamic energy sector to attract RE developers, particularly 
those in the private sector (IRENA 2018). 

Thailand has recognized the importance of renewable energy and 
acknowledged the need for policies to support the deployment of RE projects. 
it has adopted a variety of support schemes such as tax exemptions, Feed-in 
Premiums (FiP), FiT, and competitive bidding to support the early stages of 
RE development. The implementation of the FiP, also known as the Adder 
Program, in 2007 allowed for premium rates to be added to the wholesale 
price of RE sources such as solar, wind, biomass, hydro, and biogas. However, 
the program was effectively replaced by FiT in 2010 to address the issues 
of uncertainty in long-term tariffs as well as its failure to accurately reflect 
levelized cost of energy (IRENA 2017a). 

The passage of the Renewable Energy Act in Malaysia in 2011 introduced the 
FiT scheme to increase generation from renewable energy resources such as 
biogas, biomass, small hydropower, solar PV, and geothermal. The government 
of Malaysia also introduced net metering in 2016 to allow consumers to 
generate electricity by installing more solar PV units and selling the resultant 
power to utilities. Malaysia’s National Renewable Energy Policy and Action 
Plan also supported innovation in RE through investments in human capital to 
build local expertise and provide subsidies to individuals finishing renewable 
energy courses. 

Indonesia’s renewable energy policies are guided by two regulations: (1) 
Renewable energy should contribute 23% of total energy use by 2025; and 
(2) GHG emissions should be reduced by 26% by 2020 from the baseline 
level. To achieve these goals and accelerate renewable energy deployment, 
Indonesia adopted the FiT system for a range of renewable energy sources 

5 Cross-country Comparison
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such as geothermal, mini- and micro-hydro biomass, non-biogas, landfill gas, 
and solar. The FiT rates applied were adjusted depending on location, and 
higher FiT rates were paid to projects to account for higher transmission 
losses due to lower voltage network (IRENA 2017b).  

In 2013, Cambodia established the Renewable Energy Action Plan which aims 
to support rural development in the country by providing reliable renewable 
energy systems and achieve 70% electrification rate by 2030.   

While there is no established policy on renewable energy regulation, 
Singapore is focused on conducting research on renewable energy potential 
(Erdiwansyah et al. 2019). In an earlier section of this paper, Singapore was 
identified as a paragon of rooftop solar RE.

Vietnam adopted the Renewable Energy Development Strategy to increase 
the share of renewable energy in its energy mix and address problems of 
energy security as well as environmental sustainability. By 2030, the country 
aims to reduce its GHG emissions by 8%. Renewable energy policies such as 
investment protection policy as well as FiT were adopted to accelerate the 
development of RE (Erdiwansyah et al. 2019). 

As argued earlier, emulating country experiences would be difficult because 
one size does not fit all. Nevertheless, some elements can be considered 
universal. Policymakers just have to be judicious in determining the successful 
cases that can be transplanted to their countries.



216Role of Renewable Energy in Promoting Energy SecurityChapter 10

The world continues to reel from the adverse impacts of the pandemic wrought 
by COVID-19. In the economic sphere, a triple whammy is possible. Lockdowns 
have caused massive unemployment and a sharp reduction in the purchases 
of nonessential goods, leading to a demand shock. There has also been a 
supply shock because supply chains have been disrupted as several small 
and medium enterprises have been forced to shut down and transportation 
systems are severely limited. Meanwhile, a potential financial shock also looms 
as many loans have been left unpaid due to the aforementioned demand 
and supply shocks, thereby putting stress on some banks and other financial 
institutions.

Similar shocks have buffeted the energy sector in the Philippines. Power 
consumption is expected to decline by 5.9% in 2020, mirroring the forecast 
9.1% contraction in GDP (Ballesteros 2021). During the period of enhanced 
community quarantine, electricity consumption dropped and shifted largely to 
the residential sector. Decreasing demand and shifting load curves have likely 
led to a decline in the profitability of the power sector across its entire value 
chain. Meanwhile, the pandemic has also reduced construction activities and 
caused supply chain disruptions, affecting all power generation technologies 
as well as transmission and distribution. As the International Energy Agency 
(2020) succinctly describes it: “The crisis has curbed investments in the energy 
sector and threatened to slow the expansion of clean energy technologies.” 

Many governments have responded appropriately by approaching the 
problem as a public health crisis. Measures to mitigate the adverse effects of 
the pandemic were analogous to disaster relief. These fiscal rescue measures 
were intended to offset income losses and to address immediate human 
welfare concerns during lockdown periods, including the provision of basic 
necessities, curtailment of the spread of the virus, and coverage of additional 
medical costs. Broader aspects included protection of balance sheets of 
businesses, minimizing bankruptcies, and maintaining employment levels to 
the largest extent possible.

When the spread of the virus was controlled, governments shifted to stimulus 
packages or fiscal recovery measures. In the context of the energy sector, these 
recovery packages could be “brown,” reinforcing the links between economic 
growth and fossil fuels or “green,” decoupling emissions from economic 
activity or “neutral.” A silver lining during the pandemic was the sharp decline 
in GHG emissions. It is estimated that globally, GHG emissions might fall by 
8% or 2.6 gigatonnes of CO2 in 2020 (IEA 2020 as cited in Hepburn et al. 
2020). This is more in absolute terms than in any other year on record.

The challenge is to encourage governments to sustain this momentum by 
adopting “green” fiscal recovery measures. It should be noted that the 
pandemic occurred at a time when renewable energy costs were declining, 
oil prices were persistently low, debt in the fossil fuel sector was rising, and 

6 Impact of Pandemic on Prospects for RE
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investor concerns about the impact of fossil fuels on carbon emissions and 
environmental regulations were already lowering capital investment in the 
fossil fuel industry while making renewable energy one of the fastest-growing 
industries (Khanna 2020). A distinct opportunity, therefore, exists to harness 
this earlier momentum and capitalize on the desire segments of society 
have to “build back better” after experiencing a cleaner environment during 
lockdowns. This renewed thrust can be channeled to the recovery efforts with 
a parallel objective of expanding the use of RE and low-carbon infrastructure. 

A recent global survey of economic experts indicates that there are fiscal 
recovery measures that are ranked favorably because of their relatively high 
multiplier effects but can be classified as “green” at the same time (Hepburn 
et al. 2020). These are clean physical infrastructure, building efficiency 
retrofits, investment in education and training, natural capital investment, and 
clean R&D. The extent to which these measures will be implemented largely 
depends on the priorities of policymakers.

Examples of clean energy infrastructure are solar panels, wind turbines, energy 
storage, grid modernization, and carbon capture technology. A lesson from 
the 2008 Global Financial and Economic Crisis is that green recovery measures 
often have advantages over traditional fiscal stimulus. For instance, renewable 
energy investment is attractive in both the short and the long run. Renewable 
energy generates more jobs in the short run when employment opportunities 
are scarce in the middle of a recession. In the long run, renewable energy 
conveniently requires less labor for operation and maintenance. This frees up 
labor as the economy returns to capacity.

Meanwhile, fast-acting green recovery measures include residential and 
commercial energy efficiency retrofits as well as natural capital spending, 
e.g., afforestation, parkland expansion, enhancement of rural ecosystems. In 
the Philippines, rehabilitating mangrove forests falls in this category. Natural 
capital spending is fast acting because worker training requirements are low, 
many projects have minimal planning and procurement requirements, and 
most facets of the work meet social distancing protocols. A report published 
by IEA (2020) corroborates the effectiveness of these measures. For investment 
measures, energy efficiency in buildings and industry together with solar PV 
creates the most jobs per million dollars of investment: on average, these 
three measures create between ten and fifteen jobs for every million dollars. 
Energy efficiency measures tend to be labor-intensive, and the jobs involved 
tend to pay relatively low average wages, while the rapid cost reductions in 
solar PV in recent years mean that labor now represents a much larger portion 
of total costs than was the case in the past.

These investment decisions need to be accompanied by appropriate policy 
incentives that are technology-neutral, performance-based, and market-
based. Additionally, in designing policies to stimulate investments in RE, 
it will be important to consider various issues, including the intermittency 
of renewable energy and its integration in the grid, the welfare economic 
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costs, and the distribution of those costs among consumers and producers 
of energy. In other words, the issues that were discussed earlier—factors that 
constrain RE and the criteria that lead to sound industrial policy— have to be 
considered.

Quite clearly, the goal of increasing the share of RE in the energy sector has 
been derailed. This is not because laws, programs, and policies that need 
to be implemented to support this goal are lacking. However, it would be 
inefficient for this paper to evaluate each of them individually. One hurdle 
would be the attribution problem, i.e., which particular law, policy, or program 
was faulty and to what extent it contributed to the stagnation of RE. Instead, 
the shortcomings of the FiT program and RPS provide a useful framework 
to craft a holistic RE policy. This process can benefit by using criteria for an 
effective industrial policy as guidelines.

In the short run, policymakers can explore “green” fiscal recovery measures, 
but these should be aligned with a medium-term policy aimed at correcting the 
pre-pandemic trajectory. This paper proposes a streamlined policy structure 
aimed at increasing the share of RE with focus on three elements. The first 
is the moratorium on new applications for greenfield coal power plants. By 
effectively narrowing the options for energy firms in terms of future expansion, 
resources will be diverted to other sectors like RE. This is industrial policy in 
its purest form.

For an effective, smooth, and just transition to a lower carbon emission scenario, 
the private sector and the government must cooperate in a constructive 
manner. The latter must work to reduce the economic uncertainty that will 
be generated by the moratorium. This can be achieved by consolidating the 
various programs and policies and anchor them to the CREZ (Lee et al. 2020), 
which is the second element of the simplified structure.

A CREZ is a geographic area with high concentrations of cost-effective RE and 
strong developer interest. A recently completed study by Lee et al. (2020) 
identified twenty-five individual CREZ across the Philippines with high-quality 
RE resources, limited development constraints, and strong private developer 
interest. The resource capacity in these zones exceeds the Philippines’ 
Renewable Energy Roadmap goal of at least 20 GW of renewable power on 
the grid by 2040, offering plenty of flexibility in finding the most cost-effective 
transmission build-out scenarios (Lee et al. 2020).

Because a significant amount of data and information has already been 
generated by this study, technical feasibility has been enhanced significantly. 
For example, high spatial and temporal resolution wind and solar resource 

7 The Way Forward
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data for the meteorological year 2017 are publicly available. This is intended 
to support transparent, data-driven decision making.

Another important feature of CREZ is the involvement of the National Grid 
Corporation of the Philippines and the DOE in the project. Their collaboration 
led to the formulation of transmission expansion options that incorporated 
the identified CREZ. As a result, two important constraints to the deployment 
of RE—and it should be noted, other energy sources—were mitigated. The 
first is timescale misalignment. Traditional transmission planning approaches 
are often misaligned with RE scale up. Deployment of large-scale wind and 
solar generation may only require a year or less, while transmission planning 
and development may take ten or more years. The second is the circular 
dilemma which was described as an example of coordination failure in 
Section 2. RE generator development requires financing, but remote wind 
or solar resources cannot be financed until transmission access is available; 
however, transmission lines cannot be built without cost recovery certainty or 
demonstrated need from wind or solar generation (Lee et al. 2020).

By explicitly dealing with issues pertaining to the grid, the issue of system 
effects has also been effectively addressed. As mentioned earlier, these consist 
of profile costs, balancing costs, grid costs, and connection costs. The primary 
result of the CREZ study, therefore, has been to ensure technical feasibility. As 
the report states: “The CREZ process opens opportunities for private sector 
development and reduces investment barriers by directing transmission 
development and RE developers to the Philippines’ most promising RE 
opportunities” (Lee at al. 2020, 16). Nevertheless, financial viability remains to 
be a major concern of the private sector. There can be cooperation between 
the government and the private sector along the lines proposed by CSDP. 
However, the pitfalls of the FiT scheme and RPS have to be avoided. More 
importantly, since industrial policy is involved, the guidelines and criteria listed 
in Box 10.1 have to be adhered to as closely as possible.

The general contours of the public-private partnership can be laid out. Details 
are left to other studies. First and foremost, the government has to practice 
embedded autonomy. In practical terms, CREZ should be open to all energy 
providers, not only to those firms dedicated to RE. The announcement that 
100% foreign ownership in large-scale geothermal energy exploration and 
development is allowed is a step in the right direction. Second, any subsidies 
provided by the government have to be well-designed and calibrated. These 
should be subject to the principle of discipline and accountability. Lastly, 
technological developments, especially in the area of battery storage, have 
to be monitored closely. The government and the private sector have to 
be prepared to adopt a more aggressive posture in transitioning to VRE if 
technological trends provide a compelling basis for doing so.

The latest Philippine Energy Plan (2018 –2040) shows that the installed capacity 
in 2018 is 23,825 MW or 23.8 GW. The forecast capacity under a reference 
scenario or business as usual is 90,584 MW or 90.6 GW in 2040. According to 
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Source Capacity Factor (%)

Nuclear 93.5

Natural gas 56.8

Coal 47.5

Hydropower 39.1

Wind 34.8

Solar 24.5

Table 10.6:
Capacity factors 
of energy 
technologies

Source: https://
www.energy.
gov/ne/articles/
nuclear-power-
most-reliable-
energy-source-
and-its-not-
even-close 
(accessed 11 
August 2020)

The last element of the simplified policy structure aimed at increasing the 
share of RE is revisiting the option of nuclear energy (e.g., Yap  2020, the 
published version of which appears as Chapter 20 in the anthology). While 
it is not classified as RE, nuclear energy has contributed significantly to the 
reduction in GHG emissions. This option will be useful if capacity factors of 
solar, wind, and hydro are not expected to improve significantly beyond 2040, 
e.g., the cost of battery storage will not decline to profitable levels in the 
foreseeable future. Estimates show that when there is collaboration between 
nuclear and renewables, the cost of reaching a carbon-free grid could fall by 
as much as 62% (Kempfer 2019).

The most feasible nuclear option for developing countries is small modular 
reactors (SMRs), which is an emerging technology in nuclear energy. SMRs are 
defined as nuclear reactors with an electrical capacity of less than 300 MW 
per module. They could be installed as single modules distributed throughout 
the grid, which may be attractive in countries or regions with less-developed 
networks, in remote regions, or as dedicated sources of electricity for industrial 
complexes. For example, this can be an option for large isolated islands like 
Masbate or Romblon. Estimates indicate that the LCOE of SMRs could be 
competitive with larger nuclear units and with other dispatchable generating 
technologies (IEA 2019). SMRs have not yet been mainstreamed in the global 
energy market. However, they are already on the radar of the DOE (Domingo 
2019). 

Lee et al. (2020) the twenty-five individual zones across the Philippines have 
an estimated gross capacity of 152 GW of new wind and solar PV. The zones 
also include an estimated 365 MW of geothermal, 375 MW of biomass, and 
over 650 GW of hydropower capacity distributed across the Luzon, Visayas, 
and Mindanao systems. This brings the total capacity to 802.74 GW, but this 
does not take into account the relatively low capacity factors of RE (Table 
10.6). However, if majority of the CREZ materialize, this is more than enough 
to cover the additional requirements in the next twenty years, even if capacity 
factors of solar, wind, and hydro do not improve significantly.
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Off-grid electrification remains a significant challenge for the Philippine 
energy sector. In 2012, the International Energy Agency estimated that, 
of the additional electricity needed in 2030 globally, around 45% could 
be generated and delivered through extensions to national grids, 35% 
through mini-grid solutions, and the remaining 20% through isolated off-grid 
solutions (Mulqueeny and du Pont 2014). In the Philippines, the share of mini-

Off-grid	electrification	is	a	key	component	in	expanding	access	to	sustainable	
energy in the Philippines. Several laws and policies, such as Republic Act 
(RA)	9136	or	the	Electric	Power	Industry	Reform	Act	of	2001,	RA	9513	or	the	
Renewable	Energy	Act	of	2008,	and	the	2016–2020	Missionary	Electrification	
Development	 Plan,	 were	 enacted	 to	 promote	 total	 electrification	 in	 the	
Philippines.	However,	the	extent	of	electrification	in	the	Philippines,	particularly	
in the rural areas, has lagged behind compared with other Asian countries with 
a similar level of development. The energy consumption rate has also been 
relatively low, correlated to the country’s mediocre economic performance. 

Off-grid	electrification	can	be	accelerated	by	expanding	the	use	of	renewable	
energy (RE). However, this option is constrained by market-based and 
technology factors, market failure, and the political economy, as well as 
idiosyncratic reasons, as highlighted in selected case studies. Nevertheless, 
policies,	most	notably	 those	 related	 to	 access	 to	finance	and	 smart	 use	of	
technology, can be designed to support the expansion of RE. Competitive 
Renewable Energy Zones can play an enabling role. These policies are readily 
applicable at the grassroots level, including those areas represented by the 
case studies.

Keywords: off-grid	 electrification,	 renewable	 energy,	 missionary	 areas,	
distributed energy system, market failure

Abstract

Introduction 
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Table 11.1 presents the per capita electric power consumption and per capita 
gross domestic product (GDP) of selected countries in Asia. Studies have 
shown that countries with higher per capita electric power consumption also 
have higher per capita GDP. For instance, Chandio et al. (2019) and Ghali 
and El-Sakka (2004) have noted that per capita energy consumption is one 
of the most significant indicators of economic development. Singapore, with 
the highest per capita GDP of USD 56,349, consumes the largest per capita 
electricity at 7,680 kWh (see Table 11.1). Malaysia and China, with the second- 
and third-highest GDP per capita, have per capita electricity consumption of 
4,183 kWh and 3,991 kWh, respectively. Relative to other countries in Asia, 
the Philippines, with the second-lowest per capita GDP, has per capita electric 
power consumption of only 717 kWh. 

Tables 11.2 and 11.3 compare electrification rates in the Association of 
Southeast Asian Nations (ASEAN) region based on data from the World Bank. 
Compared to countries in Southeast Asia, the Philippines stands at 94.9% total 
electrification rate in 2018, the third lowest in the region next to Cambodia 
(91.6%) and Myanmar (66.3%). Other countries in the region, such as Brunei, 
Malaysia, Singapore, Thailand, and Viet Nam, have 100% total electrification 
rate. 

Country Per Capita Electric
Power Consumption (kWh)

Per Capita GDP
(at constant 2010 USD)

China 3,991 8,405

Indonesia 799 4,312

Malaysia 4,193 11,637

Philippines 717 2,980

Singapore 7,680 56,349

Thailand 2,736 6,094

Viet Nam 1,451 2,133

Table 11.1:
Per capita 
electric power 
consumption 
and per 
capita GDP of 
selected Asian 
countries, 2020

GDP = gross 
domestic 
product; 
kWh = kilowatt 
hour; 
USD =United 
States dollar

Source: 
World Bank 
(2021a) and 
IndexMundi 
(2021)

grid solutions and off-grid electrification by 2030 is expected to be higher 
considering its archipelagic nature. While the government is committed to 
providing energy access for all, the country’s archipelagic structure is proving 
to be a major constraint in building transmission and distribution infrastructure 
that would connect off-grid remote island communities to the main national 
grid. Electrification of highly dispersed rural communities with low population 
and load density, is particularly challenging as it often leads to affordability 
problems and power losses due to transmission over long distances. Despite 
this, off-grid electrification remains an important national policy as studies 
have shown the significant positive effect of energy consumption on economic 
growth and human development (Kanagawa and Nakata 2008). 



229Role of Renewable Energy in Promoting Energy SecurityChapter 11

Due to its archipelagic geography, rural electrification remains a challenge 
in the Philippines. Improvement in total rural electrification rate had been 
slow during 2011–2013, but it picked up during 2016–2018. By 2018, almost 
92.5% of the total rural population in the Philippines had access to electricity. 
However, this is relatively low compared to ASEAN countries with the same 
level of economic development (Table 11.3).

Table 11.2:
Total 
electrification	
rate in the 
ASEAN region

Source: World 
Bank (2021b) 

Country 
Name

2010 2011 2012 2013 2014 2015 2016 2017 2018

Brunei
Darussalam

100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Indonesia 94.2 94.8 96.0 96.5 97.0 97.5 97.6 98.1 98.5

Cambodia 31.1 48.0 51.4 54.8 56.1 68.8 76.6 89.1 91.6

Lao PDR 70.6 70.0 76.4 79.5 83.0 89.7 90.8 93.6 97.9

Myanmar 48.8 53.8 55.0 56.2 52.0 60.5 55.6 69.8 66.3

Malaysia 99.2 99.5 99.8 99.9 100.0 100.0 100.0 100.0 100.0

Philippines 85.2 87.2 87.4 87.5 89.8 89.1 92.3 93.0 94.9

Singapore 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Thailand 99.7 99.5 99.1 99.5 99.8 99.6 100.0 99.9 100.0

Viet Nam 98.5 99.0 99.0 99.0 99.2 99.8 99.2 100.0 100.0

Table 11.3:
Total 
electrification	
rate in rural 
areas	(%	of	rural	
population) 
in the ASEAN 
region

Source: World 
Bank (2021b) 

Country Name 2010 2011 2012 2013 2014 2015 2016 2017 2018

Brunei
Darussalam

100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Indonesia 89.4 90.2 92.6 93.0 94.0 94.9 95.1 96.0 96.8

Cambodia 15.8 36.3 40.0 43.8 44.7 60.6 70.0 86.1 89.0

Lao PDR 59.2 58.0 66.8 71.0 75.9 85.7 86.6 90.5 97.1

Myanmar 32.5 39.7 40.9 42.4 37.9 47.6 39.8 59.9 54.8

Malaysia 98.1 98.6 99.5 99.7 100.0 100.0 100.0 100.0 100.0

Philippines 78.1 81.3 81.2 81.9 84.7 83.2 88.6 90.0 92.5

Singapore 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Thailand 99.5 99.1 98.8 99.2 99.7 99.5 100.0 99.9 100.0

Viet Nam 97.9 98.5 98.6 98.5 98.9 99.7 98.8 100.0 100.0
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Table 11.4:
Regional 
electrification	in	
the Philippines, 
2017

Region Total
Household

Served
Household

Unserved 
Household

Household
Electrification 

Rate (%)

Cordillera 
Administrative 
Region (CAR)

409,100 365,999 43,101 89

I 1,179,133 1,141,887 37,246 97

II 795,800 762,314 33,486 96

III 2,793,456 2,748,334 45,122 98

IV-A 3,718,758 3,572,657 146,101 96

IV-B 708,077 566,065 142,012 80

National Capital 
Region (NCR)

3,233,605 3,189,357 44,248 99

V 1,197,558 957,954 239,604 80

Luzon 14,035,487 13,304,567 730,920 95

NIR – Negros 
Island Region

Source: Olap 
(2018) 

The lagging performance of the Philippines in rural electrification is shown in 
Table 11.4. Based on data from the Department of Energy (DOE), 2,779,530 
out of 23,716,028 or 12% of households in 2017 remain unserved. An 
unserved area refers to an area with no electricity access, distribution system 
lines, individual home system, or connection to any microgrid system. Of 
the three major island groups, Mindanao has the lowest electrification rate 
at 71%, while Luzon and Visayas are at 95% and 88%, respectively. At the 
regional level, Mindanao is the only island group with household electrification 
rates of less than 70% in four of its regions. For example, in the Autonomous 
Region in Muslim Mindanao, now the Bangsamoro Autonomous Region in 
Muslim Mindanao (BARMM), only 27% or 169,190 households have access to 
electricity. 

This paper deals with the process of expanding access to electricity in off-grid 
areas in the Philippines with emphasis on the role of RE. The way the title is 
structured is deliberate. Off-grid electrification is the set goal, and there are 
many ways of achieving this, although priority should be given to options 
involving RE. Rewording the title could have made it appear that increasing 
the share of RE is the set goal. The next section is a review of the literature 
focusing on strategies to expand access to electricity. Section 3 describes the 
policy structure that governs the process of expanding off-grid electrification 
and RE. This includes data on where the concentration of both unserved and 
underserved areas are located. Meanwhile, Section 4 presents a framework 
that explains why renewable energy should drive the expansion of electricity 
in off-grid areas. Part of the section analyzes factors that constrain RE. Case 
studies of four off-grid areas show how these factors play out in real life. 
Section 5 discusses policy options on how to promote RE in off-grid areas.
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Region Total
Household

Served
Household

Unserved 
Household

Household
Electrification 

Rate (%)

VI 1,019,375 908,244 111,131 89

VII 1,426,286 1,391,344 34,942 98

VIII 1,003,543 831,235 172,308 83

NIR 1,016,400 806,494 209,906 79

Visayas 4,465,604 3,937,317 528,287 88

Autonomous 
Region in Muslim 

Mindanao 
(ARMM) 

618,600 169,190 449,410 27

Caraga 633,700 615,515 18,185 97

IX 754,300 505,444 248,856 67

X 1,004,722 927,878 76,844 92

XI 1,177,596 803,588 374,008 68

XII 1,026,019 672,999 353,020 66

Mindanao 5,214,937 3,694,614 1,520,323 71

Philippines 23,716,028 20,936,498 2,779,530 88

2
Access to electricity is crucial in improving socio-economic conditions and 
promoting equality, particularly in developing countries. A study conducted 
by Khandker et al. (2009) argues that the lack of access to electricity is a major 
impediment to economic development. In addition, Chaurey et al. (2004) 
note a strong correlation between access to electricity and poverty in rural 
communities. Finally, Bernard and Torero (2011) argue that having access to 
electricity improves efficiency and productivity and results in household time 
savings. 

The importance of providing energy access to rural communities has forced 
governments in both developed and developing countries to turn to off-grid 
energy solutions. Compared to on-grid technologies, off-grid energy systems 
are capable of satisfying electricity demand through local power generation. 
Because this form of energy provision is decentralized from the main grid, 
transmission losses and outages are reduced, providing a more reliable 
power supply in rural communities. These technologies are also cost-effective 
and easy to implement because they do not require expensive electricity 
transmission infrastructure.  

Review of Related Literature  
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Off-grid energy systems can be classified into (1) mini-grids and (2) stand-
alone systems. Mini-grids are small-scale electricity generation facilities 
isolated from the central grid and can service a limited number of consumers. 
Renewable energies such as solar, hydro, wind, and biomass, are often sources 
of electricity in mini-grids, with diesel serving as backup power. Backup 
electricity is usually stored in batteries to balance supply and demand and 
address load disruptions. Meanwhile, stand-alone systems are smaller than 
mini-grids in terms of coverage and typically provide electricity to individual 
homes or small businesses. These are not connected to the main grid and, like 
mini-grids, are often powered by RE. 

A decentralized energy system (DES), although relatively new, is a promising 
energy solution for areas without electricity access. Compared to the traditional 
power industry structure, DES is characterized by distributed generation, 
which reduces transmission and distribution losses, and related economic and 
environmental costs. This technology also uses locally available RE sources, 
reducing the harmful greenhouse gas (GHG) emissions produced by fossil 
fuel sources. One of the strengths of DES is that it reduces the need to build 
expensive transmission and distribution infrastructure. In addition, it promotes 
efficiency by lowering transmission losses and creates job opportunities for 
locals because of the decentralized generation facilities.  However, compared 
to large central power plants, decentralized generation sources are often 
subjected to interconnection transactions cost and higher capital cost per 
kWh (UNESCAP 2012). 

Glemarec (2012) pointed out that aside from the physical barriers to off-
grid electrification, public policies must also address non-physical barriers 
to support the development of a sustainable off-grid energy market. 
Governments must ensure that poor communities have access to affordable 
clean energy technologies, especially as RE prices continue to fall, particularly 
for solar and wind technologies. Policies must also address access to 
financing, given that poor rural households are often discouraged by energy 
technologies due to expensive upfront costs. Finally, consumer education and 
community participation are imperative to promote the widespread adoption 
of RE technologies, particularly in off-grid areas. 
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3 Managing Off-grid Areas in the Philippines
3.1

According to the Department of Energy (DOE), off-grid areas, more commonly 
referred to as “missionary areas,” are typically small islands and isolated 
grids (SIIGs) that are not connected to the main grid. SIIGs are serviced by 
the National Power Corporation (NPC), while relatively large off-grid islands 
are powered by privately-owned new power providers (NPPs). Meanwhile, 
qualified third-party (QTP) providers service remote off-grid areas. 

The legal basis for declaring total electrification as a national policy objective 
is anchored on Republic Act 6038, more commonly known as the National 
Electrification Administration Act. Under this law, the National Electrification 
Administration (NEA) was created to “promote, encourage, and assist public 
service entities, particularly cooperatives, to the end of achieving the objective 
of making service available throughout the nation on an area coverage basis 
as rapidly as possible”  (Section 5). This Act also encourages the creation of 
cooperatives for the purpose of supplying electricity on an area coverage 
basis. The enactment of Republic Act 9136 or the Electric Power Industry 
Reform Act (EPIRA) of 2001 identified the roles of distribution utilities, QTPs, 
and the NPC-Small Power Utilities Group (SPUG) in the restructured electricity 
industry. According to EPIRA, private-owned distribution utilities (DUs) and 
electric cooperatives (ECs) are responsible for distributing electricity in their 
coverage area. However, when DUs and ECs cannot connect an area, they may 
waive their franchise and allow QTPs to generate and distribute electricity to 
households. In cases when both the DUs and QTPs cannot provide electricity, 
then SPUG may take over and act to supply electricity. Another provision of 
EPIRA is the Universal Charge for Missionary Electrification (UCME), which is 
aimed at improving and ensuring sustainable development in off-grid areas.

Other laws supporting off-grid electrification include Republic Act 9513 or the 
Renewable Energy Act (RE Law) and Republic Act 10531, otherwise known as 
the National Electrification Administration Reform Act of 2013. The RE Law, 
which aims to accelerate the exploration and development of RE, encourages 
compliance with the Renewable Portfolio Standards (RPS)1 and minimum 
renewable energy generation capacities in off-grid areas. In response to the 
changes brought about by EPIRA, RA 10531 aims to empower and enable 
electric cooperatives to cope with the changes under arestructured electric 
power industry. The Act also aims to “promote sustainable development in 
the rural areas through rural electrification and empower and strengthen NEA 
to pursue the electrification program and bring electricity, through the electric 
cooperatives as its implementing arm, to the countryside even in missionary 
or economically unviable areas” (Sec. 2).
 
The most comprehensive strategy to deal with off-grid electrification is the 
Missionary Electrification Development Plan (MEDP), the latest MEDP being 
for 2016–2020 (DOE 2016a). The MEDP covers the government’s development 

Policy Structure

1 The 
Renewable 
Portfolio 
Standard is 
a market-
based policy 
that requires 
electricity 
suppliers 
to source 
an agreed 
portion of their 
energy supply 
from eligible 
renewable
energy 
resources.
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3.2

Policies to expand access to electricity can be evaluated by tracking relevant 
data. It is useful to determine how many potential households are served by 
the grid and what percentage of these households have access to reliable 
electricity. Energy access is defined based on whether a household has 
access to electricity or not. Thus, if one light bulb is electrified in a home, 
it is already counted as an electrified household. In the Philippines, this is 
defined as a “served” area. In contrast, those without access to electricity 
are called “unserved,” while those without continuous 24-hour access are 
classified as “underserved.”. The data can be juxtaposed against the number 
of households in off-grid areas with the same classification applied. These 
data can be consolidated in a table, such as in Table 11.5.

Grid/Off-grid Areas and Served / Unserved / 
Underserved Areas

plans and programs to increase access to sustainable energy in off-grid areas 
and promote efficient energy use. The last edition of MEDP addresses the 
pressing conditions and needed policies, such as 1) improving the Private 
Sector Participation (PSP) Program; 2) upgrading operations and services in 
missionary areas; and 3) rationalizing the UCME.

There is a distinct paucity of reference to the role of RE in the MEDP. The only 
notable discussion in this area is the Solar PV Mainstreaming (PVM) Program 
under the EU-assisted Access to Sustainable Energy Program (ASEP), which 
started in 2017. The other is the proposal to review the manner of implementing 
cash generation-based incentives for RE developers as provided for in RA 
9513 in the context of using UCME as a subsidy to consumers in off-grid areas. 
The DOE, in coordination with the Energy Regulatory Commission (ERC) and 
the Power Sector Assets and Liabilities Management (PSALM) Corporation, 
intended to commence a review of the UCME to recommend improvements 
in implementing an RE cash incentive scheme chargeable to the UCME in 
missionary areas. 

A useful approach to complement the MEDP would be to analyze how RE 
can be integrated with the PSP. Two possible areas are access to finance and 
incentives, such as the aforementioned RE cash incentive.

To address the challenges of off-grid electrification, the DOE developed a 
comprehensive policy aimed towards off-grid power development, which 
was approved and signed as the Omnibus Guidelines for Off-Grid Areas that 
took effect on March 10, 2019. The Omnibus Guidelines for Off-Grid Areas 
is anchored on three main objectives: (1) accelerate access to sustainable 
energy; (2) rationalize the UCME; and (3) improve the efficiency, sufficiency, 
and reliability of electricity services in off-grid areas.
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Grid Off-Grid

HHa Mwh HHb Mwh

Served 19,232,684 761,746

Unserved 1,533,882 781,770

Underserved

Table 11.5:
Matrix showing 
progress in 
electrification

HH = 
household; 
Mwh = 
megawatt 
hours;

a Latest data 
in 2020 are 
20,936,499 
served 
households 
and 2,779,530 
unserved 
households.
b These data are 
also reported in 
the MEDP for 
the year 2015.

Source: 
Proposed table 
structure from 
authors using 
data from 
SolarSolutions 
(2021) 

The DOE through Department Circular (DC) 2019-11-0015 defines an 
unserved area as an area with no electricity access, distribution system lines, 
individual home system, or connection to any microgrid system. Meanwhile, 
an underserved area refers to an area served by an individual home system, 
microgrid system, or distribution facility, where electricity services are less than 
24 hours daily because of non-implementation of applied capital expense 
projects, non-compliance with the service parameters of the Philippine 
Distribution Code, or any other reason. This results in an overall failing mark 
based on the latest annual technical evaluation of the distribution systems 
performance as targeted by the ERC.

The 100% target of the Philippine Energy Plan (PEP) 2018-2040 encompasses 
both unserved and underserved areas. Although the DOE reports the 
electrification level (served areas) in the country annually, it does not provide 
how much of those are underserved. Therefore, if the electrification target 
includes underserved areas, a separate measurement from the traditional 
binary classification must also be published. The definitions above necessitate 
the available data on the duration and reliability of access for Philippine 
households.

Under the EPIRA, there are two ways to provide electricity to a household: grid 
and off-grid. A household is considered serviced through the grid if electricity 
access is provided through local connections from the main grid. The main 
grid’s energy is typically sourced from a centralized system where power 
plants (e.g., coal, natural, gas, hydro) and renewable sources contribute to the 
energy mix. On the other hand, households using off-grid power systems are 
those not connected to the main grid. Such power systems are the generation 
and delivery systems covered by Missionary Electrification.

The data in Table 11.5 are incomplete, but these are complemented by the 
data in table B2.6. In 2018, off-grid areas consumed 1,163 GWh of electricity, 
which is about 1.5% of the total electricity consumption of the main grid. In 
total, for missionary areas, there are 181 power generation facilities, of which 
139 are operated by NPC-SPUG, 32 are NPPs, six are DU-owned, and four 
are from QTPs. Most power generation facilities in off-grid areas are oil-based 
power plants, which comprise 97.1% of the off-grid areas’ energy mix, while 
2.9% are from mini-hydro power plants (DOE 2020). The data in Table 11.6, 
which are from 2019 and 2018, show an improvement in total consumption 
in off-grid areas. However, the improvements are minimal, considering that 
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2019 2018

 Main Grid Off-Grid Total Main Grid Off-Grid Total 

Sales by Sector     

Residential 29,837 715 30,552 27,611 650 28,261

Commercial 25,150 326 25,476 23,717 299 24,016

Industrial 24,365 68 24,433 23,277 92 23,369

Others 1,885 169 2,054 1,754 122 1,876

Total Sales 81,237 1,278 82,515 76,359 1,163 77,522

Own-Use 127 3 130 116 2 118

System Loss 6,408 190 6,598 6,132 181 6,313

Total
Consumption

87,772 1,471 89,243 82,607 1,346 83,953

the share of RE in total consumption increased from 1.6% in 2018 to 1.64% in 
2019. The following section explores this trend.

This section highlights RE’s possible role in expanding access to electricity in 
off-grid areas in the Philippines. The rationale for supporting RE is presented 
in section 4.1, along with a discussion on a confluence of various factors 
that have made RE feasible. Meanwhile, constraints to the adaption of RE 
technology are analyzed in IV-B. The experiences of different provinces show 
how these constraints can become binding and how they can be addressed.

4 What is Being Done? What Should be Done?

4.1
A framework developed by the International Renewable Energy Agency 
(IRENA 2019) analyzes the factors that have made RE a feasible option for 
off-grid electrification (Figure 11.1).  Sharp declines in technology costs since 
2009 have made off-grid renewable energy solutions cost-competitive (Figure 
11.2). In particular, the decline in cost of the most important components of off-
grid RE systems, combined with an equally notable increase in the efficiency 
of end-use appliances, has further increased the affordability of RE. This is the 
core of the explanation surrounding economic and technology factors.
 

Framework: Rationale for RE in Distributed Energy Systems

Table 11.6:
2018 and 2019 
comparative 
electricity 
sales and 
consumption 
of distribution 
utilities, 
Philippines
(in	GWh)

GWh = 
gigawatt hours
Source: DOE 
(2019a)
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Meanwhile, rising household incomes, expansions of infrastructure and rural 
connectivity, and  wider availability of consumer finance have also made off-
grid solutions feasible. These factors have increased the acceptance of RE 
as an enabler of socio-economic development through increased access to 
electricity.
    
The distributed and decentralized nature of off-grid technologies offers the 
opportunity to maximize the socio-economic benefits of energy access by 
engaging local capacities and different segments of the value chain. In other 
words, there is a synergy between off-grid electrification and community 
empowerment in support of human development. Many of the skills needed 
to install, operate, and maintain off-grid systems can be developed locally, 
providing access to training and employment opportunities, especially for 
youth and women. Examples around the world demonstrate that the value 
of actively engaging communities at all stages of project development can 
improve sustainability and maximize benefits by promoting local ownership 
and establishing links with end-uses, including income-generating activities.

Finally, promoting RE dovetails with the objective of achieving net zero 
carbon emissions by 2050. Net zero means that, on balance, no more carbon 
is deposited into the atmosphere than is taken out. Thus, there is a clear 
link between RE and environmental sustainability. The framework, therefore, 
aligns closely with the United Nations’ (UN) Sustainable Development Goal 
(SDG) 7, which calls for ensuring access to affordable, reliable, sustainable, 
and modern energy.

Figure 11.1: 
Framework to 
justify the role 
of RE in off-grid 
electrification

Source:
IRENA (2019, 7)
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4.2
Despite the Philippines’ commitment to increase the share of RE in its energy 
mix, the percentage of RE in electricity generation has remained stagnant 
over the past two decades. In 1990, the share of RE was 45.4% (Verzola et 
al. 2018). This had fallen steadily in the succeeding years, reaching 42.8% in 
2000, 26% in 2010, and 21% in 2019 (Table 11.7) (DOE 2019b).  As discussed 
in section 3.2, this dismal performance has extended to off-grid areas. 

The evidence points to two general factors associated with the performance 
of RE in off-grid areas. First is the disappointing overall penetration of RE in 
the Philippines, which is explained in this section and is based largely on Yap 
and Lagac (2020). Second are idiosyncrasies in each region, which are partly 
explained by the case studies in section 4.3.

Why is RE Low in Off-grid Areas?

4.2.1 

There are four major constraints to RE development: market-
related factors, technology-related factors, market failure, and 
political economy. Yap et al. (2020)—which appears as Chapter 1 
in this anthology—discuss market failure and political economy 
factors in the energy sector in the Philippines. Meanwhile, market 
factors and technology-related factors can be consolidated into 
(a) technology inertia, which is driven largely by the need to 
recover investments in fossil fuel infrastructure and the costliness 
of incorporating variable RE (VRE) into the grid; (b) availability and 
cost of energy supplies and the need to import; (c) technology 
ease and low cost of producing biomass relative to VRE; and (d) 
financing constraints.
 
Market and technology factors are more difficult to overcome 
because they have evolved over time and provided strong 
incentives for players in the energy market. Since accessibility 
and affordability of energy supplies are some of the main 
considerations, the Philippine energy mix, therefore, has been 
dominated by fossil fuels, with the power sector relying on 
imported coal to power its baseload generation capacity. Even if 
the cost of VRE has been falling, “technologies remain expensive 
and are not affordable for many SEA countries” (Peimani and 
Taghizadeh-Hesary 2019, page 6). 
 
Because they are not available all the time, VRE (e.g., wind and 
sunshine) is an intermittent energy source. Hence, the concept 
of system effects driven by this attribute must be considered 
(World Nuclear Association 2020). These are often divided into 

Market- and Technology-Related Factors
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Figure 11.2: 
Comparing 
LCOE of 
various energy 
generation 
technologies 
indicating 
relative 
costliness of 
nuclear power 
(as of October 
2020)

LCOE = 
levelized cost of 
electricity; 
PV = 
photovoltaic; 
C&I = 
commercial and 
industrial

Source: 
Lazard (2020)

the following four broadly defined categories: profile costs (also 
referred to by some researchers as utilization costs or backup 
costs), balancing costs, grid costs, and connection costs to the 
grid (sometimes included in the levelized cost of electricity 
[LCOE]). 
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Technology 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

1. Coal 23,301 25,342 28,265 32,081 33,054 36,686 43,303 46,847 51,932 57,890

2. Oil-Based 7,101 3,398 4,254 4,491 5,708 5,886 5,661 3,787 3,173 3,752

3. Combined 
Cycle

1,202 124 227 247 515 276 694 405 522 728

4. Diesel 4,532 2,762 3,332 3,805 4,730 5,521 4,722 3,100 2,505 2,8115

5. Gas 
Turbine

3 - - - - 10 - - - 26

6. Oil Thermal 1,364 512 695 438 463 80 245 282 145 184

7. Natural 
Gas

19,518 20,591 19,642 18,791 18,690 18,878 19,854 20,547 21,334 22,354

8. Renewable 
Energy (RE)

17,823 19,845 20,762 19,903 19,810 20,963 21,979 23,189 23,326 22,044

a. Geo
thermal

9,929 9,942 10,250 9,605 10,308 11,044 11,070 10,270 10,435 10,691

b. Hydro 7,803 9,698 10,252 10,019 9,137 8,665 8,111 9,611 9,384 8,025

c. Biomass 27 115 183 212 196 367 726 1,013 1,105 1,040

d. Solar 1 1 1 1 17 139 1,097 1,201 1,249 1,246

e. Wind 62 88 75 66 152 748 975 1,094 1,153 1,042

TOTAL 67,743 69,176 72,922 75,266 77,261 82,413 90,798 94,370 99,765 106,041

Share of Coal  
(%)

34% 37% 39% 43% 43% 45% 48% 50% 52% 54%

Share of 
Renewable
Energy (%)

26% 29% 28% 26% 26% 25% 24% 25% 23% 21%

Table 11.7: Power generation by source (in GWh)

Source: DOE (2019b)

A study by the OECD Nuclear Energy Agency (as cited by the 
World Nuclear Association 2020) defines profile costs as “the 
increase in the generation cost of the overall electricity system in 
response to the variability of VRE output.” They are thus at the 
heart of the notion of system effects. In particular, they capture 
the fact that in most cases, it is more expensive to provide the 
residual load in a system with VRE than in an equivalent system 
where dispatchable plants replace VRE. This also explains why RE 
sources have low capacity factors (Table 11.8).  Energy sources 
like solar and wind power depend on weather conditions. 
However, nuclear energy, for example, does not have to deal with 
this constraint. Therefore, nuclear power plants are essentially 
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Source Capacity Factor (%)

Nuclear 93.5

Natural gas 56.8

Coal 47.5

Hydropower 39.1

Wind 34.8

Solar 24.5

Table 11.8:
Capacity factors 
of energy 
generation 
technologies 
indicating 
unreliability 
of RE

Source: US 
Department of 
Energy (2021)

impervious to external climatic factors, resulting in reliable 
energy output, hence, a higher capacity factor, as seen in Table 
11.8. The figures imply that nuclear power plants generate peak 
power more than 93% of the time, higher than all other sources.

Even if the status quo is maintained—implying that technology 
inertia prevails—the Philippines remains vulnerable to price 
volatility and supply disruptions. Other issues to consider are 
resource depletion—highlighted by the Malampaya gas field—
and carbon dioxide (CO2) emissions. These risks can be weighed 
against the returns from maintaining the status quo. This is 
tantamount to dealing with the challenges of energy security and 
environmental sustainability from a balanced perspective.

4.2.2 

Market failure occurs when a service or commodity is not 
produced at a socially optimal level. In this context, the supply 
of RE is inadequate because the positive externalities from its 
use are not taken into consideration by the potential suppliers. 

Market failures in the area of RE can be defined as either 
atemporal or intertemporal. Atemporal deviations are those 
in which the externality consequences are based primarily on 
the rate of flow of the externality. For example, an externality 
associated with air emissions may depend primarily on the rate 
at which the emissions are released into the atmosphere over 
a period of hours, days, weeks, or months. Such externalities 
can be described statically. They may change over time, but the 
deviation has economic consequences that depend primarily on 
the amount of emissions released over a specific time period 
(e.g., hours, days, weeks, or months). These may have immediate 

Market Failure in Renewable Energy2

2 This section is 
largely based 
on Gillingham 
and Sweeney 
(2010) as cited 
in Yap et al. 
(2020).
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4.2.2.1 

Environmental externalities are the principal source 
for much of the interest in RE. Use of fossil fuels emits 
an assortment of air pollutants that are not priced 
without a policy intervention. Air pollutants from 
fossil fuel combustion include nitrogen oxides, sulfur 
dioxides, particulates, and carbon dioxide. Some of 
these pollutants pose a health hazard, either directly, 
as in the case of particulates, or indirectly, as in the 
case of ground-level ozone formed from high levels of 
nitrogen oxides and other chemicals.
 
When harmful fossil fuel emissions are not priced or 
properly costed by the polluter, the market will over-use 
fossil fuels and under-use substitutes, particularly RE 
resources. Meanwhile, if the emissions are not explicitly 
accounted for, there will be no inducement for firms to 
use technologies or processes to reduce the emissions 
or mitigate the external costs. The evidence for 
environmental externalities from fossil fuel emissions is 
considerable, even if estimating the precise magnitude 
of the externality for any given pollutant may not be a 
straightforward process.

Atemporal Environmental Externalities

or gradual consequences that are felt over very long periods, i.e. 
they become intertemporal.

In this context, intertemporal market failures are those that 
emanate from the accumulation of the source of the externality 
leading to a change in the stock over a period of time, typically 
measured in years, decades, or centuries. The stock can be of a 
pollutant (e.g., carbon dioxide) or of something economic (e.g., 
the stock of knowledge or the stock of photovoltaics installed on 
buildings). If the flow of the externality is larger (smaller) than the 
natural decline rate of the stock, the stock increases (decreases) 
over time. Intertemporal externalities can best be described 
dynamically, for it is the stock (e.g., carbon dioxide), rather than 
the flow, that leads to the consequences (e.g., global climate 
change).
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4.2.2.2 

Information market failures relate most directly to the 
adoption of distributed generation of RE by households, 
such as solar photovoltaic (PV) or microgeneration wind 
turbines. If households have limited information about 
the effectiveness and benefits of distributed generation 
RE, there may be an information market failure. In a 
perfectly functioning market, one would expect profit-
maximizing firms to undertake marketing campaigns 
to inform potential customers. However, economic 
theory suggests that additional information can play an 
important role for technologies that are just beginning 
to diffuse into the market. Information market failures 
are closely related to behavioral failures. Reducing 
information market failures would also be expected 
to reduce behavioral failures associated with heuristic 
decision-making.

Apart from these considerations, imperfect information 
also arises from uncertainties in the (1) short- and long-
term price of petroleum or carbon-based fuels and 
other substitutes; (2) price of RE technologies, which 
depends on the speed and type of technological 
innovation and how they are produced to scale; and 
(3) energy demand forecasting (national and local). 
These may impact the cost-benefit calculus of firms 
concerning investment decisions and consumers and 
explain deviations from what is socially optimal. 

Imperfect information also leads to coordination 
failures, specifically investment decisions between 
generation and transmission. RE, specifically VRE, 
are location-specific. However, transmission companies 
are driven by prudent investment decisions as they are 
regulated by the ERC. Increasing reliance on VRE may 
mean adopting changes in evaluating its feasibility. 

Information Market Failures (Atemporal)
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Quantity

Demand

Average
Cost

ba

Figure 11.3: 
Economies of 
Scale: Slope 
of average 
cost function 
more negative 
than slope 
of demand 
function

Source: 
Figure 5.1 of 
Gillingham and 
Sweeney (2010), 
page 76.

4.2.2.3 

Economies of scale, particularly increasing returns to 
scale, refer to situations where the average cost of 
producing a unit decreases as the rate of output at any 
given time increases, resulting from a nonconvexity in 
the production function due to any number of reasons, 
including fixed costs. This issue may inefficiently result 
in a zero-output equilibrium only under the following 
conditions: (a) market-scale increasing returns, (b) when 
the slope of the average cost function is more negative 
than the slope of the demand function, and (c) the firm 
cannot overcome the nonconvexity on its own.
 
Market-scale increasing returns refer to a non-convex 
production function at output levels comparable with 
market demand. Figure 11.3 graphically illustrates the 
second condition. If the quantity produced is small (e.g., 
quantity “a”), then no profit-seeking firm would be 
willing to produce the product. However, if production 
could be increased to the right of the crossing point 
level (e.g., at quantity “b”), then it would be profitable 
for the firm to produce: price would exceed average 
cost.
 
The role of policy would be to encourage production for 
the market to be at “b.” The policy can be in the form 
of a subsidy or even a renewable portfolio standard. 

Economies of Scale (Atemporal)
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4.2.2.4 

Uncompetitive behavior may influence the adoption of 
renewable energy technologies in several ways. First, 
market power in substitutes for renewable energy can 
influence the provision of RE through several channels. 
Firms effectively exercising market power in substitutes 
for RE can lead to overinvestment in RE. An example 
is when the Organization of the Petroleum Exporting 
Countries (OPEC) cartel would raise the price of 
energy above the economically efficient level, making 
investing in renewable energy more profitable. The 
converse can also be true. Predatory pricing can be 
an outcome of firms exercising market power in RE 
substitutes discouraging the development of RE by 
driving down prices.
 
Meanwhile, firms with market power in substitutes 
for renewable energy may have an incentive to buy 
out fledgling RE technologies to reduce competitive 
pressures, leading to a possible under provision of RE 
resources if that purchasing firm “buries” the renewable 
technology. However, the prospect of being bought 
by a competitor could provide a strong incentive for a 
firm to be created with the explicit intention of selling 
itself to a larger company. Which effect dominates 
and whether there is market power in substitutes for 
renewable energy can only be determined empirically.

Market power may also influence the adoption of 
renewable energy resources by influencing the rate 
and direction of technological change. If there is 
less competition in a market, firms are more likely to 
fully capture the benefits of their innovations so that 
incentives to innovate are higher. Conversely, if there 
is more competition, firms may have the incentive to 
try to “escape” competition by investing in innovations 
that allow them to differentiate their product or finding 
a patentable product. Evidence suggests that the 
relationship between competition and innovation 
may be an inverted U-shaped curve, with a positive 
relationship at lower levels of competition and a 
negative relationship at higher levels of competition.

Market Power (Atemporal)
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4.2.2.5 

4.2.2.6 

Particularly relevant to renewable energy supplies 
are CO2 and other greenhouse gases. For CO2, every 
additional ton emitted remains in the stock for over 
a century. Thus, emitting a ton today would have 
roughly the same cumulative impacts as emitting a 
ton in twenty years. This implies that—absent changes 
in the regulatory environment—the magnitude of the 
deviation for emissions now will be the same as the 
magnitude of the deviation for emissions twenty years 
from now. Economic efficiency implies that a society 
should be almost indifferent between emitting a ton 
of CO2 now, twenty years from now, or any year in 
between. It is this relationship that imposes a structure 
on the time pattern of efficient policy responses.

Network externalities occur when the utility an 
individual user derives from a product increases 
with the number of other users of that product. The 
externality stems from the spillover that one user’s 
consumption of the product has on others. Hence, the 
magnitude of the externality is a function of the total 
number of product adoptions. Often quoted examples 
of network externalities include the introduction of 
the QWERTY typewriter keyboard, the telephone, 
and later, the fax machine. An important caveat about 
network externalities is that the externality may already 
be internalized. For example, the network owner may 
recognize the network effects and take them into 
account in its decision-making. When the externality 
is already internalized, network externalities are more 
appropriately titled “network effects” or “peer effects” 
and do not lead to market failures in network industries 
characterized by demand-side increasing returns to 
scale. Competition is heavily influenced by positive 
feedback in that each consumer’s adoption of a product 
increases the likelihood of future adoptions.

Intertemporal Environmental Externalities

Imperfect Capture of Future Payoffs from
Current Actions: Network Externalities
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4.2.3 

Even if policies that improve social welfare are clearly defined 
based on economic theory, their adoption and implementation 
are not assured. A political economy framework is presented 
wherein the policies that will emerge are those that best fulfill the 
objectives of those actors with the greatest influence in policy-
making (Jakob et al. 2019). The general structure is presented 
and discussed in Yap et al. (2020).
 
Different actors with different or opposing interests would try 
to influence the crafting of policy or program outcomes in their 
favor. However, their incentives are not only shaped by pecuniary 
and non-pecuniary benefits but also by the transaction costs 
and other costs associated with lobbying or organizing forms 
of collective action (Coase 1960; Williamson 1979). This may 
depend on a number of factors, such as the group size.

A similar argument was presented by Altomonte (2021)—the 
abstract of which appears as Chapter 13 in this anthology—
whose qualitative analysis of the policy network revealed social 
embeddedness among actors, primarily the incumbent energy 
developers, utilities, and the government. The resulting selection 
pressures across the regime dimensions of political power and 
technology have contributed to the failure of  RE policy.

Similarly, Verzola et al. (2018) argued that the major contending 
forces affecting the transition to a lower-carbon scenario in the 
Philippines are the fossil fuel interests, climate change mitigation 
and adaptation proponents, and the affected stakeholders. 
To meet the goals of a stable, affordable, and secure power 
supply, the conflicts between the privatized electricity sector and 
government regulatory bodies must be resolved. One possible 
course of action is the principle of “embeddedness,” as applied 
by Rodrik (2014). This refers to the coordination between the 
public sector and private firms to allow the former to be aware of 
the constraints and opportunities of the latter.

Another source of conflict is the divergence in approach among 
government agencies. An example of this is the Nationally 
Determined Contributions (NDC), which is part of the Paris 
Agreement. In 2015, the Philippines submitted an ambitious 
NDC with a conditional GHG reduction target of 70% below 
business-as-usual levels by 2030. The NDC was fully supported 
by the Climate Change Commission. Meanwhile, DOE Secretary 
Alfonso Cusi declared he would not support any measure that 
increases electricity prices or impedes industrialization and 
economic growth. As a result, the NDC was withdrawn in 2017.

Political Economy
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On the other hand, the technology-neutral policy of the DOE—
which is its official position—may be inconsistent with the 
objective of increasing the share of RE. Some experts argue 
that a shift in the trajectory of the energy mix requires a bias 
toward clean energy technology. Neutrality will allow the market 
to dictate outcomes, leading to the continued stagnation of RE.

4.3
Table 11.9 provides a list of off-grid electric cooperatives in the Philippines, and 
the relatively high number reflects the country’s archipelagic nature. In such a 
scenario, one approach to electrification is implementing a distributed energy 
system (DES), the equivalent of the decentralized energy system discussed 
in Section 2. DES applies to all distributed generation or decentralized 
power systems where electric power is produced and consumed locally. 
DES can either be a utility or consumer-owned.3  Off-grid can be a stand-
alone generation with no connection to the national grid, while on-grid is 
an embedded generation or a self-generating facility. Embedded generator 
refers to generating units that are indirectly connected to the grid through 
the distribution utilities’ system or industrial generation facilities synchronized 
with the grid.

The deployment of DES applications has merits, especially in off-grid areas. 
For one, the concept of DES as a stand-alone mini-grid is practically viable 
in island provinces, especially when public funds are limited to finance the 
extension of the on-grid transmission lines to reach remote areas. Elaborating 
further, the mobility of fossil-based DES technologies, such as diesel power 
generators, enables sustainable energy supply in far-flung areas. Compared 
to other technologies, diesel power generators can be easily installed through 
modular units, and their installed capacity can be conveniently augmented at 
any given time. This is an example of the technology-related factors discussed 
in section 4.2 that lead to the persistence of fossil-based energy sources.

Over the medium term, however, there has to be a shift toward RE as the 
main source of off-grid electrification. This is the core of this study, and the 
rationale was presented earlier in section 4.1. The following are case studies 
that highlight the progress, or lack thereof, in this transition. The experience 
of each locality can support policy recommendations discussed in section 5.

Case Studies

3This part is 
largely based 
on Phoumin et 
al. (2018).
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Island Off-Grid Electric Cooperative 

Luzon

Batanes Electric Cooperative (BATANELCO)

Lubang Electric Cooperative (LUBELCO)

Occidental Mindoro Electric Cooperative (OMECO)

Oriental Mindoro Electric Cooperative (ORMECO)

Marinduque Electric Cooperative (MARELCO)

Tablas Island Electric Cooperative (TIELCO)

Romblon Electric Cooperative (ROMELCO)

Busuanga Island Electric Cooperative (BISELCO)

Palawan Electric Cooperative (PALECO0

First Cantanduanes Electric Cooperative (FICELCO)

Masbate Electric Cooperative (MASELCO)

Ticao Island Electric Cooperative 

Visayas 

Bantayan Island Electric Cooperative (BANELCO)

Camotes Electric Cooperative (CELCO)

Province of Siquijor Electric Cooperative (PROSIELCO)

Mindanao 

Siasi Electric Cooperative (SIASELCO)

Sulu Electric Cooperative (SULECO)

Basilan Electric Cooperative (BASELCO)

Tawi-Tawi Electric Cooperative (TAWELCO)

Dinagat Island Electric Cooperative (DIELCO) 

Table 11.9: 
List of off-
grid electric 
cooperatives in 
the Philippines

Source: 
Phoumin et al. 
(2018, p. 116) 

4.3.1

Dubbed as the “renewable energy capital of the Philippines,” 
Negros Island, composed of the provinces of Negros Occidental 
and Negros Oriental, has an RE installed capacity of 665 MW, 
generating 2,458,213 MWh of electricity. The island is home to 
nine solar farms, six biomass plants, two geothermal plants, and 
one hydropower plant.  

The local government units in Negros Island received strong 
support from their constituents in maintaining the island’s 
coal-free status. In 2018, Executive Order (EO) 9 declared the 
province of Negros Oriental as an “Environment-Friendly and 
Clean Energy Province” and mandated the province not to issue 
permits in favor of developers of coal-fired power plants. In 
addition, the Provincial Renewable Energy Council (PREC) was 

Negros Island
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established in 2019 to monitor the implementation of renewable 
energy programs in the province.

According to DOE (2019a), electricity in Negros Occidental and 
Negros Oriental is mainly generated by private companies and 
distributed by electricity cooperatives. There are five distribution 
utilities in Negros Island: Negros Oriental I Electric Cooperative 
(NORESCO I), Negros Oriental II Electric Cooperative (NORESCO 
II), Central Negros Electric Cooperative (CENECO), Negros 
Oriental Electric Cooperative (NOCECO), and Northern Negros  
Electric  Cooperative  (NONECO) (Reyes 2018). 

With its abundant energy sources and a solar share of 47%, 
Negros Island is considered a “hope spot” for renewable 
energy transition (CEED 2020). However, the population is not 
reaping the benefits from these resources, and the province is 
experiencing higher electricity costs per kilowatt hour than other 
neighboring provinces. The island also suffers from an unreliable 
power supply resulting in frequent power outages. 

According to a study conducted by CEED (2020),  the unreliable 
power supply in Negros Island stems from a “power glut” due 
to the significant increase of solar farms on the island following 
the provision of the Feed-in Tariff (FiT) system under the RE 
Law. Solar power generators raced to finish solar farm projects 
and other eligible RE technologies to qualify for the FiT rate 
before the quota was filled. Thus, the solar farms not covered 
by the FiT were considered “stranded” as they could transmit 
their generated capacity to the grid. This posed a huge loss of 
opportunity in serving the increasing energy demand both in the 
island and its neighboring provinces, such as Panay and Cebu. 

The DOE has advised the solar companies to sell their energy 
through the wholesale electricity spot market or enter into 
bilateral contracts. However, as of 2019, there are still no 
agreements between Negros solar plants and Negros electric 
cooperatives.
 
Even with the abundant RE resources, around 18.1% of 
households in Negros Island, particularly in far-flung barangays 
outside the reach of physical infrastructures like farm roads and 
bridges, and areas bound by rivers, remain unserved. This makes 
power an expensive commodity in these areas, contributing 
to endemic poverty. In addition, off-grid electrification of the 
island also suffers from issues on property rights and limited 
interconnection capacity.
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4.3.2

According to the DOE, the province of Palawan has a household 
electrification rate of 76.22%, translating to 153,841 electrified 
households with access to electricity. However, 46,000 homes 
are still unserved. 

The energy issues of Palawan were brought to the attention of the 
national government. Hence, in 2018, President Rodrigo Duterte 
gave an ultimatum to Palawan Electric Cooperative (PALECO) 
and the key local government unit (LGU) officials of Palawan 
to act on the problematic power situation in the province. 
Following President Duterte’s ultimatum, DOE Secretary Alfonso 
Cusi formed the Inter-Agency Coordinating Committee and Task 
Force Palawan Electric Cooperative (IACC-TF PALECO) in early 
2019 to help PALECO resolve the energy issues and improve 
service in the province. 

An assessment of the province’s energy situation by IACC-TF 
PALECO revealed the following key findings: (1) uncoordinated 
synchronization of the protection system of PALECO and 
NPC’s transmission lines; (2) vegetation, particularly trees, that 
obstructs both PALECO and NPC lines, especially in the southern 
towns of the province; (3) overloaded substations; (4) temporary 
generators that are unstable; (5) derailed coal power plants; and 
(6) difficulty in coordination with the local government units in 
line with maintenance and improvement of distribution facilities 
(DOE 2019c). 

In addition, the DOE developed an energy roadmap in 2019 
to address the energy problems of Palawan. To aid PALECO’s 
rehabilitation, the NEA tapped ten ECs under the Task Force 
Kapatid Program and provided them with the technical staff, 
tools, and the equipment they needed. NEA also urged 
PALECO to formulate a sustainability plan to ensure that the 
issues addressed by Task Force Kapatid will not happen again 
in the future. Meanwhile, the Palawan Council for Sustainable 
Development (PCSD) was established to address the power 
supply instability in Southern Palawan. PCSD is mandated to help 
improve the distribution system and oversee the replacement of 
old power facilities. The goal of the initiative is to modernize the 
power distribution system and facilities in the province.

Several mini-grids were also established to address off-grid 
electrification in Palawan. For instance, the Green Island mini-
grid in the municipality of Roxas is the first renewable energy 
hybrid project in the country operated by a community-based 

Palawan
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nongovernment organization (NGO). It utilized a combination of 
solar PV and biomass, initially covering 50 households. 

However, according to IRENA (2017), mini-grids are not climate-
resilient and can only provide electricity to households for a 
few hours. In its 2017 case study, IRENA concluded that the 
design and installation of the RE system failed to be climate-
resilient. Moreover, the system’s sustainability was not ensured, 
as the warranty and insurance did not cover maintenance and 
replacements of the technologies. This hampered the ability 
of the community to fix the system when the technology 
broke down. Also, due to the high development cost of the RE 
technologies, the island pays more for their electricity than other 
communities that adopted the same technology. The mini-grid 
also failed to distribute 24 hours of electricity service on a daily 
basis, as power only runs from 6 p.m. to 10 p.m. 

The first diesel mini-grid in Palawan is the Rio Tuba Mini-Grid in the 
municipality of Batarasa operated by Power Source Philippines, 
Inc.   (PSPI), a QTP. The PSPI was authorized by ERC in 2008 to 
perform missionary electrification in Rio Tuba, which is among 
the areas declared unviable by DOE (ERC 2008). According to 
IRENA (2017), PSPI  contributed to community development 
by enhancing livelihood and productivity on the island through 
the distribution of storage and mini ice plants, which became a 
source of income for the community, and provision of internet 
access.

Among the recent off-grid projects in Palawan is the Sabang 
Project by  the Sabang Renewable Energy Corporation, which 
was permitted by the ERC in 2016 to perform missionary 
electrification in Cabayugan. The Sabang Project is a mixture of 
solar PV power plant and a micropower grid that supplies 24-
hour electricity to 650 small and large off-takers.  The DOE also 
designated Petro Energy Resources Corporation as a QTP in 
2019 to operate a wind energy farm in San Vicente, Palawan. 
The investment was driven by the continuous ecotourism growth 
in the town and other nearby areas.

To encourage the private sector to participate in off-grid 
electrification, the government must streamline and ensure a 
smooth application process for developers (IRENA 2017; ARE 
2018). It was also suggested that for RE initiatives and mini-
grids spearheaded by donor organizations and NGOs, it is 
best to encourage the participation of local ECs and DUs to 
align initiatives and improve the coordination and information 
accessibility and transparency among energy stakeholders. 
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4.3.3

With a total population of around two million people and a land 
area of 10,571 square kilometers, Mindoro is the seventh largest 
island in the Philippines. Once named the “Brownout Capital 
of the Philippines, ”Mindoro has been plagued with power 
problems for decades. In the 1970s, households in Mindoro 
received four hours of daily power supply on average from 
the Occidental Mindoro Electric Cooperative (OMECO), which 
later waived its franchise given its difficulties in serving Paluan, 
Occidental Mindoro. When NPC took over in 2014, households 
received electricity for 16 hours a day on average, with outages 
lasting for several days.

According to the DOE, the island accounts for nineteen total 
renewable energy projects, with potential and installed capacity 
of 222.40 and 39.10 MW, respectively. Data from the Oriental 
Mindoro Electric Cooperative (ORMECO) shows that 24.2 MW 
out of the total dependable capacity of 60.25 MW (40.17%) in 
Oriental Mindoro are sourced from five operating RE projects in 
the province.

However, despite its resource potential, the whole island has 
been plagued with various power issues. IRENA (2017, 70) noted 
that while the current regulatory framework has managed to 
bring more renewable energy players into the Mindoro island 
mini-grid in the last decade, the same regulatory framework and 
implementation of administrative procedures “are also proving 
to be one of the major challenges for the use of renewable 
energy, particularly in mini- or micro-grids for rural and off-grid 
electrification.” Documentary requirements and evaluation 
processes within the various DOE departments and the ERC 
result in delays and are considered tedious and costly. Mindoro’s 
location also makes it vulnerable to natural disasters, such as 
typhoons. The Inabasan Hydroelectric Power Plant, the first RE 
project in Oriental Mindoro, suffered major setbacks in 2016 after 
being affected by typhoons Nona, Nina, Urduja, and Usman. The 
rehabilitation and repairs were estimated to cost around PHP 2 
billion (Lagare 2019). 

In August 2017, Solar Philippines established the Paluan Solar-
Battery Micro-Grid in Mindoro, the largest solar-battery microgrid 
in Southeast Asia, promising 24/7 reliable energy access to its 
customers. It is composed of 2 MW of solar panels, batteries, 
and diesel backup. The project uses solar panels from Solar 
Philippines Factory and Powerpacks from Tesla (Moran 2019). 

Mindoro
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4.3.4

Romblon is a province in the MIMAROPA (Mindoro, Marinduque, 
Romblon, and Palawan) region composed of three main islands 
(Romblon, Tablas, and Sibuyan) and seventeen small islands. The 
province’s total land area is approximately 1,355.9 sq. km, and 
about 40% of the land area is mountainous, with slopes greater 
than 50%, making off-grid electrification a challenge. 

According to the Philippine Statistics Authority (2015), the total 
population of Romblon is 292,781, with a growth rate of 0.59%. 
As of 2015, poverty incidence in the province remains high at 
36.6% among the population and 28.1% among families. 

NPC generates the power supply while two electric cooperatives 
service the distribution to households: Tablas Island Electric 
Cooperatives (TIELCO), which services Tablas; and Romblon 
Electric Cooperative (ROMELCO), which distributes electricity 
in Sibuyan Island and Romblon. According to the data from 
the DOE, TIELCO’s franchise area is 23.43 sq. km covering 112 
barangays in off-grid areas. It has a franchise population of 
152,638 and a household energization rate of 98.4% (37,309 
HH/37,900 HH). The annual demand growth rate for electricity 
is 6.72%, with a system loss of 8.92% or around 2,633 MWh of 
electricity. Meanwhile, ROMELCO’s franchise covers 517 sq. km 
within 66 off-grid barangays. Its household energization rate is at 
99.3% or (20,951 HH/21,100 HH). Electricity demand is expected 
to grow at an average of 3.86% annually, while system loss is at 
10.23% or 1,565 MWh of electricity. 

In August 2016, ROMELCO installed one of the Philippines’ first 
off-grid hybrid energy systems, a solar battery-diesel hybrid, on 
Cobrador Island. The hybrid system has a solar capacity of 30kW, 
battery (lithium-ion) capacity of 200kWh, and a diesel backup 
generator of 15kW, providing consumers with a stable 24-hour 
electricity supply (Bertheau et al. 2020). There are several other 
projects to address off-grid electrification in Romblon. In 2019, 
President Duterte inaugurated the 7.5-MWp Tumingad Solar 
Power Project in Tablas Island. During the same year, ROMELCO 
started installing one of its three 900-kW wind turbines to 
generate power supply to its franchise area. In addition, 
ROMELCO installed a disaster-ready solar PV system composed 
of 528 high-efficiency solar panels aiming to supply 200 kWh of 
electricity to its consumers. 

But while there have been several off-grid electrification projects 
in Romblon, a study conducted by Bertheau et al. (2020) on 
ROMELCO’s implementation of its 2016 hybrid energy system 

Romblon
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highlighted the uncertainties and risks off-grid electrification 
projects experience in the Philippines. Political uncertainties, 
including lack of coordination among different governing bodies 
in the energy sector and the tedious and bureaucratic process, 
discourage energy players from missionary electrification. 
In addition, the uncertainty over the returns on investments 
increases the reluctance of financial institutions to provide capital 
and financing for off-grid electrification projects. Consumer 
credit reliability is also a problem among ECs as some off-grid 
consumers are not willing to pay extra for electricity even when 
supply is available.

The previous section shows that RE is a viable option to expand access to 
electricity in off-grid areas. Policy options can benefit from the experience 
of ongoing programs in various islands and other off-grid areas. Meanwhile, 
there is no shortage of policy proposals to overcome the constraints presented 
in section 4.2. These proposals can be analyzed at two levels: the national or 
macro-level, and the grassroots or micro-level.

5 What is Being Done? What Should be Done?

5.1
Proposals presented in Yap and Lagac (2020)—Chapter 10 in this anthology— 
deal mainly with expanding the role of RE in total electrification. However, 
specific recommendations related to the Competitive Renewable Energy 
Zones (CREZ) can benefit off-grid areas. This can be considered a macro 
approach and is accomplished mainly by extending the existing grid.

For an effective, smooth, and just transition to a lower carbon emission 
scenario, the private sector and the government must cooperate in a 
constructive manner. One way to achieve this is by consolidating the various 
programs and policies described in Section 3.1 and anchor them to the CREZ 
(Lee et al. 2020).

A CREZ is a geographic area with high concentrations of cost-effective RE 
and strong developer interest. A recently completed study by Lee et al. 
(2020) identified 25 individual CREZ across the Philippines with high-quality 
RE resources, limited development constraints, and strong private developer 
interest. The resource capacity in these zones exceeds the Philippines’ 
Renewable Energy Roadmap goal of at least 20 GW of renewable power on 

National Level
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the grid by 2040, offering plenty of flexibility in finding the most cost-effective 
transmission build-out scenarios (Lee et al., 2020).

Because the CREZ study has already generated a significant amount of data 
and information, technical feasibility has been enhanced significantly. For 
example, high spatial and temporal resolution of wind and solar resource data 
for the meteorological year 2017 are publicly available. This is intended to 
support transparent and data-driven decision-making.

Another important feature of CREZ is the involvement of the National Grid 
Corporation of the Philippines (NGCP) and the DOE. Their collaboration led 
to the formulation of transmission expansion options that incorporated the 
identified CREZ. As a result, two important constraints to the deployment 
of RE—and it should be noted, other energy sources—were mitigated. The 
first is timescale misalignment. Traditional transmission planning approaches 
are often misaligned with RE scale-up. Large-scale wind and solar generation 
deployment may only require a year or less, while transmission planning and 
development may take 10 years or more. The second is the circular dilemma, 
which is an example of coordination failure. RE generator development 
requires financing, but remote wind or solar resources cannot be financed 
until transmission access is available. In addition, transmission lines cannot be 
built without cost recovery certainty or demonstrated need from wind or solar 
generation (Lee et al. 2020).

The issue of system effects can be effectively addressed by explicitly dealing 
with power grid issues (see Section 4.2). As mentioned earlier, these consist of 
profile costs, balancing costs, grid costs, and connection costs. The primary 
result of the CREZ study, therefore, has been to ensure technical feasibility. As 
the report states: “The CREZ process opens opportunities for private sector 
development and reduces investment barriers by directing transmission 
development and RE developers to the Philippines’ most promising RE 
opportunities” (Lee at al. 2020, 16). Nevertheless, financial viability remains 
a major concern of the private sector. Hence, there should be cooperation 
between the government and the private sector. However, the pitfalls of the 
FiT scheme and the RPS have to be avoided. More importantly, since industrial 
policies are involved, public-private partnerships have to be guided by the 
concept of embedded autonomy (Rodrik 2014).

The general contours of the public-private partnership can be laid out. Details 
have been discussed extensively in other studies and are beyond the scope 
of this paper. First and foremost, the government has to practice embedded 
autonomy. CREZ should be open to all energy providers, not only to those firms 
dedicated to RE. The announcement that 100% foreign ownership in large-
scale geothermal energy exploration and development is allowed is a step in 
the right direction. Second, any subsidies provided by the government have 
to be well-designed and calibrated, and should be subject to the principle of 
discipline and accountability. Lastly, technological developments, especially 
in the area of battery storage, have to be monitored closely. If technological 
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5.2.1 

Scaling up rural electrification is not dependent on a particular 
policy, regulatory framework, or government subsidy. This was 
the perspective of a representative from Village Infrastructure 
Angels, an Australian firm geared to mobilize resources for the 
micro-energy sector, and expressed in a 2012 ADB conference 
(Mulqueeny and du Pont 2014).  In his view, the key issue is the 
private sector entrepreneurs’ lack of access to financing for off-
grid renewable energy systems. Access to financing adopted 
to the cash flow profiles of poor households will therefore be 
a key enabler for scaling up clean energy markets (Glemarec 
2012). Five principal market-driven models exist to provide 
upfront costs: (i) dealer/supplier credit-based sales; (ii) consumer 
credit through commercial banks; (iii) consumer credit through 
microfinance institutions; (iv) fee-for-service models where the 
equipment remains the property of the service provider; and (v) 
public sector-operated revolving fund credit schemes.

Access to finance and the rationalization of the UCME

trends provide a compelling basis, the government and the private sector 
must be prepared to adopt a more aggressive posture in transitioning to VRE.

The latest Philippine Energy Plan (2018–2040) shows that the installed capacity 
in 2018 is 23,825 MW or 23.8 GW. The forecast capacity under a reference 
scenario or business as usual is 90,584 MW or 90.6 GW in 2040 (DOE 2020). 
According to Lee et al. (2020), the 25 individual zones across the Philippines 
have an estimated gross capacity of 152 GW of new wind and solar PV. The 
zones also include an estimated 365 MW of geothermal, 375 MW of biomass, 
and over 650 GW of hydropower capacity distributed across the Luzon, 
Visayas, and Mindanao systems. This brings the total capacity to 802.74 GW, 
but this does not take into account the relatively low capacity factors of RE 
(Table 11.8). However, if majority of the CREZ materialize, this capacity is more 
than enough to cover the additional requirements in the next 20 years, even if 
capacity factors of solar, wind, and hydro do not improve significantly.

5.2
What is emphasized at the micro level are specific constraints to mobilize 
RE. One important example is the availability of finance to carry out the 
necessary investment. This can support the PSP mentioned in section 3.1. 
Meanwhile, the case studies in 4.3 discuss useful examples of how some of 
these constraints are overcome.

Grassroots Level
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5.2.2

A possible solution to incentivizing private sector investment is 
building off-grid anchor loads. These are a source of significant 
power demand, such as an agricultural or industrial facility, or 
mobile phone cell tower, to justify the financial costs of a mini-
grid for private sector operators. 

Technical Issues: Off-grid Anchor Loads and
Optimal Generation Mix

At the same ADB conference, a representative from the 
Philippines presented the Alliance for Mindanao Off-Grid 
Renewable Energy (AMORE) program, a USAID-funded project 
implemented by Winrock International. The program’s record 
in rural electrification in low-income communities in Mindanao 
using RE was presented, particularly with regard to solar power. 
The presenter mentioned that a key challenge for the AMORE 
program was designing a financing scheme under which 
consumers could pay an amount equivalent to what they have 
been paying for kerosene. As a result, the program came up 
with an innovative financing mechanism that included a down 
payment (Mulqueeny and du Pont 2014).

One of the recommendations in the 2016–2020 MEDP was to 
review the manner of implementing cash generation-based 
incentives for renewable energy developers as provided for in 
Republic Act 9513 in the context of the UCME’s purpose as a 
subsidy to consumers in off-grid areas. This can be aligned to the 
“RPS for Off-Grid” program described in the next subsection. 
Table 11.10 shows that from 2011 to 2015, the UCME subsidy 
allocated for RE ranged from PHP 22 million to PHP 35 million, 
or an average share of only 0.3%. The proposal for 2020 (Table 
11.11) shows that the indicated share for RE cash incentives is 
significantly higher at 1.9%, corresponding to PHP 342.9 million.

 2011 2012 2013 2014 2015

NPC 6833.21 6,737.76 5,951.04 6,160.32 3,506.06

NPP/QTP 928.73 1619.37 2,340.24 3,017.47 3,702.43

RE Cash Incentive 22.45 31.89 34.53 27.78 23.9

Total  7784.39 8389.02 8325.81 9205.57 7232.39

Table 11.10:  
Distribution of 
UCME subsidy

Source: DOE 
(2016a) 
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 Absolute Amount  (PHP) P/kWh

NPC 9,010,943,569.22 0.0937

NPPs 8,873,320,694.02 0.0923

QTPs 232,889,737 0.0024

REDCI 342,889,737 0.0036

TOTAL UCME 18,460,843,967.62 0.192

Table 11.11:  
Proposed 
distribution of 
UCME in 2020

Source:
ERC (2019) 

PHP = Philippine peso; P/kWh = price per kilowatt-hour ; REDCI = RE cash incentive
Note: The data given are proposed UCME rates per component,
while absolute amounts are estimated payouts of UCME for 2020.

Meanwhile, as part of its continuing advocacy to identify and 
establish the optimal energy mix for small islands and isolated 
grids, the DOE endeavors to formulate a sound MEDP. Relative 
to this, the policy on an optimal energy mix is embodied in the 
priority goals and objectives of the MEDP, in conjunction with 
DC 2018-08-0024 or the RPS for Off-Grid. The DOE has ongoing 
efforts focused on the generation planning for the five island 
provinces, namely, Mindoro, Palawan, Masbate, Marinduque, 
and Romblon. The RPS mandates all generators and distribution 
utilities, with respect to their own embedded generation serving 
off-grid areas, to source and maintain a minimum percentage 
of RE share in their portfolio consistent with the optimal supply 
mix. The main purpose is to substantially increase the share of 
renewable in the country’s energy mix while ensuring rational use 
of subsidies from 
the UCME. 

Along with this thrust, the European Union-Access to Sustainable 
Energy Programme (EU-ASEP) has assisted the DOE in 
conducting studies and facilitating capacity-building activities 
to help improve off-grid operations as part of the Programme’s 
Technical Assistance (TA) component. The activities undertaken 
by the DOE and the ASEP in 2018 include the study to improve 
the efficiency of the NPC-SPUG diesel power plants and the 
training on the enhanced Simplified Planning Tool for the 
optimization of supply mix (DOE 2020, 144). The key features of 
these two programs are presented in Box 11.1.
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* Life Cycle 
Costing (LCC) 
is an important 
economic 
analysis used in 
the selection of 
alternatives that 
impact both 
pending and 
future costs. It 
compares initial 
investment 
options and 
identifies the 
least cost 
alternatives for 
a twenty – year 
period.

Source: ASEP 
(2019, 2020)

The Access to Sustainable Energy Programme (ASEP) 
is a joint undertaking of the European Union (EU) and 
the Philippine Department of Energy (DOE). One of 
the activities under the ASEP’s Technical Assistance (TA) 
component is a study on energy efficiency opportunities 
in mini-grids operated with diesel generators. The TA 
focuses on diesel power plants operated by the National 
Power Corporation’s Small Power Utilities Group (NPC-
SPUG). It aims to establish reasonable efficiency and plant 
performance parameters, which shall become the basis 
for developing a National Strategy for Energy Efficiency in 
the Power Sector, specifically for NPC-SPUG diesel-driven 
generation.

Building on the results from Phase 1, activities of Phase 2 
include:

• Conducting consultations and meetings with 
stakeholders toward drafting an alternative 
standard contract to tender new diesel gensets 
for NPC-SPUG based on the “minimum life-cycle 
cost” approach.*

• Developing a proposal on how to test and monitor 
the new alternative standard contract in a pilot 
scheme.

ASEP also provided support for the planning and the 
conduct of a series of regional workshops in 2020. In 
particular, assistance was requested to train mandated 
participants on using the Simplified Planning Tool 
(SPT3.0). SPT3.0 is an Excel-based, open-source 
software for simulating hybridized off-grid energy supply 
configurations, involving a mix of generation technologies 
such as diesel power, photovoltaics (PV), wind power, 
hydropower, and battery storage systems. The software 
was developed by the Reiner Lemoine Institute under the 
EU-ASEP.

Box 11.1: 
Assistance of 
European Union 
to DOE
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5.2.3 Technical Issues:  Interconnectors and Distributed VRE

A working paper from the Asian Development Bank Institute 
uses the Philippines as an example to highlight the advantages 
of VRE. The focus of the study by Taniguchi (2019) is to extend 
the installation of wind power and solar PV options, jointly known 
as VRE, due to their variability and uncertainty in generating 
outputs. The following are the study’s specific objectives:

• Enhance VRE penetration to reduce dependency on coal 
generation and mitigate the effects of climate change; and

• Improve rural electrification by deploying VRE, thereby 
alleviating the discrepancy between the cities and rural 
regions.

International organizations acknowledge that a high level of VRE 
penetration requires “flexibility” in the system. One definition of 
“flexibility” is “the ability to cope with variability and uncertainty 
in both generation and demand, while maintaining a satisfactory 
level of reliability at a reasonable cost over different time horizons” 
(Danish Energy Agency 2015 as cited in Taniguchi 2019, 3). In 
addition, expanding grid infrastructure through cross-border 
interconnectors enables VRE generation to be shared among 
consumers in different locations, which is the core of the Nordic 
interconnector model.

Unfortunately, the Nordic model has a limitation in terms of 
interconnecting underdeveloped power grids with off-grid 
areas, such as those in the Philippines. Constructing an effective 
interconnector is difficult because it is subject to the future 
installation of VRE. It is not possible to make a correct decision 
concerning interconnector investment before delivering a 
concrete plan for renewable energy sources. This issue is similar 
to the circular dilemma discussed in section 5.1 that the CREZ 
program intends to address.

The distributed VRE model is an alternative framework. 
The Nordic model also provides useful options, such as the 
requirement of flexible resources (e.g., hydroelectric and storage 
resources). The VRE model can lead to improvement of the local 
electrification rate and the energy consumption rate per capita, 
boosting economic growth. The analysis of Taniguchi indicates 
that the combination of VRE and storage would be more cost-
competitive than the traditional fossil fuel generation model.
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5.2.4

Ahmed and Logarta (2017) argue that the DOE can incentivize 
the SPUG to speed up the hybridization of its plants. Moreover, 
the NEA can direct electric cooperatives to be technology-
neutral in the procurement of power.

Under existing regulation, for example, no incentives exist for 
island electric cooperatives (or those in SPUG areas) to procure 
cheaper sources because, whatever the outcome, savings accrue 
exclusively to the missionary fund and none to the franchise 
ratepayers. This is a classic case of moral hazard, wherein the 
system tends to be biased against renewable generation because 
franchise managers would rather stick with the diesel generation 
they are used to, even if it is more expensive.

Section 12 of the Renewable Energy Act of 2008 mandated the 
DOE, upon recommendation of the National Renewable Energy 
Board, to set a minimum renewable energy uptake in off-grid 
areas from available renewable resources in the islands. The 
recommendatory task was delegated to NPC-SPUG. However, 
as of June 2016, the NPC-SPUG had not made any final 
recommendations.

The tariff-setting system for island electric cooperatives under the 
ERC is based on cash adequacy for operating and maintenance 
costs and an arbitrarily set cap on capital expenditures. Thus, 
there is no incentive for electric cooperatives to be more efficient 
or reduce costs. On the other hand, private distribution utilities 
benefit from a performance-based regulation, which leads to 
operational and investment efficiency. Still, private distribution 
utilities lack incentives to procure the least costly power supply 
because of the full pass-through of fuel costs on contracts that 
address demand from captive customers, most of which are 
residential. 

Political Economy and Policy Issues
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The case studies in section 4.3 demonstrate the applicability of the policy 
framework in Section 5. Access to financing is important to attract private 
investment. However, this has to be accompanied by a streamlined project 
approval process. Meanwhile, a more efficient use of diesel generators will 
benefit islands with hybrid systems. However, the end goal of having an optimal 
energy mix with a higher share of RE remains. On the other hand, even if an 
optimal mix can be identified, implementing it requires technical and political 
support. Hence, information from the aforementioned CREZ study will be 
useful as input to projects, such as those aiming to construct interconnectors. 
For example, Negros Island is an area where putting up interconnectors with 
neighboring islands can be effective, while other islands can look into the 
distributed VRE strategy. Finally, a cost-benefit analysis involving VRE and 
storage should be conducted and compared with existing hybrid systems. 

6 Concluding Remarks
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ABSTRACT

To address the problems of climate change and energy security, the Philippines enacted the Renewable Energy (RE) Act of 2008. The law mandated 
the Feed-In Tariff (FiT) policy, which was designed to provide a guaranteed fixed price to RE investors for 20 years to develop renewable technology. 
This paper aims to evaluate the effectiveness of the FiT policy in promoting renewable energy development in the Philippines by assessing its costs 
and benefits. Data show that while the FiT has led to an increase in RE generating capacity, the share of renewable energy in the country has been 
declining since 2011. The findings also suggest that the Philippines has incurred a net social cost from its implementation of the FiT.
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1. INTRODUCTION

Energy is a critical component in the Philippines’ pursuit 
of sustained economic growth and development. Economic 
expansion and the rapid population growth have raised concerns 
on how the increasing energy demand will be met. The Asian 
Development Bank (2018) estimates that the country’s energy 
consumption will double by 2035.

The Philippine energy mix is dominated by fossil fuels, with 
the power sector relying on imported coal to power its baseload 
generation capacity. This highlights the problem of resource 
depletion and CO2 emissions. The Philippines is also vulnerable 
to price volatility and supply disruptions. These inherent 
risks of an energy importer and the gradual depletion of the 
Malampaya gas field forced the government to find other energy 
sources. Confronted with the challenges of energy security and 
environmental sustainability, the Philippines has sought to develop 
and utilize renewable energy sources.

With the passage of Republic Act No. 9513, also known as the 
Renewable Energy (RE) Act of 2008, together with Republic 

Act No. 9367 also known as the Biofuels Act of 2006, the 
Philippines intends to address the problems of energy security 
and environmental sustainability by increasing the development of 
renewable energy sources. The enactment of the RE Law is vital for 
the low-carbon emission development strategy of the Philippines

The RE Law mandates the Feed-in Tariff (FiT) scheme, a nonfiscal 
incentive mechanism that grants renewable energy developers a 
guaranteed price for the purchase of their power generation over a 
mandated period. Institutionalizing the FiT for renewable energy 
sources assures potential investors of the financial viability of energy 
projects and the development of the targeted RE technologies. 

The latest data from the National Grid Corporation of the 
Philippines (NGCP) show that FiT-eligible plants contributed an 
additional 1,409.54 megawatts (MW) of installed capacity from 
2014 to 2020, which is significant for a country facing problems 
of energy security. Although the FiT mechanism increases 
investments in RE technology, it burdens consumers with higher 
electricity prices due to the additional cost of the Feed-in Tariff 
Allowance (FiT-All), which is a fixed charge (Php/kWh) to all 
on-grid consumers. Moreover, the current FiT rates are higher 
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compared to the average price in the Wholesale Electricity Spot 
Market (WESM). If electricity prices in WESM continue to go 
down, then Filipinos are burdened with additional costs of the 
feed-in tariff. 

This study aims to assess the FiT policy in the Philippines. 
According to the literature, there are several criteria to measure 
the failure or success of an RE promotion policy. Effectiveness 
and efficiency are used as the main criteria. The research objective 
is to answer the following: (1) How effective has the FiT been in 
promoting RE technology? (2) Considering its costs and benefits, 
what is the net impact of the policy? 

2. FEED-IN TARIFF POLICY: LITERATURE 
REVIEW

Feed-in Tariff is a price-based support mechanism for RE 
developers which sets a guaranteed price to be paid to RE 
developers per kilowatt-hour (kWh) of electricity generated. It 
involves a purchase obligation on distribution utilities to buy 
the electricity produced by FiT-eligible RE generating plants. To 
date, FiT is recognized as the most efficient policy mechanism for 
promoting renewable energy (Menanteau et al., 2003). In Europe, 
FiT is responsible for the large-scale deployment of wind, solar, 
and biomass (Sijm, 2002).

Compared to quantity-based policies like the renewable portfolio 
standard (RPS), FiT is more attractive to investors as it poses 
lower investment risk due to the provision of long-term financial 
support. Purchase agreements for the sale of electricity under the 
FiT usually last from 10 to 25 years. Other design features of the 
FiT include differentiated FiT rates (to account for the level of 
maturity for each technology), installation targets, and degression 
rates to encourage technological change (Couture et al., 2010). 
FiT is considered a subsidy to producers and the costs are covered 
by electricity consumers. 

Determining the level of price that will stimulate investments in 
RE is the most important component of a FiT policy. A price that 
is too low discourages RE developers from availing the FiT and a 
price that is set too high poses an additional burden to society. FiT 
payment design policies can either be independent or dependent on 
electricity price. Under a market-independent FiT, more commonly 
known as the Fixed-Price Policy, RE developers are guaranteed a 
price for a fixed period independent of electricity price volatilities 
in the market (Figure 1). In contrast, under a premium price FiT 
policy, RE developers are paid a premium plus the market price 
(Figure 2). Fluctuations in prices affect the amount of FiT received 
by producers. RE investors lose profit when market prices are low, 
while developers are rewarded with additional rent with higher 
market prices.

Several studies have analyzed FiT policies in different countries 
and evaluated their efficiency and effectiveness in promoting 
renewable energy. Sijm (2018) assessed the impact of FiT on 
several European countries. In Germany, FiT was introduced in 
1991 with the passage of the Electricity Feed Law (EPL). Under the 

EPL, RE developers receive a feed-in tariff equal to a percentage 
of the annual average electricity rate per kWh. The corresponding 

Feed-in tariffs for solar and wind were set at 90 percent while other 
RE technologies received 65 to 80 percent of the average electricity 
price. The EPL was responsible for doubling the capacity of wind 
energy in Germany from 1990 to 1995. Similar results were found 
in Denmark and Spain. However, despite these impressive gains, 
the German FiT scheme was criticized for its failure to promote 
other renewable energy sources and provide enough incentives to 
encourage cost reductions and innovations (Frondel et al., 2010).

An empirical assessment of the Spanish FiT policy was carried out 
by Del Río and Gual (2007). They found that there was a significant 
increase in the deployment of renewables in Spain, mostly from 
onshore wind. Although the moderate level of subsidies has not 
resulted in excessively high electricity rates, it has highlighted 
several challenges facing the Spanish RE industry, including the 
unequal distribution of the cost of the FiT subsidy. 

The FiT mechanism accounts for a greater share of RE deployment 
in China compared to the RPS policy. However, Yan et al. (2016) 
pointed out that implementation of FiT in China was hindered 
by (1) uneven resource distribution, (2) reluctance of supply 
companies and power generators to get involved in RE, and (3) 
insufficient FiT price to provide incentives to developers to invest 
in renewables.

Figure 1: Fixed-rate FiT policy. Php: Philippine peso, kWh: Kilowatt-
hour, FIT=Feed-in tariff

Source: van Kooten (2013)

Figure 2: Premium price FiT policy. Php: Philippine peso, kWh: 
Kilowatt-hour, FIT: Feed-in tariff, t: Time

Source: Authors’ calculations



272Role of Renewable Energy in Promoting Energy SecurityChapter 12

Lagac and Yap: Evaluating the Feed-in Tariff Policy in the Philippines

International Journal of Energy Economics and Policy | Vol 11 • Issue 4 • 2021 421

In Southeast Asia, the Philippines is one of the first countries to 
adopt the FiT policy, although studies on its impact are scant. Guild 
(2019) compared the implementation of FiT in the Philippines and 
Indonesia and found that the former has been more successful in 
developing the RE industry as seen in the rapid growth in installed 
capacity of its RE technologies. Pacudan (2014) studied the impact 
of FiT on electricity rates and found that the FiT-All, a uniform 
charge to consumers meant to cover payments for RE developers, 
is regressive for households with lower electricity consumption. 
De La Vina (2015) assessed the impact of the inclusion of FiT-
qualified resources such as wind and solar in the Wholesale 
Electricity Spot Market (WESM) and found that although the 
system receives a net benefit through the merit order effect, the 
impact to end-users may be a net cost.

2.1. FiT: Basic Theory
Figure 3 illustrates how equilibrium price in the power sector 
is determined. Because electricity is an important necessity, its 
demand curve is highly inelastic as shown by a steeper demand 
curve (D1). Introducing RE sources into the generation mix 
increases the supply of electricity, moving the supply curve to the 
right (S2) and decreasing the equilibrium price (P2). However, van 
Kooten (2013) noted that the introduction of renewable energy 
sources affects the dynamics in the market, particularly when 
feed-in tariffs are introduced. 

Consider an electricity spot market where generators offer to 
sell electricity in the market at a certain price. All information 
regarding prices and the amount of electricity to be supplied 
by power producers will be collected by the wholesale market 
operator who will then generate a “market merit order,” 
which serves as the supply curve in the market as shown in 
Figure 4. Suppose the demand curve is given by D1, then the 
market-clearing price is given by the marginal cost of coal 
(coal 1) at P1. 

Now, consider the introduction of feed-in tariff for renewable 
technologies. Figure 5 describes its impact on the supply of 
electricity in the market by moving the supply curve to the right 

with the new market-clearing price decreasing to P2 given by 
the marginal cost of CCG2 (combined-cycle gas plants). The 
provision of the feed-in tariff to RE producers increases the supply 
of electricity in the market and exerts pressure on prices, pushing 
conventional energy sources further in the merit order in favor of 
RE. This impact is called the merit-order effect. 

2.2. Feed-in Tariff Policy in the Philippines 
The RE Law mandates the institutionalization of the FiT solar, 
run-of-river hydro, wind, and biomass. The Energy Regulatory 
Commission (ERC) released Resolution No. 16, series of 2010 
followed by ERC Resolution No. 15, series of 2012, detailing 
the implementing rules for establishing the FiT system, the 
method to be followed in determining the optimal FiT rates and 
the administration of the FiT-All. According to the resolution, 
the FiT will follow a fixed-price policy design, with the National 
Renewable Energy Board (NREB) calculating the initial 
technology-specific FiT rates subject to ERC’s approval. 

Table 1 shows the approved feed-in tariff rates with their 
corresponding installation targets as outlined in ERC Resolution 
No. 10, series of 2012. For the first round of FiT, Solar PV 
received the highest FiT price at PhP 9.68/kWh with 50 MW of 
installed capacity. This was followed by wind with an approved 
rate of PhP 8.53/kWh and a target capacity of 250 MW. Run-of-

Figure 3: Supply and demand curves. Php: Philippine peso, MWh: 
Megawatt-hour, P1: Price 1, P2: Price 2, S1: Supply 1, S2: Supply 2, 

D1: Demand 1

Source: Authors’ calculations

Figure 4: Market merit order. CCG: Combined cycle gas, NG: Natural gas

Source: van Kooten (2013)

Figure 5: Market merit order and FiT. CCG: Combined cycle gas,  
NG: Natural gas

Source: van Kooten (2013
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river hydro and biomass FiT rates were at PhP 6.63/kWh and 
PhP 5.90/kWh, respectively. Installation targets for both were 
capped at 250 MW.

ERC’s Resolution No. 06, series of 2015, revised the 
installation target for solar energy generation from 50 MW 

Table 1: Approved feed-in tariff rates
Technology Approved Rates 

(PhP/kWh)
Installation 

Target (MW)
Biomass 5.90 250
Run-of-River Hydro 6.63 250
Solar PV (FiT 1) 9.68 50
Solar PV (FiT 2) 8.69 450
Wind (FiT 1) 8.53 250
Wind (FiT 2) 7.40 150
Source: National Transmission Corporation (TransCo)
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Table 2: Approved FiT-all rate
Year Rate as applied 

PhP/kWh 
Approval Date 

2014-2015 
(filed July 
30, 2014) 

0.0406 Provisional: PhP 
0.0406/kWh

January 2015 
Billing Period 

Final: PhP 
0.0406/kWh 

December 10, 
2015

2016 (filed 
December 
22, 2015)

0.1025 or the 
updated amount 
at the time of 
evaluation 

Provisional: PhP 
0.1240 /kWh

April 2016 
Billing Period 

Final: PhP 
0.1830/kWh 

May 9, 2017 
(docketed 
May 13, 2017) 

2017 (filed 
December 
1, 2016)

0.2291 or the 
updated amount 
at the time of 
evaluation 

No Provisional 
Authority Issued 
to Date 

 

Final: 0.2563/
kWh 

Feb 27, 2018 
(docketed 
May 11, 2018) 
effective June 
2018 billing 

2018 (filed 
August 29, 
2017) 

0.2932 or the 
updated amount 
at the time of 
evaluation 

No Provisional 
Authority Issued 
to Date 

 

Final: PhP 
0.2226/kWh

March 
12, 2019 
(docketed 
March 
29, 2019 
(effective 
April 2019 
billing 

2019 (filed 
on July 27, 
2018) 

0.2780 or the 
updated amount 
at the time of 
evaluation 

 Final: PhP 
0.0495/kWh 
(until Dec 2020) 

Oct 28, 2019 
(promulgated 
on Jan 28, 
2020). 

2020 (filed 
on July 30, 
2019) 

 PhP 0.2278 or the 
updated amount 
at the time of 
evaluation

Final: PhP 
0.0983/kWh 
(effective Jan 
2021 billing)

Nov 23, 2020 
(promulgated 
on Dec 29, 
2020)

2021 
(applicated 
docketed 
on August 
4, 2020) 

PhP 0.1881 (normal 
scenario) or PhP 
0.2008 (COVID-19 
scenario) or the 
updated amount 
at the time of 
evaluation. 

Source: National Transmission Corporation (TransCo)
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3. DATA ANALYSIS AND RESULTS

To evaluate the Feed-in Tariff policy, this study will follow the 
methodology of Del Río and Gual (2007). Due to data limitations, 
the assessment of the FiT will focus on two criteria: effectiveness 
and efficiency. The main objective of implementing the FiT is to 
promote the development of RE technologies in the Philippines. 
Table 3 presents the number of FiT-eligible plants per technology 
and its corresponding total installed capacity. From 2014-2021, 92 
new renewable energy plants were developed, providing a total of 
1409.54 MW of additional installed capacity to the grid. Of the 
four technologies, only run-of-river hydropower 

1 The social cost of carbon used is from the United States Environmental 
Protection Agency. With an average discount rate of 3 percent, the social 
cost of carbon is $ 50.00 per metric ton of CO2 in 2030. Skeptics of climate 
change effects use a higher discount rate. At an average discount rate of 5%, 
the social cost of carbon falls to USD 16.00 per metric ton of CO2 in 2030. 

Table 4: Actual RE generation of FiT eligible plants (in MWh)
Technology Actual Energy Generation Billed (MWh) 

2015 2016 2017 2018 2019 2020 (Up to Nov 2020 billing) TOTAL (2015 to Jan 5, 2021)
Biomass 264,569 512,081 592,919 718,651 711,749 695,279 3,495,249.00 
Hydro 85,760 94,323 149,094 262,754 337,167 449,371 1,378,469.00 
Solar 102,079 571,791 660,721 693,258 671,072 646,610 3,345,530.00 
Wind 763,120 952,836 1,074,849 1,135,082 1,026,702 826,408 5,778,996.00 
Total 1,215,528 2,131,031 2,477,583 2,809,745 2,746,690 2,617,668 13,998,244.00 
Source: National Transmission Corporation (TransCo)

Table 5: Power generation by source (in GWh)
Technology 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Coal 23,301 25,342 28,265 32,081 33,054 36,686 43,303 46,847 51,932 57,890
Oil-Based 7,101 3,398 4,254 4,491 5,708 5,886 5,661 3,787 3,173 3,752

Combined Cycle 1,202 124 227 247 515 276 694 405 522 728
Diesel 4,532 2,762 3,332 3,805 4,730 5,521 4,722 3,100 2,505 2,815
Gas Turbine 3 - - - - 10 - - - 26
Oil Thermal 1,364 512 695 438 463 80 245 282 145 184

Natural Gas 19,518 20,591 19,642 18,791 18,690 18,878 19,854 20,547 21,334 22,354
Renewable Energy (RE) 17,823 19,845 20,762 19,903 19,810 20,963 21,979 23,189 23,326 22,044

Geothermal 9,929 9,942 10,250 9,605 10,308 11,044 11,070 10,270 10,435 10,691
Hydro 7,803 9,698 10,252 10,019 9,137 8,665 8,111 9,611 9,384 8,025
Biomass 27 115 183 212 196 367 726 1,013 1,105 1,040
Solar 1 1 1 1 17 139 1,097 1,201 1,249 1,246
Wind 62 88 75 66 152 748 975 1,094 1,153 1,042

Total 67,743 69,176 72,922 75,266 77,261 82,413 90,798 94,370 99,765 106,041
Share of coal (%) 34% 37% 39% 43% 43% 45% 48% 50% 52% 55%
Share of renewable 
energy (%)

26% 29% 28% 26% 26% 25% 24% 25% 23% 21%

Source: Department of Energy (DOE) 

to 450 MW and set a Solar FiT rate of PhP 8.69/kWh (“Solar 
FIT 2”). A new wind FiT rate of PhP 7.40/kWh (“Wind FiT 2”) 
was set under ERC Resolution No. 14, series of 2015, to be 
applied to three wind power projects— –San Lorenzo, Nabas, 
and Pililia Power. On February 24, 2018, the DOE endorsed 
the extension of the biomass and run-of-river hydropower 
installation targets eligibility until December 31, 2019, or 
upon successful commissioning of the run-of-river hydro and 
biomass power projects. The extension covers the remaining 
balance of the respective initial installation targets. The FiT 
mechanism also guarantees all eligible renewable energy plants 
a (1) purchase agreement for 20 years, (2) priority connection 
to the grid, and (3) priority scheduling and dispatch in the spot 
market. According to De La Viña (2015), these concessions 
are a departure from the market-based scheduling and pricing 
regime of WESM. ERC Resolution No. 15, series of 2012, 
mandates the designation of the National Transmission 
Corporation (TransCo) as the FiT-All Fund administrator, 
which will establish, manage, and administer the FiT-All Fund. 
The rules on the determination and imposition of the FiT-All 
Rate are outlined under the FiT-All guidelines released by the 
ERC on December 16, 2013. Under the FiT-All guidelines, 
TransCo must submit its proposed FiT-All Rate no later 
than July of each year for implementation in the following 
year. Table 2 shows the proposed and the approved FiT-All 
Rates together with the date of approval and billing period. 
TransCo failed to meet the July deadline for the submission 
of the proposed FiT-All rate for 2016-2017. In 2018, the ERC 
decreased the rate by PhP 0.0706/kWh to arrive at the FiT-All 
rate of PhP 0.226/kWh. 

Table 6: Total environmental benefit from using re instead 
of coal
Computation of Benefit from Using RE 
instead of Coal

Amount 

Actual Generation of FiT-Eligible RE, in MWh 13,998,244
CO2 emissions (metric ton per MWh) 0.98
Amount of CO2 Avoided by use of RE (in metric tons) 13,718,279.12
Social Cost of Carbon1 ($ per metric ton) 50
Average Exchange Rate, 2015-2020(Peso per 1$) 49.58
Social Cost of Carbon (Pesos per metric ton) 
=50 x 49.59

2,479.00

Benefit from Using RE instead of coal (Pesos) 34,007,613,938.48
Source: Authors’ calculations
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Has undersubscribed its installation target while both solar and 
wind energy have exceeded their approved installation capacity. 
Table 4 shows that RE generating power plants contributed a 
total of about 13,998,244.00 MWh of electricity from 2015 until 
January 2021. About 41 percent of actual generation comes from 
wind energy, with biomass and solar providing 25 percent each 
to the total share of FiT-eligible plants. The remaining 10 percent 
comes from run-of-river hydro.

Despite the increase in renewable energy sources, data from the 
Department of Energy (DOE) reflects the continuing dependence 
of the Philippine energy sector on coal. Table 5 shows that the 
share of coal to total power generation increased by 2 percent every 
year. From 2017 to 2019, almost half of the total power generated 
in the Philippines is supplied by coal, with the share of renewable 
energy sources decreasing to 21 percent in 2019. Figure 6 shows 
the growing gap between the share of coal and renewables in the 
Philippines. Even with the passage of FiT, renewables failed to 
take over some of the share of coal in total power generation.

The efficiency of the FiT can be evaluated using a static 
efficiency approach where the benefits from the policy are 
compared to their costs. Due to data limitations, quantifiable 
benefits from FiT considered in this study are the (1) merit-order 

Table 7: FiT- All Fund Cashflows (as of January 5, 2021, in million pesos)
Year 2015 2016 2017 2018 2019 As of Jan 5, 2021 Total
Total Cash Inflow 3,058.40 10,235.10 18,006.70 26,271.60 31,555.00 14,795.00 103,921.80
Total Cash Outflow 2,738.00 10,106.70 17,641.30 26,197.80 20,984.00 24,150.00 101,817.80
Excess of Collection over Disbursement 320.40 128.40 365.40 73.80 10,571.00 (9,355.00) 2,104.00
Cash, Beginning 320.40 448.80 814.20 888.00 11,459.00 2,104.00
FiT-All Fund Balance 320.40 448.80 814.20 888.00 11,459.00 2,104.00 2,104.00
Source: National Transmission Corporation (TransCo)

effect and (2) the environmental benefit of using renewable 
energy from FiT. 

The merit-order effect is a result of the downward pressure on 
prices due to the increase in supply of renewables in the market. 
Using WESM data from November 2014 to October 2015, De La 
Viña (2015) estimated that the FiT merit-order effect results in 
savings of PhP 8.3 billion per year. To estimate the environmental 
benefit of the FiT, the actual generation of FiT-eligible plants 
from 2015-2020 (Table 4) is used to calculate the amount of coal 
displaced by using RE. Table 6 presents the parameters used in the 
estimation. The total amount of CO2 emissions avoided from using 
RE is 13,718,279.12 metric tons. To compute for the monetary 
benefit of avoiding CO2 emissions, the amount of CO2 emissions 
avoided is multiplied by the social cost of carbon, yielding an 
estimated benefit of PhP 34,007,613,938.48. 

To estimate the cost of the FiT policy, actual data on FiT-All Fund 
Cashflow from 2015 to 2021 are used as presented in Table 7. The 
FiT-All is the amount paid by end-users to cover the payments to 
RE investors who availed of the FiT. As of January 2021, the total 
amount collected from consumers is PhP 103,922,000,000.00.

Combining the total estimated environmental benefit from the FiT 
and the merit-order effect, Philippine society received an estimated 
total gain of PhP 83,807,613,938.00. Since the estimated total 
cost is greater than the total benefits from the policy, it suggests 
that the Philippines is incurring a net social cost of about PhP 
20,114,386,062.00 from its implementation of the FiT as shown 
in Table 8.

4. OTHER CONSIDERATIONS

Apart from its net social cost, RE has certain unintended 
consequences such as the “missing money problem” which is the 
result of the decrease in prices because of the impact of merit-order. 
Investors in conventional energy may not recoup their capital costs 
because of the drop in prices. Not only will existing investors be 
adversely affected, but future investment in conventional energy 
will also be discouraged.

ADB (2018) described a related problem known as “curtailment 
risk and price dislocation”. It cited the experience of Negros Island 
which experienced an overcapacity during March and April 2016 
with an additional generation of 279 MW of solar power. This has 
led the NGCP to reduce geothermal and coal generating capacity 
to prevent grid congestion because RE technologies are given 
priority dispatch under the RE Law. 

Figure 6: Share of coal and renewable energy in the Philippines

Source: Authors’ calculations

Table 8: Over-all net social cost of FiT in the Philippines
Computation of Net Social Cost Amount
Total Benefit PhP 83,807,613,938.00

Environmental Benefit PhP 34,007,613,938.48
Merit Order Effect (from 2015-2020) PhP 49,800,000,000.00 

Total Cost PhP 103,922,000,000.00
Total Amount of FiT-All Collected 
from Consumers

PhP 103,922,000,000.00

Net Social Cost PhP 20,114,386,062.00
Source: Authors’ calculations



276Role of Renewable Energy in Promoting Energy SecurityChapter 12

Lagac and Yap: Evaluating the Feed-in Tariff Policy in the Philippines

International Journal of Energy Economics and Policy | Vol 11 • Issue 4 • 2021 425

Variable RE has therefore crowded out conventional energy—
even traditional RE like geothermal—in terms of both price and 
quantity. if quantified, these items will add to the social cost. 
Hence, the estimated net social cost of PhP 20,114,386,062.00 
from the implementation of the FiT can be considered a floor.

5. CONCLUSION

Energy security and climate change are among the major challenges 
affecting the Philippines today. The passage of the landmark RE 
Law and the Biofuels Act and the institutionalization of FiT are 
vital steps toward attaining self-sufficiency and promoting the 
use of sustainable energy. FiTs are considered the most effective 
support mechanism for the development of renewable energy.

Meanwhile, the added capacity of FiT-eligible generating plants did 
not translate to a growing share of RE in the power generation mix, 
with coal still contributing half of the total mix. The trend also shows 
that coals’ contribution to the power mix is increasing by almost 2 
percent annually. Considering the total benefit and cost of the FiT, 
the net effect of the policy is estimated to be a burden to society in 
the amount of PhP 20,114,386,062.00. The allotment of the FiT-
All also raises questions on the equity of the policy. According to 
the Mindanao Development Authority (2014), Luzon and Visayas 
received 70.4 percent and 26 percent, respectively, of the total 
FiT-All availment while Mindanao only had a share of 3.6 percent. 

Based on the analysis in this study, the FiT has not addressed its 
intended purpose of helping the Philippines create a low-carbon 
development strategy. With the continuing increase in electricity 
prices, the FiT is turning out to be an additional short-term burden 
to Filipinos. 
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The climate crisis has made readily apparent the need to decarbonize 
societies. The power sector in particular has been notoriously prominent in 
its	role	as	a	major	source	of	emissions.	The	Philippines,	despite	being	the	first	
nation in the Southeast Asia region to enact policies aimed towards increased 
renewable energy (RE) production, has failed to displace incumbent fossil-fuel 
sources. Solar and wind technologies have lagged considerably, representing 
a	 combined	 0.3%	 of	 the	 country’s	 Total	 Primary	 Energy	 Supply	 (TPES).	 A	
qualitative analysis of the policy network revealed a social embeddedness 
among actors, primarily the incumbent energy developers, utilities, and 
government. The resulting selection pressures across the regime dimensions 
of political power and technology have contributed to the failure of RE policy. 
The study concludes with the need for protective spaces in order to realize an 
energy transition.

Keywords: Renewable energy policy, Philippines, social embeddedness, 
protective space, energy transition
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Abstract
When	 it	 comes	 to	addressing	 the	problems	 in	 the	electrification	of	 remote	
areas, the decentralization of energy systems is the most practical approach. 
This is because connecting these remote areas to a main grid is expensive, and, 
in many cases, these communities are characterized by clustered households. 
This makes these communities ideal for community-based renewable energy 
systems (CBRES), which are systems owned and operated by stakeholders 
from the community or within close proximity to the energy system. Typically, 
the  communities in question are characterized as having low income, needing 
to rely on seasonal harvests, and possibly not having the capacity to pay. 
Thus, energy service providers consider these areas as unviable and CREs 
can	address	this	challenge	 in	missionary	electrification.	However,	successful	
implementation and sustainability of CBRES rely on different factors, depending 
on the context and culture. This study aims to identify the factors that make 
CRE sustainable in the Philippine context. Stakeholders were interviewed to 
find	out	the	role	of	the	community	in	the	implementation	of	the	RE	projects	
and the initiatives that were taken by the different stakeholders to sustain 
the project. Finally, the best practices that make a project sustainable were 
determined. It was found that community support and commitment was an 
important element in the sustainability of the CREs. These were done through 
consultation and community participation in the development, operations and 
maintenance of the RE system. An association was formed in the community 
to operate and maintain the system and to regulate and set the tariff as well. 
Moreover, it was found that a pilot site to demonstrate the technology was 
necessary to increase uptake and encourage nearby communities to adopt 
the CBRES. This shows that communities, when empowered, can be their own 
energy service provider through the CBRES model. The CBRES model has 
been widely used by many countries globally in an effort to provide affordable, 
reliable and clean energy for all. The bottom-up approach discussed in this 
paper is a solution to the lack of energy service providers that would cater to 
remote areas.

Keywords: Community-Based Renewable Energy Systems, MHP, Missionary 
Electrification,	Bottom-Up	Approach,	Malibcong
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This study examines the knowledge and awareness of Renewable Energy (RE) 
and	the	socio-economic	profiles	of	households	in	Cagayan	de	Oro	City.	Data	
were	gathered	from	687	respondents	across	63	barangays	in	the	city	using	a	
structured questionnaire and with the use of the KoboToolbox application. 
The data show that on average, the age of the respondents is forty-nine years 
old,	 and	most	 are	male	 (72	 percent)	 and	 belong	 to	 ages	 thirty-one–sixty-
five	years	old,	while	28	percent	are	female.	The	majority	of	the	respondents	
obtained varied formal educations, are married, employed, and are Roman 
Catholics. Most of the households source their electricity from the grid 
and use various energy sources for ironing, cooking, and other household 
chores	purposes.	The	findings	show	that	on	average,	the	respondents’	yearly	
electricity	expenditures	reach	an	amount	of	Php	13,777.25.	Interestingly,	all	
of	 the	 respondents	 are	 familiar	 with	 Republic	 Act	 (RA)	 9513,	 but	 very	 few	
recognized renewable energy sources and the positive and negative effects 
of the type of RE used. The respondents have varied levels of awareness 
of renewable energy sources and they are willing to pay for an additional 
percentage in their electricity bills, which contributes to the construction of 
the solar farm. Overall, there is a growing body of knowledge on renewable 
energy sources, and the public’s willingness to transition to renewable energy 
may encourage the city government of Cagayan de Oro to integrate national 
energy policies and plans into local planning and development processes 
through collaborative work.

Keywords: Socio-economic	profile,	willingness	to	pay,	renewable	energy,
awareness,	electrification				
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1
Energy is, as United Nations (UN) Secretary-General Ban Ki-moon so eloquently 
put it, “the golden thread that unites economic progress, social fairness, and 
an environment that allows the world to thrive” (UN 2012).

Power energy is a necessary component of daily life and an indispensable 
resource directly linked to economic growth (Ratio et al. 2020). Renewable 
energy sources are being encouraged onto different countries to tackle rising 
electricity consumption, and to lower carbon emissions. Despite the global 
trend of switching to renewable energy, some of these projects failed in some 
developing countries, particularly in rural areas, for various reasons, including 
social barriers, population growth, and sociocultural concerns (Gonzalez et al. 
2016).

To achieve energy security in the Philippines, the country understands the 
critical importance of renewable energy application and enhancement. 
Between 2010 and 2019 (AFM 2021), the country’s average annual GDP 
growth accelerated to 6.4 percent, making it one of Southeast Asia’s fastest-
growing economies; it is also under pressure to meet its expanding energy 
demand for economic development. However, more than 11% of the country’s 
population does not have access to electricity, and a far larger percentage 
has an unstable power supply (IRENA 2017). Renewable energy contributes 
to energy security, economic development, and climate change mitigation. 
Given these circumstances, it’s clear that the country’s primary concern is 
to boost electricity generation capacity in an environmentally sustainable 
manner.

Renewable energy has long been a feature of the Philippine energy economy. 
The Renewable Energy Act of 2008 (RE Act) and the Biofuels Act of 2006 aided 
its development. First, the RE Act and the Biofuels Act of 2006 are intended 
to speed up the discovery and development of renewable energy resources 
to attain energy self-sufficiency and reduce the country’s dependency 
on fossil fuels, reducing its susceptibility to price swings. Variations in 
electricity demand, availability of generation sources, fuel costs, and power 
plant availability are all factors that influence energy pricing (U.S. Energy 
Information Administration, 2021). Second, to successfully prevent or reduce 
hazardous emissions while balancing economic growth and development 
goals and health and environmental protection. Finally, economic and non-
fiscal incentives are being offered to encourage the use of renewable energy.

Even though the RE Act has been in effect for more than ten years, cross-
sector participation remains low (DOE 2016). Power rate issues and a lack 
of awareness and technical competence are stumbling blocks to renewable 
energy policy implementation (Ahmad et al. 2014). Given the Philippines’ 
high Feed-in Tariffs (FIT) rates, selling renewable energy to Filipino consumers 
could be a significant challenge. Because of the high capital costs of 
renewable energy technologies and the need to provide a competitive return 

Introduction and Rationale



283Role of Renewable Energy in Promoting Energy SecurityChapter 15

on investment to encourage renewable energy development, the National 
Renewable Energy Board (NREB, 2011) acknowledged in paragraph 13 of its 
rates petition to the Energy Regulatory Commission (ERC) that FIT rates would 
result in a “modest increase in electricity cost in the short-term.” According to 
the NREB Petition, supra note 40, paragraph 21, the FIT rates are computed 
based on the average conditions of a renewable energy plant operating under 
or close to international norms and practices for each technology.

Furthermore, the ambitious renewable energy program demands a consistent 
supply of experts in the field who are ready to work. Renewable energy 
system design, operation, maintenance, development, marketing, and 
commercial renewable energy projects have limited local competency and 
technical understanding. Local developers are either unaware of or lack 
experience with renewable energy sources. Renewable energy technologies 
are also poorly understood by local financial organizations, which harms 
the availability of funds for renewable energy development, making it more 
difficult to deploy renewable energy projects (UCSUSA, 2017). To increase 
public acceptance of renewable energy technology, both the government 
and the private sector are launching public awareness campaigns about 
renewable energy’s environmental and social benefits, as well as its ability to 
generate electricity. On the other hand, improved awareness does not always 
equate to a willingness to pay a higher price for renewable energy electricity.

An increasing collection of alternative energy studies cites poor information 
on customers’ attitudes regarding renewable energy as one of the causes 
for the lack of successful penetration among users (Ahmad et al. 2014). A 
large body of literature influences customers’ desire to use renewable energy. 
The study from Western contexts examines how various social, political, and 
economic considerations contribute to expensive renewable energy choices. 
Because the demand for energy in developing countries is skyrocketing, it’s 
critical to understand how people perceive renewable energy and how they 
plan to use it.

Nonetheless, electricity is considered a modern form of energy in most parts 
of the world, and those without it are significantly less developed regions than 
those who do. It benefits communities in various ways, including increasing 
business and farm output, making domestic duties more convenient, and 
providing more energy-efficient lighting. The majority of people believe that 
having access to electricity can improve the quality of life and boost economic 
activity. In this regard, a household survey was employed to assess the 
electrification situation among Cagayan de Oro City households according 
to their socio-economic profile and knowledge of renewable energy. The 
information would allow an in-depth understanding of the household’s 
characteristics and its knowledge, attitude, and renewable energy practices, 
which can also be valuable for policy-makers and planners.
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2

Cagayan de Oro (CDO) is a first-class city in Northern Mindanao, Philippines. 
It is the provincial capital of Misamis Oriental, yet it is administratively separate 
from the provincial administration. According to the World Population Review 
(2021), the city had a population of 675,950, in 2015 making it the tenth most 
populous city in the country. Cagayan de Oro is also the regional center and 
logistics and business hub of Northern Mindanao. Industry, commerce, trade, 
service, and tourism are the primary drivers of the city’s economy. Cagayan de 
Oro City was named an emerging city of the future by the United Nations in 
2014, owing to its strong fundamentals, which contribute to the city’s position 
as an emerging business leader in Mindanao. 

The final survey has obtained a total sample of 687 respondents through 
a face-to-face interview with the household head or a family member who 
makes spending decisions. The sampling frame includes sixty-three barangays 
out of eighty-one (55 rural and 632 urban). Each barangay’s respondents were 
chosen using a purposive sampling procedure. The number of respondents in 
each barangay was proportional to the barangay’s population in Cagayan de 
Oro (CDO) City. The selection of the location of each cluster is purposive since 
it would be impractical to randomly pick the location of individual clusters, 
especially in areas with low population density. And every beginning of a 
barangay, significant features (barangay hall, church, school, etc.) served as 
a central reference point or a landmark. The clusters were divided such that 
they were in different directions. After completing an interview (or scheduling 
one for a later time), the interviewers skip two or three households before 
selecting another household in the cluster. To minimize including too many 
households from the same extended family. The sample is selected in this way 

Methodology
2.1 Research Setting and Sample Size

Figure 15.1: 
Sampled 
households of 
Cagayan de 
Oro City
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The information was gathered from both primary and secondary sources. 
Household surveys and key informant interviews provided primary sources. 
For the community profile, secondary data was acquired from relevant 
local offices. Other secondary data on social and economic data were also 
considered, such as poverty statistics, education, and employment, which 
were available at the barangay, city, and national government agencies such 
as the National Statistics Office (NSO), National Statistical Coordination 
Board (NSCB), Department of Education (DepEd), Department of Health, and 
Department of Social Welfare and Development (DSWD).

A survey of households used electronic tablets with Global Positioning System 
(GPS) features to gather data more efficiently and avert encoding errors. 
The field interviewers uploaded the gathered data using the KoboToolBox 
application, thus securing the data in the main server. From this, it can 
generate descriptive analysis in real-time.

A city clearance was also granted by the CDO mayor’s office dated August 12, 
2020, together with the City Planning and Development Office to conduct the 
household survey.

Before the field survey, the researchers held a five-day training for the 
interviewers, which took place on October 27–31, 2020. Topics covered 
during the sessions were a presentation of the project organizational structure 
which included the role of central project personnel, field supervisor, and field 
interview. Navigation of Kobotool, where the questionnaires were already 
integrated, including GPS, were also covered. Moreover, the trainees went 
through the entire questionnaire tool that the research group had formulated, 
which they pre-tested in a random place in the city. The trainees went back to 
convene to address some minor revisions of the questionnaire.

2.2 Data Collection and Analysis

because the confidence intervals around estimates in the three subgroups of 
households at each defined distance from the reference facilities (< 5 km, 5-10 
km, & >10 km) should be approximately +/-10%. Interviewers were trained to 
use judgment in selecting the households and respondents for the sample.

Guiding principles given to the interviewers included that households should 
not be next to each another; the households should not be excluded if 
respondents are not immediately present but can schedule an appointment 
to interview them later in the same day; and that the households should have 
an economic status that is generally representative of the area in terms of 
dwelling condition, size, organization of the household premises, and water 
supply.
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The actual field survey took place from November 3 to 12, 2020. The 
interviewers have to report first to Xavier University to get their temperature 
checked and submit a health checklist to our security guards. Each interviewer 
carried tokens for their respondent quota for the day and then proceeded to 
their assigned barangay location. The teams were divided into two to have 
wider city coverage.

Figure 15.2: 
Socio-
Economics 
Household 
Team 
HealthCheck 
Protocol

Source: Socio-
Econ HHS Team

The data was then extracted to come up with a simple descriptive analysis of 
the vital results of the study.
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3

On average, the age of the respondents is forty-nine years old. And most 
household respondents are male (72%) and belong to ages thirty-one–sixty-
five years old, while 28 percent are female. 

These male respondents are mostly married (55%), 11 percent common-
law/lived-in, single (3%), widowed (2%), and divorced (0.7%). While female 
respondents are widowed (10%), married (8%), and 3% are single, divorced, 
and lived-in status with an average of four members as their household size.

Four hundred eighty-six male respondents and one hundred ninety female 
respondents have attained formal schooling. Almost half of these respondents, 
both male, and female belonged to the Junior High School level, followed 
by 180 respondents (26%) who reached college and 130 (19%) respondents 
finished the elementary levels.

Half of the male respondents (52%) and 13% of female respondents are 
employed. However, many respondents were found to be unemployed during 
the interview because they were furloughed or retrenched by the pandemic. 

The respondents are found to identify as Roman Catholic, male (58%), 
and female (23%). This shows the prevalence of Roman Catholicism in the 
community.

Results and Discussions
3.1 Socio-Economic Profile of Respondents

Table 15.1: 
Socio-
demographic 
profile	of	
household 
respondents

Sequence No. Sub-category
Respondents (N=687)
Male Female

Frequency (%)

1 Age

20-30 years old 55 (8%) 22 (3%)

31-65 years old 386(56%) 127(19%)

(>65 years old 56(8%) 41(6%)

2 Gender 497(72%) 190 (28%)

3 Civil Status

Single 24 (3%) 21 (3%)

Married 375 (55%) 58 (8%)

Divorced/Separated 5 (.7%) 22 (3%)

Common-law/Live-in 78 (11%) 18 (3%)

Widowed 15 (2.2%) 70 (10%)

Non-Disclosed 1 (0.1%)
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In addition, the household respondents have shown to have an estimated 
average annual expenditure for four-member households, of about 
Php142,029.91 or Php11,836 a month for necessities, including food, 
utilities, etc. This shows that the local households have higher expenditures 
than recorded in 2018 (Romeo et. al. 2020), which reported PhP7,528 as the 
estimated monthly food threshold for a family of five in the country. The inverse 
of this food share— i.e., 1/0.7=1.43—is used to adjust the food poverty line 
upward for non-food requirements in the Philippines, where Filipinos at the 
bottom of the income distribution spend roughly 70% on food (PSA: Poverty, 
2019). And this is where most developing countries, the Philippines included, 
set their poverty lines with the cost-of-basic needs (CBN) approach; as a result, 
the monthly poverty level of PhP10,727 for a family of five in 2018 represents 
an upward adjustment of the food threshold. 

Sequence No. Sub-category
Respondents (N=687)
Male Female

Frequency (%)

4
Educational
Attainment

No Grade  2 (0.3%)

Elementary (Grade 1-6) 92 (13%) 38 (5%)

JHS (Grade 7-10) 253 (37%) 98 (14%)

SHS (Grade 11-12) 10 (1.4%) 2 (0.3%)

College Level (1st to 5th 
year)

131 (19%) 49 (7%)

Others 11(2%) 1(0.1%)

5 Employment 
Employed 357 (52%) 92 (13%)

Unemployed 140 (21%) 98 (14%)

6 Religion

Roman Catholic 396 (58%) 157 (23%)

Adventist 10 (1%) 2 (0.3%)

Evangelicals 1(0.1%) 0 (0%)

Islam 5 (0.7%) 1 (0.1%)

Protestant 1(0.1%) 2 (0.3%)

Iglesia ni Cristo 18 (2%) 1 (0.1%)

Jehovah’s witness 3 (0.4%) 2 (0.3%)

Others 63 (9%) 25 (4%)

7 Household size 4

8 Expenditure
Annual 142,029.91

Monthly 11,835.83
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Table 15.2 refers to the electrification status and experience of energy power 
outage by household respondents. And it shows that 97 percent are already 
connected with electricity while only 3 percent are with no electricity yet. And 
44 percent has experienced loss of electricity between two to five times a 
month, once a month (17 %), and no break-in experience (39%).

Table 15.3 shows 84 percent (580) of the households are connected with 
CEPALCO, while 10 percent are from MORESCO 1. Still, some households 
are not connected to the grid (6%) and can be considered potential residential 
consumers to be energized by the distribution utilities, particularly CEPALCO 
and MORESCO 1.

These household respondents have various energy sources for ironing, 
cooking, and other household chores purposes (refer to Table 15.4). All 
respondents declared they used charcoal for ironing and LPG for cooking, 
while others used kerosene, dry cell battery, candles, and car battery for 
lighting purposes.  

3.2 Household’s Energy Status

Electrification Status Frequency Percentage

Yes 668 97

No 19 3

Total 687 100

Experience Break/brownouts in a 
month

None 270 39

Once a month 117 17

5 > but  more than once
300 44

687 100

Table 15.2: 

Table 15.3: 

Household 
respondents 
electrification	
status

Household’s 
electric provider

CEPALCO MORESCO 1 Non connected
to the grid TOTAL

Utility/electric 
cooperative provider

580 65 42 687

Percentage 84% 10% 6% 100%
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On average, the household respondents’ yearly electricity expenditure would 
reach Php13,777.25, where some would incur a maximum of Php108,000 a 
year or a minimum of Php132, as shown in Table 15.5. And it depicts that more 
or less 9.7 percent of the household estimated average annual expenditure 
(Table 15.1) spent on their electricity bills in a year.

Energy Source Frequency Percentage

Kerosene 39 6

Dry cell battery 4 0.6

Candles 77 11.20

Charcoal (for ironing only) 687 100

LPG 687 100

Table 15.4: 
Household’s 
usage of energy 
sources

In this section, respondents’ awareness, knowledge, and willingness to pay for 
Renewable Energy (RE) has been accounted for. The awareness is centered 
on the respondent’s familiarity with the Republic Act 9513. At the same time, 
questions on knowledge on the sources of renewable energy where the 
respondent agrees or disagree on the positive or negative effect of the type 
of RE used. Meanwhile, it has shown that the respondents are willing to pay a 
certain percentage from their monthly electric expense in support of the solar 
farm.

Table 15.6 shows that 100 percent of the respondents, male (72%) and female 
(28%), are familiar with the RA 9513. And this entails a very satisfactory 
performance of the country in providing various platforms and technology 
like social media, TV, radio, etc., for an information drive about the renewable 
energy act.

3.3 Household’s Awareness, Knowledge and Willingness to
Pay on Renewable Energy

Annual Electricity Expenditure Value (in Peso)

Minimum 132.00

Maximum 108,000.00

Average 13,777.25

Household 
respondents 
electricity 
expenditure

Table 15.5: 
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Male respondents (226) prevalently agreed more than the female respondents 
(115) that fossil fuels can substantially harm more than renewable energy 
sources. However, 41 percent of them have no idea about it, as shown in 
Figure 15.3.

Sex Frequency Percentage (%)

Male 497 72

Female 190 28

Total 687 100

Table 15.6: 

Figure 15.3:  

Household 
respondents’ 
familiar with
 ‘Renewable 
Energy Act of 
2008’

Knowledge on 
Fossil	fuels	–	
coal, oil and 
natural gas 
by Gender and 
in Percentage

In Figure 15.4, the majority of the respondents (56%), male (262) and female 
(121), agreed that wind power is safe and produces no toxic pollution or global 
warming emissions. And it is better off to be used for farming and agriculture.
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Many household respondents, male (253) and female (74), do not know 
Biomass. However, 43 percent agreed that it could be sourced out through 
energy crops (like switchgrass), agricultural waste, manure, forest products 
and waste, and urban waste (refer to Figure 15.5).  

About the Hydrokinetic energy, 48% of household respondents, male (237) 
and female (90), said they had no idea that wave and tidal energy would 
benefit CDO City, as depicted in Figure 15.6.

Figure 15.4:

Figure 15.5:

Knowledge on 
Wind	Power

Knowledge on 
Biomass
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Interestingly, the majority of the respondents (54%), male (274) and female 
(99), agreed that the quality of the electricity would be better if REs were 
used. And the economy would profit from using renewable energy sources as 
they also care about the environment – Figure 15.7

Despite that, the household respondents have varied knowledge about 
renewable energy sources, the results may be utilized as a basis for local policy 
consideration. As RE implementation took place even in the European Union, 
other countries have been encouraged to do the same. Poland required by 
the EU to use 15% renewable energy in its energy output (Kaya et al. 2019). It 
was also revealed at the 2015 Association of Southeast Asian Nations (ASEAN) 
Ministers on Energy Meeting that ASEAN states had pledged to reduce carbon 
emissions by 20% by 2025 (Fadzell 2015). Setting objective in advance for the 
United Nations Climate Change Conference in Paris the following year, where 
different ASEAN countries pledged to reduce carbon emissions to varying 

Figure 15.6:  

Figure 15.7:  

Knowledge on 
Hydrokenetic 
Energy

Knowledge on 
the Quality of 
the Electricity 
Is better if 
Renewable 
Energies are 
used
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degrees. Indonesia, for example, has voluntarily committed to reducing 
emissions by 26%, with foreign assistance allowing them to lower emissions 
by up to 4was1% (United Nations Framework Convention on Climate Change 
2016). Using a comparable baseline, the Philippines committed to reducing 
70% by 2030 (United Nations Framework Convention on Climate Change 
2015).

The study presented a scenario on willingness to pay for renewable energy, 
where the household respondents were shown to support a shift of their energy 
source to renewable energy sources, such as solar energy, to contribute to 
the implementation of the act and also to ensure that the energy they used 
would reduce harmful emissions and overall help in the preservation of the 
environment, alongside improving public health. The result has determined 
whether people are capable and willing to pay for solar energy-generated 
electricity to assess its economic viability. The construction and implementation 
of solar farms and willingness and capability to pay an additional percent (10%, 
15%, 20%, 25%, and 30%) of electricity bills contribute to the solar farm’s 
construction. Table 15.7 below shows the proportion of respondents who 
would vote for the construction and implementation of solar farms and the 
willingness and capability to pay by bid level (program cost to the household) 
specified in terms of a certain percentage of the household’s electric bill. The 
graph(Figure 15.8) indicates that the proportion of respondents who would 
vote for the Solar Energy program and be willing to pay for the program 
monotonically decreases as the bid level (or program cost) increases from 
10% of the electric bill to 30% of the electric bill. Almost 42% of respondents 
would vote for the program and be willing to pay if the program cost is only 
10% of their current electric bill. If the program cost is 30% of the current 
electric bill, only 10% of respondents would vote and be willing to pay. These 
answers reveal realistic responses and respondents’ serious consideration of 
the household’s budget constraint.

Bid (Program Cost) Number of Respondents Yes Answers (%)

10% 288 42

15% 132 19

20% 121 18

25% 79 11

30% 67 10

Total 687 100

Table 15.7: 
Bid Function
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4
The socio-economic characteristics of households revealed that the Filipino 
family is usually composed of both husband and wife working, yet males are 
dominantly leading the home and make decision.  The household size is four (4) 
which is lower than five members on average in the Philippines. Education has 
a great contribution to labor productivity; however, due to the unprecedented 
COVID 19 pandemic, the stoppage of jobs and shortened working hours 
have resulted in increasing unemployment and underemployment, and loss 
of income of families during the conduction of the survey in the city. Amidst 
challenging situations, the religious faith of families made a strong foundation 
in surpassing hardships and poverty.

CEPALCO and MORESCO 1 have served the electrification status of 
households, and only a few potential areas are yet to be supplied. Electricity 
is extremely important in our daily lives, resulting in excessive consumption as 
the population increases. This may have some negative implications for the 
environment and household expenditures.

Alternative energy solutions and investments in and growing renewable energy 
use among mass users may be encouraged. The growing body of knowledge, 
awareness, and the public’s willingness to transition to renewable energy 
sources may encourage our city government of Cagayan de Oro to integrate 
national energy policies and plans into local planning and development 
processes through collaborative work.

Conclusion 

Figure 15.8: 
Bid Function 
Curve
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Abstract: The multi-tier framework (MTF) of electricity access defines a continuum of electrification
from tier 0, where access is inexistent or very limited, to tier 5 where access is of grid quality. Transi-
tioning households from lower to higher tiers unlocks the potential in meeting more of their energy
needs. This study investigates the transition towards higher tier electricity access on Gilutongan
Island, an off-grid island of Cebu, Philippines, which is also an informal settlement community with
no open land available for a centralized solar PV system. The solar PV potential of suitable rooftops
on the island was determined using satellite imagery, ground measurements, and computation. The
electricity demand of a cluster of 11 households was examined in detail; these households, situated
near two suitable rooftops, were connected to an installed 7.92 kWp solar PV-based microgrid. Results
show that the households moved up from lower to higher tier levels in all MTF attributes except for
affordability. Nevertheless, the cost of a standard electricity consumption package of 1 kWh/day
dropped from 18% of the average household income to 6%. Moving up on the electrification ladder
to higher tier electricity access in off-grid areas is attainable with households clustered as a microgrid
using rooftop solar PV. Affordability remains to be the biggest challenge that needs to be addressed.

Keywords: electricity access in informal settlements; electrification ladder; multi-tier framework of
electricity supply; remote island electricity access; energy poverty; low-carbon energy transition;
rooftop solar microgrids; off-grid microgrids; rural electrification

1. Introduction

The United Nations’ Sustainable Development Goal (SDG) 7 seeks to ensure access
to affordable, reliable, sustainable, and modern energy for all by 2030 [1]. According to
the World Bank in its 2018 annual report, 40 countries achieved universal electrification
since 2010 [2]. Archipelagic countries such as Indonesia and the Philippines face unique
challenges in achieving universal electrification because of their islandic geography. The
electrification rates of rural areas in Indonesia and the Philippines in 2018 were 97%
and 93%, respectively [3], but despite improvements year on year, segments of the rural
population are still without electricity access.

Rural areas in archipelagic countries include small and remote islands where com-
munities are not connected to the national grid because of the economic unviability of
underwater grid extension. In a study by Blechinger et al. [4], the power supply in small
islands all over the world is dominated by diesel power plants. In the Philippines, Bertheau
and Blechinger [5] presented a techno-economic optimized electrification strategy for
small islands with diesel systems to support the attainment of SDG 7. The proposed
strategy is based on the hybridization—through the addition of renewable energy (RE)
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technologies—of diesel power plants where the high cost of electricity is currently sub-
sidized by the country’s grid consumers through the national government. In another
work by Meschede et al. [6], 649 islands in the Philippines that were not electrified were
identified for cluster analysis and energy modelling. It was found that the cost-optimized
100% RE systems suitable for electrification are based on solar photovoltaics (PV) with
battery energy storage and on the supplementary wind capacity for some islands. In the
study of Agua et al. [7], the interconnection of hybrid RE systems in a group of islands
through submarine cables was investigated, and it was shown that doing so would increase
the reliability of the electricity supply, though resulting in a slight increase in the cost of
electricity. In a study conducted in Greece, a hybrid RE system with solar PV and wind
turbine—with substantial battery energy storage capacity—demonstrated the effectiveness
of microgrids in providing energy access to remote islands [8]. These studies indicated that
RE systems are definitely the major pathway for the provision of quality electricity access
in off-grid islands.

The studies mentioned above model the attainment of universal electrification in small
off-grid islands from the macro level. Going to the ground level, there are challenges that
are specific to particular environments, and these slow down the path to a low-carbon
energy transition in unelectrified or underelectrified areas. Bertheau et al. [9] looked at the
challenges faced by an electric cooperative in the installation of a hybrid RE system in a
small and remote island in the Philippines. The most serious implementation risk identified
in the study was the discontinuity between the government policy pronouncements and
the actual implementation practice. In installing a hybrid system that has a higher levelized
cost of electricity (LCOE) than the authorized tariff, the very lengthy tariff adjustment
process endangered the sustainability of the RE-based system.

Another challenge to off-grid electrification that macro-level studies have not covered
is the availability of open land in small and remote island communities. Having an open
land is critical for mini-grids or microgrids that are based on solar PV where panels are
often installed in a centralized location. In small islands with dense population, open land
is prime real estate, and using it for a centralized solar PV system would drive up the cost
of electricity (COE). Another reason why open land may not be available for a community
is that the residents are informal settlers.

1.1. Electricity Access in Informal Settlements

Poverty is one of the common characteristics of households in informal settlements.
The United Nations defined informal settlements as residential areas where (1) inhabitants
have no security of tenure on the lands that they inhabit, (2) there is usually a lack of basic
services in the community, and (3) the housing may not comply with existing building
regulations [10,11]. The lack of basic services typically encompasses water, sanitation, and
electricity. Electricity access in informal settlements often involve illegal connections, as
legal connections often require proof of dwelling formality [12]. This is usually the case
in grid-connected informal settlements. For informal settlements in off-grid areas, the
electricity access situation is even worse. Power is typically supplied by diesel generators
with limited availability, usually only for 4 to 6 h in the evening.

Butera et al. [13] conducted a survey on two informal settlements in Rio de Janeiro
to perform a detailed analysis on energy access and energy poverty levels. The study
underlined the problems of power outages and connections that are either low voltage or
illegal, or both, in the settlements’ electricity supply. Energy poverty was prevalent at 50%
in one study site and 20% on the other, and household expenditures were disproportioned
to the household income. In the work of Smit et al. [14], it was recognized that the
attainment of SDG 7 requires a deep understanding of the issues that affect the energy access
provision. Using a community-based system dynamics approach, the identified factors
that affect energy access included affordability, availability, and land ownership, among
the other sociopolitical factors considered in the study. The broader issues recognized as
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needing to be addressed included participation in the political process and the quest for
legitimacy through direct electricity connections.

Universal electrification along the ideals of SDG 7 cannot be achieved without the
provision of affordable, reliable, sustainable and modern energy to all, including house-
holds in informal settlements. The energy access literature contains studies on informal
settlements in urban areas [15,16], but there is a dearth of work on electricity access in
informal settlements located in small islands where people reside; these are close enough
to urban centers yet still remote as it is unviable to connect them to the central grid. This
work seeks to address this gap by investigating how higher tier electricity access can be
provided in an informal settlement without the use of open land for a centralized solar PV
system, as such land is not legally available. Instead, the solar PV potential of rooftops on
an off-grid island is quantified, and the installation of a rooftop solar PV-based microgrid
is demonstrated as capable of providing quality 24-h electricity access to a neighborhood
of users. The quality of electricity access is assessed using the multi-tier framework of
electricity supply.

1.2. The Multi-Tier Framework of Household Electricity Supply

With the rapid development of technologies that made possible the self-generation
of electricity down to the household level, even to employ renewable energy, household
electrification no longer just meant being connected to some form of a grid. A single house-
hold can be electrified with a standalone system that operates on flexible hours, depending
on the system’s capacity and the household’s demand. The technological developments
on distributed generation have resulted in a wide range of electricity access tiers from a
low level of just a few watts of supply up to systems that can fully meet all electrical load
requirements. The current electrification situation is similar to a ladder with several rungs
that households can climb. Users can obtain initial access with electricity supplies that sat-
isfy just the basic needs such as lighting and cellphone charging, then they can move onto
higher capacity systems that can power entertainment and mass communication devices,
air circulation, food storage, and eventually high-power appliances such as electric cookers.

Being on a low rung in the ladder of electrification is better than having no access
to electricity at all. However, the universal goal is to ensure access to affordable, reliable,
sustainable, and modern energy for all, as stated in SDG 7. In today’s modern society,
electricity has become a common good that must be available to anyone who needs it,
and some countries such as the Philippines have targeted 100% electricity access for
its population. Moving communities up the electrification ladder where the quality of
electricity access increases in a continuum is a challenge to all energy access stakeholders, as
meeting the target for SDG 7 contributes greatly to the achievement of the other sustainable
development goals.

The rise of distributed generation technologies—where the power output ranges from
a few watts to millions of watts, and where the availability of electricity can vary on any
given day—necessitated a new way of defining the quality of electricity access beyond just
mere connections. In 2015, the World Bank, through the work of Bhatia and Angelou [17],
put forth the multi-tier framework (MTF) of energy access that defined energy services as a
continuum of tier levels, both for electricity and for cooking. The MTF matrix on household
electricity access is shown in Table 1. The MTF defined several matrices for measuring the
various types of energy access such as those for household electricity supply, street lighting,
community infrastructure, and even cooking solutions. This study looks only at the MTF
for household electricity supply and refers to the matrix presented in Table 1 when MTF is
discussed in this work.

The MTF defines seven attributes of household electricity supplies. These are peak
capacity, availability, reliability, quality, affordability, legality, and health and safety. The
attributes are the characteristics of the electricity supply that determine its usability in
delivering energy services. For the attributes of peak capacity and availability, descriptors
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for tiers 0 to 5 are defined. The attribute of reliability has only three tiers, namely 0, 4, and
5. The rest of the attributes have only two tiers: a lower tier of 0 and an upper tier of 5.

The attribute of peak capacity is defined as the ability of the supply to provide a
certain amount of power to operate electrical loads. This can range from a few watts, which
can used for situations such as powering up an LED lamp or a cellphone charger, to several
kilowatts, which is the amount required to operate high-power loads such as shower water
heaters. Peak capacity is measured across multiple tiers based on the amount of power an
electricity supply can provide to a load, or based on the amount of electrical energy that
a supply can provide daily, with the latter applying especially to constrained-generation
systems such as solar home systems (SHS).

Table 1. Multi-tier framework (MTF) for measuring access to household electricity supply [17].

Attribute Tier 0 Tier 1 Tier 2 Tier 3 Tier 4 Tier 5

Peak capacity

Power capacity
ratings in W ≥3 W ≥50 W ≥200 W ≥800 W ≥2 kW

Power capacity
ratings in daily Wh ≥12 Wh ≥200 Wh ≥1.0 kWh ≥3.4 kWh ≥8.2 kWh

Availability
Hours per day ≥4 h ≥4 h ≥8 h ≥16 h ≥23 h

Hours per evening ≥1 h ≥2 h ≥3 h ≥4 h ≥4 h

Reliability
Max 14

disruptions
per week

Max 14 disruptions
per week of total

duration < 2 h

Quality Voltage problems do not affect the
use of desired appliances

Affordability Cost of a standard consumption package of
365 kWh/year < 5% of household income

Legality
Bill is paid to the utility, prepaid

card seller, or authorized
representative

Health and
safety

Absence of past accidents and
perception of high risk in the future

The availability attribute refers to the ability to draw electricity whenever it is needed.
As Pelz and Urpelainen [18] observed, supply availability in terms of the number of hours
per day is strongly associated with utilization, as one cannot utilize that which is not
available. The tiers of availability is measured in terms of the number of hours in a whole
day that the supply is available and also according to the number of available hours in the
evening when electricity is most needed in households for lighting, entertainment, reading,
and other activities.

The reliability of an electrical supply refers to the absence of unpredictable outages
and is measured in terms of the frequency and duration of outages. The MTF assigns only
three tiers for this attribute, which are tiers 0, 4, and 5 as defined in Table 1. The attribute
of quality, on the other hand, refers to having the right voltage level within acceptable
variations from the nominal value as specified in the electrical supply equipment. There
are only two tiers, 0 and 5, where the higher tier means that the supply can provide the
acceptable range of voltage level to the load, which is typically ± 5% of the nominal voltage.

The affordability attribute refers to the ability of the household to pay for needed
electricity based on a defined energy consumption package. According to Bhatia and
Angelou [17], the standard electricity consumption package is defined to be an annual con-
sumption of 365 kWh. In this work, this is interpreted as 1 kWh of electricity consumption
per day as the households involved in the study are already accustomed to paying for
electricity on a daily basis. The threshold of affordability is 5% of the household income,
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i.e., electricity is considered affordable when households do not spend more than 5% of
their income for electricity.

The attribute of legality means that users do not engage in actions prohibited by law
in using the electricity supply. On the other hand, the health and safety attribute entails the
absence of adverse health and safety risks in using the supply.

1.3. Low-Tier Electrification with SHS

The lower tiers of the MTF capture the state of electrification of the users that use
household-scale supplies such as solar home systems (SHSs). The SHS is a popular solution
for the electrification of remote communities. This is because SHSs are discrete systems that
can be deployed in single households where the initial capital cost can be easily covered
through distributed payments such as in pay-as-you-go schemes [19]. The capacity of
an SHS typically ranges from 11 Wp to more than 100 Wp with suitable battery energy
storage capacity [20]. Because of its capacity limitations, an SHS can power only very-low
and low-power appliances, such as those up to 60 W. These can already meet the basic
electricity requirements of households for lighting, communication, entertainment, and
air circulation.

An SHS can provide basic electricity access for lighting, cell phone-charging, air
ventilation, television, and other low-power appliances. Many households, however, desire
to use medium-power appliances, such as rice cookers and small power tools for doing
productive work, and to have 24 h availability of electricity for food storage applications
such as in refrigerators and freezers. These appliances require at least a tier 4 level of
electricity access to work properly.

In Narayan et al. [21], three electrification pathways were examined, namely grid
extension, centralized microgrids, and standalone solar-based solutions such as an SHS.
Grid extension was found to give broad-scale electricity access at lower costs, but it requires
a certain demand threshold and population density to justify fairly large investments.
Centralized microgrids were found to be the next best option where grid extension is
economically not viable, but similarly though at a lesser extent, a certain demand threshold
and population density need to justify the capital expenditure. The SHS seemed to be
the option left for communities not meeting demand threshold and population density
requirements, and it is in fact the solution of choice for millions of homes. However,
the study investigated whether SHS can provide adequate levels of electricity access,
and it found that although SHS can provide on-demand access to electricity, it achieves
only tier 2 of electrification. To climb the electrification ladder, the study recommended
the interconnection of multiple SHSs into a DC supply network, forming a bottom-up
microgrid. In the study of Wróbel et al. [22], neighboring households exchange alternating
current (AC) electricity from residential systems with rooftop solar PV and battery energy
storage, forming micronetworks with the objective of energy independence. The same
framework can be used in off-grid areas where independent RE systems are interconnected
to provide higher tier electricity access.

1.4. Higher Tier Electrification Using Solar Microgrids on Rooftops

In archipelagic Philippines with 7641 islands [23], only around 2000 are inhabited.
Bertheau [24] analyzed 649 unelectrified small islands in the country (50 < pop. < 5000) and
found that the cost-optimized 100% renewable energy systems suitable for the islands are
based primarily on solar PV with battery energy storage. The study focused on microgrids
as a solution to island electrification, hence the exclusion of very small islands with popula-
tion less than 50 where SHS would be the most appropriate technology solution. Typical
solar PV-based microgrids have solar panels installed in a centralized location [9,25–27]
where open land is available for the installation. However, in islands without open lands
such as those with high household density or those with legality issues such as those in
informal settlements, the next viable option for solar panel installation is on rooftops.
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Quantifying the resources available in a location is the usual first step in an RE project
implementation. The popular practice in quantifying solar rooftop potential is solar city
mapping where light detection and ranging (LIDAR) and land use data are processed to
come up with digital models that quantify the available rooftop area [28]. LIDAR data,
however, is seldom available for small off-grid islands. The current studies on estimating
the rooftop solar PV potential of islands have calculated rooftop areas using shapefiles in
GIS software with satellite imagery coming from sources such as Google Earth [29,30]. For
islands in developing world countries, however, an additional step is needed to physically
investigate rooftops for their structural suitability to solar panel installation.

This paper investigates to what extent households in an off-grid informal settlement
can move up in the electrification ladder as quantified by the tier levels of the MTF
attributes of peak capacity, availability, reliability, quality, affordability, legality, and health
and safety. The study site is an off-grid community that has low-tier electricity access
and where open land is not legally available for a centralized solar PV system. Here, a
rooftop solar PV-based microgrid is designed and installed for a cluster of 11 households
that are connected to the microgrid, allowing us to investigate the extent of tier gains on
the MTF attributes. Overall, the households in the microgrid moved up to higher tiers in
all MTF attributes except that of affordability. Although there was a big drop in the cost
of electricity paid for a standard consumption package of 1 kWh/day, the reduction did
not breach the affordability threshold. The move to higher tiers in the six other attributes,
however, gave the microgrid-connected households lots of benefits. These include being
able to use high-power appliances such as rice cookers and having 24 h availability of
electricity that enables round-the-clock loads such as freezers.

2. Materials and Methods

The steps in the implementation of this study are shown in Figure 1. The work
started by describing the study site’s current state of electricity access using the multi-tier
framework (MTF) for household electricity supply. This was followed by investigating the
structurally-suitable rooftops on the island for solar PV installation and then quantifying
the rooftop solar PV potential of structures that were found suitable. The household
cluster where a microgrid would be installed was chosen based on a set of criteria that
was followed by a participatory approach to demand profiling. The microgrid was then
designed, installed, and commissioned. A system was put in place to monitor the system’s
operation and to collect data with the participation of the user community. Finally, the
changed status of electricity access in the microgrid-connected households was determined,
again using the MTF as the basis for the assessment. The details of the methods for each of
the nine steps are discussed in succeeding subsections.

Figure 1. Diagram showing the steps in the implementation of the moving up the electrification
ladder study.
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2.1. Study Site

Gilutongan Island is an island village in the municipality of Cordova, province of
Cebu in the central part of the Philippines. Its coordinates are 10◦12′26.1′′ N, 123◦59′18.9′′ E.
The location of the island within the Philippines and close-up satellite imagery are both
shown in Figure 2. The island has a land area of 0.1126 km2 and is about 5.5 km by sea
from Mactan Island where the major part of the municipality of Cordova is located [31].
Mactan Island is connected to the Philippine national grid; however, Gilutongan Island is
an off-grid island because of the economic unviability of connecting it to the centralized
grid through submarine cables. As of the year 2017, the community has a population of
1875 living in 342 households. Additional details on the Gilutongan Island community are
discussed in a study by Lozano et al. [32].

Figure 2. Gilutongan Island (pop. 1875 in 2017), as shown in the satellite imagery above, is located
in the central part of the Philippines (inset map). The island is not connected to the national grid,
as it is a remote area and is considered as unviable for grid electrification (satellite imagery from
Google Earth).

2.2. Electricity Access on Gilutongan Island

A household survey on electricity access was conducted on Gilutongan Island in May
2018, covering 301 out of the total of 342 households on the island. A survey questionnaire
was designed to obtain relevant personal information of the respondents, household
information including appliance ownership and electricity usage, household income, and
plans on future usage of electricity. Data from the survey were processed and analyzed,
serving as basis for describing the electricity access of the community based on the MTF.
Interviews were also conducted with key village personnel to gain more insights on the
community’s electrification status. The interviewees included the village leader (barangay
captain), selected village council members, and the diesel generator operator. Table 2 lists
the data obtained in order that a description for each MTF attribute can be made.
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Table 2. Data that are needed for creating MTF descriptions of household electricity access on
Gilutongan Island.

MTF Attribute Data for MTF Description

Peak capacity
• Type of household appliances
• Power rating of appliances
• Appliances that do not work with the available supply

Availability
• Operating hours of the village diesel generator
• Other forms of electricity supply used in the household and their

operating hours

Reliability • Frequency of unpredictable outages
• Duration of unpredictable outages

Quality

• Appliances that were not operating normally
• History of appliance damage
• Use of voltage-regulating devices
• Voltage measurements at key points in the distribution system

Affordability
• Household payment for electricity from the diesel generator
• Expenses incurred for other sources of electricity supply
• Household income

Legality
• Collection system for electricity payments
• Financing for village diesel generator operations (from interviews

with key persons)

Health and safety

• Accidents related to electricity
• Electrical safety incidents
• Key persons’ interview information and researcher observations on

the diesel power plant and the village electrical distribution system

2.3. Assessment of Village Rooftops for Solar Panel Installation

A satellite image of Gilutongan Island was obtained from Google Earth. Due to the
convenience and ease of use of the Google Earth interface, rooftop polygons were drawn in
the same application. The polygons were exported to Quantum GIS (QGIS) software in
order to compute for the total area. A correction factor further refined the area computation
obtained from the measured dimensions of validation rooftops on the island. The correction
factor accounts for the difference in the rooftop area computed through QGIS and the actual
area as measured on site.

Most of the houses and other structures on Gilutongan Island did not go through
the standard permitting and approval process, which is based on the country’s building
code. This situation is not new to the Philippines’ housing situation, especially in informal
settlements [33,34]. The island has never experienced 24 h availability of electricity, which
could be one of the reasons for the low economic activity in the community. The locals
settle with below-standard housing to save on construction costs. Thus, it was necessary to
determine whether a structure can carry the mechanical load from solar PV modules and
the occasional weight from solar installation and maintenance.

Site visits were conducted to assess the structural suitability of rooftops for the instal-
lation of solar PV panels. A simplified metric for structural integrity was used in this study
to rapidly assess the roof’s capacity to carry solar panel load. A suitable structure must
comply with all the conditions specified below:

1. Use of concrete walls or columns;
2. Use of standard roof components (trusses, rafters, and purlins);
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3. No apparent roof damage due to fire or other incidents; and
4. Use of galvanized iron (GI) sheets as roofing material.

Roofs that were deemed unsuitable were excluded from the rooftop solar PV potential
calculations, which were done using the PVsyst software. For suitable rooftops, every roof
face was considered in the calculation. The total solar PV rooftop potential of Gilutongan
Island was computed by adding up all suitable structures’ individual potential. Detailed
workflow for the rooftop solar potential calculation is shown in Figure 3.

Figure 3. Workflow for the calculation of the rooftop solar PV potential on Gilutongan Island.

2.4. Solar PV Potential of Suitable Rooftops

The solar PV potential of suitable rooftops on Gilutongan Island was quantified using
PVsyst, an industry-standard tool for solar PV calculations. The measurements gathered
during field surveys were used to make three-dimensional models in SketchUp, a 3D mod-
elling software. The 3D models were exported into the shading scene of PVsyst and became
the basis of the solar PV potential calculation for each structure. The simulations were done
in the standalone PV system mode, which required a load input. However, this should not
be a problem with calculating the potential since only the rooftop solar PV generation was
considered in this study, and it is independent of the defined load consumption. A generic
demand profile with fixed battery-sizing was used for all structures.

2.5. Selection of Household Cluster for the Pilot Microgrid

A cluster of households was selected for the pilot microgrid implementation. Based on
the research grant amount that was available for the microgrid installation against estimated
system costs, it was decided to have 11 households for the study. With 342 households on
the island, the selection of the household cluster was made based on a set of criteria, which
were as follows:

1. Availability of rooftops suitable for solar PV installation among the households in
a cluster;

2. Willingness of the heads of the households with suitable rooftops to have solar panels
installed on their roofs;

3. Availability of key persons living within the household cluster who can take leader-
ship positions in operating a community-based microgrid;

4. The household cluster’s voltage quality, with higher priority given to potential clusters
with lower voltage supplied from the village diesel generator;

5. Availability of a dedicated space for the installation of microgrid components, in-
cluding batteries, inverters, protective devices, energy meters, and other monitor-
ing equipment;

6. Willingness of household cluster members to be connected to a 24 h electricity supply
and to pay for their electricity consumption; and

7. Willingness of household cluster members to actively participate in the community-
based operation of a microgrid.
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Potential household clusters were identified based on the survey data and discussions
with community leaders and members. The identified clusters were subjected to the above-
listed criteria, and a household cluster was selected for the pilot microgrid implementation.

2.6. Demand Profiling

Demand profiling is a critical step in microgrid design, as oversized systems have
higher COE than optimally designed ones, with the costlier cases negatively impacting the
MTF attribute of affordability. On the other hand, undersized systems would compromise
the technical MTF attributes of peak capacity, availability, reliability, and voltage quality.
Proper microgrid supply sizing based on reasonable demand ensures acceptable levels of
the technical attributes at the least COE.

The actual demand of a microgrid varies dynamically on a day-to-day basis even
with a fixed total connected load. In addition, availability of 24 h electricity was shown
to create an uptake of electricity usage where the electrified households buy additional
appliances [35], contributing to an increase in demand in the short-term (months) and
medium-term (first few years) time horizons after 24 h electrification. However, electricity
usage patterns and load growth are dependent on many factors, and projections may not
be realized. To make the COE affordable, the microgrid supply was designed to grow with
the demand through a scalable system. The initial system capacity was designed for the
short-term projected demand but with supply expansion provisions for load growth.

The demand profiling considerations discussed above were addressed in this study in
two steps. The first was to collect data on each household’s electrical load that they were
using at the time when the system design was made, i.e., electricity usage with the limited
nightly operation of the village diesel generator. The second step was a participatory de-
mand profile data collection activity where household representatives joined in simulating
the hourly usage of appliances over a 24 h period. Electrical loads that were represented as
switches in a load simulation module developed by the researchers were turned on and off
to simulate operation. After each 24 h simulation run, the household load profile data in
the simulation modules were downloaded into a laptop computer and presented as data
in a spreadsheet. The aggregated load profile data from each household were fed into a
HOMER Pro simulation for us to obtain an estimate of the COE, which was then used to
produce an estimate of the daily electricity fees for each household based on the estimated
electrical energy consumption. Each household representative was then asked whether
they were willing to pay for the simulated daily cost of electricity. Two scenarios were used
in the simulations: the first one used only the electrical loads that they already had, and
the second one considered the electrical appliances that they planned to acquire within one
or two years’ time.

2.7. Microgrid Design and Techno-Economic Analysis

The design and techno-economic analysis of an optimal microgrid using the software
tool HOMER Pro starts with providing the input data. These include meteorological data,
renewable energy resource, load profile, and relevant technical and economic data [36].
Figure 4 shows the solar energy resource on Gilutongan Island through a plot of the
monthly averages of the daily solar irradiation for the year 2007 taken from the National
Solar Radiation Database (NSRDB) of the National Renewable Energy Laboratory (NREL).
The daily solar irradiation in April peaked at 6.143 kWh/m2/day with an annual average
of 5.287 kWh/m2/day. The island’s latitude of 10◦ north of the equator ensures that it
would have abundant sunshine throughout the year, which is very appropriate for the
installation of solar panels.

Another requirement for microgrid design is the demand profile. After obtaining the
household cluster’s projected demand profile from the participatory activity described in
Section 2.6, the profile was used for the design and techno-economic analysis in HOMER
Pro. The profiles for both load scenarios were used in the techno-economic analysis, but
the second scenario with the higher energy consumption was used for system sizing. A
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factor of 25% on top of the projected energy consumption was used in the system sizing to
give a capacity allowance for load growth as studies have shown that the availability of
24 h electricity eventually leads to the purchase of additional appliances by the users [9].

Figure 4. Monthly averages of the solar irradiation per day and the clearness index on Gilutongan
Island for the year 2007. Downloaded through HOMER Pro from the National Solar Radiation
Database (NSRDB) of the National Renewable Energy Laboratory (NREL) [37].

The other inputs to HOMER Pro are the economic parameters (such as the discount
and inflation rates), the capital cost of the microgrid’s major components (including so-
lar PV panels, single unit charger-inverters or converters), and battery energy storage.
Amounts for the balance-of-system components and those of the other fixed capital costs
including the distribution system and roof retrofits were estimated. Annual operations
and maintenance (O&M) costs include the personnel allowance for system oversight and
weekly meter-reading and sustainability fee collection, solar panel cleaning, rooftop rust-
protection painting, tree-trimming to minimize shading, and minor system repairs. Table 3
shows the costs of the microgrid’s major components as used in the HOMER Pro design,
and Table 4 shows the parameter values used in the simulation.

Table 3. Philippine (PH) market price of key microgrid components as used in the HOMER Pro
design and the techno-economic analysis.

Description Cost 1, USD Price Source

Solar panel 430 per kWp Prevailing PH market price
Battery, lead-acid gel type 129 per kWh Prevailing PH market price

Charger/inverter 184 per kW Prevailing PH market price
Fixed capital cost 10,200 Fixed costs estimate
Annual O&M cost 510 O&M costs estimate

1 Currency conversion rate used is 1 USD to 50 PHP.

Table 4. Parameters used in the HOMER Pro design and techno-economic analysis.

Parameter Value Data Source

Project lifetime 25 years Standard value
Discount rate 3.75% countryeconomy.com [38]
Inflation rate 2.75% tradingeconomics.com [39]

Annual capacity shortage limit 5% Researcher-determined acceptable value

2.8. Microgrid Installation

Retrofit work was done on the two rooftops chosen for the installation to strengthen
the supporting structure of the solar panel mountings. The installation of the solar panels
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followed, along with the cabling to the electrical room housing the circuit breakers, invert-
ers, batteries, and metering instruments. From the electrical room, a distribution system
was constructed to connect the 11 households of the microgrid. Each household had a
circuit breaker as a protective device and a digital energy meter for electrical consumption
monitoring. After the installation of all the microgrid equipment, tests were conducted to
ensure the proper and safe operation of the system. The members of one of the households
hosting the solar panel installation on their rooftop received training in basic solar PV
system monitoring so that they could act as the onsite operator of the community microgrid.
The system was commissioned in March 2020 just before the whole country went into
lockdown due to the COVID-19 pandemic.

2.9. Microgrid Operation and Monitoring

The supply-side and demand-side data of the microgrid were monitored. On the sup-
ply side, data on system voltage, generated power, and energy production were obtained
from the inverter. On the demand side, digital EDMI Mk7C revenue energy meters were
installed on the mains and on each household. The household energy meters are capable of
storing data of various variables, including voltage, current, power, energy consumption,
reactive power, power factor, voltage total harmonic distortion, and others that are useful
in monitoring the supply’s characteristics and the household’s electricity usage.

The households in the solar microgrid formed themselves into an organization and
designated key persons to do certain tasks to oversee the local operation of the system.
The point person for operations reported abnormal conditions (such as outages) to the
researchers for appropriate action if necessary. This same person recorded the weekly kWh
consumption of each household, received the daily payment from each household to the
system’s sustainability fund, and kept the microgrid operations’ financial records. The
researchers and the solar microgrid organization’s members held regular monthly meet-
ings to discuss operational concerns, issues, and other matters relevant to the household
cluster’s electrical system and to their organization.

2.10. Electricity Access in the Microgrid-Connected Households

The electricity access attributes based on the MTF of the 11 households in the microgrid
were assessed using one year of monitoring data. To assess the technical attributes of peak
capacity, availability, reliability, and quality, data from the inverters and energy meters
were downloaded, processed, and analyzed. On the peak capacity attribute, records from
the energy meters were used to determine the peak demand in individual households and
for the cluster load as a whole. The incapability of systems to carry high-power loads is
seen in voltage dips when such loads are turned on. The behavior of the solar microgrid
voltage at peak loads was analyzed so that we could assign a tier classification for the
microgrid supply in the attribute of peak capacity.

The assessment of the attributes of availability, reliability, and quality was based on the
voltage records of individual households and the whole system. The supply’s availability
was determined from the voltage time availability at consumption points. Reliability was
assessed from the unscheduled outages experienced in the system, with measures on the
frequency and duration of outages. The quality attribute looked at the voltage level of
the microgrid at all loading conditions where high-tier electricity access is the condition
wherein voltage issues are not experienced in the operation of appliances. On the technical
side, the requirement of having no voltage issues in using the supply is interpreted in
this work as the supply voltage being within ±5% of the nominal operating voltage of
the system. Based on Philippine standards, the nominal voltage in households is 220 V.
Therefore, for the attribute of quality, the solar microgrid voltage was assessed in terms of
falling within the range of 209 to 231 V while the system is in operation.

On the attribute of affordability, the baseline value for the percentage of household
income going to electricity costs for a standard consumption package of 1 kWh/day
was taken from the study in [32]. The value can be determined from the results of the
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study; based on the payments made by Gilutongan Island’s community for electricity
consumption from the village diesel generator, the standard consumption package would
take 18% of the average income of the households on the island. This figure was taken from
the cost of a standard consumption package of 1 kWh/day of 1.21 USD calculated against
the 6.72 USD average household daily income. On the assessment of the affordability of
electricity from the solar microgrid, the cost of electricity for 1 kWh of consumption was
used as the basis for the computation of how much did such an electricity consumption
package take from the average daily household income on the island (which was 6.72 USD
at that time).

On the legality attribute, assessment was done based on the formality of the operation
of the solar microgrid, with particular focus on the financial operations. This included
to whom the collections of the electricity consumption payments went to, what were the
financial processes of the entity receiving the collection, and how the funds were used to
finance the sustainability of the system. For the health and safety attribute, the microgrid
was assessed in terms of compliance with standard codes and a review on records of
incidents that concern safety from the start of the operation of the solar microgrid.

3. Results
3.1. Electricity Access on Gilutongan Island with the Village Diesel Generator

Survey results in April 2018 showed that 95.9% (i.e., 328 out of 342) of the households
on Gilutongan Island were connected to the diesel generator that was operated by the
village’s local government. With the high operational costs of running a diesel generator,
electricity was provided only for 4.5 h per day from 6:00 to 10:30 in the evening. The
three-phase generator is rated at 155 kW and was donated to the village by the provincial
government of Cebu in the aftermath of the super typhoon Haiyan in November 2013.
The shed that housed the diesel generator was located away from the household areas
for safety reasons. Figure 5a shows the line-to-line voltages of the three-phase generator,
and Figure 5b shows the power in each of the three phases and the total power. The
measurements were made during the operating hours of the generator on 23 May 2019
using a Fluke 1730 electrical energy logger. Figure 5b shows that the total demand of
the village is not evenly distributed among the generator’s three phases, with phase AB
carrying the bulk of the total load.

Figure 5. Gilutongan Island’s village diesel generator voltage and power on 23 May 2019: (a) Line-to-
line voltages; (b) power per phase and the total power of the 3-phase generator.
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Table 5 shows the values of the average line-to-line and average power of the three
phases of the generator. Phase AB carries 45% of the total load while the rest of the demand
is almost evenly supplied by phases BC and CA. This explains the lower average line-to-
line voltage of phase AB at 227.8 V compared to the other two phases. The village had an
average demand of 15.83 kW with a peak of 20.60 kW. Compared to the diesel generator’s
capacity of 155 kW, this shows that the generator is way oversized with respect to the
demand of the village, with the peak demand utilizing only 13.3% of the capacity. The total
energy consumption on the day when the measurement was taken was 68.35 kWh. With
the number of connected households at 328, the average daily electricity consumption per
connected household on Gilutongan Island is 0.21 kWh. This value is just a fifth of the
standard consumption package used in the multi-tier framework of electricity access in the
assessment of affordability, which is 365 kWh per year, or 1 kWh/day.

Table 5. Average values of voltage and power in the Gilutongan Island village diesel generator from
measurements made on 23 May 2019.

Phase Line-to-Line Voltage, V Power, kW

AB 227.8 7.10
BC 231.3 4.31
CA 232.3 4.43

The village located on Gilutongan Island has an electrical distribution system that
connects the households to the diesel generator. The three phases of the generator are
fanned out through cables to provide electrical connections to users, as shown in Figure 6.
Upon investigation, the distribution cables were found to be undersized. This resulted
in huge voltage drops across the lines, which greatly reduced the voltage reaching the
households, especially to those that are farthest from the generator. Figure 6 also shows
the voltages measured near the end-points of each phase.

Figure 6. The electrical distribution backbone on Gilutongan Island superimposed on satellite
imagery from Google Earth. The voltages near the end-points of each phase are shown.
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Table 6 shows the average values of the line-to-line voltages at the end-points of the
three phases in the electrical distribution system on Gilutongan Island. The values were
based on the monitoring data of household voltages over a one-week period from 16 to 22
May 2019. Figure 7 shows the voltage in a household located near the end-point of phase
BC, and it had an average value of 119.0 V. Households near the end-point of phase AB
were at the worst situation with a voltage at 117.4 V, falling short from the nominal value
by 46.6%. The end-point of phase CA had the best voltage level at 204.1 V, but nevertheless
it still fell short by 7.23% from the nominal value of 220 V. This phase had the highest
end-point voltage among the phases because of larger distribution cables, with a lesser
voltage drop along the lines. All of the end-point voltages fell outside the acceptable 5%
difference from the nominal value.

Table 6. Average voltage near the end-points of the phases of the distribution system on Gilutongan
Island measured over a one-week period from 16 to 22 May 2019.

End-Point of Phase Average Line-to-Line
Voltage, V

Difference from the Nominal
Voltage of 220 V

AB 117.4 −46.6%
BC 119.0 −45.9%
CA 204.1 −7.23%

Figure 7. Voltage of a household near the end-point of phase BC as supplied by the village diesel
generator for one week in May 2019.

From the above data on the island’s electricity supply from the village diesel generator,
tier levels in the technical attributes of peak capacity, availability, reliability and quality
can be assigned. The major findings on these attributes and the respective tier assignments
are shown in the first four rows of Table 7. The attribute with the best performance was
reliability (at tier 4), as the diesel generator was relatively new and can be relied upon to
work on almost all days of the month. When outages did occur, the most frequent reason
was that the village’s electricity fee collection was not enough to purchase enough diesel
fuel, and it would be decided to forego running the generator for the night. The worst
performing attribute was quality (at tier 0), as the voltage in key points of the distribution
system was extremely low.

The nontechnical attributes of affordability, legality, and health and safety were as-
signed as tier 0 based on the major findings as listed in the last three rows of Table 7.
As discussed in Section 2.10, the estimated cost of electricity on Gilutongan Island was
1.21 USD/kWh. The island community had an unconventional way of collecting electricity
fees on the island wherein 0.14 USD was collected daily for each household lamp and
0.16 USD for each outlet [32]. The estimated cost of electricity resulted in a value of 18% as
the percentage of the cost of a standard consumption package of 1 kWh/day against the
average daily household income on the island of 6.72 USD.
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Table 7. Description of the electricity access on Gilutongan Island based on the multi-tier framework.

Attribute Major Findings MTF Tier

Peak capacity • In most locations, rice cookers (typically rated at 500 to
800 W) cannot operate normally 3

Availability • Total hours per day availability is 4.5 h (6:00–10:30 PM)
• Total hours per evening availability is 4.5 h (6:00–10:30 PM) 2

Reliability
• Occasional unscheduled outages but less than 14

disruptions per week
• Disruptions last more than 2 h when they occur

4

Quality

• Voltages below the acceptable lower limit (220 V minus 5%
of 220 V = 209 V) occur in many points along the
distribution system

• Households in low-voltage areas use voltage regulators to
keep appliances operational

0

Affordability • The cost of a standard consumption package of 1 kWh/day
is at 18% of the average household income 0

Legality • Households pay through designated village collectors but
the financial processes are highly informal 0

Health and
safety

• The diesel power plant does not have adequate electrical
protection devices

• The distribution system is substandard (cables, electrical
post insulators, service drop) and is generally a fire and
electrocution hazard

0

3.2. Assessment of Village Rooftops for Solar Panel Installation

The structures on Gilutongan Island were assessed in field surveys to determine their
suitability to rooftop solar PV installation for the community-based microgrid. Certain
structures were excluded, such as a resort and a tourism restaurant, since these were not
owned or managed by locals of the island community. Structures that were community
owned or managed, such as churches, were included. Most of the houses were made of
lightweight materials, and for such houses, it can be said that the structural integrity of
the roof was not given top priority during construction. Only 31 out of 396 rooftops were
found to be suitable using the rapid suitability criteria listed in Section 2.3. Figure 8 shows
the locations of the suitable structures on the island.

3.3. Solar PV Potential of Suitable Rooftops

Models of the 31 structures on Gilutongan Island with rooftops that were found
suitable for solar panel installation were simulated for solar PV potential in the software
PVsyst. The 3D models of the structures included the area available for solar panel
installation, the orientation of the rooftop (tilt and azimuth), and the near-shading objects
in the form of tree geometries as can be seen by the example shown in Figure 9.

The simulations used 245 Wp REC PV modules and 300 W EcoBoost maximum power
point tracking (MPPT) solar charge controllers, wherein the quantity of the components was
dictated by the area available for rooftop solar PV utilization. To retain uniformity in the
stringing design for every structure, the number of strings was made equal to the number
of panels that the roof can accommodate, with each paired to the same number of MPPTs.
The solar PV energy production per year was extracted independent of the battery storage
capacity and load consumption. The standalone PV system mode in PVsyst only supports
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simulating PV modules with the same orientation. Since the rooftops on the island were
typically made with multiple roof faces, each face was simulated individually, and the total
potential representative of the whole structure was computed by summing up all of the
potential from all rooftop faces. The solar PV potential of the 31 suitable structures ranged
from the highest value of 33,682 kWh/year to the lowest of 1158 kWh/year, as shown in
Figure 10. The figure also shows the solar PV potential of structures S1 (13,136 kWh/year)
and S22 (6892 kWh/year), which were eventually chosen in this work for the installation
of rooftop solar panels to supply the 11-household microgrid.

Figure 8. Location of the 31 structures on Gilutongan Island that were found to be suitable for rooftop
solar PV installation.

Figure 9. Near-shading 3D simulation scene in PVsyst for the southeast roof face of structure S1.
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Figure 10. Rooftop solar potential of the structures on Gilutongan Island that are suitable for rooftop
solar PV installation. The bars in red indicate the structures whose rooftops were used for the
Gilutongan Island solar microgrid.

3.4. Selection of Household Cluster for the Pilot Microgrid

From the neighborhoods surrounding the 31 suitable rooftops, nine household clusters
were identified. Using a process of elimination based on the defined criteria for household
cluster selection as discussed in Section 2.5, a cluster was identified for the pilot microgrid
installation. The household cluster’s location within the island is shown in the inset image
of Figure 11. The main image of the figure shows a zoomed-in satellite imagery of the
neighborhood where the households that are connected to the microgrid are numbered
from 1 to 11. In the succeeding discussions in this paper, the individual households are
identified as HH1, HH2 and so on up to HH11.

Figure 11. The household cluster of the rooftop solar microgrid showing the connected houses
labelled from 1 to 11. The main image is a drone photo superimposed on Google Earth satellite
imagery. The inset image shows the outline of Gilutongan Island with the yellow box indicating the
solar microgrid’s location.

3.5. Demand Profiling

Table 8 lists the existing electrical load of each of the 11 households in the Gilutongan
Island solar microgrid. The power ratings of the electrical loads are indicated in the
table, along with the estimated daily energy consumption based on the participatory
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load profiling activity that was done with the household representatives as described in
Section 2.6.

Table 8. Electrical loads in the 11 households of the Gilutongan Island solar microgrid.

Household Electrical Load Quantity Power Rating, W Average Daily
Consumption, Wh

HH1

Lamp 4 16 416
Lamp 1 9 99

Television 1 150 750
Audio system 1 150 150

Electric fan 2 50 550

HH2

Lamp 2 11 187
Television 1 150 600
Television 1 50 200
Electric fan 1 50 500

Refrigerator 1 1 165 2310
Rice cooker 1 1 400 1200

HH3
Lamp 1 16 80

Television 1 150 600

HH4

Lamp 1 18 90
Lamp 1 7 35
Lamp 1 5 20
Lamp 1 13 52

Television 1 50 250

HH5

Lamp 1 22 117
Lamp 1 9 132

Television 1 40 400
Audio system 1 200 400

Electric fan 1 50 300

HH6
Lamp 1 25 250
Lamp 1 11 33

HH7
Lamp 2 9 153

Television 1 45 270

HH8

Lamp 1 20 140
Television 1 50 250
Electric fan 2 50 690
Electric fan 1 30 1000

Refrigerator 1 1 165 2310

HH9
Lamp 1 18 72
Lamp 1 5 45

HH10
Lamp 2 23 506
Lamp 1 9 99

Television 1 150 900

HH11
Lamp 2 9 153
Lamp 1 8 40

1 During the load-profiling stage of the study, the appliance was not yet owned by the household but was expected
to be acquired once the microgrid became operational.

The estimated total electricity consumption of the 11 households connected to the
rooftop solar microgrid considering only the existing appliances was 10.53 kWh/day.
During the load profiling activity, HH2 and HH8 planned to purchase a refrigerator each
when 24 h electricity becomes available. HH2 also planned to purchase a rice cooker
when the microgrid is able to supply them with the standard value of voltage. With the
additional desired appliances, the estimated total daily electricity consumption increased
to 16.35 kWh/day.
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Figure 12 shows the demand profiles of the cluster of 11 households in the Gilutongan
Island solar microgrid based on two scenarios. The first scenario assumed that the house-
holds operate their existing appliances only over a 24 h period instead of just 4 h per day
with that of the diesel generator. The second considers the additional load desired by HH2
and HH8. The estimated demand profiles were typical for residential loads, i.e., with low
demand during the day time and peaks in the early evening. These load profiles, labeled
as load profile scenarios LF1 and LF2, served as inputs to microgrid design that was done
using HOMER Pro. Scenario LF1 had a daily energy demand of 10.53 kWh, while scenario
LF2’s daily demand was 16.35 kWh.

Figure 12. Estimated load profiles of the Gilutongan Island rooftop solar microgrid based on two
scenarios: the first considers only the existing electrical loads (scenario LF1, blue curve), and the
second considers additional loads desired by HH2 and HH8 (scenario LF2, red curve).

3.6. Microgrid Design

Using the inputs for HOMER Pro as discussed in Section 2.7, optimal microgrid sizing
using generic components was obtained based on the demand profile of the projected load,
which included the desired appliances (scenario LF2). HOMER modelling returned a solar
PV capacity of 8.64 kWp, battery energy storage of 27 kWh, and a converter capacity of
3.10 kW. The system had an LCOE of 0.404 USD. Based on the capacity values that HOMER
returned, the main components of the solar PV system were specified considering their
availability in the local market. Solar panels rated at 330 Wp were used and from the
available rooftop area in structures S1 and S22, and 12 units of solar panels were allocated
for each rooftop. Each rooftop had 3.96 kWp of solar PV capacity for a total system capacity
of 7.92 kWp.

On the battery energy storage capacity where HOMER modelling returned 27 kWh,
the commercially-available battery units used for the implementation were rated at 12 V,
2.4 kWh. Using a string size of four batteries in series for a DC bus voltage of 48 V, a total of
12 batteries were specified for an overall capacity of 28.8 kWh. For the converter, inverters
with built-in MPPT charge controllers were selected. A 5 kVA inverter was specified for
each solar panel array considering the DC voltage and power input requirements of the
inverters. The two inverters were capable of parallel operation through a communication
cable between the units for AC voltage synchronization. The specification for the rooftop
solar microgrid’s main components, adjusted according to the actual availability of capacity
sizes in the market, is summarized in Table 9. The single-line diagram of the system is
shown in Figure 13.

For the households’ payment of the cost of electricity (COE), which went into a micro-
grid sustainability fund, the first load profile to be considered in the HOMER modelling
was scenario LF1. With the microgrid component ratings as specified in Table 9, the lev-
elized cost of electricity (LCOE) from the HOMER model simulation for this scenario was
0.495 USD. Another HOMER model was created for scenario LF2 but with an additional
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load growth of 25%. The simulation of this second model gave an LCOE of 0.324 USD.
The average value of the COE for LF1 and LF2+25% was 0.41 USD. From this average
value, it was decided by the research team to implement a rate of 0.40 USD/kWh for the
microgrid’s electricity as a sustainability fee to keep the system operational in the project’s
lifetime of 25 years. This rate was seen as a reasonable middle ground between minimum
and maximum system capacity utilization.

Table 9. Specifications for the main components of the Gilutongan Island rooftop solar microgrid as
designed using HOMER Pro.

Component Capacity Implementation Details

Solar PV panel 7.92 kWp
Divided into 2 × 3.96 kWp arrays for installation

in two rooftops, each array having 12 units
of 330 Wp solar panels

Battery energy storage 28.8 kWh
Consisted of 12 units of 12 V, 200 Ah gel-type

lead acid batteries, connected in 3 parallel strings
with each string having 4 batteries in series

Charger/inverter 10 kVA
Consisted of 2 units of 5 kVA charger/inverters
connected in parallel, with one charger/inverter

for each solar panel array

Figure 13. Gilutongan Island solar microgrid single line diagram.

3.7. Microgrid Installation, Operation and Monitoring

The installation of the solar microgrid—which includes all equipment in the supply
side from solar panels, charger/inverter, batteries, and all auxiliaries to the distribution
system that connects the demand side to the source—took place from February to early
March 2020. Testing and commissioning were conducted right after the installation, and
the microgrid started its operation on 13 March 2020. The Philippines went into lockdown
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due to the COVID-19 pandemic three days after the microgrid began operations, and this
hampered certain aspects of the data collection during the early phase of the system.

Figure 14 shows a box and whisker plot of the voltage in each of the 11 households in
the microgrid during the months of October and November 2020. During this two-month
period, the mean value of the voltage across the system was 229.18 V with a standard
deviation of 0.17 V. The maximum voltage measured was 229.60 V, and the minimum was
225.71 V. The mean value of the system voltage as measured in the households was within
the acceptable range of the nominal value of 220V ± 5%, which has a floor value of 209 V
and a ceiling of 231 V.

Figure 14. Box and whisker plot of the system voltage in the Gilutongan Island solar microgrid as
measured in each of the households during the months of October and November 2020.

The plot in Figure 15 shows the power demand in each of the household with data
collected for 61 days in October and November 2020. All of the households, except HH2,
HH5, and HH6, have narrow second and third quartile boxes, which are near the demand
of zero. This is due to the consistent operation of low-power loads only, such as lamps,
cellphone chargers, televisions, radios, and electric fans. The occasional high demand
occurs mostly in the early evenings when most loads are operated at the same time. HH9
and HH10 have rice cookers, hence the occasional peak at more than 700 W. HH2 has a
narrow second and third quartile box with a median at 278.2 W because of the dominant
cyclic freezer load that operates for almost 24 h. HH5 and HH6 have broader second and
third quartile boxes because of more varied loads and operating times. HH5 operates a
coin-operated hot and cold water dispenser, while HH6 generates income by allowing
neighbors to view television during daytime for a fee.

Figure 15. Box plot of power demand in households of the Gilutongan Island solar microgrid based
on two months of consumption monitoring data (October and November 2020).

The individual household load profiles over the months of October and November
2020 are shown in Figure 16. Television dominates the demand in the early evening. The
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load in the households from late evening to dawn comprises mostly of lamps that users
keep turned on overnight to keep certain areas of the houses lighted for safety purposes.
The households who were using electricity for income-generation are apparent through the
presence of relatively high daytime load. These are namely HH2 with a freezer load, HH5
with a coin-operated hot-and-cold water dispenser, HH6 with daytime television-viewing
for a fee, and HH8 with a coin-operated videoke machine. The load profile of HH9 also
shows that the household owns and uses a rice cooker, with the characteristic peak during
meal preparation times, which in this case is before breakfast. The rice cooker load is not as
apparent in HH10’s load profile as the plot shows a two-month average, and the rice cooker
was used only sparingly. Most of the households accept cellphone charging for a fee, but
the very minimal demand of cellphone chargers did not show up in the load profiles.

Figure 16. Average load profiles of households for the months of October and November 2020 in the
Gilutongan Island solar microgrid.

Figure 17 shows the daily load profile of the Gilutongan Island solar microgrid,
averaged over a two-month period in October and November 2020. The characteristic of
a residential load profile is apparent through the early evening peak with a maximum of
964.1 W. The demand is dominated by the freezer load in HH2 taking an average of 275.6 W
over a 24 h period.

The average daily consumption for each household on a monthly basis is shown in
Figure 18. The data were collected from consumption records for eleven months from April
2020 to February 2021. HH2 started operating a freezer in the third week of September,
hence the energy consumption increase in the succeeding months. The income-generating
uses of electricity in HH5, HH6, and HH8 can be seen in their higher energy consumption
compared to the rest of the households.

Table 10 shows the average daily electricity consumption of the households in the
microgrid for 11 months starting in April 2020. The households that did not use elec-
tricity for income generation (HH1, HH3, HH4, HH7, HH9, HH10, and HH11) all have
daily consumption that are below 1 kWh/day. The overall average value for these seven
households is 0.60 kWh/day. Although these households were not able to harness the
24 h availability of electricity to increase their household incomes, they benefited from
electrification in being able to use electricity for basic needs such as lighting, air ventilation,
and communication services (radio, television, cellphone charging) at any time of the day.

A comparison of the daily payments for electricity for each household with the
currently used solar microgrid and with the previously used village diesel generator is
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also shown in Table 10. For the seven households that did not use electricity for income-
generation applications, four (HH3, HH7, HH9, HH10) had an increase in their daily
costs for the now 24 h available electricity, with an average increase of 28.7%. Three
households (HH1, HH4, HH10), however, paid less daily for the 24 h electricity from the
solar microgrid, with an average decrease of 54.5%. The analysis of the electrification
benefits for the households that used electricity for income-generation is discussed in
another paper due to publication limitations.

Figure 17. Total daily demand profile of households in the Gilutongan Island solar microgrid
averaged over the months of October and November 2020.

Figure 18. Average daily kWh consumption on monthly basis from April 2020 to February 2021 of
households in the Gilutongan Island solar microgrid.

The solar microgrid experienced a total of 17 service disruptions during the one-year
period from April 2020 to March 2021. The number of outages per month and the total
outage duration for each month is shown in Table 11. The outages were due to successive
cloudy or rainy days wherein the battery bank’s energy storage became depleted to a
point that reached the set threshold for turning off the system. The worst month was in
December 2020, as shown in Figure 19, which necessitated a review of the system’s design,
and it was concluded that the appropriate solution was to add another string of batteries
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to the bank. This increased the microgrid’s battery energy storage capacity from 28.8 to
38.4 kWh. Implementation of the additional capacity solved the service disruption problem
at an additional cost of only 0.01 USD in the COE.

Table 10. Electricity consumption and daily household electricity costs.

Household Avg. Daily
Consumption, kWh

Average Daily
Payment for

Consumption, USD

Previous Daily Payment for
the Diesel Generator, USD

HH1 0.56 0.22 0.5

HH2 6.61 2.65 0.4

HH3 0.84 0.34 0.3

HH4 0.81 0.32 0.8

HH5 1.63 0.65 0.2

HH6 1.57 0.63 0.3

HH7 0.51 0.20 0.14

HH8 1.41 0.56 0.3

HH9 0.55 0.22 0.14

HH10 0.56 0.22 0.42

HH11 0.39 0.16 0.14

Table 11. Electricity service outages in the Gilutongan Island solar microgrid for the one year period
from April 2020 to March 2021.

Month and Year Number of Disruptions/Outages Outage Duration, h

April 2020 0
May 2020 1 3.5
June 2020 1 6
July 2020 0

August 2020 0
September 2020 0

October 2020 1 4.67
November 2020 1 0.33
December 2020 12 85.84

January 2021 1 0.5
February 2021 0

March 2021 0

Total for one year 17 100.84

Figure 19. Plot of voltage for the month of December 2020 in the Gilutongan Island solar microgrid,
showing unscheduled outages due to rainy days, in turn necessitating the addition of battery energy
storage capacity.
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3.8. Electricity Access in the Microgrid-Connected Households

The original electricity supply of the 11 households in the Gilutongan Island solar
microgrid was the village generator, which operated only for 4 h in the early evening.
Table 12 shows the tier levels of the MTF attributes of the diesel generator supply in the
second column. The third column shows the tier levels of the households’ new electricity
supply provided from a rooftop solar microgrid. It shows that the tier levels moved up
in all of the attributes except that on affordability. Nevertheless, the cost of a standard
electricity consumption package of 1 kWh/day on Gilutongan Island was reduced from 1.21
to 0.40 USD in the solar microgrid. This is a 67% decrease from the previous case wherein
island residents, on the average, spent 18% of their household income for a standard
consumption package, compared to the present wherein households in the microgrid
spend only 6% for such a package.

Table 12. Description of the electricity access on Gilutongan Island based on the multi-tier framework before and after the
solar microgrid.

Attribute MTF Tier
(Pre-Microgrid)

MTF Tier
(Post-Microgrid)

Microgrid Electricity Supply
Characteristics

Peak capacity 3 4
• The microgrid can power loads beyond 800 W
• The system is capable of supplying loads above 2 kW

(tier 5), but such loads are not used on the island

Availability 2 5 • Electricity is available 24 h daily

Reliability 4 5

• One-year operations’ data (from April 2020 to March 2021)
showed an average disruption frequency of only 0.33
times per week with an average disruption duration of
1.93 h/week

Quality 0 5
• One-year operations’ data showed an average voltage of

229.1 V with an average total harmonic distortion (THD)
of 1.71%

Affordability 0 0

• Electricity costs 0.40 USD/kWh
• The cost of a standard consumption package of 1

kWh/day is 6% of the average household income on
Gilutongan Island

Legality 0 5
• Households pay the microgrid sustainability fee to its own

organization’s treasurer
• The household organization keeps formal financial records

Health and safety 0 5 • The microgrid is compliant with technical standards

4. Discussion

In moving up the electrification ladder, users benefit from supplies with the following
characteristics:

1. Capability to run appliances with higher power demand;
2. Longer availability of electricity during the day;
3. Reduced occurrence of power disruptions;
4. Standard voltage quality for proper appliance operation;
5. Affordable cost of electricity;
6. Security of the connection; and
7. Safety ensured regarding electricity supply.
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The above list corresponds to the attributes of household electricity supply as defined
in the multi-tier framework of electricity access and as shown in the first column of
Table 11. The table shows the moving up in the electrification ladder of the 11-household
neighborhood on Gilutongan Island where the solar PV-based microgrid with battery
energy storage was installed. The solar panels were installed on two rooftops, as most of
the residents on the island are informal settlers and do not have authorization to use land
for semipermanent structures such as a centralized solar PV system.

Narayan et al. [20] investigated potential solutions to provide basic electricity in
unelectrified/underelectrified areas. They examined the potential of an SHS to cater
to every tier of the MTF wherein they found that beyond tier 2, SHS capacity needs
significant expansion to cater to higher tiers. The study concluded that a microgrid based
on interconnected SHSs can allow users to climb up the electrification ladder, especially to
attain tier 4 or tier 5 electricity access.

In another work by Narayan et al. [21], the pathways to universal electrification were
explored. They considered the paradox in SHS electrification wherein affordable appliances
such as rice cookers cannot be used because of its high power demand, but low-power
appliances (such as laptops) that can be easily powered by an SHS are not affordable to
most rural and off-grid area consumers. One of the pathways to climb the electrification
ladder is through scalable systems that can cater to growth in user demand as electricity is
made available. The system should also be able to supply high-power appliances such as
water kettles, as these are typically the loads that highlight the benefits of electrification.

This current work follows along the vein of the research findings of Narayan et al. The
households in this study previously had low-tier electrification through a village diesel
generator. The study quantified the shortcomings of the generator supply as assessed
through the household electricity supply attributes of the MTF. With a centralized solar PV
system out of the question due to the informal settlement status of most residents in the
island community, the pathway which we explored towards climbing up the electrification
ladder was through a microgrid powered by solar panels installed on rooftops.

The plot shown in Figure 20 illustrates the change in electricity access tiers for the
households connected to the rooftop solar microgrid on Gilutongan Island. In the attribute
of peak capacity, the increase from tier 3 to 4 means that the users can now use high-power
appliances above 800 W. This was demonstrated in the Gilutongan Island microgrid with
households having rice cookers. The attribute of availability jumped by three tiers from 2
to 5 since electricity is now available for 24 h. This climbing up of the electrification ladder
is illustrated by one household already operating a freezer and using the appliance for
income generation by selling frozen food products. The attribute of reliability increased
from tier 4 tier 5 with a tolerable number and duration of disruptions. However, the most
significant change is the moving up of voltage quality from tier 0 to tier 5. When the
households were taking their electricity from the diesel generator, the voltage in the vicinity
of the microgrid averaged only 119.0 V on a system with a nominal voltage of 220 V. This
resulted in appliances not working properly and even causing occasional damage. With the
voltage of the solar microgrid averaging 229.18 V, the users are now able to use whatever
appliance they wanted to connect.

With the rooftop solar microgrid, significant jumps to tier 5 also resulted for the at-
tributes of health and safety and of legality. Electricity supply safety came about through
the use of standard components in the supply equipment, protection devices, and distri-
bution system cabling. On the attribute of legality, the jump to tier 5 was brought about
by the formalization of the collection and financial management of the system. The man-
agement of the microgrid is eventually turned over to a registered organization formed
from household membership in the microgrid. While this research report is being written,
capacity building for community management of the microgrid was still ongoing.
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Figure 20. Spider plot of Gilutongan Island’s electricity access MTF tiers before and after the
installation of the solar microgrid.

As can be seen in Figure 20, the attribute of affordability did not have a tier level
change, but as discussed in Section 3.8, the percentage of the average household income
needed to cover the cost of a standard electricity consumption package of 1 kWh/day
dropped from 18% to 6%. It should be noted again that MTF set the affordability threshold
at not more than 5% of the household income [17]. Although the MTF has broken down
the technical attributes of electricity access into six tiers from 0 to 5, it still has a binary tier
assignment for affordability, where tier 5 means that the cost of a standard compensation
package is less than 5%, and tier 0 otherwise. The cost reduction due to the solar microgrid
is greatly significant at 67%, but still the percentage cost of 6% of the household income did
not fall within the MTF’s threshold. In this case, the MTF fails to capture the improvement
of affordability as a continuum that can be represented by multiple tiers. This work
recommends further studies on how improvements in affordability can be described in
tiers similar to those for the other attributes, especially given that affordability can be
numerically quantified. There have been attempts towards this direction in the study by
Lozano and Taboada [40], but more studies need to be done to set the appropriate tier
boundaries of the attribute of affordability.

Lozano et al. [32] conducted a techno-economic analysis of a power generation system
intended for Gilutongan Island. The study considered a 100% RE system based on solar PV
with battery energy storage, and a hybrid system with the addition of a diesel generator.
The PV-only scenario yielded an LCOE of 0.3916 USD/kWh while the hybrid system had
an LCOE of 0.3556 USD/kWh. The PV-only system’s LCOE is comparable to the LCOE in
this present study that averages 0.41 USD/kWh. The study in [32] assumed the availability
of open land for the centralized PV installation with a 314 kWp capacity for the PV-only
scenario. Such a capacity would require no less than 2000 m2 of open land, including
spacing between panels. The techno-economic analysis of the said study did not consider
the cost of land usage, and the LCOE of a practical system would definitely rise when land
costs are included. The viable and cheaper alternative is to use household rooftops as this
approach will not take up open land space, which might even be not legally available.

In a study by Bertheau [24] on supplying unelectrified islands in the Philippines with
100% RE-based microgrids, the computed LCOE using HOMER for solar PV systems with
battery storage was 0.522 USD/kWh. The system in the study had an annual demand
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of 62,050 kWh, and the modelled PV capacity was 118.9 kWp with a battery capacity of
136.0 kWh. The Gilutongan Island microgrid was designed for an annual demand of
7482 kWh, which is just 12% of the demand in [24]. The LCOE on Gilutongan Island
ranged from 0.324 USD when the demand is at the system’s full capacity to 0.495 USD
when demand is minimal with the households not adding to their existing electrical loads.
This shows that the LCOE in the Gilutongan Island microgrid is in line with the findings
of other researchers, specifically for studies in the Philippines, even though it is a smaller
system and does not benefit from economies of scale.

This current study implemented a working rooftop solar PV-based microgrid with an
average LCOE between minimal demand and full-capacity demand at 0.41 USD/kWh. The
sustainability fee implemented for the upkeep of the system is 0.40 USD/kWh, which is
comparable to the LCOE of a centralized solar PV system determined in [32]. The microgrid
covers only 11 out of 342 households (i.e., 3.2%) on the island, as it is only a pilot system for a
study with funding limitations. Nevertheless, the pilot microgrid demonstrated that higher
tier electricity access along the ideals of SDG 7, except for the attribute of affordability,
can be provided to the entire island if the system is replicated, even at higher capacities,
to cover more households. Several such microgrids utilizing the suitable rooftops in the
community can provide the whole island with quality electricity access.

5. Conclusions

Households in off-grid informal settlements where there are limitations in land avail-
ability for centralized renewable energy systems can still climb up the electrification ladder,
as demonstrated in the case of the Gilutongan Island rooftop solar microgrid. Microgrids
based on solar PV panels installed on rooftops can provide higher tier electrification,
which is tier 4 or 5 in the multi-tier framework of household electricity supply. This study
showed that with careful design that considers short- and medium-term demand growths,
a rooftop solar microgrid can give users tier 4 electricity access in the technical attribute
of peak capacity, and tier 5 in the technical attributes of peak availability, reliability, and
voltage quality. Tier 5 electricity access in the attribute of health and safety was attained
by ensuring that the microgrid complies with electrical standards, specifically on system
protection. Tier 5 access in the attribute of legality was attained by organizing the users
to self-manage the system as a community-based microgrid and eventually to register
the organization with the appropriate government agencies. Long-term demand growth
that can possibly bring down the tier level of the technical attributes was addressed by
designing the microgrid as a scalable system where additional solar panels can be installed
on adjacent rooftops, going hand in hand with an increase in battery energy storage and
charger/inverter capacities.

In this work, the attribute where there was no change in the MTF tier classification
was affordability. There was, however, a significant decrease in the cost that users pay
for a standard electricity consumption package of 1 kWh/day from 18% of the average
household income in the community to just 6%. This brings the rooftop solar microgrid’s
affordability very close to the MTF threshold value of 5%. The microgrid’s cost of electricity
can be brought within the threshold value, but this can jeopardize the system’s sustain-
ability. Currently, the MTF’s measurement of improvements in affordability is binary.
Future work may look at defining multiple tiers of affordability to capture, as a continuum,
improvements in this attribute.

The biggest challenge in moving up the electrification ladder for off-grid areas is
affordability. The primary reason for the higher cost of electricity in standalone systems,
especially for the residential type of demand, is energy storage. This challenge may be
eliminated in the coming years as the cost of batteries fall with breakthroughs in energy
storage technologies. In the meantime, system optimization is the key to making the cost
of electricity in off-grid systems hover above being affordable.
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Abstract: Design strategies for achieving reliable, affordable, and clean electricity are crucial for en-
ergy sustainability. Attaining it requires managing the three core factors (TCF) of the energy trilemma
(ET) to increase reliability (energy equity), minimize the levelized cost of electricity (LCOE) (energy
equity), and avoid potential CO2 emission (environmental sustainability) simultaneously. This paper
aims to present a design strategy for the hybrid energy system microgrid (HESM) model, consisting
of a distributed rooftop solar PV (DRSP), battery, and diesel-generator to meet the increasing demand
while balancing the TCF of the ET. The design strategy was applied in a cluster of 11 households in
Gilutongan Island, Cebu, Philippines, where there is no open land space for a solar PV microgrid
system. This study used PVSyst and HOMER Pro software to perform the techno-enviro-economic
(TEE) analysis to select all feasible system configurations (FSCs). To identify the optimal FSC, a
scoring mechanism that considers the LCOE based on the 5% household electricity expense limit,
the 5% unmet load fraction, and the renewable penetration fraction was used. Results show that the
optimal system requires an average of 32.2% excess energy from DRSP to balance the TCF of the ET
based on the energy demand considered. Thus, planning when energy demand increases is vital to
map the next appropriate steps toward sustainable energy transition. Overall, the obtained results
can support project developers and policymakers to make informed decisions in balancing the ET
from various trade-offs of energy systems.

Keywords: energy sustainability; rural electrification; energy trilemma; trade-offs; off-grid microgrids;
renewable energy; energy transition; energy system optimization; HOMER; PVSyst

1. Introduction

According to the International Energy Agency’s 2019 report, significant progress is
happening in energy access worldwide. From 1.2 billion in 2010 to 1 billion in 2016, it
dropped to roughly 840 million people living without electricity access due to an increased
deployment of off-grid technologies. However, the most significant challenge remains in
connecting the poorest and hardest to reach households in the numerous remote areas
globally and in Sub-Saharan Africa, where 573 million people still live in the dark [1].

In the Philippines, the National Electrification Administration (NEA) published a
report that there are still 1,577,672 unserved consumers based on the potential customers of
the 2015 Census [2]. Particularly in small off-grid islands (SOIs), the remoteness, low energy
demand, and lower population often make grid extension not viable [3]. Furthermore, most
SOIs in the Philippines, not electrified by any power providers, are powered primarily
by diesel generators (DGs) with limited operating hours. This situation exposes SOI
communities to high energy costs and frequent power outages, resulting in low electricity
quality and reliability. In order to achieve the seventh Sustainable Development Goal
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(SDG 7): “Ensure access to affordable, reliable, sustainable and modern energy for all”
in the country by 2030, as set by the United Nations [3], an appropriate energy system
planning transition from conventional (i.e., using DGs alone) to renewable energy-based
technologies (RETs) is deemed necessary. The World Energy Council pointed out that this
appropriate transition requires balancing the three core factors (TCF) of the energy trilemma
(ET), which refers to energy security, energy equity, and environmental sustainability, since
it is the foundation for the prosperity and competitiveness of individual countries [4].
In other words, balancing the ET effectively in any energy transitions, analyzing the
interplay and potential trade-offs of meeting the energy demand reliably, considering the
affordability of the cost of electricity, and avoiding potential CO2 emissions is crucial.

1.1. Models for Off-Grid Rural Electrifications

Among the most common RETs models for off-grid rural electrifications are solar
home systems (SHSs). However, an SHS is perceived as a temporary solution in terms of
sustainability since it can only offer basic electricity access to the poorest households in
developing countries [5,6]. Energy capacity in SHSs is limited for light loads only (e.g.,
mobile phone charging, watching TV, and lighting), and using high-powered appliances
(e.g., refrigerator, freezer, rice cookers) is not allowed. This condition for SHSs hinders
electricity usage for multiple purposes [7], especially for income generation, which links to
economic and social impacts [8].

Alternatively, decentralized hybrid energy systems (HES) have flexible energy provi-
sion compared to SHSs. An HES uses more than one energy source and usually combines
conventional and renewable energy resources. HESs can be in the form of a mini-grid
(capacity between 10 kW and 10 MW) and microgrid system (capacity less than 10 kW) [8].
Moreover, the initial assessment study for centralized and decentralized electricity supply
strategies in the far-flung islands in the Philippines indeed suggests that decentralized HESs
are most feasible for most SOIs, whereas a centralized electricity supply through submarine
cable interconnection is more promising only to larger islands [9]. Nevertheless, despite
many decentralized HES mini-grids being implemented in off-grid rural communities in de-
veloping countries to provide 24 h electricity access [10–13], implementation in SOIs in the
Philippines is relatively sluggish. To date, only four SOIs (Pangan-an, Cobrador, Pamilacan,
and Malalison Island) are implementing HES minigrids (Solar-battery-diesel) [14–16].

According to an International Renewable Energy Agency (IRENA) study, local power
providers believe implementing such HES mini-grid projects in SOIs is capital intensive
and costly [17], as HESs require a lengthy payback time before seeing a financial return [18].
This capital cost includes centralized power generation and distribution networks (poles,
wires, power transformers) followed by power losses and conversion losses at different
stages, forming the most significant parts of their operating costs—a critical barrier to
off-grid rural electrification adoption [8]. Additionally, due to its remoteness, the SOI
market is also viewed as small, with a low capacity of consumers to pay, and logistical
complexities. That is why the implementation and investments of HESs in off-grid areas
in the Philippines remain high-risk and unattractive to power providers [17]. Another
barrier pointed out related to the technical-related aspect is that there are no technical
studies or models for mini-grids and mini-grid sizing in the Philippine context [17]. There
is also a lack of resource assessments to aid developers understand the local resources to
be harnessed and penetrate the local environment [17]. It is especially true for SOIs, where
issues on land ownership and available space for a solar photovoltaics (PV) mini-grids
facility are constrained.

Another system design model is the solar energy center model for rural off-grid
communities in Kenya [19]. The distribution network is unnecessary in this model because
the energy center can be housed in a single site structure. Furthermore, the authors
found it feasible to use the energy center model to provide power that can offer a source
of income for the community at an affordable cost. Another design concept for rural
communities’ electrification systems where distribution network is unnecessary is the
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nanogrid system (capacity less than 15 kW) for a group of five neighboring houses in
Gwagwalada-Abuja, Nigeria [20]. The author presented possible energy configurations
of an HES nanogrid (solar, solar/wind, solar/diesel, solar/wind/diesel, and diesel alone)
and the essential parameters to show the performance of each configuration. Among the
possible configuration, results show that a solar/wind nanogrid has the lowest cost of
energy. In addition, although an HES nanogrid has a higher capital cost than a DG alone
and pure solar, the author found that HESs have a lower life cycle cost since it only requires
a lower fuel cost and can meet the demand 100% reliably. The author recommends the
model for planning new electrification systems in rural communities around the globe.
Moreover, although a nanogrid is similar in size to a microgrid, nanogrid definition is
mainly confined to a single home and at a relatively low cost. It can be connected to
multiple nanogrids to form a microgrid [21].

Likewise, Rabuya et al.’s study presented how to move up the electrification ladder in
off-grid settlements in transitioning from lower to higher levels of electricity access based
on the multi-tier framework (MTF) attributes using a microgrid consisting of a rooftop
solar PV (RSP) and batteries only. The RSP microgrid was implemented in a cluster of
11 households in Gilutongan Island, Cebu, Philippines. Their results show that households
move from lower to higher levels in all MTF attributes except affordability and this needs
to be addressed [22]. In conjunction with Rabuya et al.’s study, we further investigate
improving the energy system model as a continuum of tier levels, which looks not just
at the affordability but also the reliability and environmental sustainability aspects of the
system as demand increases.

1.2. Literature Review for Decentralized HESs in Remote Off-Grid Areas

Recently, several studies on the technical-environmental-economic feasibility and
the design of various combinations of HESs have been investigated as an alternative
option for the conventional power system in off-grid areas. It includes wind turbine
(WT)/PV/Battery (B)/DG [23–31], WT/PV/B [32–35], PV/B/DG [36–38], PV/Fuel cell
(FC)/DG [39], PV/WT/FC [40–42], PV/FC [43], PV/WT/Biodiesel (BD)/B [44], PV/DG/
Pump Hydro Storage (PHS) [45], PV/Biomass (BM)/WT/PV/B/DG [46], and Floating
PV (FPV)/FC [47]. Table 1 shows the comprehensive summary of these studies with the
different objective functions and algorithms of each approach.

Table 1. Summary of previous works with different objective functions and algorithms.

Authors Year HES Location Algorithm/Tool Objective Function

Shezan et al. [23] 2016 WT/PV/B/DG Selangor, Malaysia HOMER Minimized NPC and
CO2 emission

Rahman et al. [24] 2016 WT/PV/B/DG Sandy Lake First
Nation, Ontario HOMER Satisfy the load demand with

minimum NPC and COE

Bukar et al. [25] 2019 WT/PV/B/DG Nigeria GOA
Supply energy demand reliably
based on DPSP and
minimized COE

Elkadeem et al. [26] 2019 WT/PV/B/DG Dongola, Sudan HOMER Pro Least NPC and realistic
environmental impact

Kharrich et al. [27] 2020 WT/PV/B/DG Aswan, Egypt
Traditional BO,
QOBO, HHO,
AEFA, IWO

Minimized NPC and COE

Yoshida et al. [28] 2020 WT/PV/B/DG Fukuoka, Japan PSO Least-cost perspective

Fathy et al. [29] 2020 WT/PV/B/DG Alijouf region,
Saudi Arabia SSO Minimized COE and LPSP
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Table 1. Cont.

Authors Year HES Location Algorithm/Tool Objective Function

Quitoras et al. [30] 2020 WT/PV/B/DG Canada NSGA-II

Multi-domain perspective of
balancing energy trilemma
parameters (LPSP, excess
electricity, LCC, LCOE, CO2
emission, RE
penetration fraction)

Kotb et al. [31] 2020 PV/WT/DG/B Egypt HOMER and MAT-
LAB/SIMULINK

Minimized the life-cycle cost,
energy cost and emission as
well as capacity
shortage fraction

Chen [32] 2013 WT/PV/B Wuchi AGA Power system reliability and
cost minimization

Ahmadi et al. [33] 2016 WT/PV/B Qazvin, Iran HBB-BC Satisfy the load demand and
minimizing the total NPC

Javed et al. [34] 2019 WT/PV/B Jiuduansha, island GA and HOMER Satisfy the load requirements
with lowest costs

Khan et al. [35] 2020 WT/PV/B Rafsanjan, Iran Jaya, TLBO,
JLBO, GA

Satisfy the consumer’s load at
minimal total annual cost

Rezzouk et al. [36] 2015 PV/B/DG North of Algeria HOMER Maximum output power at a
low cost (NPC & COE)

Das et al. [37] 2019 PV/B/DG Bangladesh HOMER
Minimized NPC and COE in
relation to different
dispatch strategy

Odou et al. [38] 2020 PV/B/DG Alibori, Benin HOMER Minimized NPC

Jamshidi et al. [39] 2018 PV/FC/DG Kerman, south of
Iran MOCSA Total NPC and LPSP

Maleki et al. [40] 2014 PV/WT/FC Rafsanjan,
South of Iran ABSO Minimized total annual cost

and maximum allowable LPSP

Samy et al. [41] 2020 PV/WT/FC Egypt FPA Minimized NPC with the LPSP
of 2%

Hadidian et al. [42] 2019 PV/WT/FC Northwest Iran FPA, TLBO, PSO Minimized total NPC and
reliability indices are considered

Samy et al. [43] 2019 PV/FC Egypt FPA, ABC, PSO Minimized total NPC and LPSP
is considered

Guangqian et al. [44] 2018 PV/WT/BD/B Khorasan, Iran HSA, SAA,
HHSSAA Minimized life cycle cost (LCC)

Makhdoomi et al. [45] 2020 PV/DG/PHS Adrar, Algeria GA, PSO, CSA,
CSAAC-AP

Minimum operation cost
through fuel consumption

Kharrich et al. [46] 2021 PV/BM and
WT/PV/B/DG Saudi Arabia GPC, AEFA, GWO

Minimized NPC and
considering LPSP and
availability index

Temiz et al. [47] 2020 FPV/hydrogen
FC Southern Turkey HOMER and

PVSyst
Uninterrupted electrical power
supply and land conservation

One of the most common challenges in the abovementioned studies is finding the
optimal size of an HES using different algorithms. Optimal sizing refers to the best
combination of system components of HESs, such that it minimizes cost while meeting the
energy demand [40]. At the same time, some of the presented studies show that finding
the optimal size varies depending on the specified objectives by the designer’s preference.
It can be either a single objective that can lead to a single solution or a multi-objective
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approach that leads to a set of equally good solutions. Furthermore, the other typical
attribute in the above studies is using solar PV as an energy resource. However, almost all
of the above studies were centered on analyses for specific applications without considering
the environmental constraints such as land shortage problems and land ownership issues.
This local setting scenario distinctively establishes the multi-dimensional aspect viability for
rural electrification projects. Additionally, the effect of variables on the solar PV, such as far
and near shading loss, different tilt, and orientation, especially considering multiple solar
PV options due to limited space, is not included in the previous study. These parameters
are crucial in designing the optimal system configuration due to the direct impact on the
actual environmental constraints (availability of space), technical (reliability), and economic
(affordability) aspects of an HES when employed in the actual setting. Although, some
of the prior studies use Hybrid Optimization of Multiple Energy Resources (HOMER)
software to consider a derating factor to account for the effects of temperature, dust, wiring
losses, and shading during optimization of the solar PV.

However, it is difficult to determine the default value for the derating value using
HOMER alone since it depends on a particular location. A default derating factor of 90%
is used for some, while others are slightly lower for scorching climates [48]. Moreover, it
cannot precisely detail the solar PV system simulation that involves unique characteristics
of near-shading, tilt, and orientation of multiple PV modules while also considering
the temperature [49]. For applications where space for solar PV is constrained, such
as in remotely dense SOI communities where the primary resource is limited only to
solar energy. Realistic data are essential to steer power providers’/investors’ interest and
motivate national policy initiatives toward adopting solar PV for electrification.

Recently, the HOMER software has added a new feature to strengthen client presen-
tations by allowing users to import files from Helioscope and PVSyst design programs
directly to HOMER Pro for further analysis [50]. With this new feature, the tool can already
consider efficiency losses of solar PV such as near shading loss, different tilt, and orienta-
tion of solar PV rationally. As in a study conducted by Temiz et al. [47], a floating solar
farm with the integration of hydrogen production is carried out to aid the land shortage
problem. The authors used PVSyst and HOMER to assess the effectiveness of the systems
in providing the required energy. PVSyst has been used mainly to identify the parameters
of efficiency losses related to the floating application.

Similarly, this study used HOMER Pro and PVSyst software. However, instead of
floating solar and avoiding corrosive effects when implemented for sea applications, the
study focused on designing the optimal HES microgrid using solar PV through the available
space of rooftops in a remotely dense SOI community.

1.3. Objectives and Key Contribution of the Study

Based on the literature review discussed in the previous subsections, also as sum-
marized in Table 1, few studies consider multiple objectives that look at the trade-offs of
the three core parameters, namely reliability, affordability, and minimized CO2 emission,
as the basis for the objective optimization. In addition, when integrating solar PV in the
HES microgrid model from the previous study, it is assumed that solar PV has uniform
technical parameters (e.g., derating factors, shading, tilt, and orientation). Considering
these technical parameters is crucial for selecting the optimal size of the HES that aims
for a more balanced TCF, especially for areas where the availability of space for solar PV
is constrained.

Moreover, the design strategies of an HES, particularly in the unviable SOIs in the
Philippines, are not available in the literature. Thus, achieving a 100% electrification target
is pivotal to fill this gap by presenting a design strategy for the optimal HES model that
balances the TCF of the ET consisting of a distributed rooftop solar PV (DRSP), batteries,
and a DG shared in a small, clustered household. This study used the RSP microgrid
project installed in 11 households in Gilutongan Island, Cordova, Cebu, Philippines, as a
model, as first presented by Rabuya et al. [22]. However, the main goal of this study is to
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identify the optimal configuration of the HES microgrid (DRSP/B/DG) model based on a
local context of solar energy resource availability in rooftops while balancing the TCF of
the ET as the energy demand increases. In summary, the significant contributions of this
paper are considered as follows:

• An alternative design strategy approach for rural electrification through a hybrid
DRSP/B/DG microgrid model for a remotely dense community with limitations in
land availability for solar PV mini grids.

• PVSyst software has been used primarily for identifying the parameters of efficiency
losses that have relations with multiple distinct solar PV rooftop characteristics, includ-
ing far and near shading loss, different tilt, and orientation of rooftop solar PV (RSP).

• A scoring mechanism is developed to help weigh the trade-offs in balancing the ET
and determine the optimal system configuration (OSC) among all the feasible system
configuration (FSCs) options produced by HOMER Pro.

• The Levelized cost of electricity (LCOE) based on the 5% household electricity expense
limit relative to the household total income, 5% unmet load, and renewable penetration
fraction is considered in the trade-off to find the OSC.

• Sensitivity analysis is also presented to investigate the effect of different weight
percentages in the ET scoring mechanism on the OSC.

2. Materials and Methods

In order to achieve the objectives, Figure 1 shows a schematic overview of the method-
ology presented in this paper. Generally, it starts by conducting participatory approach
load profiling with a cluster of 11 households to determine the aggregated load profiles,
including existing, short, medium, and long-term future electrical loads. It is then fol-
lowed by site selection for available rooftops and each suitable rooftop’s energy yield is
evaluated through a PVSyst simulation, which accounts for actual far and near shading,
roof orientation, and tilt. It also includes local market research on the types of equipment
available in the local market, labor costs, logistics, and system maintenance. After that, a
techno–environmental–economic (TEE) analysis is carried out using HOMER Pro to size
FSCs, considering four case scenarios of load profiles. The system configuration options
considered are the different combinations of the three systems, namely, the DRSP, battery,
and DG system. A scoring mechanism based on the TCF (reliability, renewable penetra-
tion fraction, affordability) is then employed from the initial HOMER Pro optimization
results to identify the best OSC in each case scenario. Finally, the system with the highest
weighted ET total score is then presented to facilitate better planning to map appropriate
steps when energy demand increases. More details of the framework are discussed in the
following subsections.
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2.1. Site Description

This case study considered eleven houses in Gilutongan Island (10◦12′23.94′′ N,
123◦59′21.42′′ E) (see Figure 2). Gilutongan is a Barangay under Cordova, Cebu, Philip-
pines [51]. It can be reached through a 45-minute outrigger boat ride from the port of
Cordova and can be characterized as a small off-grid island with population exceeding
1000 inhabitants [15]. In 2018, Gilutongan has 1800 residents and 333 households, and they
are mostly considered informal settlers.
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Although under the franchise of the Mactan Electric Company (MECO), the island’s
electrification system is managed by its local government unit (LGU) as the island is not
connected to MECO’s distribution system and only sources its electricity from a 194-kVA
diesel generator set. In terms of conforming standards to the Philippine distribution code
(PDC) [52], its existing distribution network is deficient in terms of the quality of the
voltage and safety features (see Figure 3). Upon checking, the distribution network of
Gilutongan lacks proper sizing of wires (i.e., under-size and even exposed wires). It has
no standard electrical post, where wires can be easily reached by hand for connection,
and it does not even have a grounding system. Lastly, it lacks protective equipment from
the generation, distribution, and load side. Thus, it is prevalent in the village houses
experiencing damage to appliances due to sudden ON/OFF of their electricity supply
from the diesel generator. Moreover, the island’s power is only available to residents
for 4.5 h every night from 6:00 PM until 10:30 PM at a high cost of approximately USD
19.50 per month for the limited supply [53]. Hence, the average cost of electricity per day
in Gilutongan Island is equivalent to 9.67% of the average daily income, which is roughly
USD 6.72 per day.
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2.2. Daily Load Profile

As a village community with limited hours of electricity access, an electricity consump-
tion pattern was not available. Thus, a participatory load profiling through interviews
with the heads of the household was conducted to determine the aggregated load demand
profile. The participants were asked for their usual electricity usage and tendencies (i.e.,
what appliances are operating at a specific time) if 24-h electricity access was available.
Table 2 shows the list of the current and future loads for the eleven households with their
estimated daily energy consumption. At the same time, the aggregated load profile for
the eleven households is shown in Figure 4. The projected load profile was scaled using
four scenarios at 14.2, 22, 37.9, and 57.7 kWh/day. The first case scenario (14.2 kWh/day)
represented the existing load. The second scenario was a short-term load (next few months)
when two households expressed a plan to use a fridge. The third scenario (37.9 kWh/day)
corresponded to aggregated load profile for medium-term demand growth when six house-
holds plan to add a fridge in the next few years. The fourth scenario (57.7 kWh/day)
referred to the long-term plan energy growth when every household owns a fridge. Each
fridge was assumed to have a rating of 165 W.

2.3. Energy Resource

The crucial step in designing a solar PV project is considering the land constraints
due to limited space for solar PV in the actual setting. In this study, the three-dimensional
(3D) model of the actual house’s roof and trees, as shown in Figure 5, was modeled using
SketchUp software, a 3D modeling tool to mimic the case study site. The necessary mea-
surement and placement of the 3D models were gathered during the field survey. Each
rooftop perspective PV field and surrounding shading scene was exported for PVSyst sim-
ulation (for example, Figure 6), and Meteonorm 7.1 Database was used for solar radiation.
Moreover, to match the solar PV and converter’s necessary parameters, 3 PV modules were
placed in series. At the same time, the number of the parallel string depended upon the
available space of rooftops. Hence, each rooftop plane for solar PV system’s output and
energy yield depended on the actual solar radiation received.
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Table 2. Estimated daily energy consumption for the 11 households.

House Electrical Load
Power

Rating (W) Qty
Estimated Daily Load Consumption (kWh/day)

EL 1 STL 2 MTL 3 LTL 4

1

Light Bulb 16 5 0.416 0.416 0.416 0.416
Light Bulb 9 1 0.099 0.099 0.099 0.099
Television 150 1 0.75 0.75 0.75 0.75

Audio system 150 1 0.15 0.15 0.15 0.15
Electric fan 50 2 0.40 0.40 0.40 0.4

Fridge (MT plan) 165 1 - - 3.96 3.96

2

Light Bulb 11 3 0.187 0.187 0.187 0.187
Electric fan 50 1 0.5 0.5 0.5 0.5
Television 150 1 0.6 0.6 0.6 0.6
Television 50 1 0.2 0.2 0.2 0.2

Rice cooker 800 1 2.4 2.4 2.4 2.4
Fridge (ST plan) 165 1 - 3.96 3.96 3.96

3
Light Bulb 5 1 0.08 0.08 0.08 0.08
Television 150 1 0.6 0.6 0.6 0.6

Fridge (MT plan) 165 1 - - 3.96 3.96

4

Light Bulb 5 1 0.02 0.02 0.02 0.02
Light Bulb 18 1 0.09 0.09 0.09 0.09
Light Bulb 7 1 0.035 0.035 0.035 0.035
Light Bulb 13 1 0.052 0.052 0.052 0.052
Television 50 1 0.25 0.25 0.25 0.25

Fridge (MT plan) 165 1 - - 3.96 3.96

5

Light Bulb 9 1 0.117 0.117 0.117 0.117
Light Bulb 22 1 0.132 0.132 0.132 0.132

Audio system 800 1 1.60 1.60 1.60 1.60
Television 40 1 0.40 0.40 0.40 0.40

Electric Fan 50 1 0.30 0.30 0.30 0.30
Fridge (MT plan) 165 1 - - 3.96 3.96

6
Light Bulb 25 1 0.25 0.25 0.25 0.25
Light Bulb 11 1 0.033 0.033 0.033 0.033

Fridge (LT plan) 165 1 - - - 3.96

7
Light Bulb 9 1 0.153 0.153 0.153 0.153
Television 45 1 0.27 0.27 0.27 0.27

Fridge (LT plan) 165 1 - - - 3.96

8

Light Bulb 20 1 0.140 0.140 0.140 0.140
Television 50 1 0.25 0.25 0.25 0.25
Ceiling fan 30 1 0.69 0.69 0.69 0.69
Electric fan 50 1 1.00 1.00 1.00 1.00

Fridge (ST plan) 165 1 - 3.96 3.96 3.96

9
Light Bulb 18 1 0.072 0.072 0.072 0.072
Light Bulb 5 1 0.045 0.045 0.045 0.045

Fridge (LT plan) 165 1 - - - 3.96

10

Light Bulb 23 2 0.506 0.506 0.506 0.506
Light Bulb 9 1 0.099 0.099 0.099 0.099
Television 150 1 0.90 0.90 0.90 0.90

Fridge (LT plan) 165 1 - - - 3.96

11
Light Bulb 9 1 0.153 0.153 0.153 0.153
Light Bulb 8 1 0.04 0.04 0.04 0.04

Fridge (LT plan) 165 1 - - - 3.96

Total energy demand per day (kWh/day) 14.2 22 37.9 57.7
1 Existing load (EL), 2 Short-term load (STL), 3 Medium-term load (MTL), 4 Long-term load (LTL).



341Role of Renewable Energy in Promoting Energy SecurityChapter 17

Energies 2021, 14, 7358 10 of 32Energies 2021, 14, x FOR PEER REVIEW 10 of 32 
 

 

 
Figure 4. Projected daily load profile for the 11 Households with 24-hour electricity access. 

2.3. Energy Resource 
The crucial step in designing a solar PV project is considering the land constraints 

due to limited space for solar PV in the actual setting. In this study, the three-dimensional 
(3D) model of the actual house’s roof and trees, as shown in Figure 5, was modeled using 
SketchUp software, a 3D modeling tool to mimic the case study site. The necessary meas-
urement and placement of the 3D models were gathered during the field survey. Each 
rooftop perspective PV field and surrounding shading scene was exported for PVSyst 
simulation (for example, Figure 6), and Meteonorm 7.1 Database was used for solar radi-
ation. Moreover, to match the solar PV and converter’s necessary parameters, 3 PV mod-
ules were placed in series. At the same time, the number of the parallel string depended 
upon the available space of rooftops. Hence, each rooftop plane for solar PV system’s out-
put and energy yield depended on the actual solar radiation received. 

 
Figure 5. The 3D model of the actual 11 houses in the case study site. 

0

1

2

3

4

5

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Po
w

er
 (k

W
)

Time
Existing load Short-term load Medium-term load Long-term load

Figure 4. Projected daily load profile for the 11 Households with 24-h electricity access.

Energies 2021, 14, x FOR PEER REVIEW 10 of 32 
 

 

 
Figure 4. Projected daily load profile for the 11 Households with 24-hour electricity access. 

2.3. Energy Resource 
The crucial step in designing a solar PV project is considering the land constraints 

due to limited space for solar PV in the actual setting. In this study, the three-dimensional 
(3D) model of the actual house’s roof and trees, as shown in Figure 5, was modeled using 
SketchUp software, a 3D modeling tool to mimic the case study site. The necessary meas-
urement and placement of the 3D models were gathered during the field survey. Each 
rooftop perspective PV field and surrounding shading scene was exported for PVSyst 
simulation (for example, Figure 6), and Meteonorm 7.1 Database was used for solar radi-
ation. Moreover, to match the solar PV and converter’s necessary parameters, 3 PV mod-
ules were placed in series. At the same time, the number of the parallel string depended 
upon the available space of rooftops. Hence, each rooftop plane for solar PV system’s out-
put and energy yield depended on the actual solar radiation received. 

 
Figure 5. The 3D model of the actual 11 houses in the case study site. 

0

1

2

3

4

5

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Po
w

er
 (k

W
)

Time
Existing load Short-term load Medium-term load Long-term load

Figure 5. The 3D model of the actual 11 houses in the case study site.
Energies 2021, 14, x FOR PEER REVIEW 11 of 32 
 

 

 
Figure 6. Perspective of the rooftop PV field and surrounding shading scene. 

Furthermore, the resulting hourly energy yield from each rooftop PVSyst simulation 
minus the efficiency losses related to multiple distinct solar PV rooftop characteristics, 
including the losses of soiling, ohmic, array mismatch, thermal loss factors, module effi-
ciency loss, angle of incidence, and near shading, which were identified and exported as 
an input to HOMER Pro. Each rooftop PVSyst model output was a symbolic size in 
HOMER Pro software. 

2.4. Technical Components 
2.4.1. Solar PV 

The solar PV used in the PVSyst simulation was a JPS-330P-72 (330 W) poly-crystal-
line module that was locally available in the market. It had dimensions of 1960 × 991 × 40 
mm and a module efficiency of 16.99% (see Figure 7 for the basic data for the solar PV 
module). Each panel’s unit cost was USD 142 and was assumed to have a replacement cost 
of USD 142 per unit. The solar panel life was assumed to be 25 years, based on the linear 
performance warranty. It was also assumed to have an estimated operation and mainte-
nance (O&M) cost of USD 10/year/kW, while having a solar PV degradation of 0.5% per 
year [54]. 

 
Figure 7. Basic data of the JPS-330P-72 used in the PVSyst simulation. 

Figure 6. Perspective of the rooftop PV field and surrounding shading scene.



342Role of Renewable Energy in Promoting Energy SecurityChapter 17

Energies 2021, 14, 7358 11 of 32

Furthermore, the resulting hourly energy yield from each rooftop PVSyst simulation
minus the efficiency losses related to multiple distinct solar PV rooftop characteristics,
including the losses of soiling, ohmic, array mismatch, thermal loss factors, module effi-
ciency loss, angle of incidence, and near shading, which were identified and exported as an
input to HOMER Pro. Each rooftop PVSyst model output was a symbolic size in HOMER
Pro software.

2.4. Technical Components
2.4.1. Solar PV

The solar PV used in the PVSyst simulation was a JPS-330P-72 (330 W) poly-crystalline
module that was locally available in the market. It had dimensions of 1960 × 991 × 40 mm
and a module efficiency of 16.99% (see Figure 7 for the basic data for the solar PV module).
Each panel’s unit cost was USD 142 and was assumed to have a replacement cost of USD
142 per unit. The solar panel life was assumed to be 25 years, based on the linear perfor-
mance warranty. It was also assumed to have an estimated operation and maintenance
(O&M) cost of USD 10/year/kW, while having a solar PV degradation of 0.5% per year [54].
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2.4.2. Converter

For the converter component, the Axpert-MKS 5K-48 was used. It is a bi-directional
inverter connected between AC and DC buses. It acts both ways to convert the DC voltage
of PV to AC and AC voltage of diesel generator to DC. Additionally, it is already equipped
with a configurable AC (DG) or DC (Solar) input priority for charging the battery. It can
also power all kinds of appliances in the home or office environment. This type of inverter
cost USD 920 locally. It was assumed to have a life of 10 years. Table 3 shows the details of
the converter model parameters.

Table 3. The details of Converter model parameters.

Converter (Axpert MKS 5K-48)

Sizes considered (kW) 0, 5, 10
Control inverter efficiency 93%
Parallel with AC Generator Yes
Rectifier relative capacity 100%
Rectifier relative capacity 98%
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2.4.3. Battery

In this study, the battery used was an NPD12-200AH. This type of lead-acid battery
(LAB) is commonly used in the Philippines and was also available in the local market. It
was a 12 V battery with a nominal capacity of 200 AH and a designed life of 10 years in
standby service or more than 600 cycle life at a 50% state of charge (SOC). The 50% SOC was
used as the minimum state of charge in the HOMER Pro simulation. Moreover, each battery
cost USD 310 and was assumed to have a replacement cost of USD 310. For the above
inverter’s compatibility at a system voltage of 48 V, the battery system was configured as
four units in series in a single string.

2.4.4. Diesel Generator (DG)

With the inclusion of a DG in the power generation mix for the DRSP model, an
auto-size DG was used in the HOMER Pro simulation. Table 4 shows the default setting
properties for the auto-size DG. Based on the local market price, the capital cost considered
for an electric DG of less than 20 kW was USD 700/kW, and a USD 700/kW replacement
cost. It was assumed that the DG could be operated for 15,000 h in its lifetime and a mini-
mum load ratio of 25% of its rated capacity. Although fuel is available from the mainland at
USD 0.8 [55], due to transportation and labor charge, fuel cost on the island was assumed
to be USD 0.9 per liter with an increase of 2% every year using the multi-year input.

Table 4. Auto-size genset default properties.

Fuel curve Emissions Fuel Properties

Intercepts (0.369 L/h) Carbon Monoxide (CO) (16.5 g/L fuel) Lower Heating Value (43.2 MJ/kg)
Slope (0.236 L/h/kW) Unburned Hydrocarbons (UHC) (0.72 g/L fuel) Density (820 kg/m3)

Particulates (0.1 g/L fuel) Carbon Content (88%)
Fuel Sulfur to Particulate
Matter (PM) (2.2%) Sulfur Content (0.4%)

Nitrogen Oxides (NOx) (15.5 g/L fuel)

2.5. Economic Components and Constraints

In addition to the system components’ capital cost, another essential input to HOMER
Pro was the economic component used in this analysis. It includes inflation rate, discount
rate, systems fixed capital cost (FCC), and fixed O&M cost per year. Other system costs
not related to energy production, such as distribution lines, energy metering, and remote
monitoring, were not included in the simulation. Moreover, the inflation rate used in the
study was 4.48%, based on the five month average when most of the equipment prices
were gathered from January 2021 to May 2021 [56], while the real discount rate used was
set at 2% [57]. For the systems FCC, the amount was based on the estimated budget of
USD 6600. The FCC amount covered logistics, installation, and commissioning.

Finally, to sustain the system, it was essential to consider the fixed cost per year for the
O&M of the overall system. A fixed cost of 5% from the FCC was used. The simulation’s
project life was taken as 25 years, and the exchange rate was assumed to be PHP 50 to
USD 1. For the constraint inputs, the maximum annual capacity shortage was set at 5%,
while the operating reserve’s four inputs (i.e., load current time step, annual peak load,
solar power output, wind power output) were set to zero.

2.6. Techno–Environmental–Economic (TEE) Design for Selecting All Feasible System Configurations

This study utilized HOMER Pro to select and size all FSCs that satisfied the allowable
annual capacity shortage limit (ACSL) for the hourly load and solar resource variation.
The HES model in this study was based on off-grid DRSP/Converter/B/DG presented
in Figure 8. However, to select the optimal FSC that balances ET’s TCF, this study first
performed the TEE analysis. The decision variables were the size of the available RSP, DG
capacity, and the number of batteries and converters needed. The detailed procedures of
the TEE analysis using HOMER Pro and PVSyst are shown in Figure 9. This work thus
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enhances the applied flow chart in Ref. [31] and complements it based on the present study.
Initially, the pre-HOMER needs assessment was carried out by quantifying the basic inputs,
financial and technical component specifications, and system constraints. HOMER started
to add certain available RSPs to supply the load, and then checked if the load was satisfied.
If a certain size of RSP could supply the load, a power converter was then added to interface
the RSP and the load. If the load was not fulfilled from the RSP, an additional RSP was
further added to aid the existing RSP in supplying the load. HOMER then checked the load
fulfillment for the next time. If the load was found to operate appropriately, then HOMER
investigated excess power and added a battery to store the additional power available.
A DG could be added if the load did not perform appropriately, such as by constraining
the battery SOC limit. Next, HOMER checked any excess power one more time. Then, all
HESs’ feasible configuration options were investigated using the hourly energy balance
for each specific configuration. Once the convergence metric for the total net present cost
(NPC) precision was reached, the HOMER Pro optimization was finished. Then, the list
of all FSCs was then collected to be ranked based on the optimization objectives that best
balanced the TCF of ET.
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2.7. Balancing the Three Core Factors of Energy Trilemma

After the HOMER Pro optimization, all FSCs were extracted from TEE results to
find the best optimal system configuration (OSC). Moreover, besides meeting the energy
demand and allowable ACSL, an affordability constraint was also included to refine the
search for the best OSC among other FSCs. In doing so, a scoring mechanism based on TCF
of ET, namely reliability (RF), affordability (AF), and environmental sustainability (ES),
was proposed. In Table 5, the parameters of TCF used are presented.
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Table 5. Energy Trilemma (ET) index used in the ET scoring.

Three Core Factors (TCF) Parameters Used

Reliability (RF) - Unmet load fraction

Affordability (AF) - LCOE of the FSC
- COE threshold limit of USD 0.336 per kWh

Environmental Sustainability (ES) - Renewable penetration fraction (RPF)

Next, all extracted FSCs were benchmarked against other FSC options based on their
total ET scores. The total ET score expressed in the TCF must be as high as possible
against other feasible solutions, for such a FSC is considered the best OSC that balances
ET. The total ET score was calculated using the weighted average shown in Equation (1).
Initially, each factor of the TCF was assumed to have equal weight, as each factor is equally
important. Hence, it implies that the OSC (highest ET score) has a high percentage on
all three. Moreover, the sensitivity analysis of different weight percentages, as shown in
Table 6, was also investigated to see the effect of the ET scoring mechanism on the OSC.
The TCF is discussed in the following subsections.

ET score = (RF × a) + (AF × b) + (ES × c) (1)

Table 6. Sensitivity parameters for different weight percentages in the ET scoring.

Total Score (%) RF * (a) AF * (b) ES * (c)

ET score-111 RF * (100%) AF * (100%) ES * (100%)
ET score-532 RF * (50%) AF * (30%) ES * (20%)
ET score-352 RF * (30%) AF * (50%) ES * (20%)
ET score-235 RF * (20%) AF * (30%) ES * (50%)
ET score-325 RF * (30%) AF * (20%) ES * (50%)
ET score-523 RF * (50%) AF * (20%) ES * (30%)
ET score-253 RF * (20%) AF * (50%) ES * (30%)

2.7.1. Reliability Factor (RF)

In this study, the reliability factor (RF) referred to the system’s capability to meet the
current and future demand. Likewise, in the HOMER Pro simulation, reliability could
be measured in terms of the unmet load fraction funmet. HOMER defined funmet as the
proportion of the total annual electrical load that went unserved because of insufficient
generation. It was computed using Equation (2), where Eunmet refers to the total unmet
loads (kWh/year) and Edemand refers to the total annual electrical demand (kWh/year).

funmet =
Eunmet

Edemand
× 100% (2)

Moreover, when the four operating reserve inputs were set to zero in the constraint
inputs during simulation, the unmet load equaled the capacity shortage. Then, when this
happened, it was easy to allow HOMER to accept any system configuration for the desired
set value for a capacity shortage fraction. Thus, by allowing a maximum ACSL of 5% in the
HOMER Pro simulation, any system configuration with a value between 0 and 5% defined
the RF value and was calculated using Equation (3). In other words, a zero value of funmet
or capacity shortage meant the system was 100% reliable, while the 5% value of the funmet
was equivalent to the minimum (0%) RF value.

RF =

(
1 − funmet

5

)
× 100% (3)
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2.7.2. Affordability Factor (AF)

The affordability factor (AF) adopted in this study was based on the definition of
the Energy Sector Management Assistance Program (ESMAP) for measuring access to
household electricity supply, in which affordability is a function of the price of energy and
the user income level [58]. However, it must be noted that the multi-tier framework of
ESMAP in terms of affordability attribute has only two tier levels (Tier 0 and Tier 5). Tier
0 refers to the lowest level, and tier 5 for the highest level. In other words, for an energy
supply to be considered affordable (tier 5) for a household with regular consumption of
1 kWh/day, the electricity expenses should not exceed more than 5% of the household’s
total income. Otherwise, they belong to tier 0, the lowest household electricity state in
terms of affordability attribute. However, in this paper, to expand it further and help
balance the ET using the FSC results from HOMER Pro, it was necessary to represent the
AF in a normalized form using Equation (4).

AF =

(
1 − LCOE

2Ct

)
× 100% (4)

where LCOE stands for the levelized cost of energy, which refers to the average cost per
kWh of useful electrical energy produced by the system. At the same time, the denominator
factor 2Ct is the assumed maximum value limit for the COE. HOMER calculated COE
using Equation (5).

COE =
Cann,tot

Eserved
(5)

where Cann,tot refers to the total annualized cost of the system (USD/year) and Eserved
refers to the total electrical served (kWh/year). To recall, the average daily income in
Gilutongan Island is USD 6.72 per day [53]; therefore, 5% of the daily income, equivalent
to the affordability threshold for the cost of electricity (Ct), is USD 0.336 per kWh. Hence,
AF would result in a zero value (0%) when the COE is equal to two times the Ct value.
Likewise, the smaller the COE value is from the FSC than Ct, the higher AF is. Therefore,
anything from 50 to 100% of the AF value is the only acceptable COE value, while an AF
below 50% means that the COE is higher than the threshold value (USD 0.336/kWh) and
that system configuration is not affordable anymore.

2.7.3. Environmental Sustainability (ES)

Unlike other studies, the common metric for measuring the environmental sustain-
ability of a particular HES was based on fuel consumption and potential CO2 emissions.
HOMER calculated the annual emissions by multiplying the emission factor (i.e., kg of
pollutant emitted per unit of fuel consumed as shown in Table 4) by the total annual fuel
consumption. However, HOMER defined the renewable penetration fraction (RPF) as the
energy delivered to the load originating from renewable power sources and calculated
this using Equation (6), where Enonren refers to the non-renewable electrical production
(kWh/year), and Eserved refers to the total electrical load served (kWh/year).

RPF =

(
1 − Enonren

Eserved

)
× 100% (6)

In other words, an RPF of 100% means the energy source comes from purely renewable
energy, and that 0% of RPF means the energy system depends only on a DG for its electricity.
Hence, using a DG in the power generation mix more often reduced the value of RPF, thus
contributing more CO2 emissions. For this reason, this study only refers to the renewable
penetration fraction (RPF) from the TEE results as the only parameter to avoid redundancy
in the ET scoring. Thus, ES is equal to RPF in Equation (1).
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3. Results and Discussion
3.1. Suitable Rooftop Solar PV

From the actual roof assessment of the 11 houses, it was found that most of the houses
were made of lightweight materials, and the roof’s structural integrity could not withstand
the additional weight of the solar panel modules. Thus, only seven potential roof planes
were identified from the 11 houses and modeled each in the PVSyst by following the steps
illustrated in Figure 9. In configuring the solar PV array, it was essential to consider the
roof orientation, available roof area, and converter specification to be used. For example,
the roof two (R2) model shown in Figure 10 has an area of 23 m2, which can accommodate
12 PV modules, wherein three PV modules are connected in series while having four strings
in parallel conforming to the maximum open-circuit voltage of the converter.
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Moreover, in Table 7, a summary of the detailed losses results and the characteristic
of the seven rooftops are presented. Accordingly, three roof planes (R1, R2, and R3) can
accommodate twelve solar PV modules (four strings in parallel) at 3.96 kWp. Additionally,
two roofs (R4 and R5) can accommodate six PV modules each (1.98 kWp) and another two
roof planes (R6 and R7) for three PV modules (0.99 kWp). The total initial capital cost for
each rooftop solar PV as a PVSyst unit in HOMER Pro is the sum of the estimated cost for
retrofit and the solar PV capital cost.

Table 7. Summary of the annual PV loss diagram and its unique characteristics from the 7-rooftop solar PV.

Rooftop Solar PV (RSP) R1 R2 R3 R4 R5 R6 R7

Horizontal global irradiance (kWh/m2) 1801 1801 1801 1801 1801 1801 1801
Global incident in collector plane (%) −3.0 +1.0 +0.9 −7.7 −4.9 −13.6 −4.9
Global incident below threshold (%) −0.1 −0.1 −0.1 −0.1 −0.1 −0.1 −0.1
Near shading: irradiance loss (%) −3.2 −8.7 −11 −9.5 −38.2 −6.5 −50.7
IAM factor on global (%) −3.3 −2.8 −2.8 −3 −3.3 −3.5 −3.4
Soiling loss factor (%) −3 −3 −3 −3 −3 −3 −3
Effective irradiance on collectors (kWh) 36,455 36,455 36,455 16,968 16,968 8166 8166
PV conversion: Eff. at STC (%) 17 17 17 17 17 17 17
Array nominal energy at STC Eff.(kWh) 6280 6200 6030 2801 1967 1348 783
PV loss due to irradiance level (%) −0.7 −0.8 −0.8 −1 −1.8 −1 −2.6
PV loss due to temperature (%) −8.0 −8.0 −7.9 −7.4 −6.2 −7.5 −5.7
Module quality loss (%) +0.4 +0.4 +0.4 0.4 −0.4 0.4 −0.4
Mismatch loss, modules and strings (%) −1.1 −1.1 −1.1 −1.1 −1.1 −1.1 −1.1
Ohmic wiring loss (%) −0.9 −0.9 −0.9 −0.8 −0.6 −0.8 −0.6
Array virtual at MPP (kWh) 5645 5490 5423 2529 1787 1216 710
Roof orientation (tilt◦/azimuth◦) 11/147 10/−33 14/−33 27/−118 27/62 30/152 34/−29
Roof plane area (m2) 23 23 23 12 12 6 6
Capacity (kW) 3.96 3.96 3.96 1.98 1.98 0.99 0.99
O&M cost (USD/year) 39.6 39.6 39.6 1.98 1.98 0.99 0.99
Cost for retrofit (USD) 600 600 600 600 600 600 600
Solar PV capital cost 1704 1704 1704 852 852 426 426
Total Initial capital cost 2304 2304 2304 1452 1452 1026 1026
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Results from the PVSyst simulation show that R1 has the highest energy yield among
the suitable RSPs at 5645 kWh/year. Although R2 and R3 present an excellent azimuth an-
gle relative to the south and the same capacity size of R1, the near shading and temperature
loss factor affects the overall energy production. The seven rooftops’ energy yield (virtual
array energy at MPP) is exported as the PV production hourly data in kW from PVSyst
software and used as an input resource to HOMER Pro for sizing the FSC, including the
size of the battery, converter, and DG.

3.2. TEE Results Incorporating ET Score

After the HOMER Pro optimization yielded all the FSC options, the list of all the
FSC-acquired results were further optimized to obtain the OSC based on the highest ET
score using the method described in Section 2.7. The best OSC from four different case
scenarios is presented below.

3.2.1. Case Scenario One (14.2 kWh/day)

For this case scenario, by applying the ET scoring mechanism to all the FSC options,
the graphical results of the TCF and ET scores are presented in Figure 11. The ET score
from the graph shows that a wide range of FSC options can satisfy the load demand at
14.2 kWh/day within the set allowable 5% ACSL. However, using the COE threshold
limit (USD 0.336/kWh) relative to the Gilutongan Island case of affordability, the 232 FSC
options are trimmed down to 36 FSCs, consisting only of pure RE. The top 10 economically
viable FSC options of interest are presented in Table 8.
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Figure 11. Graphical presentation of all FSCs that satisfy the load demand at 14.2 kWh/day.
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Moreover, from the acquired ET index parameters in Table 8, the highest calculated
ET score among the 232 FSC options is the FSC option 41, with a total ET score of 78.84%.
Hence, FSC option 41 is considered the best OSC in this case scenario. It comprises pure
RE from three RSPs (i.e., R1, R2, and R4), a 5-kilowatt inverter, and 12 pcs 200 AH LABs.
The system also has an excess of electricity of 31.31% that helps mitigate the solar PV’s
intermittent nature during cloudy days, especially between November to February when
energy production is low (see Figure 12). As a result, it limits the unmet load fraction
only to 0.69%, which is equivalent to a reliability factor (RF) of 86.26%. Notwithstanding
the oversized solar PV capacity of the system, it has a COE of USD 0.334/kWh, which is
within the affordability limit at 50.25% AF. Additionally, from the obtained results, the
OSC has an initial capital cost of USD 17,300 and an NPC of USD 31,962. Additionally,
it has a minimal operating cost of USD 790/year with zero CO2 emission as compared
to using a 12-kilowatt DG alone (FSC option 232) that would consume 12,077 L/year of
diesel fuel that is equivalent to 31,613 kg of CO2 emissions per year. A summary of the
monthly energy production and details of each rooftop solar PV’s contribution is presented
in Figure 12 and Table 9.
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Figure 12. Monthly electricity production of the OSC at 14.2 kWh/day.

Table 9. Summary of energy production of the OSC at 14.2 kWh/day.

Production kWh/year Contribution

R1 5645 41.3%
R2 5490 40.2%
R3 2529 18.5%

Total 13,664 100%

3.2.2. Case Scenario Two (22 kWh/day)

In this case scenario, the graphical representation of all the FSC options is shown in
Figure 13. At this time, 125 out of the 192 FSC options satisfy the COE threshold limit. With
a minimal increase in the total annual costs, the COE corresponding to each FSC decreases,
triggering the AF value to improve more. In particular, out of the 125 FSC options above
the threshold limit, the top 10 FSC options of interest were further assessed (see Table 8).

Likewise, as depicted in Table 8, the top 10 FSC options of interest are almost the same
ET score values with a difference of less than only 1%. FSC option 64 corresponds to the
OSC. It has the highest ET score of 84.48%. However, following the best OSC option in case
scenario one, instead of changing R4 to R3, the best OSC that will match case scenario two
is the FSC option 66 with an ET score of 84.33%, adding one RSP (R3) and eight LABs to
the existing system in case scenario one. Thus, the overall system consists of four RSPs (i.e.,
R1, R2, R3, R4), 20 pcs 200 AH LABs, a 5-kilowatt converter, and a 12-kilowatt DG. The
system’s initial capital cost is USD 30,484, and the NPC comes to USD 45,828 with a COE
of USD 0.307/kWh of electricity generated. The OSC also has excess electricity of 39.35%,
mitigating the intermittency of solar PV during cloudy weather conditions.
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Figure 13. Graphical presentation of all FSCs that satisfy the load demand at 22 kWh/day.

Consequently, running the system on a load following (LF) scheme, the RPF values also
improve because a DG is only activated when solar PV production is low, and the battery
reaches its minimum SOC set at 50% (see Figure 14). As a result, the system consumes
only 47.5 L of fuel per year, as shown in Figure 15, where a DG is barely noticeable in
the mix. Hence, it holds only the yearly operating cost at USD 826 per year and potential
CO2 emissions of 124.3 kg per year only, which is equivalent to 99.61% CO2 reduction as
compared to using a 12-kilowatt DG alone (FSC option 192) that would emit a massive
31,632 kg of CO2 emissions per year. Table 10 summarizes the details of each form of
energy production on a yearly basis.

Energies 2021, 14, x FOR PEER REVIEW 21 of 32 
 

 

 
Figure 13. Graphical presentation of all FSCs that satisfy the load demand at 22 kWh/day. 

Consequently, running the system on a load following (LF) scheme, the RPF values 
also improve because a DG is only activated when solar PV production is low, and the 
battery reaches its minimum SOC set at 50% (see Figure 14). As a result, the system con-
sumes only 47.5 L of fuel per year, as shown in Figure 15, where a DG is barely noticeable 
in the mix. Hence, it holds only the yearly operating cost at USD 826 per year and potential 
CO2 emissions of 124.3 kg per year only, which is equivalent to 99.61% CO2 reduction as 
compared to using a 12-kilowatt DG alone (FSC option 192) that would emit a massive 
31,632 kg of CO2 emissions per year. Table 10 summarizes the details of each form of en-
ergy production on a yearly basis. 

 
Figure 14. HOMER’s time series simulation of the system during low solar PV production. 

 
Figure 15. Monthly electricity production of the OSC at 22 kWh/day. 

  

0
10
20
30
40
50
60
70
80
90

100

1 6 11 16 21 26 31 36 41 46 51 56 61 66 71 76 81 86 91 96 10
1

10
6

11
1

11
6

12
1

12
6

13
1

13
6

14
1

14
6

15
1

15
6

16
1

16
6

17
1

17
6

18
1

18
6

19
1

Sc
or

es
 (%

)

FSC Options

RF  (%) AF  (%) RPF  (%) Total Score (%) Equal Threshold (Ct)

4

3

2

1

Figure 14. HOMER’s time series simulation of the system during low solar PV production.

Energies 2021, 14, x FOR PEER REVIEW 21 of 32 
 

 

 
Figure 13. Graphical presentation of all FSCs that satisfy the load demand at 22 kWh/day. 

Consequently, running the system on a load following (LF) scheme, the RPF values 
also improve because a DG is only activated when solar PV production is low, and the 
battery reaches its minimum SOC set at 50% (see Figure 14). As a result, the system con-
sumes only 47.5 L of fuel per year, as shown in Figure 15, where a DG is barely noticeable 
in the mix. Hence, it holds only the yearly operating cost at USD 826 per year and potential 
CO2 emissions of 124.3 kg per year only, which is equivalent to 99.61% CO2 reduction as 
compared to using a 12-kilowatt DG alone (FSC option 192) that would emit a massive 
31,632 kg of CO2 emissions per year. Table 10 summarizes the details of each form of en-
ergy production on a yearly basis. 

 
Figure 14. HOMER’s time series simulation of the system during low solar PV production. 

 
Figure 15. Monthly electricity production of the OSC at 22 kWh/day. 

  

0
10
20
30
40
50
60
70
80
90

100

1 6 11 16 21 26 31 36 41 46 51 56 61 66 71 76 81 86 91 96 10
1

10
6

11
1

11
6

12
1

12
6

13
1

13
6

14
1

14
6

15
1

15
6

16
1

16
6

17
1

17
6

18
1

18
6

19
1

Sc
or

es
 (%

)

FSC Options

RF  (%) AF  (%) RPF  (%) Total Score (%) Equal Threshold (Ct)

4

3

2

1

Figure 15. Monthly electricity production of the OSC at 22 kWh/day.



353Role of Renewable Energy in Promoting Energy SecurityChapter 17

Energies 2021, 14, 7358 22 of 32

Table 10. Summary of energy production of the OSC at 22 kWh/day.

Production kWh/year Contribution

R1 5645 29.4%
R2 5490 28.6%
R3 5423 28.3%
R4 2529 13.2%
DG 81 0.423%

Total 19,168 100%

3.2.3. Case Scenario Three (37.9 kWh/day)

For the third case scenario, the graphical representation of all 129 FSC options is
shown in Figure 16. Out of the 129 FSC options, only 31 FSCs satisfy the threshold limit as
the energy demand increases to 37.9 kWh/day. The optimization results of the top 10 FSC
options and the conventional DG alone based on the highest ET score are presented in
Table 11. The results show that the best OSC at 37.9 kWh/day has an ET score of 84.29%.
The system’s initial capital cost is USD 38,628 and the NPC comes to USD 72,062. It has the
lowest COE of USD 0.281/kWh among the other FSC options.
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Additionally, it can be observed that instead of the ET score increasing further as the
AF value improves, as compared to case scenarios one and two, the ET score is affected
because of the DRSP’s limited generation capacity producing only excess electricity of
25.91% from the combined seven RSPs. As a result, the RPF value is limited at only 94.62%,
forcing the DG to operate more often (see Figure 17 for the summary of the monthly
electricity production), thus consuming more fuel (341.9 L/year), contributing to higher
operating costs (USD 1800/year). Moreover, the OSC in this scenario can potentially reduce
97.21% of CO2 emissions because it can only emit 894.9 kg/year of CO2 compared to using
a DG alone, which would emit up to 32,124 kg/year of CO2.
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3.2.4. Case Scenario Four (57.7 kWh/day)

For the last case scenario, when every household owns a fridge, the graphical represen-
tation of all the 129 FSC options is shown in Figure 18. However, out of the 129 FSC options,
no FSCs satisfy the COE threshold limit as the energy demand reaches 57.7 kWh/day. One
reason for this is attributed mainly to the limited energy capacity from the available DRSP.
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Moreover, looking at Table 11, the highest ET score, in this case, is only 70.04% among
all the FSC options. Combining all seven of the available RSPs can only produce excess
electricity of 15.56%, limiting the number of batteries and converters, leading to a shorter
battery autonomy of 16.3 h and, thus, forcing the DG to operate more frequently to meet
the energy demand. For this reason, it has a lower ES or RPF value of 64.87%, which is
illustrated in Figure 19. The DG contributes more to the monthly electricity production
than other previous case scenarios, where they have an average surplus energy of 32.2%
from RSP. Due to the limited capacity of the available RSP, annual fuel consumption is also
increased to 2608.1 L/year, leading to increasing annual operating costs.
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Figure 19. Monthly electricity production of the OSC at 57.7 kWh/day.

Nevertheless, utilizing the highest ET score of 70.04% in this case scenario can still
potentially reduce 79.89% of CO2 emissions since it can only emit 6827 kg/year of CO2
compared to using a DG alone, which emits 33,946 kg/year of CO2. However, it is essential
to note that the system’s total NPC comes to USD 143,910 and the COE comes to USD
0.368/kWh. Since this value of COE exceeds the COE threshold limit for Gilutongan Island,
the system is not economically viable, having an AF value of only 45.24%.

3.3. Sensitivity Analysis Using Different Weight Percentages

As described in Section 2.7, sensitivity analysis of different weight percentages was
investigated to see the effect of the ET scoring mechanism on the OSC. In case scenario one,
using different ratios as shown in Table 6, the results from 36 FSC options are graphically
presented in Figure 20a. It can be observed that the maximum ET score values vary from
71% (ET Score 352) to 85.93% (ET Score 325). In addition, the ET scoring mechanism
becomes lower when affordability (AF) is given more emphasis among the TCF of the
ET. At the same time, the ET score becomes higher if the priority is to ensure environ-
mental sustainability by allowing high penetration fraction in the system to avoid high
CO2 emissions.

Similarly, using different multiplier ratios in the ET scoring of the 125 FSC options in
case two, as demonstrated in Figure 20b, the maximum ET score varies between 77 and
90.55%. The lower ET score happens when priority is leaning more toward affordability
followed by more renewable penetration (ET score 253). On the other hand, when the
emphasis is more on reliability, followed by the renewable penetration factor, the ET score
becomes higher in value (ET score 523).

Moreover, as presented in Figure 20a–d, despite using different weight percentages on
either of the sensitivity parameters shown in Table 5, it still points to the same OSC using
equal weight on the TCF.

3.4. Mapping the Final Configuration of the HES Microgrid

Based on the four case scenarios presented above, the system’s final configuration of
the HES microgrid for the 11 households in Gilutongan Island is summarized in Table 12.
It can be seen that the HES microgrid can start as a minor system (FSC option 41) that
satisfies the threshold limit for affordability, as presented in case one (14.2 kWh/day). The
final system consists of pure RE (R1, R2, R4), a 5-kilowatt inverter, and 12 pcs 200 AH LABs.
The generated energy from the three RSPs will supply the load through a built-in AC/DC
converter of the inverter, and the excess energy produced is stored in the battery.
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Figure 20. Effects of varying weight percentages on the OSC at (a) 14.2; (b) 22; (c) 37.9; and (d) 57.7 kWh/day.

However, having 24/7 electricity access, it is expected that end-users will use more
electrical appliances for their domestic and economic improvement. As soon as the total
load demand increases, to ensure that ET will be balanced, additional solar PV from the
potential roofs and new batteries will need to be prioritized first, before opting for a DG
to meet the energy demand. As in scenario two (22 kWh/day), additional solar PV from
R3, eight pcs more battery, and a 12-kilowatt back-up DG to the existing system described
in case one. Moreover, suppose the energy generated from the DRSP (R1, R2, R3, R4) is
insufficient to meet the load. In that case, the system will go into the battery first until it
reaches the set minimum SOC before activating the DG. In this way, the total ET score is
enhanced further.
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Table 12. Comparison of the final OSC at four case scenarios.

Parameters Unit

Optimization Results

Case 1:
14.2 kWh/day

Case 2:
22 kWh/day

Case 3:
37.9 kWh/day

Case 4: 1

57.7 kWh/day

RSP - R1/R2/R4 R1/R2/R3//R4 R1/R2/R3//R4/R5/R6/R7 R1/R2/R3//R4/R5/R6/R7
RSP energy
production kWh/year 13,664 19,087 22,800 22,800

200 AH LABs Qty 12 20 32 32
Battery bank usable
capacity kWh 14.7 24.5 39.3 39.3

Converter kW 5 5 10 5
DG kW - 12 12 12
DG fuel consumption L/year - 47.5 341.9 2608.1
Dispatch strategy - CC LF LF CC
Unmet load % 0.65 0 0 0
Excess electricity % 31.45 39.35 25.91 15.56
CO2 emissions Kg/year - 124.3 894.9 6827
Potential CO2
reduction % 100 99.61 97.21 79.89

COE USD/kWh 0.334 0.307 0.281 0.368
NPC USD 31,962 45,828 72,062 143,910

RF % 86.26 100 100 100
AF % 50.25 54.27 58.26 45.24
ES % 100 98.71 94.62 64.87

ET score % 78.84 84.33 84.29 70.04
1 The OSC in this case scenario is not economically viable for the 11 households.

Similarly, as the energy demand increases further to 37.9 kWh/day, it is necessary to
install all the remaining RSPs (R5, R6, R7) and add 12 more LABs on top of the existing
20 LABs to have enough excess electricity to balance the ET score. However, it is worth
noting that an additional source from RE is required to minimize the use of DGs to improve
the ET score further, especially when energy production from DRSP is low during cloudy
days and when the energy demand increases further. As in case scenario four, when
the energy demand reaches 57.7 kWh/day, the ET score is reduced because AF and ES
are heavily affected by using a DG more during its system operation to meet the energy
demand. Thus, a planning strategy is necessary before reaching a critical level of the load
demand. It can either incorporate other sources of RE or improve other available roof
structures available in the area for an additional RSP. This way will meet the energy demand
reliably, making electricity more affordable and ensuring environmental sustainability by
avoiding high CO2 emissions.

4. Conclusions and Recommendations

Many developing countries have a target of 100% household electrification. However,
they face a formidable challenge at the grassroots level (e.g., remoteness, limited livelihood
opportunities, low energy demand, and issues of land ownership), particularly in small
off-grid island communities (SOICs) where land availability is constrained. For a SOIC
where the primary energy resource is limited only to solar energy, the first most significant
challenge is the solar PV facility’s location. Next is the three-core factor (TCF) hurdle of
the energy trilemma (ET) that needs to be balanced in the energy system planning. Hence,
appropriate energy system planning transition from conventional to hybrid energy systems
(HES) is deemed necessary to attain energy sustainability.

Therefore, this study shows the balancing of TCF (reliability, affordability, environmen-
tal sustainability) of ET in determining the optimal system configuration (OSC) of the HES
microgrid model, consisting of multiple and distributed rooftop solar PVs (RSPs), batteries,
and DGs. The study was conducted in a cluster of 11 households in Gilutongan Island,
Cebu, Philippines. Balancing the ET was performed using the proposed HES microgrid
model and was attained through careful design planning considerations of the available
local resources through techno-environmental-economic (TEE) analysis using PVSyst and
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Homer Pro software. With the aid of PVSyst software, the energy yield from DRSP minus
the efficiency losses related to multiple distinct RSP characteristics was identified and ex-
ported to HOMER Pro to size all the feasible system configurations (FSCs) simultaneously.
The levelized cost of electricity (LCOE) based on the 5% household electricity expense limit
relative to the household total income, 5% unmet load, and renewable penetration fraction
were considered for the assessment criteria to find the OSC.

Based on the four case scenarios presented, the results show that:

1. Despite having the same number of PV modules used in the simulation, each RSP en-
ergy yield shows an enormous difference brought by the uniqueness of each RSP. This
difference in potential energy yields in RSP was measured rationally using PVSyst.

2. It is possible to supply 24/7 electricity access to those SOICs considered unviable from
pure RE, as in the case of Gilutongan Island, by considering the allowable threshold
level of affordability and finding the OSC of the HES system.

3. When the energy demand increases, it is expected that the COE can be enhanced
further by scaling up the system appropriately through balancing the TCF of the ET
and by carefully planning the addition of available local resources, including batteries
and additional converters.

4. The OSC overarching parameter value for the excess electricity requires an average of
32.2% from the RSP to obtain a more balanced TCF and a high ET score.

5. When the HES microgrid stops expanding its renewable penetration fraction, the
overall system suffers, heavily affecting the TCF, as in case scenario four, where the
ET score decreases further as the demand increases.

6. Lastly, using the OSC identified for the HES microgrid, a significant potential of 100,
99.61, 97.21, and 79.89% reduction in CO2 emissions is achieved, compared to the
stand-alone DG for an average load demand of 14.2, 22, 37.9, and 57.7 kWh/day,
respectively, despite the limited capacity of RSP in the case study site.

In conjunction with the above results, investigating the sensitivity of different weight
percentages on ET scoring shows that the maximum ET score varies. The lower ET score
happens when priority is leaning more toward affordability followed by more renewable
penetration. On the other hand, when the emphasis is more on reliability, followed by
the renewable penetration factor, the ET score becomes higher in value. However, despite
using different weight percentages on the ET scoring, it does not affect the OSC and still
points to the same OSC using equal weight on the TCF. Furthermore, it was evident that
every next level of energy demand requires a different OSC. Hence, planning when the
energy demand increases is vital to map the next appropriate steps toward sustainable
energy transition.

Moreover, implementing the HES microgrid model based on DRSP also introduces
several social aspects that will need to be explored further in the future. Additionally,
further investigation of an optimal system performance evaluation for the design approach
to other methods, especially the TCF parameters, is recommended and would be an
interesting separate piece of work.

In summary, we have shown that using PVSyst and HOMER Pro can be a good
practice in energy system modeling and planning, especially if solar PV panels will be
installed in many different locations due to space availability constraints and shading
characteristics. Using the proposed approach in other SOICs, where the land problem is a
constraint, can support policymakers and project developers to make informed decisions
in balancing the interplay and trade-offs from various options of the HES microgrid to
attain energy sustainability.
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The following abbreviations are used in the manuscripts:
ABC Artificial bee colony
ACSL Annual capacity shortage limit
AEFA Artificial electric field algorithm
AF Affordability factor
AGA Adaptive genetic algorithm
B Battery
BD Biodiesel
BM Biomass
BO Bonobo optimizer
CC Cycle charging
COE Cost of electricity
CSA Crow search algorithm
CSAAC-AP CSA with an adaptive chaotic awareness probability
DG Diesel generator
DPSP Deficiency of power supply probability
DRSP Distributed rooftop solar PV
ET Energy trilemma
FC Fuel cell
FCC Fixed capital cost
FPA Flower pollination algorithm
FPV Floating PV
FSC Feasible system configuration
GOA Grasshopper optimization algorithm
GPC Giza pyramids construction
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GWO Grey wolf optimize
HAS Harmony search algorithm
HES Hybrid energy system
HHO Harris hawk’s optimization
HHSSAA Hybrid harmony search-simulated annealing algorithm
HOMER Hybrid Optimization Model for Multiple Energy Resources
IWO Invasive weed optimization
LCOE Levelized cost of energy
LF Load following
LPSP Loss of power supply probability
MOCSA Multi-objective crow search algorithm
NPC Net present cost
NSGA-II Non-dominated sorting genetic algorithm
O&M Operation and maintenance
OSC Optimum system configuration
PHS Pump hydro storage
PSO Particle swarm optimization
PV Photovoltaic
QOBO Quasi-oppositional BO
RE Renewable energy
RF Reliability factor
RPF Renewable penetration fraction
RSP Rooftop solar PV
SAA Simulated annealing algorithm
SOC State of charge
SSO Social spider optimizer
TEE Techno-environmental-economic
TCF Three core factors
TLBO Teaching–learning-based optimization
WT Wind turbine
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In rural areas, the task of ensuring electricity access and quality of service 
provision falls largely on the hands of electric cooperatives (ECs). Aside from 
economic,	 spatial,	 and	 EC-specific	 characteristics	 of	 their	 franchise	 areas,	
another challenge to their service delivery is politico-economic in nature. This 
paper examines the politico-economic determinants of EC performance in 
the Philippines. The study utilized ordinary least squares (OLS), ordered logit, 
fractional logit, and beta regression techniques to assess different measures of 
EC performance (i.e., consumer-employee ratio, performance ratings, system 
losses,	and	collection	efficiency	rate)	and	how	they	relate	to	political	variables.	

The results show that higher politicization, as measured by an increased share 
of fat political dynasties (Mendoza et al. 2019), is associated with more bloated 
staffing	for	ECs	and	relatively	poor	collection	efficiency.	Moreover,	economic	
and EC-level variables, such as per capita income, gigawatt hour sold, and to 
an	extent,	consumers	per	circuit	kilometers	of	line,	are	significantly	correlated	
with	EC	performance.	Given	these	findings,	institutional	measures	to	help	ECs	
serve their mandate should be pursued such as upholding the independence 
of the EC Board of Directors, encouraging participation of member consumers, 
and	protection	from	other	forms	of	political	lobbying.	While	a	number	of	these	
measures	already	exist	as	enshrined	in	R.A.	No.	10531	and	under	various	rules	
and regulations issued by government agencies such as the NEA, the results 
imply that their actual enforcement and implementation should be more 
guarded in EC areas with less political competition.

Keywords: Electrification,	electric	cooperatives,	political	economy,	collection	
efficiency,	consumer-employee	ratio	
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Multiple variables characterize the performance of electric cooperatives 
(ECs)	 in	 the	 Philippines,	 including	 technical,	 financial,	 institutional,	 and	
reportorial variables. This study attempts to identify the main drivers of EC 
performance through Principal Component Analysis (PCA) by synthesizing the 
numerous variables into  few relevant components (i.e., dimension reduction). 
The retained components are used to cluster similar ECs through K-means 
clustering, with the clustering solution being compared to existing NEA 
performance assessments.  

Through PCA the EC-level variables may be synthesized into size and technical 
efficiency	 indices.	The	 importance	of	EC	size	 in	characterizing	performance	
suggests economies of scale, which regulatory authorities may consider in 
formulating future policies for ECs.

As	 for	 clustering,	 the	 size	 and	 technical	 efficiency	 indices	 were	 used	 to	
categorize ECs, yielding four well-separated clusters. Using 2017 data, the 
EC cluster solutions were found to be generally consistent with the 2017 
NEA performance assessments. Using statistical methods to measure EC 
performance may serve as a validation tool for government authorities, more 
so because traditional rating systems identify variables (and corresponding 
weights) ex-ante.

Keywords: Electric	cooperatives,	rural	electrification,	PCA,	k-means	clustering,	
electrification
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ABSTRACT

Nuclear energy in the Philippines has been thrust into the spotlight by the 
administration of President Duterte. A committee created by Executive Order 116 was 
tasked to formulate a national position on a possible nuclear program. For nuclear energy 
to be a sustainable alternative, it must be accepted by society at large. Conventional 
wisdom surrounding the Bataan Nuclear Power Plant (BNPP) has branded this project 
as a white elephant leading to rejection of nuclear energy among a significant number 
of Filipinos, particularly members of civil society. This study presents evidence that 
the BNPP was operational at the time the administration of President Corazon Aquino 
decided to shut it down. Moreover, the risks related to the BNPP’s location are largely 
inconsequential. The BNPP became a white elephant because of an ill-advised political 
decision. Evaluating the viability of nuclear energy in the Philippines should therefore 
be balanced and deal solely with underlying technical and scientific issues, which are 
well known. Meanwhile, the role of nuclear energy in promoting a low-carbon society 
must be re-evaluated because of the sharp decline in the cost of variable renewable 
energy (VRE). If nuclear energy will eventually be incorporated in the plans of the 
Department of Energy (DOE), building a new large reactor would be too expensive. 
Two options are more feasible: revive the BNPP and/or invest in small module reactors 
(SMRs). Even if the latter has not yet been mainstreamed in the global energy market, 
SMRs are already on the radar of the DOE.

Keywords: nuclear energy, Bataan Nuclear Power Plant, white elephant, variable 
renewable energy, small module reactors

INTRODUCTION

Energy security remains a major concern among many 
developing countries. The International Energy Agency 
(IEA) defines energy security as “the uninterrupted 
availability of energy sources at an affordable price”. 
Energy security has many aspects: long-term energy 
security mainly deals with timely investments to 
supply energy in line with economic developments and 
environmental needs. On the other hand, short-term 
energy security focuses on the ability of the energy 
system to react promptly to sudden changes in the supply-
demand balance” (Alonzo and Guanzon 2018).

Interpreted broadly, energy security is a key 
component of sustainable economic development. A 
major implication is that the environmental impact of 
energy plans and policies has to be taken into account. 
Energy security, therefore, is aligned with the goal for the 
world to achieve net-zero carbon emissions by 2050. Net 
zero means that, on balance, no more carbon is deposited 
into the atmosphere than is taken out. In order to help

JESAM

Towards a Balanced Assessment of the Viability
of Nuclear Energy in the Philippines

achieve this goal, economies of Southeast Asia (SEA) 
have collectively set a target share of 23% for renewables 
of the region’s primary energy consumption by 2025, a 
major increase from only 9.4% in 2014 (Peimani and 
Taghizadeh-Hesary 2019). In the Philippines, the goal 
expressed in the latest Philippine Energy Plan is to 
increase installed renewable energy (RE) capacity to at 
least 20,000 MW by 2040 (DOE 2020). As of 2019, RE 
facilities are providing 7,339 MW capacity.

The Philippines has clearly committed to increase 
the share of RE in its energy mix. However, the share 
of RE in electricity generation has remained stagnant 
over the past three decades. In 1990, the share of RE 
was 45.4% (Verzola et al. 2018), and this fell steadily in 
the succeeding years, reaching 26% in 2010 and 21% in 
2019 (Table 1). Relying on RE for low-carbon energy in 
the Philippines either faces major policy constraints (La 
Viña et al. 2018) or does not seem to be a viable strategy 
in the long run (Yap and Lagac 2020). This study looks

20
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into the feasibility of nuclear power as an alternative 
source of low-carbon energy in the Philippines. Given 
the controversy in the past, the issue of nuclear energy 
must be approached with a clean slate for there to be a 
satisfactory resolution to this matter.

Executive Order (EO) 116, directing a study on 
the possible design of a national nuclear program, was 
signed by President Rodrigo R. Duterte on July 24, 2020. 
The Nuclear Energy Program Inter-Agency Committee 
(NEP-IAC) was subsequently formed with the Secretary 
of the Department of Energy (DOE) as chairperson. 
These actions complement the earlier establishment of 
the Philippine Nuclear Energy Program Implementing 
Organization (NEPIO) on 24 October 2016. The creation 
of the NEPIO was one of the major recommendations 
during a conference on the Prospects of Nuclear Power 
in the Asia Pacific region hosted by the Philippines in 
August 2016 under the auspices of the International 
Atomic Energy Agency (IAEA).

From an historical perspective, both the NEPIO 
and NEP-IAC appear to be yet another contentious 
issue raised by the current administration. After all, 
nuclear energy in the Philippines is associated with 
the controversial Bataan Nuclear Power Plant (BNPP), 
considered by some as the epitome of a white elephant 
(Mendoza et al. 2018).

Nevertheless, nuclear power continues to contribute 
significantly to electricity generation in the world, 
accounting for 10% of global electricity supply in 2020,
which is almost a third of all low-carbon energy (Was and 
Allen 2020; World Nuclear Association 2021a). As of

Nuclear Energy in the Philippines

October 2021, 441 nuclear power reactors are in operation 
in 30 countries, with a combined capacity of 392.1 GW 
(IAEA 2020; Statista 2021). Nuclear power contributes 
a larger share in advanced economies, accounting for 
18% of total generation. However, Germany notably 
passed legislation to decommission all of the country’s 
nuclear reactors by 2022. This decision was strongly 
influenced by the 2011 accident in Fukushima, Japan, 
which conjured memories of the danger posed by the 
radioactive cloud that swept over Germany following the 
Chernobyl disaster in 1986.

Despite these prominent disasters, including the 
Three Mile Island accident in 1979, nuclear power 
generation remains generally safe and reliable (Rosen 
and Dincer 2007; Wheatley et al. 2016). The experience 
with nuclear power over six decades shows that it is a 
secure means of generating electricity. The probability of 
accidents in nuclear power plants is low and declining. 
The risks of an accident or terrorist attack on a nuclear 
plant are generally negligible when compared with other 
universally accepted hazards. Radiological effects on 
people of any radioactive releases can be avoided.

This study dissects the nuclear issue in the 
Philippines along two dimensions. First, the historical 
and political aspects are assessed by reviewing the 
controversy surrounding the BNPP. The decision to shut 
down the BNPP even before it produced a single watt 
of commercially accessible electricity may have been 
fundamentally political in nature and this contributed 
largely to the negative reputation of nuclear energy in the 
country. Second, the scientific, technical, and economic 
merits of nuclear energy are analyzed. This aspect

Table 1. Power generation in the Philippines by source showing a declining share of renewable eergy (in GWh). 
Technology 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

1. Coal
2. Oil-Based
3. Combined Cycle
4. Diesel
5. Gas Turbine
6. Oil Thermal
7. Natural Gas
8. Renewable Energy (RE)
a. Geothermal
b. Hydro
c. Biomass
d. Solar
e. Wind
TOTAL
Share of Coal  (%)
Share of Renewable Energy (%)

23,301
7,101
1,202
4,532

3
1,364

19,518
17,823
9,929
7,803

27
1

62
67,743
34%
26%

25,342
3,398
124

2,762
-

512
20,591
19,845
9,942
9,698
115
1

88
69,176
37%
29%

28,265
4,254
227

3,332
-

695
19,642
20,762
10,250
10,252

183
1

75
72,922
39%
28%

32,081
4,491
247

3,805
-

438
18,791
19,903
9,605

10,019
212
1

66
75,266
43%
26%

33,054
5,708
515

4,730
-

463
18,690
19,810
10,308
9,137
196
17
152

77,261
43%
26%

36,686
5,886
276

5,521
10
80

18,878
20,963
11,044
8,665
367
139
748

82,413
45%
25%

43,303
5,661
694

4,722
-

245
19,854
21,979
11,070
8,111
726

1,097
975

90,798
48%
24%

46,847
3,787
405

3,100
-

282
20,547
23,189
10,270
9,611
1,013
1,201
1,094
94,370
50%
25%

51,932
3,173
522

2,505
-

145
21,334
23,326
10,435
9,384
1,105
1,249
1,153
99,765
52%
23%

57,890
3,752
728

2,8115
26
184

22,354
22,044
10,691
8,025
1,040
1,246
1,042

106,041
54%
21%

Source: Department of Energy 2019 Power Statistics. 
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becomes even more important in an era where variable 
renewable energy (VRE) has become mainstream.

MATERIALS AND METHODS

This study used qualitative methods through a 
hermeneutic analysis to understand the history of the 
Bataan Nuclear Power Plant (BNPP). Based on recorded 
accounts and interviews with experts who are genuinely 
familiar with the issue, the basis for BNPP’s cessation 
is evaluated. This was combined with economic and 
scientific evidence in providing a useful set of information 
for the Nuclear Energy Program Inter-Agency Committee 
(NEP-IAC).

Framework and Objective

Following Ong et al. (2021), a suitable framework 
for this study would be an analysis of factors that lead 
either to the acceptance or rejection of nuclear energy by 
policymakers and society in general. The authors argue 
that in a democratic country, acceptance by the people 
iscrucial for programs and projects to be sustainable.

The framework is supported by the empirical 
results of Ong et al. (2021), which show that knowledge 
towards nuclear power plants would be the key factor 
in determining people’s acceptance either positively 
towards the perceived benefits or negatively because of 
the perceived risks (Figure 1). However, conventional 
wisdom about the BNPP has a built-in bias and usually 
leads to the rejection of nuclear energy, particularly 
among civil society groups (Mendoza et al. 2018; 
Aliperio 2020; Vera Files 2020). Many Filipinos believe 
that because of the corruption that surrounded the BNPP, 
the structure was erected in an unsafe area and was 
defective. The BNPP was, therefore, not operational 
and became a white elephant. A more accurate historical 
account sets the stage for an impartial and fact-based 
discussion on the scientific, technological, and economic 
aspects of nuclear energy. Reducing or eliminating the 
bias from misconceptions about the BNPP is therefore 
a key objective of this study. This is illustrated in the 
sequence of arrows in bold red font (Figure 1). The 
debate should be steered away from the myths and biases 
surrounding the BNPP and towards a balanced analysis 
and evaluation of the viability of nuclear energy.  

Journal of Environmental Science and Management Vol. 24 No. 2 (December 2021)

Figure 1. Framework for analyzing factors that lead to acceptance or rejection of nuclear energy. 
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There are three areas where nuclear energy has 

a distinct advantage (Figure 1): a high-capacity 
factor;lower greenhouse gas (GHG) emissions; and 
the ability to complement variable renewable energy. 
Meanwhile, nuclear energy has its associated risks, and 
the ability to deal with these will determine whether this 
option is acceptable to society. The rest of this section 
elaborates on the historical animosity against nuclear 
energy. This is juxtaposed against the views of those who 
were closely involved in the construction of the BNPP 
and other experts. Once the BNPP debate is resolved, a 
more science-based discussion of the viability of nuclear 
energy in the Philippines can be pursued.

Historical Animosity

The administration of then President Corazon Aquino 
decided not to operate the BNPP on April 30, 1986. The 
official reasons revolved around fundamental questions 
concerning its soundness as well as the integrity of the 
process with which it was planned and implemented. 
In short, the BNPP officially became a white elephant. 
Mendoza et al. (2018) adopt the contemporary definition 
of white elephants as large-scale, socially unprofitable 
investment projects that have turned into heavy burdens 
for businesses and/or governments tasked with their 
maintenance.

As a framework, the authors look at three alternative 
explanations of megaproject performance, namely, 
strategic rent-seeking behavior, misaligned and 
underdeveloped governance, and diverse project cultures 
and rationalities. The authoritarian nature of the Marcos 
government contributed to making all these factors 
relevant in the case of the BNPP.

A September 1, 1986 article in Fortune magazine 
titled “The $2.2 Billion Nuclear Fiasco” (Dumaine 1986) 
details the evolution of the BNPP. Rent-seeking was 
manifest in the process. Initial discussions were between 
the Marcos government and General Electric and were 
characterized as professional. However, Westinghouse 
was able to get an inside track in the project and many 
sources claimed it was because President Marcos himself 
received bribes. Eventually, the cost ballooned from an 
initial price of US$ 650 M for two 620-MW reactors to 
US$ 2.2 B for a single reactor. 

Misaligned and underdeveloped governance 
usually pertains to internal project arrangements that 
are not robust enough to adequately manage shocks and 
uncertainties. In the case of the BNPP, weak governance 
promoted the rent-seeking behavior. Apart from

overpricing, there were also possible construction defects. 
William Albert, an advisor from the IAEA was brought 
in by the new government of President Corazon Aquino 
to do inspections. Albert brought up issues of welding, 
base plates, pipe hangers, water valves, and transmission 
cables. He attributed all these shortcomings to quality 
control (Dumaine 1986).  

Another issue was the location of the nuclear 
reactor, which is near a volcano and earthquake fault. 
More precisely, the “site for the plant is just five miles 
from a volcano and within 25 miles of three geologic 
faults” (Dumaine 1986). Despite the possible risks, the 
BNPP was still erected in its present site reflecting the 
“diverse project cultures and rationalities”. A geological 
study which provided evidence that the proximity 
of the BNPP to Mount Natib rendered its location 
geologically unsafe on account of volcanic hazards 
(Lagmay et al. 2012 as cited by Mendoza et al. 2018).

The Aquino administration doubled down on its 
decision to mothball the BNPP by filing a lawsuit against 
Westinghouse in 1988 in the United States District Court 
of New Jersey (Republic of the Philippines and National 
Power Corp. v. Westinghouse Electric Corp. 1991). In 
the same year, Westinghouse filed an arbitration case 
with the International Chamber of Commerce, which was 
docketed as Case No. 6401/BGD and fully documented 
and analyzed by Martin (2004). In its lawsuit, the 
Philippine government alleged that Westinghouse bribed 
President Marcos and the BNPP was overpriced. 

In May 1993, the case was finally resolved when 
Westinghouse was acquitted by a US jury of bribing 
President Marcos to win the BNPP contract. The other 
legal case was settled in 1995. As part of the settlement, 
the Philippines received two units of 501-F Gas Turbines, 
100 MW each, and US$ 40.3 M in cash. In exchange, 
the Philippine government agreed to drop all claims 
against Westinghouse and assume all remaining financial 
obligations related to the BNPP. It is quite interesting 
to note that when the Ramos administration took over 
the negotiation for a possible settlement in August 1992, 
the parameters included the possibility of reviving 
the BNPP. Administrative Order 4 listed the following 
areas for negotiation (Administrative Order 4 1992):

“a) Westinghouse shall make certain payments and provide 
certain discounts and credits to the Government 
in amounts at least equal to those stipulated in the 
Conditional Settlement Agreement of March 4, 1992;

b) Westinghouse will repair and upgrade the BNPP

Nuclear Energy in the Philippines



375Policy Studies in Support of Energy SecurityChapter 20

21

“They had apparently made up their minds about not 
operating the plant. It was useless and untimely for me 
to bat for its operation. I thought it is regrettable that 
the nuclear plant was not being judged for its technical 
merit. It seems to represent all the abuses that Marcos 
and his cronies stood for, and the decision not to 
operate it was a fallout of anti-Marcos sentiments. No 
technical argument could overturn that kind of bias.”

This story was corroborated by Mr. Corpuz (Pers. 
Comm. August 6, 2020), who made the following 
assertions:

• The Philippine government was prepared to operate the 
BNPP after having undergone a series of systems tests;

• These consisted of Cold Functional tests and Hot 
Functional tests at which the power plant was 
synchronized to the Luzon Grid for less than a minute 
using pump heat;

• Fuel loading was the next step to complete the tests but 
the licensing proceedings with the Philippine Atomic 
Energy Commission, which was the regulator at that 
time, were discontinued when BNPP was mothballed;

• At that time NPC already had licensed nuclear power 
plant operators and all other disciplines had the requisite 
local and foreign trainings;

• The Fortune magazine article is not accurate. First, it 
should be clarified that the US$ 2.2 billion cost included 
interest charges that accrued even if construction was 
delayed for 18 months following the Three Mile Island 
accident in 1979. Meanwhile, design improvements 
that stemmed from this incident were incorporated in 
the BNPP and this cost an additional US$ 700 million.

• Second, the alleged defects were “punch list” items 
which NPC identified and were subject to compliance 
by Westinghouse. Said punch list items were not 
a detriment to operating the plant but could have 
been addressed during the warranty period; and

• The IAEA conducted two Operational Safety and 
Review inspections and did not report findings that the 
plant was not safe.

The current administration of the National Power 
Corporation made a presentation to the NEP-IAC in which 
it traced the history of the BNPP. The following timeline 
was presented (National Power Corporation 2020):

• June, 1984: Uranium fuel delivered
• July, 1984: IAEA Operational Safety Review Team 

(OSART) I review: construction appraisal review
• February, 1985:  IAEA OSART II review: operational 

readiness review
• June, 1985: Public hearings began for plant licensing

 to bring up the plant to current standards of the US 
Nuclear Regulatory Commission, and at the same 
time establish the operations organization and provide 
for training and certification of plant operators;

c) Westinghouse will operate and maintain the BNPP 
for a period not exceeding thirty years; during which 
period, Westinghouse shall train Filipinos to take over 
BNPP operation, management, and engineering.”

In an interview with Antonio T. Corpuz (Pers. Comm. 
August 6, 2020), who retired as Senior Vice President for 
Generation of NPC in 2003, he revealed that there were 
confidential negotiations between Westinghouse and the 
Ramos government for a possible upgrade of the BNPP. 
The cost of the upgrade was based on the Seabrook 
Nuclear Plant, which was the latest model in the US at that 
time. The amount would then be compared with the cost 
of a new coal plant with a Fuel Gas Desulfurizer (FGD). 
The cost of the upgrade was lower, but when the decision 
was made, the cost of the FGD- which comprised 30% 
of the total cost- was not included in the comparison. 
As a result, the government did not pursue the upgrade. 
The design of the BNPP made its conversion to a coal 
plant difficult and as a result it remained mothballed.

Contrarian Views

Unbeknownst to many Filipinos, the BNPP was 
ready for operation at the time it was mothballed by 
the Aquino Government. The president of the National 
Power Corporation (NPC) from May 1986 to November 
1987, underscores this fact (del Rosario 1996):

“One of my first official actions was to appear in a 
Cabinet meeting where the nuclear plant was an item on 
the agenda. It had been one of the main political issues 
in the presidential snap elections of February 1986, and 
everyone was clear on where President Aquino stood 
on the matter. Before she appointed me, somebody 
close to the new administration asked if I would insist 
on operating the nuclear plant in case I became NPC 
president. In view of my involvement in the plant’s 
inception, planning construction, supply negotiations, 
and financing, I was confident it was built according 
to the best engineering and nuclear standards in the 
world, and it should be operated. I came prepared with 
technical and financing data on the nuclear plant which, 
I thought, would give Cabinet members a more balanced 
perspective on the issue. The most important information 
of all was the fact that the plant was almost ready to 
operate anytime once the government gave its go signal…
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the volcanoes in Laguna de Bay whose age is estimated 
at 25,000 years. Arcilla (Pers. Comm. July 30, 2020) 
wryly concludes that if the reasoning for closing BNPP is 
followed, then the cities of Manila and Angeles- because of 
the latter’s proximity to Mt. Pinatubo- should have never 
been built. Arcilla (Pers. Comm. July 30, 2020) suggested 
that the Philippine Institute of Volcanology and Seismology 
(PHIVOLCS) should be the final arbiter on this matter.

RESULTS AND DISCUSSION

Economic Cost: An Inconvenient Truth

A possible reason why opponents of the BNPP have 
been pushing the issue of safety to the forefront is the high 
economic cost of mothballing the plant. A purely political 
decision could not justify the widespread consequences. 
The impact of the decision not to operate the BNPP was 
exacerbated by slow decision-making on new sources 
of power to compensate for the shortfall in supply. This 
resulted in a severe power crisis from 1989–1993. Alonzo 
and Guanzon (2018) refer to an Asian Development 
Bank study that estimated a 6% drop in gross domestic 
product (GDP) in 1989–1991 that could be attributed to 
the power crisis.

If the foregone income is calculated based on Asian 
Development Bank’s estimate, then the equivalent 
amount is US$ 7.94 billion (6% of the combined GDP 
in 1989–1991) (Table 2). It should be noted, however, 
that the period of long daily power outages lasted until 
1993. Based on the pattern of the GDP growth rate, 
1990–1993 is the more relevant period in which output 
losses should be estimated. The economy decelerated 
quite significantly from the previous two years. A 
counterfactual growth trajectory is created, which is on 
the conservative side (Table 2). The cumulative change 
in GDP when comparing the actual growth rates with 
the higher counterfactual is US$ 12.96 B. This does not 
even factor in the exorbitant rates consumers had to pay 
for electricity generated from onerous power agreements 
that were forged since 1993. The economic cost of not 
operating the BNPP is at least US$ 13 B.

Scientific Debate: Advantages and Disadvantages of 
Nuclear Power

Clearly, the decision not to operate the BNPP was 
dominated by the following considerations:

• It was tainted by corruption, which is supported by the 
sharp increase in the construction cost;

• It was located near a volcano and earthquake faults (but 

A country profile prepared by the IAEA dated July 
2010 made reference to these events (IAEA 2010): 

“In May 1984, the plant was fully completed and the 
hot functional tests of all systems were satisfactorily 
conducted. The 1985 International Atomic Energy 
Agency Operational Safety Review Team (IAEA-
OSART) performed evaluation of the operational 
readiness of the plant and it reported that the plant could 
perform the core loading.”

The implication is that the BNPP was technically 
sound and the decision to have it mothballed could 
only be justified scientifically by the risks posed by its 
location. A search of the literature on this topic led to 
a power point presentation prepared by Venida and 
Reyes (2011) who were staff of Department of Science 
and Technology-Philippine Nuclear Research Institute 
(DOST-PNRI) at that time. The power point refers to site 
studies in the following areas: hydrology, meteorology, 
geology, seismology, and lithology. The results all 
support the choice of location of the BNPP. However, 
there is no indication of the time when these studies 
were conducted. The earliest formal study is attributed 
to Solidum (2009). 

Meanwhile, Professor Carlo A. Arcilla, Director of 
the PNRI, recently conducted similar site studies. He is a 
co-author of the study titled “Is there a fault beneath the 
Bataan Nuclear Power Plant? A systematic study using 
electrical resistivity, seismic refraction and radon gas 
detection” (Arcilla et al. 2017). Based on the results of 
the various geological tests, he and his team concluded 
that there are no active faults that lie beneath the BNPP. 
Both Professor Lagmay and Professor Arcilla even 
acknowledge that the active fault map of the Philippines 
prepared by PHIVOLCS does not list an active fault in 
the immediate vicinity of the BNPP.

Its location near active faults was addressed by a 
structural design intended to withstand a 7.9 magnitude 
earthquake. Arcilla (Pers. Comm. July 30, 2020) 
emphasized that the earthquake risk of BNPP was rated 
at 0.4 g, while that of the Fukushima nuclear plant 
was 0.14 g, i.e. BNPP’s structure is 2.8 times stronger. 
The Fukushima plant withstood the magnitude 9.0–9.1 
undersea megathrust earthquake that struck on March 11, 
2011.

As to the volcanic hazard posed by Mt. Natib, 
Arcilla (Pers. Comm. July 30, 2020) argues that the only 
reliable age dates by Carbon 14 testing put the age of the 
volcano at 27,000 and 60,000 years. This is older than

Nuclear Energy in the Philippines
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 not on one);
• The Chernobyl disaster on April 26, 1986 shook 

confidence in nuclear energy; and
• It was a campaign promise of President Aquino during 

the February 1986 snap election.

As lamented by del Rosario (1996), “it is regrettable 
that the nuclear plant was not being judged for its 
technical merit.” A crucial decision was not a product of 
rigorous scientific and technical analysis and debate.

The expensive lesson from the 1986 experience is 
that the current effort under EO 116 should be supported 
by science. The advantages and disadvantages of nuclear 
energy are well known in the literature (Brook, et al. 
2014; Prăvălie and Bandoc 2018). These are readily 
summarized, first with the advantages:

   
Low Cost of Operation. Constructing a nuclear power 
plant is very costly resulting in nuclear energy having 
the highest levelized cost of electricity (LCOE) (Figure 
2). However, after this large initial outlay, nuclear 
energy becomes relatively cost-effective in terms of 
operation and maintenance. Producing electricity from 
nuclear energy is considerably less costly compared with 
producing it from gas, coal, or oil. Nuclear energy also 
has the benefit of greater stability in terms of fluctuation 
in cost- unlike traditional fossil fuels that experience 
greater price volatility.

Dependable Source of Energy. Certain energy sources, 
like solar and wind power, are dependent upon weather 
conditions, However, nuclear energy does not have 
to deal with this constraint. Nuclear power plants are, 
therefore, essentially impervious to external climatic 
factors resulting in reliable energy output. The result is a 
higher capacity factor (Table 3). The figures imply that 
nuclear power plants are generating peak power more 
than 93% of the time during the year, which is higher 
than all other sources.

Stable Base Load Energy. This is related to the feature 
of dispatchability: output can be transmitted to the 
system as and when required. For example, under ideal 
conditions wind turbines generate significant amounts 
of power. Therefore, when the wind is blowing, nuclear 
plants can adjust their output downward. Conversely, 
when the wind is not blowing or sun is not shining, 
nuclear energy can be adjusted to compensate for the 
drop in generated power from VRE.

Low Pollution Output. Abstracting from the issue of 
nuclear waste (see below), nuclear energy produces much 
less pollution compared with fossil fuels. Throughout 
its life cycle, nuclear produces about the same amount 
of carbon dioxide-equivalent emissions per unit of 
electricity as wind, and one-third of the emissions per 
unit of electricity when compared with solar (Figure 3). 
At current levels of consumption of nuclear energy, the 
emission of greenhouse gases is reduced by over 555 M 
MT annually. 

Adequate Fuel Availability. Both fossil fuels and the 
uranium used to operate nuclear power plants have 
finite supply. However, fossil fuels have much lower 
lifespan than uranium, whose reserves are estimated to 
last another 80 years. Switching to nuclear energy might 
provide the Philippines the added time it needs to develop 
more reliable and cleaner renewable energy resources. 

Journal of Environmental Science and Management Vol. 24 No. 2 (December 2021)

Table 2. Comparing historical GDP and GDP growth rates with a counterfactual that assumes Bataan Nuclear Power 
Plant operation, 1988–1993. 

Year GDP
growth 

rate

GDP in constant 
prices (PhP, base year 

2018)

Counterfactual 
GDP growth rate

Counterfactual GDP in 
constant prices (million 
pesos, base year 2018)

Actual GDP 
in US$ 

(million)

Counterfactual 
GDP in US$

1988
1989
1990
1991
1992
1993

6.8
6.2
3.0
-0.6
0.3
2.1

4,813,453.58
5,112,143.35
5,267,397.42
5,236,934.24
5,254,614.29
5,365,818.07

6.2
5.0
3.0
3.0
4.0

5,112,143.35
5,367,750.52
5,528,783.04
5,694,646.53
5,922,432.39

42,575.18
44,311.59
45,417.56
52,976.34
54,368.08

42,575.18
45,155.81
47,948.63
57,412.69
60,007.87

Table 3. Capacity Factors of energy generation 
technologies indicating unreliability of 
Renwable Energy.
Source Capacity Factor (%)
Nuclear

Natural gas
Coal

Hydropower
Wind
Solar

93.5
56.8
47.5
39.1
34.8
24.5

Source: US Department of Energy (2021). 

Source of basic data: World Bank (2020).
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Meanwhile, some countries like Russia, India, and 
China are already making progress toward using the 
more abundant and environment-friendly thorium as fuel 
for nuclear reactors. Another area of interest is turning 
nuclear fusion into a reality. In order to classify nuclear 
energy as sustainable, the use of breeder reactors and 
nuclear fusion is required.

High Energy Density. Compared with fossil fuels, 
nuclear fission is approximately 8,000 times more 
efficient at generating energy. This results in a substantial 
amount of energy density. Greater efficiency leads to less 
waste and makes existing fuel resources available for a 
larger segment of the population.  

Nuclear Energy in the Philippines

Figure 2. Comparing levelized cost of energy (LCOE) of various energy generation technologies indicating relative 
costliness of nuclear power (as of October 2020). Source: Lazard (2020).
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As for the disadvantages, these are:

Expensive to Build. As indicated in the previous list, 
nuclear power plants are cost-effective to operate but 
very expensive to construct. In addition, the cost has 
risen sharply. From 2002 to 2008, the cost to build a 
nuclear plant grew from an estimated US$ 2–US$ 4 B 
to US$9 billion, and these cost estimates are usually 
surpassed during construction. A more recent example is 
the 1.63 GW European Pressurized Reactor being built 
by Électricité de France in Flamanville. The cost of this 
Generation III project has ballooned to over US$ 12 billion
(IEA 2019). In addition to the cost of construction, nuclear 
energy projects must also budget funds to safeguard the 
waste that is produced. This normally entails keeping the 
waste in cooled structures and implementing appropriate 
security procedures. All of these factors make the cost of 
nuclear power prohibitive.

Accidents. The three major disasters mentioned earlier-
Three Mile Island, Chernobyl, and Fukushima- have 
created doubt and suspicion among many people about 
the safety of nuclear power. In particular, the Fukushima 
crisis in 2011 demonstrated that despite extensive safety 
measures built into nuclear power plants, accidents can 
and do happen.

Produces Radioactive Waste. While the use of nuclear 
energy does not generate any GHG emissions, it does 
produce radioactive waste that has to be securely 
stockpiled in order not to pollute the environment. 
Exposure to small quantities of radiation-such as 
radioactivity from cosmic rays or radon in the air- is not 
harmful. However, exposure to radioactive waste from 
nuclear energy production is quite hazardous.

Nuclear power plants have been contending with the
challenge to store radioactive waste. Because it cannot 
be destroyed, the solution at present is to seal the nuclear 
waste securely in containers and stockpile these deep 
underground. This minimizes the chances of the nuclear 
waste to contaminate the environment. As technology 
progresses, more suitable ways of stockpiling radioactive 
waste will be available.

Environmental Impact. Apart from the issue of 
radioactive waste, nuclear power plants have other 
adverse impacts on the environment. The mining 
and enrichment of uranium also has harmful effects. 
While open-pit mining for uranium has enough safety 
features to protect miners, the process leaves behind 
radioactive particles, causes erosion, and even pollutes 
nearby water sources. Underground mining is not

much different as it exposes miners to high levels of 
radiation during the process of extraction and processing. 
Radioactive waste rock is also produced. 

Security Threat. By its nature, nuclear power poses 
a distinctive threat to national security. Nuclear power 
plants are an obvious target for terrorists because of 
the potential disaster that it could cause. Meanwhile, 
the uranium used to operate the power plant can be 
enriched to produce nuclear weapons and the situation 
can be disastrous if the weapons end up with lawless 
elements. For these reasons, security related to nuclear 
materials and nuclear power plants has to be prioritized.

Limited Fuel Supply. If nuclear fusion does not become 
a reality and/or better breeder reactors are not built, 
nuclear energy will not be sustainable. The supplies of 
uranium and thorium will eventually be depleted. In this 
scenario, nuclear power will only be a temporary source 
of clean energy, and a very expensive one. Extensive and 
detailed cost-benefit analysis has to be applied before 
embarking on a nuclear program.

Nuclear Energy and VRE

How nuclear energy will fit in with the existing 
realities and the plans and policies of the DOE has to be 
assessed. The Renewable Energy Act of 2008, together 
with the Biofuels Act of 2006, was enacted to promote 
low-carbon energy and at the same time address the 
Philippines’ continuous dependence on imported fossil 
fuels by promoting the exploration, development, and 
use of the country’s renewable energy sources such 
as solar, wind, biomass, hydro, and geothermal. The 
National Renewable Energy Program (NREP) outlines 
the policy framework and sets out the indicative interim 
targets within the 2011–2030 timeframe to achieve the 
goals set forth in the RE Act of 2008.

The DOE is mandated to implement the RE law 
and to perform the necessary actions for the execution 
of the policy mechanism set forth by NREP. Several 
policy mechanisms have been promoted to encourage 
the development of renewable energy in both on-grid 
and off-grid systems. Among them is the Renewable 
Portfolio Standard (RPS) which is a market-based 
policy that requires power distribution utilities, electric 
cooperatives, and retail electricity suppliers (RES) to 
source an agreed portion of their energy supply from 
eligible RE facilities. The aim is to increase RE utilization 
by 35%. As mentioned in the background section, this 
does not seem to be a feasible target (Yap and Lagac 
2020).
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Given the parameters of energy generation in the future, 
the possible role of nuclear power has to be explored. 
Both VRE and nuclear power are considered as important 
low-carbon sources of energy. The literature reveals 
tensions between advocates of each source in achieving 
the demands of a low-carbon society. There are several 
areas where the rivalry manifests. 

Foremost is that it takes longer and much costlier 
to build a nuclear power plant. A summary measure 
for comparison is the LCOE, which is the average net 
present cost of electricity generation for a generating 
plant over its lifetime. The LCOE is calculated as the 
ratio between all the discounted costs over the lifetime 
of an electricity-generating plant divided by a discounted 
sum of the actual energy amounts delivered. Nuclear is 
clearly more expensive than solar and wind (Figure 2).

However, the LCOE comparison does not take 
into account dispatchability. In order to rationalize 
the nuclear option, the argument is made that it is the 
only low-carbon energy source that can supply reliable 
baseload electricity. VRE is not dispatchable. At high 
levels, sourcing electricity from solar and wind in a grid 
becomes problematic. In general, there is a discrepancy 
between supply and demand. Reserve generating capacity 
is required due to the low capacity factor of solar and 
wind. System costs increase sharply with a larger share of 
VRE. The flip side to this argument is the high-capacity 
factor of nuclear energy (Table 3).

Some experts dispute this advantage of nuclear energy 
(Diesendorf 2016a). A related article is titled “Dispelling 
the nuclear ‘baseload’ myth: nothing renewables can’t 
do better!” (Diesendorf 2016b), The author argues that 
practical considerations and simulation studies show 
that the role of baseload power is overrated. Instead, the
electricity system can adopt flexibility in its operation so 
that supply and demand can be matched continuously. 
The author also maintains that baseload supply can be 
substituted for energy imports from neighboring regions 
or countries. This debate can be taken into consideration 
by the NEP-IAC.

The last area for comparison is the impact of 
nuclear energy and VRE on the environment. One of 
the more interesting sources for discussion is a TEDx 
presentation by Michael Shellenberger (Shellenberger 
2019; Shellenberger 2017) Some of Shellenberger’s 
key arguments were: “Solar farms require hundreds of 
times more land, an order of magnitude more mining 
for materials, and create hundreds of times more waste 
than do nuclear plants; and wind farms kill hundreds 

of thousands of threatened and endangered birds, may 
make the hoary bat go extinct, and kill more people than 
nuclear plants.”  Similar analysis has been provided for 
the entire RE sector (Vezmar et al. 2014) detailing the 
factors that caused experts like Mr. Shellenberger to shift 
support from VRE to nuclear energy. Meanwhile, issues 
that were raised in the case of SEA (Pratiwi and Juerges 
2020) focused on RE’s competition for land and water 
which has an adverse impact on biodiversity conservation.

The LCOE comparison between VRE and nuclear 
energy does not take into account the social cost of 
GHG emissions. Nuclear energy has much lower GHG 
emissions compared with other sources (Figure 3). All 
environmental costs and benefits related to each energy 
source have to be consolidated with the financial aspects 
(Figure 2) before a sound decision can be made.

There is of course a middle ground. The title of an 
article captures this position: “Nuclear & Renewables, 
the Ultimate Power Couple? We Think So” (Kempfer 
2019). One problem of relying exclusively on VRE is 
that excess supply is created. If resources like nuclear 
are incorporated in the system, power can be augmented 
on command and a significant portion of excess supply 
can be eliminated. Estimates show that when there is 
collaboration between nuclear and renewables, the cost 
of attaining a carbon-free grid could be reduced by as 
much as 62%. Relatedly, nuclear power plants can be 
designed to act as energy buffers (Petrescu et al. 2017) 
which highlights their capability for flexible operation, 
including changing power output over time- ramping 
orload following- and providing frequency regulation 
and operating reserves (Jenkins et al. 2018). Other 
studies have shown that combining nuclear energy and 
VRE is technically feasible (Ruth et al. 2014; Denholm 
et al. 2012). 

CONCLUSION AND RECOMMENDATIONS

The goal of the NEP-IAC is to formulate a National 
Position on a Nuclear Energy Program. The groundwork 
had already begun through the conduct of energy 
planning studies on the 19 infrastructure issues of 
nuclear power development consistent with the IAEA’s 
Milestone Approach. This is reported in the draft of 
Chapter IX of the Philippine Energy Plan 2018-2040 
which is titled “Nuclear Power Program” (DOE 2020).

This study provides a framework for the NEP-IAC to 
craft a national nuclear program that is fair-minded and 
transparent. There are factors that have to be considered 
before nuclear energy is accepted or rejected (Figure 1). 

Nuclear Energy in the Philippines
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Biases have to be avoided, particularly those that emerged 
from the BNPP controversy. The interviews with experts 
along with the anecdotes of Conrado del Rosario and 
reports from IAEA have systematically demonstrated that, 
contrary to conventional wisdom, the BNPP was fully 
operational when the decision was made to shut it down. 
Moreover, the issues related to the BNPP’s proximity 
to an earthquake fault and volcano are inconsequential. 
The BNPP became a white elephant not because it was 
defective but because of an ill-advised political decision.

Anti-nuclear advocates in the Philippines should 
therefore refrain from citing the BNPP as proof that 
nuclear energy is not a feasible option in the Philippines. 
Instead, the debate must deal solely with the branch 
corresponding to “Balanced Analysis and Evaluation” 
Indeed, there are many factors to consider before nuclear 
energy can be incorporated into the national program 
of the DOE. The main obstacle is the cost involved. 
Investing in a modern Generation III reactor is simply too 
expensive to make private sector involvement profitable. 
Meanwhile, a public-private partnership arrangement 
may not be feasible given limited government resources. 
If the committee will be convinced of the advantages of 
nuclear energy,  there are at least two possible options to 
cost-effectively incorporate it in the Philippines. Both are 
not mutually exclusive.

The first is the revival of the BNPP. In 2009, Korea 
Electric Power conducted a feasibility study on the 
possible revival of the BNPP. The estimated cost at that 
time to make the BNPP operable was US 1 B. This is much 
lower than the option of building a new nuclearreactor. 
In May 2018, it was reported that Rosatom (the Russian 
state nuclear enterprise) revealed that its analysis of the 
BNPP showed that it was, in fact, not only possible but 
safe to refurbish and restart the plant. The assessment 
was conducted in August 2017. However, in April 2018,  
Russian Ambassador Igor Khovaev was reported as 
saying he believes the BNPP is beyond revival (Cabato 
2018). The Philippine government can engage the 
services of expert consultants to make an objective and 
unequivocal recommendation on this matter.

The other option is to look into small modular 
reactors (SMR), which is the emerging technology in 
nuclear energy (Vujić et al. 2012).  SMRs are nuclear 
reactors whose capacity to generate electricity is less 
than 300 MW per module. These are very useful in 
the process of distributed generation, particularly for 
countries or regions with relatively large chunks of 
off-grid areas. SMRs can also power large industrial 
complexes.  Estimates indicate that the LCOE of SMRs 

could be competitive with larger nuclear units and with 
other dispatchable generating technologies (IEA 2019). 
SMRs have not yet been mainstreamed in the global 
energy market. However, they are already on the radar of 
the DOE (Domingo 2019). Hence, this option can readily 
be considered by the NEP-IAC.

REFERENCES

Administrative Order 4. 1992. Designating a Negotiating 
Panel on the Bataan Nuclear Power Plant, Authorizing 
it to Negotiate the Terms of Certain Agreements with 
Westinghouse Electric Corporation under Direction and 
Supervision of the Bataan Nuclear Power Plant, and 
for Other Purposes. Manila, Philippines: Office of the 
President of the Philippines. Retrieved August 8, 2020 
from https://www.chanrobles.com/administrativeorders/
administrativeorderno4%201992.html#.Xy4lJCgzZPZ

Aliperio, M.G. 2020. “The Bataan Nuclear Power Plant 
in the Philippines: A Nuclear Plant, and a Dream, 
Fizzles”. Retrieved December 11, 2021 from https://
www.linkedin.com/pulse/bataan-nuclear-power-plant-
philippines-dream-fizzles-aliperio 

Alonzo, R.P. and Guanzon, T. I. M. 2018. “An Assessment 
of the Power Sector Policy Landscape”. In Ravago, 
M.V., Roumasset, J.A. and Danao, R.A.(eds) Powering 
the Philippine Economy: Electricity Economics and 
Policy. University of the Philippines Press, Quezon City, 
Philippines. pp. 13-41.

Arcilla, C.A., Antonio, R.J., Collado, M. and Punay, B. 
2017. “Is there a Fault Beneath the Bataan Nuclear 
Power Plant? A Systematic Study using Electrical 
Resistivity, Seismic Refraction and Radon Gas 
Detection”. Retrieved August 9, 2020 from https://
w w w. y o u t u b e . c o m / w a t c h ? v = M z 6 q k i P D h W E

Brook, B.W., Alonso, A., Meneley, D.A., Misak, J., Blees, T., and 
van Erp, J.B. 2014. “Why nuclear Energy is Sustainable 
and Has to be Part of the Energy Mix”. Sustainable 
Materials and Technologies 1-2 (December): 8-16.  

Cabato, R. 2018. “Russian Ambassador: Bataan Nuclear 
Power Plant Revival ‘Not Possible at All”. CNN 
Philippines. April 4. Retrieved December 11, 2021 from 
https://cnnphilippines.com/news/2018/04/04/Russian-
ambassador-Igor-Khovaev-Bataan-nuclear-power-plant-
revival-not-possible.html

Del Rosario, C. D. 1996. “Twice at the Helm”. In Ignacio, 
C. H. (ed) National Power Corporation 60 Years: 60 
Megawatts of Achievement. National Power Corporation, 
Quezon City, Philippines.

Denholm, P., King, J. C.,  Kutcher, C. F. and Wilson, P. P. H.. 
2012. “Decarbonizing the Electric Sector: Combining 

Journal of Environmental Science and Management Vol. 24 No. 2 (December 2021)



382Policy Studies in Support of Energy SecurityChapter 20

28
 Renewable and Nuclear Energy using Thermal Storage”. 

Energy Policy 44: 301-311.

Department of Energy (DOE). 2020. Philippine Energy Plan 
2018–2040. Retrieved from https://www.doe.gov.ph/
sites/default/files/pdf/pep/pep-2018-2040-final.pdf

Diesendorf, M. 2016a. “Subjective Judgements in the Nuclear 
Energy Debate”. Conservation Biology 30 (3): 666-669.

Diesendorf, M. 2016b. Dispelling the Nuclear ‘Baseload’ Myth: 
Nothing Renewables Can’t Do Better! Retrieved August 
7, 2020 from https://reneweconomy.com.au/dispelling-
the-nuclear-baseload-myth-nothing-renewables-cant-
do-better-94486/ 

Domingo, R.W. 2019. “PH Eyes Use of Small Nuclear Reactors 
for Power Generation”. Makati City, Philippines: 
Philippine Daily Inquirer.  Philippine Daily Inquirer. 
Retrieved August 11, 2020 from  https://business.
inquirer.net/285959/ph-eyes-use-of-small-nuclear-
reactors-for-power-generation

Dumaine, B. 1986. “The $2.2 Billion Nuclear Fiasco”. 
Fortune Magazine. Retrieved July 27, 2020 from 
https://archive.fortune.com/magazines/fortune/fortune_
archive/1986/09/01/67989/index.htm

International Atomic Energy Agency. 2010. Philippines. 
Retrieved September 15, 2020 from https://www-pub.
iaea.org/MTCD/publications/PDF/CNPP2010_CD/
countryprofiles/Philippines/CNPP2010Philippines.htm 

International Atomic Energy Agency. 2020. “IAEA Releases 
2019 Data on Nuclear Power Plants OperatingExperience.” 
Retrieved August 20, 2020 from https://www.iaea.
org/newscenter/news/iaea-releases-2019-data-
on-nuclear-power-plants-operating-experience 

International Energy Agency. 2019. Nuclear Power in a Clean 
 Energy System. Retrieved July 25, 2020 from https://www.

iea.org/reports/nuclear-power-in-a-clean-energy-system

Jenkins, J. D., Zhou, Z., Ponciroli, R., Vilim, R. B., Ganda, 
F., de Sisternes, F. and Botterud, A. 2018. “The Benefits 
of Nuclear Flexibility in Power System Operations with 
Renewable Energy”. Applied Energy 222: 872-884.

Kempfer, J. 2019. Nuclear & Renewables, the Ultimate Power 
Couple? We Think So. Washington, DC: Thirdway. 
Retrieved August 9, 2020 from https://www.thirdway.
org/blog/nuclear-renewables-the-ultimate-power-
couple-we-think-so

La Viña, A. G. M., Tan, J. M., Guanzon, T. I. M., Caleda, M. 
J. and Ang, L. 2018. “Navigating a Trilemma: Energy 
Security, Equity, and Sustainability in the Philippines’ 
Low-carbon Transition”. Energy Research and Social 

 Science 35: 37–47.

Lagmay, A.M.F., Rodolfo,  R., Cabria, H., Soria, J., Zamora, P.,  
Abon, C.,  Lit, C., Lapus, M. R. T., Paguican, E.,  Bato, 
M. G., Tiu, G., Obille, E.,  Pellejera, N. E., Francisco, P. 
C., Eco, R. N. and Aviso, J. 2012. “Geological hazards of 
southwestern Natib Volcano, Site of the Bataan Nuclear 
Power Plant, Philippines”. Retrieved August 7, 2020 
Geological Society of London Special Publications 
361:151–69. 

Lazard. 2020. Levelized Cost of Energy and Levelized Cost of 
Storage–2020. Retrieved February 25, 2021 from https://
www.lazard.com/perspective/levelized-cost-of-energy-
and-levelized-cost-of-storage-2020

Martin, A. T. 2004. “International Arbitration and Corruption: 
An Evolving Standard”. Transnational Dispute 
Management 1 (2): 1 -55.

Mendoza, R. U., Bertulfo, D. J. and Cruz. J. P. D. 2018. “From 
Megaproject to White Elephant: Lessons from the 
Philippines’s Bataan Nuclear Power Plant”. Philippine 
Studies: Historical and Ethnographic Viewpoints 
66(3):335-374.

National Power Corporation. 2020. “Nuclear Power 
Development and the BNPP Experience”. Power point 
presented to the Nuclear Energy Program Inter-Agency 
Committee (September 08).

Ong, A.K.S., Prasetyo, Y.T., Salazar, J.M.L.D., Erfe, J.J.C., 
Abella, A.A., Young, M.N., Chuenyindee, T., Nadlifatin, 
R., Agung, A., and Redi, N.P. 2021. “Investigating the 
acceptance of the reopening Bataan Nuclear Power Plant: 
Integrating Protection Motivation Theory and extended 
theory of Planned Behavior”. Nuclear Engineering and 
Technology. https://doi.org/10.1016/j.net.2021.08.032 

Peimani, H. and Taghizadeh-Hesary. F. 2019. “The Role of 
Renewable Energy in Resolving Energy Insecurity 
in Asia”. ADB Working Paper No. 1010. Asian 
Development Bank, Mandaluyong City, Philippines.

Petrescu, F. I. T., Apicella, A., Petrescu, R. V. V., Kozaitis, S. P.,  
Bucinell, R. B., Aversa, R. and Abu-Lebdeh, T. M. 2017. 
“Environmental Protection through Nuclear Energy”. 
American Journal of Applied Sciences 13 (9): 941–946.

Pratiwi, S. and Juerges, N. 2020. “Review of the Impact of 
Renewable Energy Development on the Environment 
and Nature Conservation in Southeast Asia”. Energy, 
Ecology and Environment 5: 221–239. 

Prăvălie, R. and Bandoc, G. 2018. “Nuclear Energy: Between 
Global Electricity Demand, Worldwide Decarbonisation 
Imperativeness, and Planetary Environmental 
Implications”. Journal of Environmental Management 

Nuclear Energy in the Philippines



383Policy Studies in Support of Energy SecurityChapter 20

29
 209: 81– 92.

Republic of the Philippines and National Power Corporation 
v. Westinghouse Electric Corporation, Westinghouse 
International Projects Company and Burns and Roe 
Enterprises, Inc. Civ. No. 88-5150 1991. United 
States District Court of New Jersey. 139 F.R.D. 50. 
Retrieved from https://cite.case.law/frd/139/50/

Rosen, M.A. and Dincer, I. 2007. “Nuclear Energy as a 
Component of Sustainable Energy Systems”. International 
Journal of Low-Carbon Technologies 2(2):109–125.

Ruth, M. F., Zinaman, O. R., Antkowiak, M.,  Boardman, R. 
D., Cherry, R. S. and Bazilian, M. D. 2014. “Nuclear-
renewable Hybrid Energy Systems: Opportunities, 
Interconnections, and Needs”. Energy Conversion and 
Management 78: 684 – 694.

Shellenberger, M. 2017. “Nuclear Power: Unexpected Health 
Benefits”. Nature Energy 2. 

Shellenberger, M. 2019. Why Renewables Can’t Save the 
Planet. TEDx Talks, 4 January 2019. Retrieved March 
15, 2019 from https://www.youtube.com/watch?v=N-
yALPEpV4w 

Solidum, R.U. 2009. Earthquake and Volcanic Risks:Issues 
for the Bataan Nuclear Power Plant. Mandaluyong City, 
Philippines. p. 79

Statista. 2021. “Operable nuclear reactors worldwide 
2021, by country”. Retrieved December 11, 2021 
from https://www.statista.com/statistics/267158/
number-of-nuclear-reactors-in-operation-by-country/

US Department of Energy. 2021. Nuclear Has The Highest 
Capacity Factor. Washington, DC: USDepartment 
of Energy. Retrieved August 11, 2020 from https://
www.energy.gov/ne/articles/nuclear-power-most-
rel iable-energy-source-and-i ts-not-even-close

Venida, L. L. and Reyes. R. Y. 2011. The Philippine Experience 
in Regulating A Nuclear Power Plant. Power point 
presented in Jakarta, Indonesia (June 13-17). Retrived  
15 August 2020 from https://ansn.iaea.org/Common/
Topics/OpenTopic.  aspx?ID=12585 

Vera Files. 2020. “Vera Files Fact Sheet: A Sleeping Power 
Giant, Bataan Nuclear Power Plant Explained”.
Retrieved December 11, 2021 from https://verafiles.
org/articles/vera-files-fact-sheet-sleeping-power-giant-
bataan-nuclear-po 

Verzola, R., Logarta, J. and Maniego, P. 2018. “Towards a Just 
Transition in the Philippine Electricity SectorChallenges 
and Opportunities”. Pasig City, Philippines: Friedrich-
Ebert-Stiftung.

 Vezmar, S., Spajić, A., Topić, D., Šljivac, D. and Jozsa, 
L. 2014. “Positive and Negative Impacts of Renewable 
Energy Sources”. International Journal of Electrical 
and Computer Engineering Systems 5 (2): 15-23.

Vujić, J., Bergmann, R. M., Škoda, R. and Miletić, M. 2012. 
“Small Modular Reactors: Simpler, Safer, Cheaper?”. 
Energy 45 (1); 288–295. 

Was, G. S. and Allen, T. R. 2020. “The Importance of Nuclear 
Power in our Energy Mix”. New Labor Forum 29 (3): 
14–18. 

Wheatley, S., Sovacool, B. K. and Sornette, D. 2016. 
“Reassessing the Safety of Nuclear Power”. Energy 
Research and Social Science 15: 96–100. 

World Bank. 2020. World Bank Open Data. Retrieved August  
  1, 2020 from  https://data.worldbank.org/country/PH

World Nuclear Association. 2021a. “Nuclear Power in the 
World Today”. Retrieved December 11, 2021 from 
https://world-nuclear.org/information-library/current-
and-future-generation/nuclear-power-in-the-world-
today.aspx

World Nuclear Association. 2021b. “Carbon Dioxide 
Emissions from Electricity”.Retrieved December 12, 
2021 from https://www.world-nuclear.org/information-
library/energy-and-the-environment/carbon-dioxide-
emissions-from-electricity.aspx 

Yap, J.T. and Lagac, J. M. P. 2020. “Promoting Renewable 
Energy: How Fares the Philippines?”. Ateneo School 
of Government Working Paper 20-014. Quezon City, 
Philippines 

ACKNOWLEDGMENT

This paper benefited from the comments and 
suggestions of two anonymous referees. The author 
would like to acknowledge the financial support provided 
by the European Union through its Access to Sustainable 
Energy Programme (ASEP), the excellent research 
assistance of Joyce Marie P. Lagac, the interviews granted 
by Professor Carlo A. Arcilla and Mr. Antonio L. Corpuz, 
and the information provided by Engineer Chrysogonus 
F. Herrera and the late Engineer Pio J. Benavidez. The 
usual disclaimer applies.

Journal of Environmental Science and Management Vol. 24 No. 2 (December 2021)





385Policy Studies in Support of Energy SecurityChapter 21

The Philippine Climate Change 
Commitments and the Energy Transition
to A Low-Carbon Future

21

1

Manuel P. S. Solis, PhD
manuel.solis@deakin.edu.au

As the global energy demand soars to drive economic growth, high fossil 
fuel prices and increasing greenhouse gas (GHG) emissions are prompting 
the search for low-carbon solutions. With climate change looming large in 
the horizon, countries have signed, accepted, approved and/or ratified an 
international climate change legal regime where a global energy transition to 
climate-friendly sources, technologies, and systems is inevitable. While there 
is no single pathway to achieve global energy transition, there are guiding 
principles, focus areas, and recommended actions to tackle the challenge of 
the energy trilemma in terms of security, sustainability, and equity. These are 
concretized on the national level where context largely defines the energy 
transition.

The soaring global energy demand has prompted the search for low-carbon 
solutions, and the commitment of many countries to comply with international 
climate change legal regimes has made a global energy transition to climate-
friendly	systems	inevitable.	While	there	is	no	single	pathway	to	achieve	global	
transition, there are guiding principles to tackle the challenge of the energy 
trilemma, namely: security, sustainability, and equity. This paper aims to 
describe the challenges and opportunities associated with the global energy 
transition, and then later zeroes in on the Philippine energy transition. It looks 
into current trends, legal and policy instruments in place, and challenges and 
opportunities	 that	 lie	 ahead.	 It	 concludes	 with	 a	 summary	 of	 findings	 and	
recommendations to ensure compliance with the Paris Agreement, to which 
the Philippines is a party.

Keywords: Energy trilemma, energy transition, low-carbon future, regulation
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In recent years, the Philippines has seen an economic renaissance that 
contributes to a robust outlook and makes it one of the fastest growing 
economies in Southeast Asia. The Philippine Development Plan 2017-2022 
targets an inclusive economic growth rate of 7 to 8 percent (National Economic 
Development Authority 2017). This, coupled with population growth, is driving 
increased energy demand that is projected to grow by 80 percent between 
2017 and 2040 (Department of Energy 2017a). The parallel rise in consumption 
for all fuels brings energy security to the fore. However, being one of the 
three countries that are most vulnerable climate change (Flores 2018), the 
Philippines’ economic aspirations and energy choices are also influenced by 
climate change and environmental considerations. For example, the United 
Nations (UN) Sustainable Development Goal (SDG) 7 aims to ensure access to 
affordable, reliable, sustainable, and modern energy for all by 2030. Similarly, 
UN SDG 13 highlights the need for climate action around the world. This is 
highly relevant if the country is to achieve economic growth with equity and 
sustainability, where it is reported that 11 million Filipinos still do not have 
access to electricity and 61 million still reliant on traditional use of biomass for 
cooking, particularly in remote rural areas (International Energy Agency [IEA] 
2017). 

For purposes of complying with the historic 2015 Paris Agreement, the 
country’s Intended Nationally Determined Contribution (INDC) seeks a 
70 percent reduction of greenhouse gas (GHG) emissions by 2030 from 
the business-as-usual scenario in energy, transport, forestry, industry, and 
waste, albeit conditioned on the provision of the means of implementation 
that the country will receive in the form of technical capacity and financial 
assistance (Republic of the Philippines 2015). Much earlier, the Philippines 
ratified the UN Framework Convention on Climate Change (UNFCCC) 
with a shared commitment with the rest of the world (196 other countries) 
to stabilize “greenhouse gas concentrations in the atmosphere at a level 
that would prevent dangerous anthropogenic interference with the climate 
system.” (UNFCCC 1992) For the first time in its Fifth Assessment Report, the 
Intergovernmental Panel on Climate Change (IPCC) introduced the concept 
of a carbon budget considering the 2015 Paris Agreement goal of limiting 
average global warming to well below 2 degrees Celsius and pursuing efforts 
to limit global mean temperature increase to 1.5 degrees Celsius above pre-
industrial levels. According to the IPCC (2014), a greenhouse gas emissions 
budget of 840 Gigatons of Carbon (GtC) is allocated for the world to have a 
50 percent chance of staying below 2 degrees Celsius of warming by 2100 
to significantly reduce the risks and impacts of climate change. Alarmingly, 
more than half of that or over 531GtC has already been emitted into the 
atmosphere. At current emission rates (around 10 GtC per year), the carbon 
budget will be used up in just 30 years.

Against this backdrop, in December 2017, the Duterte Administration signed 
a comprehensive tax reform package into law (The Tax Reform for Acceleration 
and Inclusion Act 2017 [TRAIN]) that imposes, among others, a higher tax on 
coal, which for decades has been the fossil fuel of choice for power generation 
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In a carbon-constrained world, the Philippine energy sector is at a crossroads. 
Globally, the energy sector is in transition, accelerated by a global consensus, 
as mentioned earlier, to limit global warming between 1.5 to 2 degrees Celsius 
above pre-industrial levels under the 2015 Paris Agreement. This entails rapid 
reduction of GHG emissions everywhere, particularly decarbonizing the energy 
sector in pursuit of cleaner growth. With 40 percent of global GHG emissions 
coming from the energy sector alone (World Bank 2014), the goals of the 
international climate change accord will not be met without implementing 
changes to existing energy policy, market design and infrastructure in a given 
jurisdiction. But this represents only one part of the challenge of the energy 
trilemma—environmental sustainability, which the World Energy Council 
(WEC) defines as the “achievement of supply- and demand-side energy 
efficiencies and development of energy supply from renewable and other low-
carbon sources” (WEC 2016, 12). Two other dimensions, however, are equally 
important: 1) energy security or the “effective management of primary energy 
supply from domestic and external sources, reliability of energy infrastructure, 
and ability of energy providers to meet current and future demand”; and 2) 

The Challenge of the Energy Trilemma

in the Philippines. Initially, renewable energy (RE) development is hampered 
by “very high start-up cost, immature technology, and competitive prices of 
fossil fuels” (Agaton 2018). However, as RE technology matures and costs fall 
globally, the contribution of renewable energy to the Philippine energy mix by 
fuel type, which currently stands at 37 percent, is expected to increase. Despite 
criticism that the initial implementation of Feed-in-Tariffs (FIT) for renewable 
energy, particularly solar, has resulted in additional costs to consumers (La Viña 
et al. 2018), RE is expected to eventually address the problem of affordability 
of electricity in the Philippines, which has one of the most expensive rates 
in Asia and the world (Verzola et al. 2017). Are we seeing the advent of the 
much-anticipated energy transition to a 2015 Paris Agreement compliant low-
carbon future in the Philippines?

This paper seeks to describe the challenge and opportunities associated with 
the global energy transition, as driven by the 2015 Paris Agreement. 
 It then focuses on the Philippine energy transition by describing and 
analyzing the trend/trajectory of the Philippine energy sector, the legal 
and policy instruments in place, and the challenges and opportunities that 
lie ahead for the country, as the world’s energy systems transition to a low-
carbon one. In addition, it examines the pitfalls and opportunities that lie 
ahead, especially when the trilemma of energy security, energy equity, 
and environmental sustainability inevitably intersect. At the end, the paper 
encapsulates the findings to situate the Philippine energy transition landscape 
and submits several recommendations to ensure compliance with the 2015 
Paris Agreement.
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energy equity, which encompasses “accessibility and affordability of energy 
supply across population.” (WEC 2016, 12) 

Energy transition in any country is not possible without addressing the energy 
trilemma according to national circumstances and capabilities. There is also 
no single or fit-all transition pathway. While energy transition is challenging, 
the International Renewable Energy Agency (IRENA) points out in its recent 
report that this is “technically feasible and economically beneficial” but “it will 
not happen by itself” (IRENA 2018, 14). This means that proactive, innovative, 
and forward-looking regulatory and policy tools and levers are necessary to 
steer a fossil-fuel dependent energy system to a low-carbon pathway that 
addresses energy security, energy equity, and environmental sustainability 
together. Neglecting one of the dimensions or focusing too much on one can 
create unintended and costly consequences (WEC 2016). The right timing or 
“temporal dynamics” (Sovacool 2016, 202) are also important, as are finding 
the optimal combination of policies and setting clear, enabling regulatory 
frameworks matter to overcome the barriers associated with, and to make 
progress on, the energy trilemma. 

According to Kern and Rogge (2016), the transition of the existing global 
energy system to a low-carbon one will occur more swiftly than what research 
on historical transitions suggests. There are three reasons for this. First, the 
momentum generated through the years by the variety of actors across 
different levels of governance—international, regional, national, and local 
involving policymakers, businesses, and civil society—is accelerating the 
transition toward low-carbon energy systems. Second, a highly interconnected 
world economy is significantly shaping national developments and “creating 
a dynamic feedback mechanism” (Kern and Rogge 2016, 13) that can quicken 
the pace of the transition to low-carbon energy systems. Third, as mentioned 
before, the 2015 Paris Agreement unequivocally enunciates the need for 
a paradigm shift towards reducing energy related GHG emissions, among 
others, to mitigate and adapt to climate change. In short, those who delay 
their energy transition will be confronted with greater challenges to escape 
what Unruh (2002, 317) calls the “carbon lock-in.”

This carbon lock-in culminates in a “techno-institutional complex” that traps 
economies into carbon-intensive energy systems through path dependent 
technological and institutional co-evolution processes (Unruh 2002, 317). Even 
if they are economically obsolete, vested interests and incumbent industries 
that benefit from current carbon-intensive energy systems are likely to resist 
change and this only makes the energy transition more difficult to traverse 
(Rogge et al. 2017). For this reason, strategic, mixed, and coordinated policy 
approaches are needed.

Regulation plays an important role in encouraging and supporting behaviour 
change (IRENA 2018). Thus, it is either a transformation tool or a rampart of the 
old order. As the World Energy Council emphasizes, ultimately “policymaker 
choice is a key discriminating factor of energy performance” (WEC 2016, 24). 
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Globally, the 2015 Paris Agreement is accelerating the energy transition, albeit 
national circumstances are highly relevant for this transition to occur. A recent 
study on navigating the energy transition in the Philippine context observes 
that a country typically starts with a vision of its energy future (La Viña et al. 
2018, 37). This vision invites planning for the energy transition, that is then 
translated through laws and policies to govern the process and meet the 
challenges of the energy trilemma. Heffron et al. (2015) assert that effective 
energy law and policy lie at the heart of balancing the objectives reflected in 
the energy trilemma to deliver the best results for the energy transition.

According to IRENA (2018, 68), “planning for the energy transition requires 
fundamental shifts in policies, investments, planning processes, attitudes 
and behaviour.” These, in turn, raise several key questions. For example: “Is 
the Energy Transition at the centre of government policies? Which sectoral 
policies could be enhanced to strengthen the Energy Transition? Within the 
energy sector, are policies and regulations focused on delivering the Energy 
Transition?” (IRENA 2018, 68).

The country context is very significant in considering the trade-offs and 
spillovers that the energy trilemma framework brings to the discourse (WEC 
2016).  Moreover, the regulatory framework for the energy sector is indicative 
of the existence of path dependency, or carbon lock-in conditions. For this 
purpose, this part of the paper elucidates further the Philippine climate 
change commitments under the 2015 Paris Agreement. Then, the four 
principal legal and policy instruments relevant to the energy trilemma and the 
2015 Paris Agreement for the Philippine energy sector are reviewed, namely: 
1) The Electric Power Industry Reform Act 2001; 2) The Renewable Energy Act 
2008; 3) The Energy Efficiency and Conservation Act 2019; and 4) The Climate 
Change Act 2009.

The Laws and Policies on Energy

For example, increasing the share of renewable energy in the energy mix will 
not only reduce GHG emissions, but also offer technology solutions “that are 
safe, reliable, affordable, and widely available” (IRENA 2018, 9).
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3.1 The 2015 Paris Agreement
The Philippines is a party and one of 189 countries that have ratified the 
2015 Paris Agreement, which came into force on 4 November 2016. Prior to 
this, the global community had been struggling for a while since the 1997 
Kyoto Protocol to reach a new international pact to implement the UNFCCC 
as the founding treaty. The 2015 Paris Agreement represents a monumental 
breakthrough and paradigm shift in approach from a mitigation-centric view 
to one that also emphasizes adaptation and support. Thus, it builds on three 
conceptual pillars for its “acceptability and effectiveness”: 1) Ambition; 2) 
Differentiation; and 3) Support (Rajamani and Guerin 2017).

The 2015 Paris Agreement sets an ambitious temperature limit as articulated 
in Article 2, which Rajamani and Guerin (2017) describe as the global pact’s 
“centrepiece.” The goal to limit the global average temperature increase “to 
well below 2°C above pre-industrial levels” and to pursue “efforts to limit 
the temperature increase to 1.5°C above pre-industrial levels” is a shared 
global ambition but implemented to reflect equity and the principle of 
common but differentiated responsibilities and respective capabilities, in 
the light of different national circumstances. To reach this limit with better 
chance of success, country parties—the Philippines included—to the 2015 
Paris Agreement are expected to pursue mitigation and adaptation actions 
with support, particularly developing countries.

The 2015 Paris Agreement frames each country’s commitments to achieve 
the international pact’s objectives through an instrument called nationally 
determined contribution (NDC). As Winkler (2017) amplifies, the NDCs are, 
essentially, starting points with a legal expectation for progression over time 
to reflect a country’s highest possible ambition. It will be noted that Article 3 of 
the Paris Agreement on the NDCs providing for “all Parties... to undertake and 
communicate ambitious efforts” applies across mitigation, adaptation, and 
support to developing countries.  More importantly, it “creates a substantive 
new obligation—progression across mitigation, adaptation, and support” 
(Rajamani 2017, 140). This progression is captured through a mandatory, 
comprehensive, and collective implementation assessment of the 2015 
Paris Agreement called “global stocktake” in Article 14 that has a five-year 
cycle with the first one to be undertaken in 2023. Friedrich (2017) describes 
the global stocktake as “the central vehicle to create a dynamic towards 
enhanced ambition” and to assist country parties overcome “purely domestic 
perspectives and adjust their actions...to reach their common objectives” 
(337). In effect, country parties are expected to reflect a progression of both 
mitigation and adaptation commitments, including support to developing 
countries, in their NDCs for purposes of achieving the long-term goals of the 
2015 Paris Agreement. This is the broad context and normative expectation 
that serves as a key consideration in mapping the road ahead for the 
Philippines’ energy transition to be compliant with the 2015 Paris Agreement.
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3.2 The Electric Power Industry Reform Act 2001
Due to prolonged power shortages and unstable power supplies in the 
late 1990s, the Philippines restructured and reformed its energy sector 
with the enactment of Republic Act (RA) No. 9136 or the Electric Power 
Industry Reform Act 2001(EPIRA). It sought the privatization of the assets of 
the state-owned National Power Corporation (NPC), a national monopoly, 
consistent with the liberalisation policies enunciated in the law. EPIRA broke 
up the once vertically integrated energy sector into generation, transmission, 
distribution, and supply. Notably, EPIRA declares as a matter of policy the 
quality, reliability, security, and affordability of the supply of electric power. 
To achieve this, it is important to provide new capacity requirements in a free 
and fair competition regime. Other key reform features introduced by EPIRA 
include the creation of an independent quasi-judicial regulatory body— the 
Energy Regulatory Commission—to promote competition, encourage market 
development, ensure customer choice, and penalise abuse of market power in 
the restructured electricity industry. Also, it establishes a Wholesale Electricity 
Spot Market (WESM) as a market-based competitive bidding mechanism to 
attract new power generators and to create additional capacity by “matching” 
supply and demand in the market. This works by driving competition among 
power generators, which sell electricity to off-takers at a market price during 
peak and off-peak demand times. The simple notion is that utility companies 
will not take the more expensive electricity, if a cheaper one is available in the 
spot market. 

Another important EPIRA reform provision is the entry of qualified third parties 
into remote and unviable villages to provide electric service or participate 
in rural electrification, if a franchised utility is unable to do so for whatever 
reasons.1 Also, missionary electrification or the delivery of basic electricity 
service to unviable areas remains a service domain of the NPC-Small Power 
Utilities Group (NPC-SPUG), in order to provide power and associated power 
delivery systems in areas that are not connected to the main transmission grid 
and cannot be serviced by distribution utilities or qualified third parties. NPC-
SPUG generates power using diesel and bunker-fuelled generators, that is, 
carbon-emission intensive, and notably admits that small islands and isolated 
grids are expensive to operate and maintain despite being heavily subsidised 
(Ahmed 2018).

From an institutional standpoint, EPIRA gave the Department of Energy 
(DoE) the mandate not only to oversee the restructuring of the electric 
power industry, but also to undertake the formulation of policies towards the 
efficient supply and economical use of energy consistent with the policies on 
environmental protection and conservation and maintenance of ecological 
balance. Also, EPIRA tasked the DoE to prepare the Philippine Energy Plan 
(PEP), which contains a roadmap for both electricity supply and demand 
side management, among others. The PEP 2017-2040 offers an interesting 
insight on what is the current Philippine energy landscape and where it will 
be by 2040. By fuel type, coal at 22 percent and oil at 34.9 percent constitute 

1“Unviable 
areas” refer to 
a geographical 
area within the 
Franchise Area 
of a Distribution 
Utility where 
immediate 
extension of 
distribution line 
is not feasible.
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3.3 The Renewable Energy Act 2008
While the EPIRA reforms are still underway, the Philippines passed RA No. 9513 
or the Renewable Energy Act 2008 (REA) to provide a national framework for 
the promotion, development, utilization, and commercialization of renewable 
energy sources in the country. It declares as a matter of state policy the 
need to accelerate the exploration and development of renewable energy 
resources. Also, the law sets out the institutional arrangements, the fiscal 
incentives, and structural policies available for on-grid and off-grid renewable 
energy development, including various schemes and mechanisms to support 
renewable energy development, utilization, and commercialization. Fiscal 
incentives include FIT, income tax holidays, tax credits, and cash incentives. 
On the other hand, structural policies include the Renewable Portfolio 
Standard (RPS), Renewable Energy Market (REM), net-metering, and Green 
Energy Option Program (GEOP). 

The FIT scheme applies to electricity from emerging renewable energy sources 
such as wind, solar, ocean, run-of-river hydro, and biomass. The FIT obligates 
electricity power industry participants to source electricity from emerging 
renewable energy sources at a guaranteed fixed price for a stipulated period 
under the rules. In addition, it provides for priority connection to the grid 
for electricity generated from emerging renewable sources as well as priority 
purchase and transmission of such electricity by grid system operators. The 
RPS obligates electricity industry participants such as generators, distribution 
utilities or suppliers to source or produce a minimum percentage of their 
power requirements from eligible renewable energy resources on a sector 
and per grid basis. This is intended to diversify the supply of energy, while at 
the same time reducing greenhouse gas emissions in the country. 

the bulk of the energy mix with renewable energy contributing 37 percent 
as at 2016. By 2040, the Philippines will be using more coal (41.6 percent) 
but a little less oil (32.2 percent), which means that fossil fuel-based sources 
will increase in total from 56.9 percent in 2016 to 73.8 percent in 2040 
(Department of Energy 2017b). Effectively, the share of renewable energy in 
the energy mix will decrease in the long-term. Notably, the baseload demand 
in the Philippines is mostly met by coal-fired power plants with 80 percent of 
the coal stock imported from abroad (Ahmed and Logarta 2017). With the 
automatic pass-through provisions of fuel, operating and maintenance costs 
in power supply contracts, the risk of global coal price and exchange rate 
shocks are passed onto consumers (Ahmed and Logarta 2017).  In a recent 
report (Ahmed and Logarta 2017), 10,423MW of coal-fired power plants worth 
close to 21 billion USD are in the pipeline to meet present and future energy 
supply and demand requirements. In this scenario, the Philippines is placing 
its bet on coal in the long run.
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To facilitate compliance with the RPS, the DoE is authorized to create a REM 
and to supervise the establishment of a Renewable Energy Registrar (RER) 
through the Philippine Electricity Market Corporation (PEMC). The RER can 
issue Renewable Energy Certificates (REC) as proof of compliance with the 
RPS, which can then be traded in the REM. The RECs can also form part of 
an international trading emission and compliance scheme. The GEOP allows 
end-users to choose renewable energy as their source of power. Subject to 
the determination of the DoE, end-users may directly contract from renewable 
energy facilities their energy requirements through the relevant distribution 
utilities. Net-metering is adopted as a consumer-based renewable energy 
incentive scheme wherein distribution end-users generate electricity from 
an eligible on-site renewable energy facility that is delivered to the local 
distribution grid. The electricity generated can then be used by distribution 
end-users to offset electricity consumed from the distribution utility or gain 
credit in case of electricity delivered to the grid from the on-site renewable 
energy facility exceeds what is consumed therefrom.  The distribution utility is 
required to enter into a net-metering agreement upon request of a distribution 
end-user wishing to install an on-site renewable energy facility, subject to the 
distribution utility’s technical standards, including economic considerations, 
for the renewable energy facility. To make the scheme more attractive to the 
distribution utility, it will be entitled to any RECs issued under the arrangement, 
which in turn can be counted towards its compliance with the RPS. In terms of 
institutional arrangements, the DoE has been designated as the lead agency 
for the implementation of the provisions of REA. To support the DoE, the 
Renewable Energy Management Bureau (REMB) is created as a staff and 
support bureau to implement policies, plans, and programs to accelerate 
the development, utilization, and commercialization of RE resources and 
technologies. 

Aside from the REMB, the National Renewable Energy Board (NREB) is 
established consisting of multi-sectoral representatives from different 
government line agencies, government-owned or controlled corporations 
and financial institutions, renewable energy developers, private distribution 
utilities, electric cooperatives, electric suppliers, and non-governmental 
organisations. The NREB is tasked to evaluate and recommend to the DoE the 
RPS and minimum renewable energy generation capacities in off-grid areas. 
It is also empowered to recommend specific actions and monitor and review 
the implementation of the National Renewable Energy Program (NREP), 
which seeks to attain consistency and preclude functional overlaps among the 
different government agencies involved in renewable energy development. 
Insofar as renewable energy outlook is concerned, the NREP 2011-2030 aims 
to increase the installed capacity from renewable energy to at least 20,000 
MW by 2040 from 7,082 MW in 2016 (Department of Energy, n.d.b). However, 
the NREP 2011-2030 is being updated, and thus, it is identified as a major 
policy gap until a new one is issued. Per the RE Roadmap 2017-2040, the 
NREP 2017-2040 update is a deliverable in the medium term (2019-2022) and 
should contribute to the overall objective by 2040 of increasing RE installed 
capacity to at least 20,000MW (Department of Energy, n.d.b).
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3.4 The Energy Efficiency and Conservation Act 2019
In 2019, the Philippines enacted RA No. 11285 or the Energy Efficiency 
and Conservation Act (EECA) to “institutionalize energy efficiency and 
conservation as national way of life.” It also seeks to “promote and 
encourage the development and utilization of efficient renewable energy 
technologies and systems to ensure optimal use and sustainability of the 
country’s energy sources.” Moreover, EECA aims to reinforce related laws 
such as the EPIRA and REA. Like EPIRA and REA, the DOE is the lead agency 
in the implementation of the EECA, including the creation and update of 
the National Energy Efficiency and Conservation Plan (NEECP). The NEECP 
provides “the national comprehensive framework, governance structure, and 
programs for energy efficiency and conservation with defined national targets, 
feasible strategies and regular monitoring and evaluation.” (Section 49 [z], RA 
No. 11285) Notably, however, other government agencies, particularly the 
Climate Change Commission (CCC), are required to collaborate with the DOE 
in establishing targets and determining strategies that are aligned with the 
NEECP, including the monitoring and recording all GHG reductions resulting 
from energy efficiency and conservation projects. 

Prior to the enactment of the EECA, the Philippines Energy Efficiency and 
Conservation Roadmap 2017-2040, which is based on the pre-existing 
NEECP, provided the national framework for building an energy efficient 
country and incorporates the priority goals of the Duterte Administration 
(2017-2022). It is supportive of the Philippine commitments enunciated at the 
UNFCCC Conference of the Parties (COP), particularly at “COP21 and COP22 
by providing a consistent and holistic approach for implementing energy 
efficiency measures in the short, medium and long term.” (Department of 
Energy 2017a, 10).  If utilized as the basis for the NEECP under the EECA, it has 
the potential to reduce energy intensity by 3 percent across economic sectors 
(Department of Energy 2017a) and avoid the equivalent of 10 percent of GHG 
emissions from current policy projections assuming the full implementation 
of the targets under NREP 2011-2030, if carried over in its updated version 
(Climate Action Tracker 2019).

As the DoE implements the EPIRA, REA, and EECA, these pieces of legislation 
are seen as providing a consistent and harmonized approach to energy 
planning in the Philippines with the salient elements of the NREP and NCEEP 
incorporated or feeding into the PEP.
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3.5 The Climate Change Act 2009
The Philippines is one of the most vulnerable countries to climate change, 
especially in the last two decades (Eckstein et al. 2017). In response, the 
country enacted RA No. 9729 or The Climate Change Act 20092 (CCA) in 
recognition of the need to ensure that national and subnational policies, plans, 
and programs are founded upon sound environmental considerations and the 
principles of sustainable development. The CCA declares that the Philippines, 
as a party to the UNFCCC, adopts the ultimate objective of the Convention 
to stabilize the GHG concentrations in the atmosphere “at a level that would 
prevent dangerous anthropogenic interference with the climate system within 
a time frame that is sufficient to allow ecosystems to adapt naturally to climate 
change, to ensure that food production is not threatened, and to enable 
economic development to proceed in a sustainable manner” (Section 2, RA 
9729). The CCA calls for the integration of the concept of climate change in 
various phases of policy formulation, development plans, poverty reduction 
strategies, and other government development tools and techniques. To align 
initiatives as a national  undertaking, the CCA encourages the participation 
of local governments, businesses, non-government organizations, and local 
communities and the public to mitigate the adverse effects of climate change. 

The CCA established the Climate Change Commission (CCC) as an independent, 
autonomous, and sole policymaking and science-based body attached to 
the Office of the President. It is primarily tasked to coordinate, monitor and 
evaluate programs and action plans of the Philippine government on climate 
change. The CCC has an Advisory Board consisting of representatives from 
government agencies, local government units, the academe, the business 
sector and non-governmental organisations. It is significant that the DoE sits as 
a member of the Advisory Board. Also, the CCC is supported by the National 
Panel of Experts, composed of the country’s leading climate scientists and the 
Intergovernmental Panel on Climate Change lead authors. 

The CCA mandates the formulation of the National Framework Strategy on 
Climate Change (NFSCC), which serves as the basis for a program on climate 
change planning, research and development, extension and monitoring of 
activities to protect vulnerable communities from the adverse impacts of 
climate change. Interestingly, the NFSCC is formulated considering climate 
change vulnerabilities, specific adaptation needs and mitigation potential 
consistent with multilateral environmental agreements, specifically the UN 
Framework Convention on Climate Change. The CCC promulgated the 
NFSCC for 2012-2022 and identified Key Result Areas (KRAs) for mitigation 
and adaptation in climate-sensitive sectors. These include energy, agriculture, 
biodiversity, infrastructure, population, health, and demography. 

The KRAs for mitigation enunciate a long-term objective that aims to facilitate 
the transition of the Philippines towards a low-carbon economy. Targets 
include the development and enhancement of clean energy sources and other 
efficiency measures and the realization of the full potential of the country’s 

2 The CCA was 
amended in 
2011 to create 
the People’s 
Survival Fund 
(PSF). The 
PSF fund is 
established 
to finance 
adaptation 
programs 
and projects 
planned under 
the NFSCC.
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renewable energy capacity to contribute to energy security and promote low-
carbon growth in the energy sector. On the other hand, KRAs for adaptation 
seeks to build the adaptive capacity of communities and to increase the 
resilience of natural ecosystems to climate change in the long run. Also, cross-
cutting strategies are identified, which involve capacity building, knowledge 
management and information, education and communication, research and 
development, and technology transfer. 

In accordance with the NFSCC, the National Climate Change Action Plan 
(NCCAP)2011-2028 was prepared to assess the national impact of climate 
change, identify the most vulnerable communities and areas, identify the 
differential impact of climate change, assess and manage risk and vulnerability, 
identify GHG mitigation potential, and identify appropriate adaptation 
measures. The NCCAP sets the road map for the Philippine government on 
implementing short, medium, and long-term climate actions in seven priority 
areas: 1) food security, 2) water sufficiency, 3) ecosystem and environmental 
stability, 4) human security, 5) climate-smart industries and services, 6) 
sustainable energy, and 7) knowledge and capacity development. The NCCAP 
is being updated to articulate the country’s Nationally Determined Contribution 
(NDC), which, in turn, replaces the submitted INDC, under the 2015 Paris 
Agreement. The CCC has conducted consultations, validation meetings, and 
workshops on the NDC, which provides a road map on the energy transition 
to a low-carbon pathway, including mitigation and adaptation targets and 
options for the agriculture, waste, industry, transportation, forestry, and 
energy sectors. The NDC is supposed to be issued in 2018 (CCC 2018), which 
must be submitted for purposes of complying with the 2015 Paris Agreement. 
It will be noted that pending the completion and submission of the NDC, 
the INDC’s target of 70 percent reduction of GHG emissions by 2030 across 
sectors compared to a business-as-usual pathway, which according to experts 
is feasible (Verzola et al. 2017), will stand (World Resources Institute, n.d.). The 
Climate Action Tracker has rated the Philippine INDC as 2 degrees Celsius 
compatible, but the current policies that are in place do not meet the target 
articulated in the INDC, albeit it is still undergoing revision (n.d.).

Consistent with the provisions of the Local Government Code, the NFSCC 
and NCCAP, local governments are mandated to formulate, plan, and 
implement Local Climate Change Action Plans (LCCAP) in their respective 
areas, which shall be regularly updated to reflect changing social, economic, 
and environmental conditions and emerging issues (Section 14). Notably, 
inter-local government unit collaboration shall be maximized in the conduct of 
climate-related activities. For example, the barangays shall be directly involved 
with municipal and city governments in prioritizing climate change issues and 
in identifying and implementing best practices and other solutions. Also, 
municipal and city governments shall consider climate change adaptation 
as one of their regular functions. In addition, provincial governments shall 
provide technical assistance, enforcement, and information management in 
support of municipal and city climate change action plans. However, it shall be 
the responsibility of the national government to extend technical and financial 
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4.1 Lack of consistency, coherence and certainty of
regulations and policies
The EPIRA, REA, EECA, and CCA are designed to complement one another 
to address energy security, energy equity, and environmental sustainability. 
In theory, this makes the Philippines a global leader when it comes to 
regulatory and policy enactment (La Viña and Guiao 2013) on addressing the 
energy trilemma. But implementation has proven difficult and demonstrates 
the constraints of balancing the “differing, overlapping and sometimes 
contradicting objectives of the energy trilemma of security, equity, and 
sustainability” (La Viña et al. 2018, 40). This is reflected in two contrasting 
and inconsistent scenarios that the DoE and the CCC are pursuing—one is 
on a high-carbon emission pathway under the PEP and the other on the low-
carbon side under the NREP, NCEEP, NCCAP, and INDC. Disturbingly, the 
high-carbon emission approach in the existing PEP will not meet the 70% 
GHG emission reduction target in the INDC (Verzola et al. 2017). Brown and 
Chandler (2008, 474) point out that “fluctuating... policies… can forestall 
commitments to clean energy or accelerate investments in carbon-intensive 
energy options.”

Between the DoE, a line agency, and the CCC, a policy-making body, the 
implementation of laws and prioritization of programs essentially repose with 
the DoE. La Viña et al. (2018) illustrate the discretionary power exercised by 
the DoE that lends itself to policy inconsistency and incoherence. In 2014, 
the DoE adopted an optimal energy mix policy in the energy sector. After the 
national elections in 2016, however, the Duterte administration, through the 
Energy Secretary, shifted the focus away from an optimal energy mix policy to 
that of meeting the country’s capacity requirements with a strong emphasis on 
energy security (La Viña et al. 2018). As La Viña et al. (2018, 41) lament:

4
While the regulatory and policy framework to address the energy trilemma 
and drive the energy transition have been in place for quite some time, there 
are three major concerns that emerge from the existing legal and policy 
instruments. These are: 1) the lack of consistency, coherence, and certainty of 
regulations and policies; 2) the risk of stranded coal power assets; and 3) the 
unfinished business of rural electrification. 

Mind the Gaps: The Legal and Policy Concerns

assistance to local governments for the accomplishment of their LCCAPs. It 
must be emphasized that the LCCAPs are expected to provide robust local 
contexts and contributions to implementing the NCCAP.
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The changing priorities of each administration are also reflected in the 
country’s numerous, varying energy plans, and accentuated by the 
lack of a single, coherent, long term plan that different government 
administrations are bound to.

There is another serious concern in navigating the energy trilemma through the 
existing regulations and policies in the Philippines. As the country’s national 
framework for the promotion, development, utilization and commercialization 
of renewable energy sources, the REA incorporates time-bound, 
complementary, and interlinked schemes, mechanisms, and programs that are 
designed to achieve the legislative objective of increasing the deployment 
of renewable energy to grid and off-grid areas in the Philippines. A decade 
since its passage into law, REA is still hampered by delays punctuated by a 
piecemeal approach to its implementation. The DoE has issued the FIT, net-
metering, RPS, REM, and GEOP rules at different times beyond the target 
dates for implementation. Interestingly, the RPS, REM, and GEOP rules have 
been issued only in 2018 and 2019 against the backdrop of legal action before 
the courts and audit queries from the Commission on Audit—an independent 
constitutional commission empowered to audit all accounts pertaining to all 
government revenues and expenditures/uses of government resources—that 
are attributed to the REA’s delayed implementation since its enactment in 
2008. 

Even when the relevant rules are issued, there is a need to ensure that these 
are fully operational rather than conditional, that is, the necessary elements 
or components for implementation are in place. Also, design flaws have 
emerged in the process of implementation. For example, the FIT has spurred 
investments in renewable energy, specifically solar. However, it also resulted in 
additional cost burden to consumers, who ultimately shoulder the mandatory 
payments of the FIT allowance that are no longer needed due to falling global 
solar prices (La Viña et al. 2018). The inability of regulations and policies 
to keep in step with drastic changes to a disruptive and quickly evolving 
technology landscape exemplifies the difficulty in transitioning to low-carbon 
energy systems such as RE. In addition, there is consistent reference to the lack 
of national and local government capacity, coordination, and harmonization 
of permitting/approval rules between the two levels of government, as major 
concerns. As Marquardt (2017) points out, the “lack of coordination across 
jurisdictional levels,” including “a dearth of capacities,” are impeding the 
full and effective implementation of REA (5). Furthermore, the NREP 2011-
2030 is being updated, and thus, it is identified as a major policy gap until 
a new one is issued. Effectively, the absence of an updated NREP makes it 
difficult to predict the energy landscape and anchor medium and long-term 
expectations, particularly for stakeholders. Lastly, there is no policy instrument 
that links RE targets and deployment to the policy objective of the REA to 
reduce harmful emissions and capture socio-economic impacts such as job 
creation or employment. 
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4.2 Risk of stranded coal power assets
It will be difficult to achieve carbon emission cuts, stay within the carbon 
budget, and limit the rise in global mean temperatures to 1.5-2 degrees 
Celsius without phasing out coal (IRENA 2017). Thus, the potential risk of 
power asset stranding in the energy sector—particularly of coal-fired energy 
plants—to realize global decarbonization objectives is immense (IRENA 
2017). In its energy directions discussion paper, the World Bank (n.d.) 
adopted, as a guiding principle, that financial support for new greenfield coal 
power generation projects will be provided “only in rare circumstances” such 
as “meeting basic energy needs in countries with no feasible alternatives.” 
(25). Several international banks such as Standard Chartered Bank, Société 
Générale, and Deutsche Bank have gone further ahead by deciding to stop 
funding for coal power projects (Hicks 2018). This sends a signal to the 
market that financial institutions are taking seriously the risk of asset stranding 
from coal-fired power plants. In addition, the Government of Canada’s 
Department of Environment and Climate Change, the French Development 
Agency (AFD), Germany’s Federal Ministry for the Environment, Nature 
Conservation and Nuclear Safety (BMU), the United Kingdom’s Department 
for Business, and Energy and Industrial Strategy (BEIS) in partnership with 
global philanthropies are offering financial resources and technical assistance 
to Southeast Asian countries, such as the Philippines, to accelerate the energy 
transition and meet the Paris commitments (European Climate Foundation 
2018). 

Any semblance of implementation delay or lack of decisive action on the 
part of the government to fully operationalise REA sends the wrong signal 
to the public and the investing community. Alarmingly, it has been reported 
that the implementation delays have stymied more than US$2.5 billion worth 
of potential RE investments in the country (WWF 2013). Worse, there is an 
apprehension that the second package of TRAIN will remove or reduce the 
incentives for RE development, even before these are fully implemented 
(Rivera 2018). The implementation deficit and the news surrounding the REA 
incentives project weakened political support for RE development and an 
impression to preserve the status quo as long as possible, that is, keeping 
RE “marginalised by distortions in the world’s electricity markets created by 
decades of massive financial, political and structural support to conventional 
power technologies” (European Renewable Energy Council and Greenpeace 
International 2010, 21). As Katz (2012, 144) further observes, “[t]here may 
not be sufficient political will to persevere with the renewable energy policy,” 
especially when confronted with the politics surrounding the push for 
RE development.
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For the Philippines to succeed in its energy transition, the share of RE in the 
energy mix needs to reach up to 40 percent by 2030 (Marquardt et al. 2016). 
Unfortunately, the Philippines is moving to the opposite direction by betting 
big on coal, as enunciated under the existing PEP. This not only perpetuates the 
existing fossil fuel-based energy systems, but also poses “a growing material 
and inevitable [asset stranding] risk to the Philippines” (Ahmed and Logarta 
2017, 1). That risk includes missing out on the Philippine commitment under 
the Paris Agreement on a 70 percent GHG emission reduction by 2030 per 
the INDC. The preference for coal, as proponents argue, is meant to secure 
the baseload power from a stable and reliable source, which is needed to 
drive a growing economy and meet energy security requirements. But this has 
dire, costly consequences with economy-wide effect. As Ahmed and Logarta 
(2017, 10) observe:

The coal-dependent strategy playing out now in the Philippines will 
inevitably create stranded assets, which are damaging to the unlucky 
investor who puts money into them or—in the case of the Philippines—
damaging to the ratepayers who end up paying for them in the long 
run. 

As mentioned earlier, the Philippines already has one of the highest electricity 
costs in Asia and the world. Adding more imported coal-fired power capacity 
with large sunk costs in the technology infrastructure amid a coal tax hike 
under TRAIN will further aggravate the price volatility in the energy sector 
with an accelerated risk of asset stranding. Even though TRAIN taxes coal 
that can boost RE cost competitiveness, it is argued that TRAIN “is unlikely to 
incentivise a shift away from coal-fired power generation as major distributors 
can still pass the higher generation costs on to end consumers” (Climate Action 
Tracker 2019). This means that escaping the carbon lock-in and meeting the 
affordability aspect of the energy trilemma remain ongoing concerns.
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4.3 Unfinished business of rural electrification
The rapid deployment of RE technologies is ushering technological changes 
in the energy landscape and bringing solutions to development goals that 
are previously beyond reach (Ban Ki-moon 2011). In this vein, the energy 
equity pillar of the energy trilemma can be realized by utilizing grid, mini-
grid, and off-grid electrification approaches. Considering that energy poverty 
is prevalent in the countryside, RE technologies offer an opportunity to 
complete the business of rural electrification and facilitate universal access to 
modern energy services in remote and off-grid areas of developing countries 
such as an archipelagic country like the Philippines. However, the privatization 
and liberalization approach espoused under EPIRA and the promotion of 
off-grid RE systems under REA have revealed difficulties in addressing the 
environmental sustainability and energy equity pillars of the energy trilemma. 

The market-oriented framework under EPIRA has shifted the treatment of 
electricity, as a form of social service to one described by Byrne and Mun 
(2003, 49) as “a commodity in need of optimal allocation.” In effect, market 
dynamics, positive marginal costs, and dispatchability of power (Blazquez et 
al. 2018), rather than socio-political considerations, dictated the structural 
changes to be introduced in the energy sector.  The underlying ideology of 
power liberalization lies in the claim that improvements in resource allocation, 
market regulation, consumer choice, and environmental quality can be 
achieved through economic efficiency (Byrne and Mun 2003). It includes 
attaining universal access to electricity as a key success indicator of the 
reforms in developing countries. However, Wamukonya (2003, 24) notes that 
“there is emerging evidence that reform has been designed to mainly address 
economic and, in particular, financial concerns, with insufficient consideration 
for social and environmental issues.” In effect, universal access to electricity 
will unlikely be achieved through the private sector, unless the government 
undertakes this by itself, or provides the corresponding policy support and 
incentives to the private sector in order to address the unattractiveness of, 
and discrimination against, the rural segment of electrification. As Besant-
Jones (2006, 93) emphasizes:

[A] well-conceived reform program…offers the opportunity to 
introduce new ways for expanding access to electricity supply by the 
poor, and it also helps target subsidies efficiently on the poor in place 
of current approaches that largely favor the better-off consumers.

Another negative aspect of power liberalization is its environmental impact. 
Although it promised to deliver an enhanced environmental quality by driving 
out old technologies and investing in new ones, the EPIRA reforms did not 
only “leave existing environmental problems unaddressed [but created] new 
challenges in meeting sustainability goals” (Byrne and Mun 2003, 59). The 
promotion of a short-term, profit-driven electricity system neglects sustainable 
alternatives such as RE technologies and demand-side efficiency because 
“electricity as a commodity drives economic actors to focus on selling more 
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kWhs [kilowatt-hours] – rather than providing more services with fewer kWhs” 
(Byrne and Mun 2003, 59). As a result, there is a considerably reduced interest 
in capital-intensive RE projects and a preference for cheaper fossil fuel plants 
due to shortened time horizons, increased borrowing costs, and heightened 
demand for higher rates of return under a liberalized and privatized set-up 
(Agbemabiese et al. 2003).  

Moreover, power liberalisation has fostered centralization instead of 
decentralization of the energy system “in the form of utility mergers and 
acquisitions, and in the operation of transmission and distribution networks” 
(Byrne and Mun 2003, 53). Byrne and Mun (2003, 54) also explain that 
“the transmission system is operated mostly as sophisticated technocratic 
institutions that enable the transfer of large volumes of electrons (and private 
gains) among a small number of sizable companies.” With the commodification 
of electricity, it makes sense for such companies to merge and increase the 
scale of power generation to compete in a less restrictive electricity market 
for “the delivery of large volumes of electricity to large, interconnected grids” 
(Byrne and Mun 2003, 55). Apart from being considered as disruptive in nature 
to incumbents with large sunk costs in existing technology infrastructure 
(Fuentes-Bracamontes 2016), decentralized electricity systems will not likely 
thrive in a market-oriented environment, unless various support mechanisms 
are extended to encourage deployment of RE technologies and distributed 
generation alongside power liberalization initiatives (Martinot 2003). This is 
problematic with the non-operationalization of the necessary fiscal and non-
fiscal incentive rules for offgrid RE development in the Philippines to the 
detriment of the 11 million Filipinos still without access to electricity.

5
The 2015 Paris Agreement, technology, and innovation are paving the way to 
an energy transition and a development path that allows developing countries 
to leapfrog environmentally into a low-carbon future. Global deployment of 
RE technologies indicates the realization of such a promise as demonstrated 
by the increasing share of RE in the energy mix worldwide to achieve the 
mitigation and adaptation goals of the 2015 Paris Agreement. This is enabled 
and sustained by a suite of international and national regulatory and policy 
instruments that are deemed 2015 Paris Agreement-compliant, while 
addressing the energy security, energy equity, and environmental sustainability 
pillars of the energy trilemma at once. 

Despite a national regulatory and policy framework that seeks to tackle the 
energy trilemma, the case of the Philippines exemplifies that much work needs 
to be done to balance the concerns on energy security, energy equity and 
environmental sustainability and overcome the barriers to a low-carbon future. 
A review of the existing regulatory and policy framework in the country reveals 

Conclusion and Moving Forward
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the gaps, constraints, and risks that the country confronts in moving to a low-
carbon future and meeting its 2015 Paris Agreement commitments, including 
the difficulty in escaping the carbon lock-in. In addition, it is proving to be very 
challenging to achieve consistency, coherence, and certainty in the sphere of 
regulations and policies to govern the energy transition. Accordingly, there 
are four main recommendations that can be teased out from the paper in 
moving forward.

First, there is a need to align all the related energy plans in the country 
considering that one prominent line department, the DoE, has the authority 
and opportunity under the existing legal and policy framework to implement 
a national energy policy, plan, and strategy that are in accordance with the 
country’s 2015 Paris Agreement commitments. Second, the remaining policy 
gaps need to be filled. For example, the updated NREP has to be issued to 
anchor medium and long-term expectations and provide predictability on the 
RE landscape in the country. In the updating process, the NREP also offers 
an opportunity to link RE targets and deployment to the policy objective of 
reducing harmful emissions and meeting adaptation targets. The opportunity 
for such a linkage can be quantified by undertaking a regulatory impact 
analysis or assessment of the NREP. Third, all the issued rules and regulations 
must be functional, operational, and implementable in their entirety, ensuring 
consistency and coherence across energy sector-related pieces of legislation. 
This will require an implementation review or study of the related rules and 
regulations, including an institutional capacity assessment to analyze the 
issues, resources, and opportunities associated with full implementation. 
Finally, the NDC must be completed and submitted soon in lieu of the INDC 
articulating in sufficient detail an evidence and science-based mitigation and 
adaptation target across the energy, transport, forestry, industry, and waste 
sectors, especially if the Philippines is to access the support required for the 
implementation of its 2015 Paris Agreement commitments, while mindful of 
the first global stocktake in 2023.

Decisions are still being made in the face of heightened climate change 
hazards that a climate vulnerable developing country such as the Philippines 
is confronting. There is still an opportunity to make the right ones, but time is 
of the essence.
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In October 2015, the Philippine government officially transmitted its Intended 
Nationally Determined Contribution (INDC) to the UNFCCC. The INDC is a 
declaration by a country of its planned reduction in GHGs over a period of 
time. A country’s INDC is converted to an NDC when it formally joins the 
Paris Agreement (PA) by submitting an instrument of ratification, acceptance, 
approval, or accession.

After ratifying the Paris Agreement in March 2017, the Philippine government 
reviewed its Nationally Determined Contribution (NDC) that was submitted 
in October, 2015. This resulted in a revised NDC that was communicated to 
the United Nations Framework Convention on Climate Change (UNFCCC) on 
15 April 2021. The country commits to a projected greenhouse gas (GHG) 
emission	 reduction	 and	 avoidance	 of	 75%	 referenced	 against	 a	 projected	
business	as	usual	(BAU)	cumulative	emission	of	3,340.3	MtCO2e for the period 
2020–2030.	 However,	 even	 if	 a	 significant	 part	 is	 conditional	 on	 financial	
assistance from multilateral agencies, the commitment is unrealistic given past 
trends in GHG emissions and projections under the Clean Energy Scenario 
of the Department of Energy (DOE). If the Philippine government cannot 
adjust the NDC, it can improve prospects of compliance by considering 
the following: a) the post-pandemic trend in GHG emissions,(i.e., lower the 
BAU scenario); b) an expanded policy space that covers all sources of GHG 
emissions, particularly in the agriculture sector; and c) a more aggressive 
Clean Energy Scenario. Nevertheless, the Philippine government should have 
been guided by the saying: “It is better to under-promise and over-deliver 
than to over-promise and under-deliver.”

Keywords: climate change, GHG emissions, nationally determined 
contribution, Clean Energy Scenario
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The Philippine INDC committed the country “to undertake GHG (CO2e) 
emissions reduction of about 70% by 2030 relative to its business as usual 
(BAU) scenario of 2000–2030” (Republic of the Philippines 2015). In theory, 
this should have been converted to an NDC when the Philippine Senate 
ratified the PA in March 2017. However, at that time the Philippine government 
decided that the parameters of the INDC had to be “revisited,” and the 
NDC be “reconstructed.”1 The Duterte administration argued that the BAU 
scenario was not quantified, and there was therefore no basis to calculate the 
equivalent of 70%. Moreover, the latter target was considered too ambitious 
primarily because the contribution of the Philippines to the global carbon 
footprint is negligible.

Nevertheless, it is important for the Philippines to demonstrate its willingness 
to cooperate with other countries in bringing down GHG emissions. A total 
of 192 countries submitted NDCs comprising 96% of GHGs. Following the 
PA, this concerted action is aimed at holding the global average temperature 
increase to “well below 2°C above preindustrial levels and pursuing efforts 
to limit the temperature increase to 1.5°C above pre-industrial levels.” This is 
referred to as the 1.5°C PA goal. However, as of September 2020, a substantial 
gap remains between the levels of emissions in 2025 and 2030 projected 
in the NDCs submitted to the UNFCCC and the lower levels that would be 
consistent with the temperature limit of the Paris Agreement (Climate Action 
Tracker 2021).

The benchmark emissions from a 1.5° Celsius compatible pathway are 40 
GtCO2e in 2025 and 26 GtCO2e in 2030. Comparing these with the emissions 
from the pledges and targets submitted on September 2020, which resulted 
in total global emissions of 48–52 GtCO2e by 2025 and 49–53 GtCO2e by 
2030, the Climate Action Tracker (CAT) calculates a gap of 9–12 GtCO2e by 
2025 and 23–27 GtCO2e by 2030. The benchmark emissions from a 2° Celsius 
compatible pathway are higher (46 GtCO2e in 2025 and 38 GtCO2e for 2030), 
and comparing these to the global emissions from the pledges and targets 
quoted above, the gap ranges between 2–6 GtCO2e for 2025 and 10–15 
GtCO2e in 2030.

Anticipating these gaps, countries agreed to review and update their NDCs at 
least every five years. On April 15, 2021, the Philippine government submitted 
a recalibrated  NDC to the UNFCCC. This paper evaluates the original and 
current INDC/NDC. The next section provides the context in terms of three 
charts. Section 3 explains why the Philippines will have difficulty complying 
with an “ambitious” NDC. Section 4 proposes a way to recast the NDC or at 
least improve the prospects of complying with the commitments.

1 https://
climate.gov.ph/
files/NDC%20
Briefer
%203.1%20
Optimized-
page1_
1600062989.
pdf 

(this link has 
since been 
disengaged).
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2
A number of international organizations initiated reviews and assessments 
of INDCs leading up to and following the 21st Conference of the Parties to 
the UNFCCC. A brief inventory conducted under the auspices of the Asian 
Development Bank (ADB) can be found in Amponin and Evans (2016). Since 
there has been no formal NDC from the Philippines, the evaluations for the 
country have been based on the INDC.

Among the studies reviewed by ADB is a portal that reports factsheets for 195 
countries prepared by the Australian–German Climate and Energy College of 
the University of Melbourne (UoM) in cooperation with the PRIMAP (Potsdam 
Real-time Integrated Model for the probabilistic Assessment of emission Paths) 
group at the Potsdam Institute for Climate Impact Research. The October 
21, 2017 factsheet for the Philippines is shown in Figure 22.1 (University of 
Melbourne, n.d.).

The Philippine Context: A Tale of Three Charts

Figure 22.1:
INDC factsheet 
for the 
Philippines as 
of October 21, 
2017 

Source: 
University of 
Melbourne, 
n.d.).



413Policy Studies in Support of Energy SecurityChapter 22

Two different paths—each for the case when land-use, land-use change 
and forestry (LULUCF) activities are taken into account and when they are 
excluded—are represented in the chart. The “low” scenario is the low emission 
case, or more precisely the case where there is a low reduction in emissions, 
which is taken as the lower end of the range of the conditional INDC pledge. 
If there is no conditional pledge, the lower end of the unconditional pledge’s 
range is taken. On the other hand, the “high” scenario is the high emission-
reduction case which is taken as the higher emission end of the range of the 
unconditional INDC pledge. Four paths are therefore depicted. There is a 
“low” and “high” case scenario excluding LULUCF and a “low” and “high” 
case scenario including LULUCF.

In the Philippine case, the high case scenario excluding LULUCF is a reduction 
from 206 MtCO2e in 2015 to 143 MtCO2e in 2030. The latter is 70% of the 
former. The low case scenario which is UoM’s interpretation of BAU is 231 
MtCO2e in 2030, which is 112% of the level in 2015. All figures are reduced by 
105 MtCO2e if LULUCF activities are included.2

Meanwhile, the latest CAT for the Philippines is shown in Figure 22.2. The 
CAT is an independent scientific analysis that tracks government climate 
action and measures it against the globally agreed PA. A collaboration of 
two organizations, Climate Analytics and New Climate Institute, the CAT 
has been providing this independent analysis to policymakers since 2009. 
CAT quantifies and evaluates climate change mitigation commitments, and 
assesses whether countries are on track to meeting those. It then aggregates 
country action to the global level, determining likely temperature increase by 
the end of the century. Box 22.1 explains why LULUCF activities are excluded 
by CAT in its analysis.

2 The 105 
MtCO2e gain 
from LULUCF 
activities was 
obtained 
from the GHG 
inventory 
conducted in 
2000. The last 
inventory was 
conducted in 
2010. The gain 
from LULUCF 
activities was 
estimated at 
37 MtCO2e in 
2010.

Figure 22.2:
Climate Action 
Tracker for the 
Philippines 
(Source: 
Climate Action 
Tracker 2021).
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There are several inter-related factors that lead to the 
approach in which CAT rates all governments’ NDCs 
against their fair share contribution towards reducing 
emissions from fossil fuel combustion, industry, agriculture 
and waste sources—in effect on their contribution towards 
long-term decarbonization—excluding LULUCF. In 
summary, the CAT assesses NDCs without emissions from 
LULUCF because of the following:

• The importance in decreasing CO2 and other GHG 
emissions from fossil fuel combustion, industry, 
agriculture and waste sources in order to meet the 
1.5° and 2° Celsius limits.

• Large data uncertainty around LULUCF emissions 
data.

• The need to compare “like with like” between 
NDCs, and to disentangle diverse approaches to 
LULUCF accounting in order to understand trends in 
decarbonization.

• The need to increase transparency about the adequacy 
of targets.

• Methodological constraints with fair share literature 
predominantly based on GHG emissions excluding 
LULUCF and with very different drivers and dynamics 
between fossil fuel and industrial GHG emissions and 
LULUCF.

Box 22.1:
Reasons	Why	
LULUCF is 
Excluded by 
CAT

Source: 
Climate Action 
Tracker, n.d.)

CAT’s main advantage over the UoM-PRIMAP factsheet is the consideration of 
the impact of the COVID-19 pandemic. Hence, the different scenarios (Figure 
22.2), which start with a 2017 level of GHG emissions of 202 MtCO2e, include:3

3 The BAU scenario of UoM has a higher intercept in the year 2015 (206 versus the 182 of CAT) but 
lower slope. It therefore ends with a lower BAU projection in 2030. The numbers are consistent, 
however, and paint the same picture. UoM and CAT data after 2010 are unofficial since the 
last official inventory of GHG emissions was conducted by the Philippine government in 2010. 
Detailed data for CAT are available at https://climateactiontracker.org/countries/philippines/.
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The Philippine government has focused on the post-
pandemic economic rescue, proposing few green 
recovery measures. The ARISE (Accelerated Recovery and 
Investments Stimulus for the Economy of the Philippines) 
stimulus package intends to accelerate the recovery 
by injecting Php 1.3 trillion (USD 26 billion) into the 
economy. The main measures target credit guarantees 
for small businesses, cash aid programs and other social 
protection measures. The CARE (Corporate Recovery and 
Tax Incentives for Enterprises) is one exception. It reduces 
the income taxes of RE-related companies as an attempt 
to increase “green” investments and jobs.

Other developments indicate that renewables may gain 
space in the electricity mix in the near future. In November 
2020, the Department of Energy announced it will not 
endorse new coal plants and push for the transition from 
fossil fuel-based technology utilization to cleaner energy 
sources to ensure more sustainable growth for the country. 
Between 8 and 10 GW of the Philippines’ coal-fired power 
plant pipeline, which is now at 12 GW, could come under 
the moratorium.

Additionally, the draft Philippine Energy Plan (PEP) forecasts 
a much higher uptake of solar energy, in comparison to 
the National Energy Renewable Programme. A series 
of reforms are underway to create a more competitive 
electricity market that favors RE. The establishment of new 
renewable market rules, under which renewable auctions 
will take place, and a carve-out clause allowing utilities to 

Box 22.2:
CAT Planned 
Policy 
Projections for 
the Philippines

Source: 
Climate Action 
Tracker, n.d.

• Pre-COVID-19 trend using current policy projections, which ends with a 
forecast of 271 MtCO2e in 2030;

• Post -COVID-19 trend using current policy projections which ends with a 
forecast ranging from 244 to 257 MtCO2e in 2030; and

• Post-COVID-19 trend using planned policy projections which ends with a 
forecast ranging from 166-241 MtCO2e in 2030.

Current policy projections are equivalent to a BAU scenario. The lower GHG 
emissions related to the post-COVID-19 forecasts are a result of a decline in 
economic activity due to the lockdown. Lower economic activity translates 
to lower demand for energy. Meanwhile, planned policy projections are 
described in Box 22.2 and include the impact of the recent moratorium on 
new coal-fired power plants.
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curtail coal-fired power generation, will level the national 
playing field.

However, recent developments in the energy sector 
remain contradictory. The draft PEP does not include the 
moratorium on new coal-fired power plants announced in 
October, and aims to introduce inflexible nuclear power to 
the power grid. These developments are not in line with 
President Duterte’s speech in July 2019 when he stated the 
need to fast-track the development of renewable energy 
sources and to reduce dependence on traditional energy 
sources such as coal. The review of the PEP, which covers 
the next two decades, is an important moment to outline 
a path for the energy sector compatible with the PA.

The moratorium on new coal could reduce emissions 
by 32–35% in 2030 in comparison to the current policy 
projections. The Philippines is the first among the coal-
dominated Southeast Asian countries to implement such 
a moratorium. This measure could curb the Philippines’ 
emissions curve and bring the country much closer to its 
NDC target. There is a lot of uncertainty, as the full effect 
of the COVID-19 pandemic or the recovery measures on 
economic development are still unclear. However, the 
economic downturn in 2020 will influence emissions for 
many years. The CAT’s current policy projections show 
emissions 2–7% lower in 2030 compared to the previous 
estimate in December 2019.

All 2030 CAT forecasts for Philippine GHG emissions fall in the yellow segment 
of the six color scheme (see Annex for an explanation). This implies that the 
2015 INDC of the Philippines is rated “fair” by CAT and is within the “2°C 
compatible” range. It should be noted that by 2050 the Philippines will have 
a very narrow window to target for its level of emissions to be evaluated as 
“fair.” 

The CAT planned policy projections are analogous to the “high” UoM 
scenarios. For the Philippines, the “high” UoM scenario is a level of GHG 
emissions of 143 MtCO2e in 2030. The CAT forecast is 166–241 MtCO2e 
in 2030, which is higher. This implies that there were no significant policies 
that were implemented between 2017 (the year of the latest UoM figures) 
and November 2020 (the date of the latest CAT report) that would justify 
maintaining the 2030 projection at 143 MtCO2e.
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The third chart (Figure 22.3) is obtained from figure 44 of the PEP for 2018–
2040. Actual GHG emissions are clearly much lower than those shown 
in Figures 22.1 and 22.2 and this is because the PEP data are only for the 
energy and transport sectors. For example, in 2017 CAT reports the level of 
GHG emissions at 202 MtCO2e while the PEP calculated it at 118.5 MtCO2e. 
GHG emissions emanate from five sectors: energy (including transportation), 
agriculture, industrial process, waste, and LULUCF activities. According to the 
World Resources Institute Climate Analysis Indicators Tool (WRI CAIT), the 
distribution of GHG emissions in 2012 was as follows: energy sector (54%), 
followed by agriculture (33%), industrial processes (8%), and waste (7%). 
LULUCF was a net sink (-1%) absorbing more emissions than it released due 
primarily to activities in the forest land subsector which in 2012 removed 1.64 
MtCO2e (USAID 2016).

The incompatibility of Figure 22.3 data with those in Figures 22.1 and 22.2, 
however, can be gleaned from the Clean Energy Scenario (CES). While lower 
than the reference scenario (REF), there is no inflection point that will bring 
GHG emissions to a level consistent with the original Philippine INDC. Granted 
that the INDC was never translated into an NDC, the Philippine commitment 
to the PA nevertheless has to be incorporated in the plans of the DOE. A 
roadmap has to be designed to bring GHG emissions to at least below 150 
MtCO2e excluding LULUCF by 2030. Figure 22.3 indicates that the forecast 
in 2030 even for CES is approximately 238 MtCO2e and if 2012 shares have 
been maintained, this is only 54% of total GHG emissions. A more aggressive 
CES has to be crafted by DOE.

Figure 22.3:
GHG emissions 
for energy and 
transport from 
the Philippine 
Energy Plan

Source: 
DOE, [n.d.]
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3
The 2021 Philippine NDC states: “The Philippines commits to a projected GHG 
emissions reduction and avoidance of 75%, of which 2.71% is unconditional 
and 72.29% is conditional, representing the country’s ambition for GHG 
mitigation for the period 2020 to 2030 for the sectors of agriculture, wastes, 
industry, transport, and energy. This commitment is referenced against a 
projected business-as-usual cumulative economy-wide emission of 3,340.3 
MtCO2e 12 for the same period” (Republic of the Philippines 2015).

Based on the CAT numbers (Figure 22.2), the closest scenario to the cumulative 
emission of 3,340.3 MtCO2e for 2020–2030 is the path labeled as “reference 
for NDC (CAT assessment).” The cumulative emission for 2020–2030 using 
CAT data is 3,292 MtCO2e, which is close to 3,340.3 MtCO2e. The most 
optimistic CAT scenario reduces cumulative emissions by 41%, equal to a 
cumulative total of 1,937 MtCO2e for the same period. 

Meanwhile, in order to achieve an NDC of 75%, cumulative GHG emissions 
for the period 2020–2030 have to be limited to approximately 835 MtCO2e. 
The CES reported in the PEP shows a cumulative emission of 2,113 MtCO2e—
combining both energy and transport— for the same period. This is only 
36.7% lower than the assumed BAU of 3,340.3 MtCO2e and way above the 
835 MtCO2e threshold. This implies that even if the other sectors have zero 
GHG emissions during this period, it would not be possible to achieve an 
NDC of 75%.

An argument can be made that the targets are conditional on the provision of 
finance by multilateral organizations. However, it is doubtful that any level of 
financing can compensate for the loss of livelihood that would be associated 
with the reduction in GHG emissions necessary to achieve the NDC target.

Evaluation of the 2021 NDC
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4.1 Impact of the Pandemic

4
The goal associated with the NDC can be redefined to take into account 
mitigating circumstances in order to make it more realistic. In addition, the 
policy space to achieve the stated goals can be expanded.

Because of the imposition of partial lockdowns, economic activity declined 
after the onset of the COVID-19 pandemic. Figure 22.2 shows a post-COVID 
scenario which involves a cumulative emission of 2,721 MtCO2e, lower than 
the BAU of 3,340.3 MtCO2e assumed by the Philippine government. Under 
the post-pandemic scenario, a 75% reduction entails an absolute amount of 
2,041 MtCO2e compared with 2,505 MtCO2e under the BAU scenario of the 
2021 NDC. The required amount of reduction in GHG emissions is lower if the 
impact of the pandemic is taken into account.

Nevertheless 2,401 MtCO2e remains to be a considerable amount. Even with 
an expanded policy space and a more aggressive CES, the government has to 
review the goal of a 75% reduction. As the saying goes: “It is better to under-
promise and over-deliver than to over-promise and under-deliver.”

Recasting the NDC

4 https://
climate.gov.ph/
files/NFSCC.pdf

4.2 Expanded Policy Space
In 2012, the energy sector accounted for 54% of GHG emissions. Assuming 
that the share has been steady, it is not surprising that the bulk of policy 
prescriptions revolve around the energy sector. For example, the CAT reports 
progress in policies solely focused on the energy sector (Box 22.2). However, it 
would be prudent for the government to explore policies beyond the energy 
sector. It is therefore encouraging that the National Framework Strategy on 
Climate Change (NFSCC) 2010–2022 devotes an entire chapter on mitigation 
strategies that cover most of the sources of GHG emissions. This was the 
basis for the National Climate Change Action Plan (NCCAP) for 2011 –2028. 
Key Result Areas for Climate Mitigation in the NFSCC deal with the following 
priorities:4

• Energy Efficiency and Conservation;
• Renewable Energy;
• Environmentally Sustainable Transport;
• Sustainable Infrastructure;
• National REDD+ strategy (Reducing Emissions from Deforestation                             

and forest Degradation); and
• Waste Management.
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4.3 A More Aggressive Clean Energy Scenario

5 For 
example, see 
Government 
of Netherlands 
(n.d.).

While there are references to energy efficiency, it is not at all clear whether 
the CES incorporates policies that arise from Republic Act (RA) 11285 or 
the Energy Efficiency and Conservation (EE&C) Act. For example, the PEP 
reports an annual decline in energy intensity which depends on the successful 
implementation of energy efficiency programs. However, the PEP does not 
break down the deviation of the CES from the reference scenario (REF) into 
the effect of an increase in the share of RE and the impact of the 
EE&C Act.

Among the prominent policy prescriptions found in the literature, several 
deal with contributors to GHG emissions other than the energy and transport 
sectors. Among these policies are:5

• Reducing methane emissions from livestock through improved 
processing of manure;

• Carbon storage in soil and vegetation through pilot programs for 
climate-friendly land use; and

• Incentives for climate-friendly food consumption and reducing food 
waste.

Even if not discussed directly, these items can readily be incorporated in the 
NFSCC and NCCAP. For example, the topic of waste management has to be 
made more detailed and exhaustive.

Based on this discussion, however, it seems the Philippine government has 
not dealt directly with GHG emissions from the agriculture sector. There is 
an entire literature on the topic of carbon farming which is not mentioned 
in either the NFSCC or the NCCAP. Carbon farming encompasses a variety 
of agricultural methods aimed at sequestering atmospheric carbon into the 
soil and in crop roots, wood, and leaves. The Department of Agriculture can 
recommend policies along this line.

Figure 22.4:
Comparing 
the reference 
scenario and 
clean energy 
scenario

Source: 
DOE, [n.d.]
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Meanwhile, Box 22.2 states that the PEP did not take into consideration the 
moratorium imposed by the DOE on coal power plants. The CES is largely 
based on pronouncements made by DOE following the enactment of the RE 
Act of 2008. Hence, the share of RE is approximately 35% in 2040 (Figure 
22.4), which follows the Renewable Portfolio Standard established by DOE. 
The difference in installed capacity of coal between REF and CES is negligible 
in 2030 and becomes evident only in 2040 (Table 22.1). In order to adhere to 
the NDC, the DOE should exert effort to accelerate the timeframe and move 
the 2040 scenario to 2030. This can be accomplished by combining three 
elements (Yap and Lagac 2020, Chapter 10 of this anthology) into what can 
be described as a simplified structure. The first is explicitly acknowledging 
the impact of the moratorium on new applications for greenfield coal power 
plants. By effectively narrowing the options for energy firms in terms of future 
expansion, resources will be diverted to other sectors like RE. This is industrial 
policy in its purest form.

For an effective, smooth, and just transition to a lower carbon emission scenario, 
the private sector and the government must cooperate in a constructive 
manner. The latter must work to reduce the economic uncertainty that will 
be generated by the moratorium. This can be achieved by consolidating 
the various RE programs and policies and anchor them to the Competitive 
Renewable Energy Zones or CREZ (Lee et al. 2020), which is the second 
element of the simplified structure.

Installed Capacities Total Capacity
Additions by 2040

Fuel Type
2018 2030 2040

Actual REF CES REF CES REF CES

Coal 8844 18900 17850 31470 18150 22626 10506

Oil-Based 4292 1993 1993 1993 1993 114 75

Natural Gas 3453 4760 4620 18240 21660 14787 18207

Renewable 7226 25266 26259 38881 50479 34289 45337

Geothermal 1944 1890 1890 1770 2770 697 1597

Hydro 3701 9247 9920 9629 12302 7659 9882

Biomass 258 660 660 660 1550 402 1292

Solar 896 11393 11393 22050 24960 21154 24064

Wind 427 2076 2396 4772 8897 4378 8503

Other 
Technology

- - - - 1200 - 1200

TOTAL 23,815 50,919 50,722 90,594 93,482 71,817 75,325

Table 22.1:
Comparing 
the reference 
scenario and 
clean energy 
scenario

Source: 
DOE, [n.d.]
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The last element of the simplified policy structure aimed at increasing the 
share of RE is revisiting the option of nuclear energy (Yap 2020, which has 
been published and is reproduced in Chapter 20 of this anthology). While 
it is not classified as RE, nuclear energy has contributed significantly to the 
reduction in GHG emissions. This option will be useful if capacity factors of 
solar, wind, and hydro are not expected to improve significantly beyond 2040, 
(e.g., the cost of battery storage will not decline to profitable levels in the 
foreseeable future). Estimates show that when there is collaboration between 
nuclear and renewables, the cost of reaching a carbon-free grid could fall by 
as much as 62% (Kempfer 2019).

4.4 The Issue of Including LULUCF Activities in the NDC
In a letter dated February 9, 2021 addressed to Secretary Carlos Dominguez 
of the Department of Finance, members of Philippine civil society questioned 
why the contribution of the forestry sector was not included in the proposed 
NDC. Including the forestry sector in the calculation of net GHG emissions 
would demonstrate its role as a “net sink.” This would then encourage 
investment in forest protection and conservation programs.

In response, the Philippine government, through the Climate Change 
Commission, cited the need to keep “the integrity of the accounting process, 
also known as ‘mitigation mathematics.’” This is directly related to the 
explanation provided in Box 22.1. 

It should be noted, however, that the importance of the forestry sector has 
always been recognized by the government. As evidence, one of the Key 
Result Areas for Climate Mitigation in the NFSCC is a National REDD+ strategy 
(Reducing Emissions from Deforestation and Forest Degradation).

The Philippine government also identified opportunities for the forestry sector 
to obtain means of implementation (MOI) support independent from the NDC 
process. Examples are from the Green Climate Fund (GCF) and Adaptation 
Fund.
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Annex: Explaining the Climate Action Tracker Color Scheme

The level of GHG emissions for each country falls in one of six colors. This is shown below:
Although there are no agreed guidelines on what would constitute a fair level of contribution 
to the global effort, beyond the general understanding of it to reflect the “highest possible 
ambition” and “common but differentiated responsibilities and respective capabilities, in 
the light of different national circumstances” (Paris Agreement, Article 4.3), governments are 
expected to provide some justification of their proposed efforts.

The Paris Agreement envisages an iterative approach to updating and progressing NDCs, in 
which individual government efforts are to be regularly revised, informed by a regular global 
stock-taking process.

The Climate Action Tracker (CAT) provides a transparent way of comparing NDCs with the 
many interpretations of what is “fair.” The CAT’s “fair share” range rating system is based on 
published scientific literature on what a country’s total contribution would need to be to make 
a fair contribution to implementing the Paris agreement. In order to make a fair contribution 
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to meeting the Paris Agreement’s goals, developed countries need to make both domestic 
emission reductions and assist poorer countries reduce their emissions. This means that a 
country’s total NDC “fair share” action range is the total sum of domestic reductions plus 
emission reductions overseas (from climate finance, providing means or implementation or 
acquisition of emission units, if those are in turn discounted in the host country). Thus, in 
addition to domestic emissions reduction targets, the “fair share” NDC emissions reduction 
range as estimated by the CAT would almost always require a developed country to provide 
enough climate finance, or support via other means of implementation to bring the total 
emissions reduction contribution of that country down to the required “fair share” level.

Each section corresponds to the temperature outcomes that would result if all other 
governments were to put forward NDCs with the same relative ambition level.

For example, if all governments were to put forward “insufficient” NDCs at the least ambitious 
end of their Fair Share range (maximum fair emissions), warming would more likely than not 
exceed 2° Celsius and be below 3° Ceslsius by the end of the century.

An “insufficient” rating therefore means that although the NDC could be considered fair by 
some approaches, it is not sufficient to hold warming below 2° Celsius, much less 1.5° Celsius, 
unless others do substantially more.

If all governments were to put forward NDCs within the “2°C compatible” category, warming 
could be held below 2° Celsius with a likely probability (66% or greater), but not “well below 
2°C” or below 1.5° Celsius.

If all governments put forward “1.5°C Paris Agreement compatible” NDCs at the most 
ambitious of their “fair share” range (minimum fair emissions), warming would be held well 
below 2° Celsius and limited to 1.5° Celsius.

Source: Climate Action Tracker (2021)
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In	2015,	the	Philippines	ratified	the	Paris	Agreement,	which	aims	to	reduce	
greenhouse gas (GHG) emissions in the world as part of a global response to the 
threat of climate change. Pursuant to its commitment to the Paris Agreement, 
the Philippines communicated its Nationally Determined Contribution (NDC) 
(2021) to the United Nations Framework on Climate Change (UNFCCC). In its 
NDC, the Philippines committed to “a projected GHG emissions reduction and 
avoidance	of	75%,	of	which	2.71%	is	unconditional	and	72.29%	is	conditional,	
representing the country’s ambition for greenhouse gas mitigation for the 
period	2020	to	2030	for	the	sectors	of	agriculture,	wastes,	industry,	transport,	
and energy” (2021, 4). This paper examines the policies and laws that the 
Philippines must make and implement in order to achieve its objective of 
significantly	 lowering	 its	 greenhouse	 gas	 emissions	 pursuant	 to	 its	 NDC	
commitment.	The	first	part	of	the	paper	focuses	on	the	problem	of	climate	
change in the world and in the Philippines, as well as the need for the Philippines 
to reduce its greenhouse gas emissions. Then, the study looks into the different 
international agreements on climate change. After this, the paper discusses 
existing Philippine Government policies, laws, implementing rules and 
regulations (IRR), executive orders, administrative orders, and administrative 
issuances that can help the Philippines comply with its commitment. Based on 
this discussion, the paper gives policy recommendations and proposes laws. 
Finally, it concludes by featuring current events on climate change policy and 
proposes a way forward to a carbon-free future. 

Keywords: Energy, Nationally Determined Contribution, law, policy,
climate change
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1

“Climate change affects humanity as a whole and should be confronted 
within a global framework so as to take into account the vital interests of 
all mankind.” - United Nations General Assembly, 1988 (as cited in La Viña, 
Villarin, and Loyzaga 2008).

Climate change is a problem that the whole world has to deal with. Climate 
change is defined as “change of climate which is attributed directly or indirectly 
to human activity that alters the composition of the global atmosphere and 
which is in addition to natural climate variability observed over comparable 
time periods” (United Nations 1992).

Climate change as defined above is primarily caused by greenhouse gas 
emissions (such as carbon dioxide and methane) which are released into the 
atmosphere when humans burn fossil fuels (such as coal, oil, and natural gas) 
for energy use. In the natural order of things, when sunlight heats the Earth, 
some of that infrared radiation escapes into space. However, due to the 
unnatural large quantities of carbon dioxide in the atmosphere brought about 
by humanity’s continued burning of fossil fuels, an enhanced greenhouse effect 
occurs. Large amounts of this infrared radiation are trapped and absorbed by 
the greenhouse gases in the Earth’s atmosphere which result in the warming 
of the lower atmosphere and the surface of the Earth (La Viña, Villarin, and 
Loyzaga 2008).

Climate change and global warming due to humanity’s continued use and 
burning of fossil fuels are as real as it gets. In 2007, the Intergovernmental 
Panel on Climate Change (IPCC) declared that “the warming of the climate 
system is unequivocal, as is now evident from observations of increases in 
global average air and ocean temperatures, widespread melting of snow and 
ice, and rising global average sea level” (as cited in La Viña, Villarin, and 
Loyzaga 2008). Indeed, over the past 100 years, the average annual surface 
temperature of the Earth has increased between 0.56 to 0.92 °C. From an 
average global surface temperature of below 0 °C in 1900, this has now 
increased to 0.77 °C in 2015 (The Economist 2016). Since 1850, eleven of the 
twelve warmest years occurred between 1995 and 2006  (La Viña, Villarin, and 
Loyzaga 2008).

Greenhouse gases such as carbon dioxide and methane continue to be 
produced today due to humanity’s continued burning of fossil fuels that 
continue to cause global warming. Global greenhouse gas emissions have 
grown since pre-industrial times. Annual carbon dioxide emissions increased 
by about 80% between 1970 and 2004 (La Viña, Villarin, and Loyzaga 2008). 
According to the National Oceanic and Atmospheric Administration (NOAA), 
carbon dioxide levels in the world’s atmosphere are at their highest in 800,000 
years (as cited in Union of Concerned Scientists 2016). More specifically, 
compared to the past 650,000 years, the carbon dioxide levels of up to 385 

Introduction: The Problem of Climate Change
in the World and in the Philippines
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parts per million (PPM) in the atmosphere today are higher than they have ever 
been in history. The projected scenario threshold is 450 ppm because, beyond 
this, global warming cannot be contained below 2 °C and the consequences 
will be catastrophic (Union of Concerned Scientists 2016).  

Climate change has harmful effects to humanity and to the environment. 
These effects include the rising surface temperatures, more extreme weather 
disasters such as stronger typhoons and cyclones1, the melting of glaciers 
and snow coupled by the expansion of the ocean which would cause rising 
sea and river levels resulting to flooding in many areas in the world, more 
forest wildfires displacing people and destroying ecosystems, the death of 
flora (plants and crops) and fauna (animals and livestock) which would mean 
less food source for people, and more deserts and dry regions in the world 
with no vegetation and no animals (ACCIONA n.d.). 
 
As an archipelago in the Western Pacific Ocean that lies within the typhoon 
belt and the Pacific Ring of Fire, the Philippines is vulnerable to the effects of 
climate change and thus must take the issue of climate change seriously. The 
country is especially vulnerable to extreme weather events caused by climate 
change such as typhoons, floods, and rising sea levels. The Global Climate 
Risk Index 2017 ranked the Philippines as the world’s fifth most affected by 
extreme weather disasters and natural hazards such as typhoons even while 
the global average temperature increase is still at +1 °C above pre-industrial 
levels (as cited in La Viña et al. 2018). More recently, the World Risk Report 
2018 ranked the Philippines third among all countries with the highest risks 
worldwide to natural disasters and hazards, with an index value of 25.14% 
(Heintze et. al 2018). 

It is unfortunate that the Philippines continues to use fossil fuels that harm 
the environment. According to the 2019 Department of Energy (DOE) Power 
Situation Report, most of the power generation mix of the Philippines come 
from fossil fuels such as coal (54.6%), natural gas (21.1%), and oil (3.5%). This 
means that fossil fuels make up 79.2% of the Philippines power generation 
mix, while only 20.8% came from renewable energy. 

The total greenhouse gas emissions of the Philippines for the year 2020 was 
at 120 million ton of CO2 equivalent (MtCO2e), of which 58.3% were emissions 
from the power generation sector2, 22.9% from the transport sector, 18.1 % 
from the industry sector, and 0.7% from other sectors. More specifically, the 
largest contributors to greenhouse gas emissions in the Philippines for the 
year 2020 were coal (55.9 %) and oil emissions (37.66%) (DOE 2020a). 
 
The worldwide phenomenon of climate change and global warming 
exacerbated by the Philippines own continued use of fossil fuels, has made 
the Philippines even more vulnerable to stronger typhoons, rising sea levels, 
as well as physical, economic, and social destruction. Indeed, the Philippines 
has been experiencing some of the strongest typhoons it’s ever had in its 
history. In September 2009, Typhoon Ondoy (known internationally as Typhoon 

1 In theory, 
warmer 
sea-surface 
temperatures 
mean more 
frequent 
and stronger 
storms.

2 There was 
an increase 
in household 
consumption of 
electricity due 
to lockdowns 
and work from 
home practices 
in response to 
the pandemic. 
There is also 
an increase in 
the utilization 
of coal as fuel 
input for power 
generation.
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Ketsana) hit the Philippines and, in just one day of rainfall, caused massive 
flooding in many parts of Metro Manila and caused approximately PhP 10 
billion worth of damage. In November 2013, Typhoon Yolanda (more widely 
known as Typhoon Haiyan) struck the Philippines. It caused massive flooding 
and storm surges killing more than 8,000 Filipinos, and ravaged more than 
44 provinces and hundreds of municipalities, affecting more than 16 million 
Filipinos (La Vina and Reyes 2021).

It is projected that the worsening climate change situation would cause even 
more stronger typhoons and natural disasters in the Philippines, which would 
mean more suffering for the Filipino people. The projected impacts of a 1-meter 
sea-level rise due to climate change in selected areas of Luzon (Metro Manila, 
Cavite, and Bulacan) show vast areas being inundated, thereby affecting coastal 
settlements and livelihood. Another study led by the Philippine Atmospheric, 
Geophysical and Astronomical Services Administration (PAGASA) estimates 
that a 1-meter rise in sea level by 2025 would flood over 5,000 hectares of 
land and displace more than 2 million people in Manila Bay (La Viña, Villarin, 
and Loyzaga 2008).

All this show that the Philippines would be one of the most devastated areas 
affected by climate change (La Viña and Reyes 2021). It is for this reason 
that the Philippines ratified the 2015 Paris Agreement which aims to reduce 
greenhouse gas emissions in the world as part of a global response to the 
threat of climate change. Among the commitments of the parties like the 
Philippines to the 2015 Paris Agreement is to “hold the increase in the global 
average temperature to well below 2 °C above pre-industrial levels and to 
pursue efforts to limit the increase even further to 1.5 °C above pre-industrial 
levels.”
 
On April 15, 2021, pursuant to its commitments to the Paris Agreement, 
the Philippines communicated its Nationally Determined Contribution 
(NDC) to the United Nations Framework on Climate Change (UNFCCC). 
In its NDC, the Philippines committed to “a projected greenhouse 
gas emissions reduction and avoidance of 75%, of which 2.71% is 
unconditional and 72.29% is conditional, representing the country’s 
ambition for greenhouse gas mitigation for the period 2020 to 2030 
for the sectors of agriculture, wastes, industry, transport, and energy.”  

This Paper analyzes the policies and laws that the Philippines needs to craft and 
enact in order to achieve its objective of significantly lowering its greenhouse 
gas emissions pursuant to its NDC commitment under the Paris Agreement 
submitted to the UNFCCC. 

This first part of this Paper focuses on the problem of climate change in the 
world and in the Philippines, as well as the need for the Philippines to reduce 
its greenhouse gas emissions. 
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The second part investigates the different international agreements on climate 
change, including the ones which the Philippines ratified. 

The third part discusses the existing Philippine policies, laws, implementing 
rules and regulations (IRR), executive orders, administrative orders, and 
administrative issuances that can help the Philippines comply with its 
commitment to reduce its greenhouse gas emissions pursuant to its NDC. 
These include, among others, the Renewable Energy Act (Republic Act No. 
9513), the Climate Change Act of 2009 (R.A. No. 9729), the Philippine Clean 
Air Act (R.A. No. 8749), the Biofuels Act of 2006 (R.A. No. 9367), and the 
Energy Efficiency and Conservation Act (R.A. No. 11285). 

The fourth part proposes policy recommendations and laws which the Philippine 
Government may enact in order to fully comply with its commitments under 
the NDC (i.e., to substantially reduce its greenhouse gas emissions by the 
year 2030). 

The fifth part draws a conclusion, which looks at current events on climate 
change policy and proposes a way forward as to how the Philippines can 
navigate through these circumstances towards reducing its greenhouse gas 
emissions with the end goal of a carbon-free future. 

2

The global community started to recognize the threat of climate change in 
1979 when the World Meteorological Organization (WMO) organized the 
first World Climate Conference in Geneva, Switzerland, which was the first 
ever international conference that discussed climate change. Studies were 
presented which identified human activities as the leading cause of increased 
concentrations of carbon dioxide in the atmosphere causing global warming 
and climate change. The conclusion of the conference, summarized in the 
Declaration of the World Climate Conference, urged governments to cut 
greenhouse gas emissions and other human induced changes in the climate. 
The Conference led to the creation of the World Climate Program (WCP) (La 
Viña, Villarin, and Loyzaga 2008).

In 1988, the United Nations General Assembly addressed the issue of climate 
change for the first time by adopting Resolution 43/53 which recognized 
climate change as a common concern for all mankind. The United Nations 
General Assembly declared that:

Philippines’ Commitments to International Agreements
Related to Climate Change and Reduction of Greenhouse 
Gas Emissions
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“Climate change affects humanity as a whole and should be confronted 
within a global framework so as to take into account the vital interests 
of all mankind.” (as cited in La Viña, Villarin, and Loyzaga 2008).

In the same year, the WMO and the WCP created the IPCC, an international 
body tasked with studying human-induced climate change. Since its inception, 
the IPCC’s findings are respected as authoritative and thereby instrumental 
in global climate change policymaking (UNFCCC Negotiations: A Resource 
Book 2019). The IPCC has concluded that global warming due to human 
activities is “evident from observations of increases in global average air and 
ocean temperatures, widespread melting of snow and ice, and rising global 
average sea level” (as cited in La Viña, Villarin, and Loyzaga 2008). 

In 1990, the second World Climate Conference was held again in Geneva, 
Switzerland (La Viña, Villarin, and Loyzaga 2008). The IPCC’s First Assessment 
Report, completed in time for this conference, declared with certainty that 
emissions resulting from human activities are substantially increasing the 
atmospheric concentration of greenhouse gases which result to additional 
global warming, with carbon dioxide responsible for over half of the 
greenhouse effect (UNFCCC Negotiations: A Resource Book 2019). It 
concluded that global warming is real and that strong policy action from 
countries was needed to reduce future warming. 

In 1992, the United Nations organized the United Nations Conference on 
Environment and Development (UNCED), more popularly known as the “Earth 
Summit”, which was held in Rio de Janeiro, Brazil. In the said Summit, the 
Philippines was among the countries to commit to Global Agenda 21, which 
was UNCED’s program for action for promoting sustainable development and 
protecting the environment worldwide (Agenda 21 n.d.). 

The state parties to the Summit, including the Philippines, signed and 
eventually ratified the United Nations Framework Convention on Climate 
Change (UNFCCC), which was a commitment among all state parties to 
reduce greenhouse gas emissions and to stabilize “the greenhouse gas 
concentrations in the atmosphere at a level that would prevent dangerous 
anthropogenic interference with the climate system” (as cited in La Viña, 
Villarin, and Loyzaga 2008). 

The UNFCCC committed nations to take steps to mitigate global greenhouse 
gas emissions and established the principle of “common but differentiated 
responsibilities,” which recognized that countries varied in their contributions 
to climate change as well as in their capacities to address its impacts and 
mitigate emissions (UNFCCC Negotiations: A Resource Book 2019). It divided 
countries between Annex I Parties (developed countries)3 and non-Annex I 
Parties (the developing countries, of which the Philippines is part). The 
UNFCCC recognized that the largest share of historical and current global 
emissions of greenhouse gases originated in developed countries, and that 
the per capita emissions of Non-Annex I developing countries are still relatively 

3Including most 
Organization 
for Economic 
Cooperation 
and 
Development 
(OECD) 
countries, 
Eastern Europe, 
and countries 
which were 
formerly part 
of the Soviet 
Union.
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low compared to Annex I developed countries. It also recognized that Non-
Annex I developing countries, especially island countries like the Philippines, 
are most vulnerable to the adverse impacts of climate change such as floods, 
drought, and desertification (La Viña, Villarin, and Loyzaga 2008).

In 1994, in fulfillment of its mandatory requirement to the UNFCCC, the 
Philippines, through the Department of Environment and Natural Resources 
(DENR) and the Manila Observatory4, submitted its “Initial National 
Communication” to the UNFCCC.  It contained the Philippines’ total 
greenhouse gas emissions as of 1994, local initiatives on climate change, 
key stakeholders, mitigation and adaptation options, and other relevant 
information (La Viña, Villarin, and Loyzaga 2008).

In 1997, the Philippines took part in the UNFCCC negotiations in Japan where 
the Kyoto Protocol was signed and eventually ratified by the state. The Kyoto 
Protocol’s features include the following: (1) it set binding targets for thirty-
seven (37) industrialized countries (including the European Union) for reducing 
greenhouse house gas emissions by an average of 5% against 1990 levels 
which these state parties should achieve within the first commitment period of 
2008-2012; and (2) it established individual legally binding targets for Annex 
I parties to reduce their greenhouse gas emissions (La Viña, Villarin, and 
Loyzaga 2008). The Kyoto Protocol commits industrialized countries to limit 
and reduce greenhouse gas emissions in accordance with agreed individual 
targets. It only binds developed countries and places a heavier burden on 
them under the principle of “common but differentiated responsibility and 
respective capabilities,” because it recognizes that they are largely responsible 
for the current high levels of greenhouse gas emissions in the atmosphere 
(What Is the Kyoto Protocol? n.d.).

The Kyoto Protocol also provides market-based mechanisms to Annex-I 
countries in the effort to reduce their carbon emissions, namely: the Clean 
Development Mechanism (CDM), Joint Implementation, and Emissions 
Trading (La Viña, Villarin, and Loyzaga 2008). The CDM allows Annex I 
countries to meet part of their commitments to the Kyoto Protocol through 
projects in other low-income developing countries such as the Philippines 
(UNFCCC Negotiations: A Resource Book 2019).

In 2012, the Doha Amendment to the Kyoto Protocol was adopted by the 
state parties in Doha, Qatar for a second commitment period which started in 
2013 until 2020. During this period, Annex I countries committed to reduce 
greenhouse gas emissions by at least 18% below 1990 levels within the eight-
year period from 2013 to 2020 (What Is the Kyoto Protocol? n.d.).

In 2018, the Philippines ratified the 2015 Paris Agreement. The Paris 
Agreement is a legally binding international treaty on climate change. It was 
adopted by 196 Party-Countries at the Conference of the Parties (COP) 21 in 
Paris on December 12, 2015. Article 2 of the Agreement states that it aims 
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“to strengthen the global response to the threat of climate change, in the 
context of sustainable development and efforts to eradicate poverty” (The 
Paris Agreement 2015). Under the same Article, state parties committed to:

A. Hold the increase in the global average temperature to well below 
2 °C above pre-industrial levels and to pursue efforts to limit the 
increase even further to 1.5 °C above pre-industrial levels, recognizing 
that	this	would	significantly	reduce	the	risks	and	impacts	of	climate	
change; 

B. Increase the ability of countries to adapt to the adverse impacts of 
climate change and foster climate resilience and low greenhouse gas 
emissions development; and 

C.	 Make	 finance	 flows	 consistent	 with	 a	 pathway	 toward	 low	
greenhouse gas emissions and climate-resilient development”
(The Paris Agreement 2015).

Under Article 4, state parties to the Paris Agreement also committed to 
reach global peaking of greenhouse gas emissions as soon as possible and 
to undertake rapid reductions in greenhouse gas emissions thereafter in 
accordance with the best available science to achieve the target of having 
net-zero greenhouse gas emissions by mid-2021 (The Paris Agreement 2015).

As part of their commitment, state parties are tasked to prepare and submit 
successive “Nationally Determined Contributions” (NDCs) to the UNFCCC 
indicating what they want to achieve. An NDC is a communication by a 
country on how much it intends to reduce its greenhouse gas emissions and 
other actions that it plans to take to achieve the goals of the Paris Agreement, 
including preventing, mitigating, and adapting to the effects of climate change 
(La Viña, Villarin, and Loyzaga 2008). Each state party submits its updated 
NDC to the UNFCCC every five years. In coming up with their NDCs, Article 
13 of the agreement requires state parties to promote environmental integrity, 
transparency, accuracy, completeness, comparability, and consistency (The 
Paris Agreement 2015).

The Philippines was an active participant to the Paris Agreement. During 
the deliberations of the Agreement, the Philippine delegation consistently 
campaigned for a temperature cap of 1.5°C and clamored, in addition, for 
“a clear reference to human rights and the inclusion of indigenous people’s 
rights in the negotiating text.” These efforts turned into fruition when the call 
for the 1.5°C cap was included in the Agreement following the support of 112 
countries (UNFCCC Negotiations: A Resource Book 2019).

On October 1, 2015, the Philippines submitted its first NDC to the UNFCCC. In 
its first NDC, the Philippines pledged to reduce its greenhouse gas emissions 
by a massive 70% of its forecasted emissions by the year 2030, with most of 
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the reduction in emissions coming from the “energy, transport, waste, forestry, 
and industry sectors” (UNFCCC Negotiations: A Resource Book 2019).

On April 15, 2021, the Philippines communicated its revised NDC to the 
UNFCCC. In the revised NDC, the Philippines committed to “a projected 
greenhouse gas emissions reduction and avoidance of 75%, of which 2.71% is 
unconditional and 72.29% is conditional, representing the country’s ambition 
for greenhouse gas mitigation for the period 2020 to 2030 for the sectors 
of agriculture, wastes, industry, transport, and energy” (Republic of the 
Philippines 2021). The Philippines also committed to “endeavor to peak its 
emissions by 2030 in the context of accelerating the just transition of its sectors 
into a green economy and the delivery of green jobs and other benefits of 
a climate and disaster-resilient and low carbon development to its people, 
among others” (Republic of the Philippines 2021). The Philippines committed 
to undertake adaptation measures across the sectors of agriculture, forestry, 
coastal and marine ecosystems and biodiversity, health, and human security, 
among others, to preempt, reduce, and address residual loss and damage 
(Republic of the Philippines 2021).

It is the general policy of the Philippine Government to protect and to take 
care of the environment, including reducing carbon emissions as stated in 
its NDC. Section 16, Article II of the 1987 Philippine Constitution states that, 
“The State shall protect and advance the right of the people to a balanced 
and healthful ecology in accord with the rhythm and harmony of nature.”

As early as 1991, the Philippines was already active in crafting climate change 
policies when it established the Inter-Agency Committee on Climate Change 
(IACCC) through Administrative Order (A.O.) No. 220 (La Viña, Villarin, and 
Loyzaga 2008). Because climate change is an environmental issue that needs 
scientific and technical understanding, the IACCC is chaired by the DENR 
and is co-chaired by the Department of Science and Technology (DOST). It 
was initially made up of 13 government agencies and 1 NGO network, the 
Philippine Network on Climate Change (PNCC) (La Viña, Villarin, and Loyzaga 
2008).

The IACCC has the following tasks:  

A. To coordinate, develop, and monitor implementation of various 
climate change related activities; 

3 Existing Philippine Policies and Laws on Reduction of
Carbon Emissions and Addressing Climate Change
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3.1 Implementing Global Agenda 21, UNFCCC,
and Kyoto Protocol in the Philippines
As previously mentioned, the Philippines adopted Global Agenda 21 and 
ratified both the 1994 UNFCCC and the 1997 Kyoto Protocol. The Philippine 
Government then set out to make policies and enact laws to implement these 
international agreements to reduce carbon emissions and mitigate the effects 
of climate change. 

On September 15, 1992, then President Fidel Ramos created the Philippine 
Council for Sustainable Development (PCSD) through Executive Order No. 
15. The PCSD was the key mechanism for fulfilling the Philippines pledge to 
implement Global Agenda 21. 

In 1996, the PCSD issued “The Philippine Agenda 21: A National Agenda 
for Sustainable Development for the 21st Century” (Philippine Agenda 21), 
which is the framework for the implementation of Global Agenda 21 in the 
Philippines. The Philippine Agenda 21 espouses sustainable development, 
which means fulfilling human needs while maintaining the quality of the natural 
environment for current and future generations. It integrated sustainable 
development concerns into the macro-planning processes of the national 
government, institutionalized a multi-stakeholder approach to planning and 
decision-making from the national to the local level, and provided action 
agendas specific to each ecosystem (i.e., forests/upland, lowland/agricultural, 
urban, coastal/marine, and freshwater ecosystems) (Isberto 1998).

In the same year 1996, then President Fidel Ramos issued Memorandum 
Order No. 399 which officially adopted Philippine Agenda 21 as the Philippine 
Government’s national action agenda for sustainable development. 

In 1997, the IACCC formulated the National Action Plan on Climate Change. 
The Plan aimed to integrate climate change concerns in the development 
plans of government agencies (La Viña, Villarin, and Loyzaga 2008).

B. To coordinate representation(s) and formulate the Philippine 
position(s) in international negotiations, conferences, and meetings 
on climate change; 

C. To formulate and recommend climate change related policies and 
actions; and 

D. To serve as technical committee for the review and evaluation of 
project proposals for Global Environment Facility (GEF) funding” (as 
cited in La Viña, Villarin, and Loyzaga 2008).



438Policy Studies in Support of Energy SecurityChapter 23

In 2004, the Philippine Government, through Executive Order (E.O.) No. 
320, designated the DENR as the Designated National Authority for the 
implementation of the Kyoto Protocol’s Clean Development Mechanism 
(CDM) in the Philippines. Among the powers granted to the DENR under the 
E.O. were the following:

1. Formulate and develop a national CDM policy; 

2. Develop the criteria, indicators, standards, systems and procedures, 
and evaluation tools for the review of CDM projects; 

3. Undertake the assessment and approval of CDM projects that will 
be submitted to the UNFCCC and Kyoto Protocol;” 

4. Monitor the implementation of CDM projects; and 

5. Perform other functions that are related to and are in pursuance of 
the development of CDM.” (as cited in La Viña, Villarin, and Loyzaga 
2008).

In 2007, the Philippine Government, through A.O. No. 171, created the 
Presidential Task Force on Climate Change (PTFCC).  The main task of the 
PTFCC is to conduct a rapid assessment of the impact of climate change 
to vulnerable sectors such as water, agriculture, coastal areas, and marine 
ecosystems. The PTFCC’s functions also include: (1) undertaking strategic 
approaches and measures to prevent and reduce greenhouse gas emissions 
in the country; (2) conducting a comprehensive nationwide public information 
and awareness campaign on climate change; (3) designing concrete risk 
reduction and mitigation measures and adaptation responses; and (4) 
spearheading the integration and mainstreaming of climate risk management 
with development policies, plans, and programs of governments (as cited in 
La Viña, Villarin, and Loyzaga 2008).
 
Under E.O. No. 774 (2009) the PTFCC was initially tasked to develop the 
National Climate Change Framework. However, the Climate Change Act of 
2009 (R.A. No. 9729) transferred this task to the Climate Change Commission. 

On August 15, 2007, A.O. No. 171-A was issued by Malacañang transferring 
the chairmanship of the PTFCC from the DENR to the DOE and increasing the 
membership of the Task Force to include the Secretary of Education and the 
Chairman of the Commission on Higher Education (as cited in La Viña, Villarin, 
and Loyzaga 2008). 

In 2006,  non-government organizations and private businesses established the 
Philippine Greenhouse Gas Accounting and Reporting Program (PhilGARP) to 
curb carbon emissions. PhilGARP is a voluntary greenhouse gases accounting 
and reporting program for Philippine businesses. It aims to assist businesses 
in preparing their greenhouse gases inventories in order to enable them to 
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3.2 The Renewable Energy Act, the Climate Change Act,
and Other Laws that Promote the Reduction of
Carbon Emissions
In 2008, the Philippines enacted R.A. No. 9513, known the “Renewable Energy 
Act of 2008” (“the Renewable Energy Act”) which promotes and governs 
the “development, utilization and commercialization of renewable energy 
resources” in the Philippines. In recognizing that the bulk of harmful carbon 
emissions come from the burning of fossil fuels in industry and commerce, 
R.A. No. 9513 aims to accelerate the utilization of renewable energy resources 
in the country as an alternative source of power. The Renewable Energy Act 
seeks to achieve energy self-reliance through the adoption of sustainable 
energy development strategies to reduce dependence on fossil fuels (as cited 
in La Viña and Reyes 2021).

The Renewable Energy (RE) Act is designed to: 

(a) Accelerate the exploration and development of renewable energy 
resources such as, but not limited to, biomass, solar, wind, hydro, 
geothermal and ocean energy sources, including hybrid systems, 
to achieve energy self-reliance, through the adoption of sustainable 
energy development strategies to reduce the country’s dependence 
on fossil fuels and thereby minimize the country’s exposure to price 
fluctuations in the international markets, the effects of which spiral 
down to almost all sectors of the economy;

(b) Increase the utilization of renewable energy by institutionalizing 
the development of national and local capabilities in the use of 
renewable energy systems, and promoting its efficient and cost-
effective commercial application by providing fiscal and non-fiscal 
incentives;

5 Klima Climate 
Change Center 
of the Manila 
Observatory 
serves as the 
Secretariat.

properly identify and reduce their greenhouse gas emissions. An Inventory 
Management Plan template was specifically devised for the participating 
businesses to help them complete their greenhouse gas inventories. This is a 
project of the World Resources Institute (WRI) and the World Business Council 
for Sustainable Development (WBCSD), together with the DOE, the DENR, 
the Philippine Business for Environment (PBE), the Manila Observatory5, and 
more than twenty-five (25) private companies including Pilipinas Shell, Manila 
Electric Co., Ford Philippines, First Philippine Holdings Corp., and Ayala Land 
Inc. (as cited in La Viña, Villarin, and Loyzaga 2008).
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(c) Encourage the development and utilization of renewable energy 
resources as tools to effectively prevent or reduce harmful emissions 
and thereby balance the goals of economic growth and development 
with the protection of health and the environment; and

(d) Establish the necessary infrastructure and mechanism to carry out 
the mandates specified in this Act and other existing laws.”

The RE Act provides a national directive to encourage the use of renewable 
energy by attracting renewable energy developers through both fiscal 
incentives and structural policies. 

Fiscal incentives include: (1) the Feed-In-Tariff (FIT), (2) income tax holiday for 
the first seven years of the entity’s commercial operations, (3) net operating loss 
carry-over, (4) zero percent Value-Added Tax (VAT) on the sale and purchase 
of power generated from renewable energy resources, (5) cash incentive 
for missionary electrification, where renewable energy developers shall be 
entitled to cash generation-based incentive per kilowatt-hour generated, (6) 
tax exemption on carbon credits, wherein all proceeds from the sale of carbon 
emission credits shall be exempt from any and all taxes, (7) tax credit on 
domestic capital equipment and services, (8) VAT-free importation, (9), duty-
free importation, (10) special realty tax rate of 1.5%, and (11) a 10% corporate 
tax rate after the  said income tax holiday (DOE 2020a; Layug n.d.).

Under Section 2.5 of the 2010 Energy Regulatory Commission’s (ERC) FIT 
Rules, the Feed-in-Tariff System (FIT) refers to “a renewable energy policy that 
offers guaranteed payments on a fixed rate per kilowatt per hour (kWh) for 
emerging renewable energy sources, excluding any generation for own use.” 
Under the same rules, electricity consumers who are supplied with electricity 
through the distribution or transmission network “shall share in the costs of 
the FITs in part through a uniform charge (in Php/kWh) to be referred to as the 
FIT All and applied to all billed kWh.”
 
Structural policies include the Renewable Portfolio Standard (RPS), the Must-
Dispatch Rule, the Renewable Energy Market, the Green Energy Option 
Program, the Net-Metering Program, the Renewable Energy Market, and 
the Green Energy Auction Program (La Viña et al. 2018). The RPS, which was 
established pursuant to Section 6 of the RE Act, requires distribution utilities 
to source a minimum percentage or all their energy requirement or supply, as 
the case may be, from eligible renewable energy resources (as cited in La Viña 
et al. 2018). 

The DOE issued Department Circular No. DC2017-12-0015 (the RPS On-
Grid Rules) on December 30, 2017 and Department Circular No. DC2018-
08-0024 (the RPS Off-Grid Rules) on August 24, 2018. Both Circulars require 
distribution utilities to source a minimum percentage share of electricity of 
their energy mix from eligible renewable energy resources. The Circulars 
also require a Minimum Annual Incremental Renewable Energy Percentage 
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which increases the minimum percentage every year. Under these Circulars, 
the required minimum percentage share of renewable energy, as well as the 
Minimum Annual Incremental Renewable Energy Percentage, were initially set 
at one percent (1%). In 2021, the National Renewable Energy Board (NREB) 
recommended to the DOE an increase in the Minimum Annual Percentage 
Increment Renewable Energy Percentage from the initial 1% to 2.52% starting 
2023 to meet the country’s aspirational RE share of at least 35% in the country’s 
energy mix by 2030 (Yang 2021).

The Must-Dispatch Rule under the RE Act requires all intermittent renewable 
energy that enters the grid to be dispatched immediately (as cited in La Viña 
et al. 2018). In 2015, the DOE issued Department Circular No. 2015-03-0001, 
which provided a framework for the implementation of the “Must-Dispatch” 
and “Priority-Dispatch” of renewable energy resources in the wholesale 
electricity spot market.

The Green Energy Option Program (GEOP), which was established pursuant 
to Section 9 of the RE Act, aims to provide contestable customers the option 
to choose to purchase electricity from renewable energy sources (La Viña et al. 
2018). On April 22, 2021, the ERC issued ERC Resolution No. 8 which contains 
the Rules for the GEOP. The said Rules allow electricity consumers with an 
average monthly peak demand of at least 100 kilowatts (kW) for the past twelve 
(12) months to choose which eligible renewable energy facility they would like 
as their source of electricity. This process allows such consumers to get 100% 
of their electricity from renewable energy. A GEOP supply contract would then 
be executed between a duly authorized Renewable Energy Supplier and the 
electricity consumer (GEOP End-User) for the former’s supply of electricity to 
the latter (Domingo 2021). The said Rules also provide a regulatory framework 
that sets the technical and interconnection standards and wheeling fees of 
renewable energy-based power generating facilities (Domingo 2021). As of 
August 2021, the DOE has issued 14 green option program operation permits 
to qualified renewable energy suppliers (Gomez 2021).

The Net-Metering Program (NMP), which was established pursuant to Section 
10 of the RE Act, allows qualified electricity end-users in both on-grid and 
off-grid areas to install up to 100 kW of on-site renewable energy generating 
systems in their homes or office buildings to reduce their electricity bills and 
to sell the surplus electricity that they generate from their renewable energy 
system (DOE 2020a, 2020b). The NMP was established through ERC Resolution 
No. 9 Series of 2013 (“Net-Metering Rules” or “A Resolution Adopting Rules 
Enabling the Net-Metering Program for Renewable Energy”), ERC Resolution 
No. 6 Series of 2019 (“Amended Net-Metering Rules”), and DOE Circular 
No. DC2020-10-022 (“Prescribing the Policies to Enhance the Net-Metering 
Program for Renewable Energy Systems). DOE Circular No. DC2020-10-022 
Series of 2020 simplifies the processing timeline of the NMP and reduces 
installation costs for qualified electricity end-users. 
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6Including all 
distribution 
utilities and 
all suppliers 
of renewable 
energy for the 
contestable 
market.

7Renewable 
energy 
generation 
companies 
including 
National Power 
Corporation’s 
Small Power 
Utility Group 
or NPC-SPUG 
and distribution 
utilities

The Renewable Energy Market (REM) is intended to be the trading platform 
for renewable energy (La Viña et al. 2018). Under the RE Act, the DOE is 
mandated to establish the REM, promulgate REM Rules, and supervise the 
integration of the REM under the Wholesale Electricity Spot Market (WESM) 
(Philippine Electricity Market Corporation n.d.).

In 2019, the DOE issued Department Circular No. 2019-12-0016 which contains 
the Renewable Energy Market (REM) Rules. The said Rules apply to all electric 
power industry participants, in both On-Grid and Off-Grid Areas, in Luzon, 
Visayas, and Mindanao, including: (1) all mandated participants under the RPS 
Rules, both for On-Grid6 and Off-Grid7 areas; (2) renewable energy generation 
companies registered in the WESM; (3) participants of renewable energy net 
metering; and (4) Green Energy Option Program participants. The REM is 
the venue for the trading of Renewable Energy Certificates (RECs) equivalent 
to an amount of power generated from renewable energy resources and 
prescribes the required processes for the orderly implementation of the RPS 
Rules for both on- and off-grid areas (Philippine Electricity Market Corporation 
n.d.; DOE 2020a). REC refers to certificates issued by the Renewable Energy 
Registrar (RER) to mandated participants of the RPS (including renewable 
energy generation companies) showing the energy sourced, produced, and 
sold or used from the eligible renewable energy system (DOE 2020a). 

Under the RE Law, the Philippine Electricity Market Corporation (PEMC), under 
the supervision of the DOE, is mandated to establish a Renewable Energy 
Registrar (RER). The law further requires the RER to issue, keep, and verify 
RECs corresponding to energy generated from eligible renewable energy 
facilities which are used for compliance with the RPS. However, the PEMC 
acting as the RER is required to transfer its functions, assets, and liabilities to 
the entity performing market operations within one (1) year from the start of 
the commercial operations of the REM (DOE 2019).  

The Philippine Renewable Energy Market System (PREMS) was also launched 
as an online platform to effectively manage the REC accounts of the trading 
participants. PREMS development, testing, and deployment, as well as its 
Software Certification Audit and Vulnerability Assessment and Penetration 
Testing, have already been completed  (DOE 2020a).

The DOE currently has a draft of its Revised Guidelines for the Green Energy 
Auction Program (GEAP) and the agency is actively holding public consultations 
about it. The GEAP refers to the competitive process that facilitates the 
selection of eligible renewable energy plants that would supply electricity to 
distribution utilities. The DOE, through the Green Energy Auction Committee 
(GEAC), is tasked to conduct the Green Energy Auction on an annual basis  
(DOE 2021). The DOE expects the GEAP to use existing mechanisms that 
would increase the share of renewable energy in the power generation market 
to achieve the Philippines’ objectives of increased renewable energy share 
of 35% by the year 2030, increased available power supply in the grid, and 
increased RPS allocation of the distribution utilities (Rivera 2021). 
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As of writing, the commercial operations of the REM have not yet started. The 
DOE first delayed the launch of the commercial operations of the REM in June 
2020 “due to the effects of the COVID-19 pandemic” and then again delayed 
its launch in June and October 2021 (Ang 2020; Yang 2021).

The launch of the commercial operations of the GEAP has also been delayed. 
The DOE originally intended to launch the first round of the GEAP involving 
2,000 megawatts (MW) of renewable energy on June 2021, but this was 
pushed back to October 2021, however the same failed to materialize. 
Among the reasons cited for the delay include the ongoing deliberations 
and consultations that are still being done by the DOE regarding the Revised 
Guidelines on the GEAP (Yang 2021).  
 
In 2009, the Philippine Government enacted the “Climate Change Act of 
2009” (R.A. No. 9729) which, among others, integrates climate change issues 
into government policy formulations, establishes a framework strategy and 
program on climate change, and created the Climate Change Commission. 
The law establishes a comprehensive framework for the systematic integration 
of the concept of climate change in various phases of policy formulation, 
development plans, poverty reduction strategies, and other development 
tools and techniques by all agencies and instrumentalities of the government. 

The Climate Change Commission is designated as the sole policy-making body 
of the government tasked to monitor and evaluate programs and action plans 
relating to climate change. In furtherance of R.A. No. 9729, the Commission 
spearheads the formulation of national strategies, frameworks, and action 
plans to reduce greenhouse gas emissions and to protect the climate system. 

Specifically, the Climate Change Commission is mandated to craft a National 
Climate Change Framework which will serve as the main policy guide for 
research and action planning in relation to climate change issues, as well as a 
detailed National Climate Change Action Plan to operationalize the framework. 
Furthermore, local government units are tasked with the formulation and 
implementation of relevant climate action programs and policies within their 
respective jurisdictions in accordance with their own Local Climate Change 
Action Plans.

In 2010, then President Arroyo issued E.O. No. 881 which directed the 
Climate Change Commission to coordinate all the existing climate change 
initiatives, including the reduction of emissions from deforestation and forest 
degradation. E.O. No. 881 effectively transferred the duties of the PTFCC to 
the Climate Change Commission. 

Another key piece of legislation is the Philippine Clean Air Act (R.A. No. 8749) 
enacted in 1999. It is one of the main statutes which regulate carbon emissions. 
The law establishes a comprehensive national program for air pollution 
management, focusing primarily on pollution prevention. The implementation 
of the Act relies heavily on the polluter pays principle and other market-based 
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instruments to promote self-regulation of pollutant sources. It sets emission 
standards for all motor vehicles and issues pollutant limitations for industries. 
The Implementing Rules issued by the DENR establish emission limit values 
imposed on industrial and commercial sources of atmospheric pollutants 
(DENR 2000).

Laws such as the Biofuels Act of 2006 (R.A. No. 9357) and the Mini-Hydroelectric 
Power Incentive Act of 1999 (R.A. No. 9156) allow the State to develop and 
utilize local and indigenous renewable energy sources to reduce dependence 
on imported fossil fuels.  

The Biofuels Act of 2006 mandates the gradual use and incorporation of biofuel 
substitutes such as biogasoline and biodiesel in place of ordinary fossil fuels 
for use in all motors and engines in the country. The Act introduces additional 
incentives to encourage investments in the production, distribution, and use 
of locally produced biofuels. It mandates the use of biofuels as a measure 
to develop and utilize indigenous renewable energy sources, to reduce 
dependence on imported fossil fuels, and to reduce toxic and greenhouse 
gas emissions. More specifically, the Act requires that:

A. “At least five percent (5%)8 bioethanol shall comprise the annual 
total volume of gasoline fuel actually sold and distributed by each and 
every oil company in the country, subject to the requirement that all 
bioethanol blended gasoline shall contain a minimum of ten percent 
(10%)9 bioethanol fuel by volume into all gasoline fuel distributed and 
sold by each and every oil company in the country: Provided, That the 
ethanol blend conforms to PNS; and

B. At least one percent (1%)10 biodiesel by volume shall be blended 
into all diesel engine fuels sold in the country: Provided, That the 
biodiesel blend conforms to PNS for biodiesel.”

Meanwhile the Mini-Hydroelectric Power Incentive Act of 1999 focuses on 
encouraging and strengthening local energy technologies in furtherance of 
the goal of sustainable and self-reliant energy production. The Act, as its name 
suggests, grants the necessary incentives and privileges to mini-hydroelectric 
power developers and operators.

Republic Act 11285, also known as the “Energy Efficiency and Conservation 
Act of 2018,” institutionalizes energy efficiency and conservation as a national 
way of life to secure stability of energy supply, reduce greenhouse gas 
emissions that come from power plants that use fossil fuels, and promote 
and encourage the development and use of renewable energy. The said law 
designates the DOE as the lead agency in the creation and implementation 
of the National Energy Efficiency and Conservation Plan (NEECP), which is 
“the national comprehensive framework and program for energy efficiency 
and conservation with defined national targets, feasible strategies, and 
regular monitoring and implementation.” The DOE is also responsible for 

8 This started 
in 2009 when 
the DOE issued 
Department 
Circular No. 
DC2009-02-
0002 Series of 
2009.

9 Started in 
2012, pursuant 
to Section 5.2 
of the Biofuels 
Act of 2006.

10 This was 
increased to 
2% in 2009 
through DOE 
Department 
Circular No. 
DC2009-02-
0002 Series of 
2009.
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the planning and implementation of all other energy conservation plans and 
programs. R.A. No. 11285 requires all government agencies to ensure the 
efficient use of energy in their respective offices and in the discharge of their 
functions. 

Under R.A. No. 11285, the Climate Change Commission is tasked to collaborate 
with the DOE in establishing targets for the reduction of greenhouse gas 
emissions, as well as determining strategies, monitoring, and recording of 
all greenhouse gas emission reductions resulting from energy efficiency and 
consultation projects. One of the most important provisions of this law is 
that it subjects “Designated Establishments” (i.e., those establishments with 
an annual energy consumption of 500,000 kWh to 4,000,000 kWh for the 
previous year, and those with an annual energy consumption of more than 
4,000,000 kWh for the previous year) to certain obligations, including: (1) 
integrating an energy management system policy into its business operation 
based on ISO 50001 or any similar framework; (2) setting up programs that 
promote energy efficiency, conservation, and sufficiency, including those that 
may include installation of renewable energy technologies; (3) submitting an 
annual Energy Consumption and Conservation Report (ECCR) to the DOE 
which would include, among others, energy consumption, energy loss, and 
status of energy use; and (4) conducting an energy audit once every three 
years  and submitting an energy audit report to the DOE upon completion of 
the energy audit. 

Aside from the foregoing, other relevant laws that contribute to the aims 
and objectives of the Philippines NDC include the Philippine Green Jobs 
Act of 2016 (R.A. No. 10771), which grant incentives to encourage business 
enterprises to generate and develop “green jobs” or jobs which produce 
goods and render services for the benefit of the environment, and ensure the 
sustainable national development. The Philippine Green Building Code, on 
the other hand, codifies a comprehensive set of standards to ensure buildings 
are designed, constructed, and maintained efficiently and sustainably thereby 
minimizing its negative impact on the environment. R.A. No. 10174 (2011) 
amending the Climate Change Act of 2009 and creating the People’s Survival 
Fund, provides for a special fund in the National Treasury for the financing of 
adaptation programs and projects based on the National Strategic Framework 
of the Climate Change Commission.
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3.3 Other Presidential Issuances Related to Reducing
Greenhouse Gas Emissions and Climate Change
Several executive issuances have also been promulgated in the exercise of the 
broad rule-making powers of the President as delegated by the Constitution 
and relevant laws. 

The National Greening Program (NGP) leads the government initiative in the 
management and alleviation of atmospheric carbon. The NGP is the country’s 
most ambitious reforestation program to date and seeks to plant 1.5 billion 
trees in 1.5 million hectares for a period of six (6) years, from 2011 to 2016. 
Executive Order (E.O.) No. 26, signed on February 24, 2011 by then President 
Benigno S. Aquino III, serves as the legal basis for the implementation of the 
NGP. In 2015, E.O. 193 was issued expanding the coverage of the NGP from 
2016 to 2028.

Under E.O. No. 174 (2014), the Philippine Greenhouse Gas Inventory 
Management and Reporting System (PGHGIMRS) was established to 
institutionalize the GHG inventory management and reporting system in 
relevant government agencies. This enables the country to transition towards 
a climate-resilient pathway for sustainable development. With respect to 
renewable energy resource management, E.O. No. 206 was enacted in 2006 
transferring the management, protection, development, and rehabilitation of 
RE facilities such as geothermal and hydroelectric projects from the DENR to 
the DOE.

3.4 Department of Energy’s (DOE) Policies and Plans for
Renewable Energy and Reduction of Greenhouse
Gas Emissions in the Philippines
The DOE’s policies and plans regarding the exploration, development, and 
use of renewable energy in the Philippines are contained in its Philippine 
Energy Plan 2020-2040 (PEP 2020-2040) and the National Renewable Energy 
Plan (NREP). 

In 2020, the DOE released its Philippine Energy Plan 2020-2040 (PEP 2020-
2040), which is the DOE’s comprehensive energy plan for the Philippines 
from the year 2020 until 2040. According to the PEP 2020-2040, the DOE’s 
energy plans regarding renewable energy in its Clean Energy Scenario are the 
following:

(1) Increase renewable energy’s share in the power generation mix to 
35% by the year 2030 and 50% by the year 2040; 
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(2) Pursuant to its commitment in its Nationally Determined 
Contribution submitted to the UNFCCC, reduce the Philippines’ 
greenhouse gas emissions by 75% compared to its business-as-usual 
scenario by the year 2030 (72.29% of which is conditional and 2.71% 
unconditional); 

(3) Increase the blending of biodiesel under the Biofuels Act to 5% 
(which is currently at 2%) starting 2022 and continue to develop and 
improve the production of locally produced biofuel and bioethanol 
feedstock sources to ensure supply sustainability; 

(4) Implement the Biofuels Roadmap which include: (a) revisiting the 
biofuel blend requirements and available feedstock in coordination 
with the National Biofuels Board and other stakeholders; (b) research 
and development activities using alternative feedstocks such as 
Jatropha, waste cooking oil, microalgae and rubber seed oil for 
biodiesel, while sweet sorghum, cassava, microalgae, nipa sap, and 
cellulosic material for bioethanol; (c) conduct further studies and 
research on biofuel-blended gasoline and diesel and other biomass-
derived fuels for use in motors and engines including air transport 
and other vehicle technologies; and (d) conduct further research and 
development on other alternative biofuel feedstock sources, including 
second generation biofuels that can be manufactured from various 
types of non-food biomass such as grass and agricultural wastes;

(5) Increase and achieve a 10% penetration rate of electric vehicles for 
road transport (motorcycles, cars, and jeepneys) by 2040; 

(6) Full implementation of the Renewable Energy Act, including roll-
out and implementation of Enhanced NMP in off-grid areas, the RPS 
Rules, the GEOP, the REM, the GEAP, and Net-Metering; 

(7) Establishment of a Framework for and Promotion of the Use 
of Electric Vehicles—As mentioned earlier, 22.9% of the total 
greenhouse gas emissions of the Philippines come from the transport 
sector. It is for this reason that the DOE has established a framework 
for and promotes the use of Electric Vehicles in an effort to reduce 
the greenhouse gas emissions that currently come from fossil fuel-
powered vehicles of the transportation sector;

In 2020, the DOE issued Department Circular No. 2020-10-0023 
(“Policy Framework for the Development of the Fuel Economy 
Rating, Fuel Economy Performance, and Related Energy Efficiency 
and Conservation Policies for the Transport Sector and Other 
Support Infrastructures”) by which the development and operation 
of electric vehicles and electric vehicle charging stations is structured 
to facilitate safe operation and growth, while ensuring equitable 
non-discriminatory and open access for all. It also seeks to empower 
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consumers in choosing fuel-efficient transport vehicles, realize energy 
savings, reduce fuel consumption, phase out fuel inefficient transport 
vehicles, and reduce greenhouse gas emissions. 

In 2021, the DOE also issued Department Circular No. 2021-07-
0023 (“Electric Vehicle Charging Station Policy Guidelines”) which 
covers activities related to the establishment, use, and operation of 
electric vehicle charging stations. In preparation for the widespread 
adoption of electric vehicles, this Circular streamlines the adoption 
and use of electric vehicles in the transportation sector and maximizes 
the combined economic, social, energy security, and environmental 
benefits of their use. It also consolidates and harmonizes all existing 
issuances related to electric vehicles and electric vehicle charging 
stations in order to ensure the safe and efficient operations of electric 
vehicles and to accelerate investments in electric vehicle charging 
stations in the Philippines. 

(8) Implementation of the DOE Renewable Energy Roadmap, 
including (DOE 2020a):

(a) Acceleration of renewable energy positioning — includes, 
among others, the full implementation of the NREP 2020-
2040, full implementation of the RE Act as mentioned 
in Paragraph Number 6 above, conduct of Open and 
Competitive Selection Process for renewable energy projects, 
conduct of resource assessments for renewable energy 
development, implementation of the Global Environment 
Facility-funded DREAMS project which eases barriers to 
increase investments in renewable energy projects, promotion 
of renewable energy use for the agriculture and fisheries 
sectors, development and implementation of the Expanded 
Solar Rooftop Program, development of the Off-shore Wind 
Roadmap, and integration of Competitive Renewable Energy 
Zones (CREZs), which are areas in the Philippines with high 
concentrations of renewable energy resources, into the 
Transmission Development Plan;  

(b) Creation of a conducive business environment to renewable 
energy — includes, among others, the updating of guidelines 
on renewable energy contract administration and awarding, 
as well as  ensuring compliance of government personnel 
and regulatory processes with the Energy Virtual One-Stop 
Shop Act of 2019 (R.A. No. 11234), Ease of Doing Business 
Act of 2018 (R.A. No. 11032), E.O. No. 30 Series of 2017 
which improves transparency and shortens the processing of 
required permits/clearances/certificates for energy projects, 
A.O. No. 23 Series of 2020 which eradicates overregulation,  
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and the Energy Application Monitoring System in the 
implementation of renewable energy projects; 

(c) Reliable and efficient infrastructure that support renewable 
energy projects, including ensuring compliance of renewable 
energy developers with the resiliency policies of the DOE;  

(d) Promote and enhance research, design, and development 
agenda relating to the use of renewable energy — includes, 
among others, conducting studies and research on emerging 
renewable energy technologies and developing the 
appropriate policy framework to develop and implement 
them; and 

(e) Other activities such as the continued conduct of webinars 
and seminars to attain social acceptability of renewable 
energy projects.

The NREP 2011-2030 is the Philippine Government’s National Program and 
policy framework for the implementation of the Renewable Energy Act and the 
promotion of renewable energy in the Philippines. The National Renewable 
Energy Board (NREB), which is the policy recommendatory and monitoring 
body for the implementation of the RE Act of 2008, is mandated to formulate 
the NREP and recommend its implementation to the DOE (Layug n.d.). Once 
the DOE adopts the NREP, the DOE is mandated to execute the NREP. Under 
the RE Act, the NREB is also mandated by the said law to monitor and review 
the DOE’s implementation of the NREP. 

The NREB formulated the NREP 2011-2030 and recommended its adoption 
to the DOE. The DOE adopted the same as its national program for the 
development and use of renewable energy in the Philippines and is committed 
to fully implement it (DOE 2020a).

Under the NREP 2011-2030, the DOE shall execute are the following: 

(1) Reach its renewable energy targets by the year 2030, including:

(a) Increase renewable energy’s share in the power generation 
mix to 35%11 by the year 2030 and 50%12 by the year 2040; 

(b) Increase renewable energy’s power capacity by almost 
triple from its 5,438 MW capacity level in 2010 to 15,304 MW 
by the year 2030, which would correspond to an increase in 
the power capacity of renewable energy by 9,865 MW; 

(c) Increase geothermal power capacity by 75%, from its 
installed capacity of 1,966 MW in 2010 to a total installed 
capacity of 3,461 MW by 2030; 

11 Now 37.3% 
by the year 
2030 in the 
draft Revised 
NREP  2020-
2040 that is to 
be released 
soon. The DOE 
is currently 
holding public 
consultations 
on its draft 
Revised NREP 
2020-2040 
which would 
amend its NREP 
2011-2030 
(Gupta 2021; 
Yang 2021).

12 Now 55.8% 
in the draft 
Revised NREP 
2020-2040 
that is to be 
released soon.
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(d) Increase hydropower capacity by 160%, from its installed 
capacity of 3,400 MW in 2010 to a total installed capacity of 
8,724.1 MW by the year 2025; 

(e) Increase biomass power capacity by 277 MW from 
its installed capacity of 39 MW in 2010 to a total installed 
capacity of 315.7 MW by the year 2030; 

(f) Increase wind power capacity by 2,345 MW from its installed 
capacity of 33 MW in 2010 to a total installed capacity of 
2,378 MW by the year 2030;

(g) Increase solar power capacity by 284 MW from its installed 
capacity of 1 MW in 2010 to a total installed capacity of 285 
MW by the year 2030, while also pursuing the aspirational 
target of increasing solar power by 1,528 MW by the year 
2030, and

(h) Develop the first ocean energy facility for the country and 
achieve a total installed capacity of 70.5 MW of ocean energy 
by the year 2030;

(2) Increase the RPS, which requires distribution utilities to source a 
minimum of 1% of the electricity that they distribute from eligible 
renewable energy resources (DOE 2017; DOE 2018), to a minimum of 
2.52% starting in 2023 to meet the country’s aspiration of at least 35% 
renewable energy share in the country’s energy mix by 2030 (Yang 
2021); 

(3) Institutionalize a comprehensive approach to address the challenges 
and gaps that would prevent and/or delay wider application of 
renewable energy technologies in a sustainable manner; 

(4) Outline the action plans necessary to facilitate and encourage 
greater private sector investments in renewable energy development;

(5) Provide policy support to the implementation of the RE Act, including 
the continuation of efforts towards the formulation, implementation 
and monitoring of the mechanisms, rules, and regulations prescribed 
by the RE Act; 

(6) Provide program support for programs being implemented under 
the NREP, including programs for the development of renewable 
energy resources of geothermal energy, hydropower, biomass 
energy, wind energy, solar energy, ocean energy, and other emerging 
renewable energy technologies; and 
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(7) Provide a development framework in the formulation and 
implementation of Sectoral Sub-Programs for the development of 
renewable energy resources of geothermal energy, hydropower, 
biomass energy, wind energy, solar energy, ocean energy, and other 
emerging renewable energy resources, by giving such programs the 
following:

(a) Renewable Energy Industry Services — The DOE shall 
provide regulatory assistance to renewable energy suppliers 
from the registration process up to the implementation of the 
various stages of their renewable energy service contracts, 
conduct close monitoring of their service contracts to ensure 
that their contracts are properly implemented and are not 
delayed, give technical assistance to the renewable energy 
suppliers when needed, and provide advisory services to the 
renewable energy suppliers and developers in the areas of 
market development and business matching; 

(b) Resource Development — The DOE shall endeavor to 
improve and develop our country’s means to harness the 
renewable energy resources in the Philippines for energy use. 
It shall do this by doing resource assessment, conducting 
optimization studies on the development and utilization of 
renewable energy resources, and conducting various studies 
on the development of renewable energy resources such 
as market studies, socio-economic studies, environmental 
impact studies, and pre-feasibility studies; 

(c) Research, Development, and Demonstration (RDD) —
The DOE shall continuously conduct research, development, 
and demonstration in determining the viability of adapting 
renewable energy systems, technologies, and processes that 
can help the Philippines improve in harnessing its renewable 
energy resources for energy use; and 

(d) Renewable Energy Technology Support — The DOE 
shall continuously improve the quality, performance, and 
cost of local renewable energy resources to promote the 
more widespread use of renewable energy and also towards 
greater consumer protection for its users.

The DOE is currently holding public consultations and deliberations on its 
draft Revised NREP 2020-2040 which would amend and replace its NREP 
2011-2030. Among the provisions in the draft include an increase of the DOE’s 
target of renewable energy share in the power generation mix to 37.3% by 
2030 and 50% by the year 2040 (Yang 2021).
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As mentioned, the Philippines communicated its Nationally Determined 
Contribution (NDC) to the United Nations Framework on Climate Change 
(UNFCCC) pursuant to its commitment to the 2015 Paris Agreement.

Under the 2021 NDC, the Philippines committed to reduce its greenhouse 
gas emissions by 75% by the year 2030. In order to abide by its NDC, the 
Philippines must make policies and enact laws that would significantly reduce 
its greenhouse gas emissions. 

The following are Policies that the Philippines must make to significantly 
reduce its greenhouse gas emissions and address climate change:

(1) Adopt an Integrated Mitigation-Adaptation Framework to 
Address Climate Change

The Philippines must establish a policy establishing an Integrated 
Mitigation-Adaptation Framework that identifies key mitigation 
and adaptation strategies between and among sectors, as well as 
provides a clear picture of the interdependence between mitigation 
and adaptation efforts (La Viña, Villarin, and Loyzaga 2008). This 
Integrated Mitigation-Adaptation Framework was first introduced by 
the IPCC and it must be adopted here in the Philippines (La Viña, 
Villarin, and Loyzaga 2008). Mitigation refers to the cutting down 
on greenhouse gas emissions. Adaptation means responding to the 
effects of climate change (UNFCCC Negotiations: A Resource 
Book 2019). 

This Framework has four (4) main factors that the Philippine Government 
must adopt for the successful implementation of mitigation and 
adaptation strategies that would reduce greenhouse gas emissions 
and address climate change La Viña, Villarin, and Loyzaga 2008):

(a) Science-based climate change mitigation-adaptation 
policies must be formulated and implemented in order to 
continue to improve and expand a regulatory framework that 
would guide the State (both the national government and the 
local government units) and its citizens in the development 
and implementation of effective mitigation and adaptation 
strategies;  

(b) Market-based mechanisms must be used to attract the use 
of cost-effective technologies and options to address climate 
change; 

4 Policy Recommendations and Proposed Laws for the
Philippines to Reduce its Greenhouse Gas Emissions
in order to abide by its NDC
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(c) Continuous research and development must be conducted 
to continuously come up with and adopt new climate-friendly 
technologies, equipment, and strategies; and 

(d) Continuous effective capacity development and 
information awareness to the public on climate change must 
be conducted. The public must be made aware of the harmful 
effects of greenhouse gas emissions, the threat of climate 
change to humanity, and the ways as to how each person 
can live a low-carbon lifestyle to help curb greenhouse gas 
emissions (La Viña, Villarin, and 
Loyzaga 2008).

(2) Clear, Stable, and Long-term Policy on Renewable Energy 

The Philippine Government must have a clear, stable, long-term, 
sustainable, and enduring policy of promoting renewable energy that 
addresses energy security, energy equity, and energy sustainability 
(La Viña et al. 2018). This long-term policy of promoting renewable 
energy must have the following characteristics:  

(a) It must be accompanied by a stable regulatory and legal 
framework on renewable energy;  

(b) It must continue and endure despite the changing of 
presidential administrations and national leadership; 

(c)  The implementation of this policy must consider economy-
wide effects and must provide flexibility for disruptive 
technologies in the future; 

(d) Low hanging fruits that affect stability and certainty of 
energy supply must be pursued as soon as possible; 

(e) Renewable energy resources for future supply must be 
seriously evaluated and determined as to how they can meet 
power capacity requirements;  

(f) The energy mix must be diversified and should not be 
dependent on one energy resource; and

(g) Exploration and development of indigenous renewable 
energy resources must be prioritized (La Viña et al. 2018).
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Such a long-term policy promoting renewable energy which has 
the above-mentioned characteristics would lead to stimulating and 
securing long-term investments in renewable energy (La Viña et al. 
2018). 

(3) Harmonization and Rationalization of Energy Laws and Programs

The Philippine Government must harmonize and rationalize its energy 
laws, plans, and programs consistent with its long-term policy of 
promoting renewable energy and reducing greenhouse gas emissions 
(De Torres 2021). No government program or law should be made or 
passed which promotes the use of fossil fuels such as coal and oil 
which cause global warming and air pollution. 

All government policies, regulations, requirements, and processes 
(including those in the national, provincial, city/municipality, and 
barangay levels) must be rationalized to reduce political and 
regulatory risk. Furthermore, these policies must encourage, support, 
attract, and retain investments to achieve energy security, equity, and 
sustainability goals (La Viña et al. 2018).

(4) Red Tape in Permitting and Licensing and Delays in Regulatory
Approval Must be Minimized

The Ease of Doing Business and Efficient Government Service Delivery 
Act of 2018 defines red tape as “any regulation, rule, or administrative 
procedure or system that is ineffective or detrimental in achieving its 
intended objectives and, as a result, produces slow, suboptimal, and 
undesirable social outcomes.” Red tape in the Philippine regulatory 
system has been pervasive. Investors’ confidence and assurance that 
their investments in renewable energy projects would be protected 
can easily be displaced by unnecessary or malicious due to red tape. 

To illustrate, the procurement of permits for a hydropower plant has 
been estimated to take at least 1,300 days and require 165 signatures 
from different government agencies as of January 2018 (La Viña et al. 
2018). This duration is for the permitting process alone, it does not 
yet count the time needed to construct the plant. 

On a positive note, several laws, administrative orders, and executive 
orders were passed in recent years that can reduce red tape thus 
reducing the time needed to process permits regarding renewable 
energy projects such as: 

(a) Republic Act No. 11032 (“Ease of Doing Business and 
Efficient Government Service Delivery Act of 2018”); 
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(b) Republic Act No. 11234 (“Energy Virtual One-Stop Shop 
Act”);

(c) Executive Order No. 30 Series of 2017 (“Creating the 
Energy Investment Coordinating Council In Order To 
Streamline The Regulatory Procedures Affecting Energy 
Projects”) — which improves transparency and shortens the 
processing of required permits/clearances/certificates for 
energy projects; and 

(d) Administrative Order No. 23 Series of 2020 (“Eliminating 
Overregulation To Promote Efficiency of Government 
Processes”). 

The laws and executive issuances of Republic Act No. 11032, 
Republic Act No. 11234, Executive Order No. 30 Series of 2017, and 
Administrative Order No. 23 Series of 2020 all aim to streamline and 
minimize red tape and must be strictly implemented. By all means 
possible, red tape in the regulatory approval of permits and licenses 
in renewable energy projects must be streamlined and minimized.  

(5) Complete Implementation of the Renewable Energy Act, the PEP 
2020-2040, and the NREP 2011-2030

The DOE must completely implement the RE Act, including the 
programs contained therein such as the RPS, the Must-Dispatch 
Rule, the Green Energy Option Program (GEOP), the Net-Metering 
Program (NMP), the Renewable Energy Market (REM), and the Green 
Energy Auction Program (GEAP). The RE Act was passed in 2008 and 
it has already been more than ten (10) years, but all of these programs 
are either just in their infancy stages of implementation or have not 
yet been implemented at all. 

The DOE must completely implement the GEOP, find ways to bring 
the GEOP to residential households in a more efficient way, and 
promote the consumer’s power to choose renewable energy as their 
source of electricity.  

The DOE must start the commercial operations of the REM and the 
GEAP as soon as possible for the Philippines to achieve its renewable 
energy targets. As mentioned earlier, the launch of the commercial 
operations of both the REM and the GEAP involving 2,000 MW 
of renewable energy have been delayed at least three times since 
September 2020 due to the COVID-19 pandemic and continued 
public consultations of the DOE on the GEAP Rules (Ang 2020). 
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The country cannot afford any further delay. The DOE must finalize 
its preparations for the REM and the GEAP and must start their 
commercial operations as soon as possible. 

Moreover, the DOE must completely implement the PEP 2020-2040 
(DOE 2020a), including plans to: 

(a) increase renewable energy’s share in the power generation 
mix to 35% by the year 2030 and 50% by the year 2040; 

(b) reduce the Philippines’ greenhouse gas emissions by 75% 
compared to its business-as-usual scenario by the year 2030 
(72.29% of which is conditional and 2.71% unconditional); 

(c) increase the blending of biodiesel under the Biofuels Act 
to 5% (which is currently at 2%) starting 2022 and continue 
to develop and improve the production of locally produced 
biofuel and bioethanol feedstock sources to ensure supply 
sustainability; 

(d) implement the Biofuels Roadmap; 

(e) increase and achieve a 10% penetration rate of electric 
vehicles for road transport (motorcycles, cars, and jeepneys) 
by 2040; 

(f) full implementation of the Renewable Energy Act, including 
roll-out and implementation of Enhanced NMP in off-grid 
areas, the  RPS Rules, the GEOP, the REM, the GEAP, and 
Net-Metering; 

(g) establish a framework for and promotion of the use of 
electric vehicles; and 

(h) implement the DOE Renewable Energy Roadmap, which 
include acceleration of renewable energy positioning, 
creation of a conducive business environment to renewable 
energy, construction of reliable and efficient infrastructure 
that support renewable energy projects, and promotion of 
research, design and development agenda relating to the use 
of renewable energy (DOE 2020a).

The DOE must release and implement the Revised NREP 2020-2040 
as soon as possible. As mentioned, the DOE has been holding public 
consultations about the draft and has yet to finalize it. The DOE must 
finish these public consultations soon to release and implement the 
Revised NREP 2020-2040 with its new targets of renewable energy 
share in the power generation mix of 37.3% by the year 2030 and 
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50% by the year 2040 respectively (Yang 2021). In the meantime, 
while the Revised NREP 2020-2040 is yet to be released, the NREP 
2011-2030 must be vigorously implemented. 

(6) Increase the RPS13 from 1% to 2.52%

Under the DOE Department Circular No. DC2017-12-0015 (2017) 
and the DOE Department Circular No. DC2018-08-0024 (2018), 
the RPS requires distribution utilities to source at least 1% of their 
energy requirement from eligible renewable resources. The NREB’s 
recommendation to increase the RPS from 1% to 2.52% must be 
followed in order to increase the share of renewable energy in electricity 
supply, decrease the use of fossil fuels, and reduce greenhouse gas 
emissions (Yang 2021). 

(7) Completely Implement R.A. No. 11285 (the “Energy Efficiency 
and Conservation Act”) and the DOE’s Energy Efficiency and 
Conservation Programs

As previously mentioned, greenhouse gas emissions from the power 
generation sector along with the public’s use of electricity generated 
70 million tons of carbon dioxide equivalent (MtCO2e) in 2020, which 
made up 58% of the total greenhouse gas emissions produced by 
the Philippines for that year. Most importantly, the coal being used by 
power generation companies made up 55.9% of the total greenhouse 
gas emissions of the Philippines for the year 2020 (DOE 2020a). The 
power generation sector, especially those power plants using coal, 
is the top producer of greenhouse gases in the country. Thus, it is 
reasonable to argue that one of the best ways to reduce greenhouse 
gas emissions is for people to cut back on the use of electricity through 
energy efficiency and conservation programs. 

The Philippine Government must completely implement the Energy 
Efficiency and Conservation Act. It must also completely implement 
all the DOE energy efficiency and conservation programs, including 
the following: 

(a) The National Energy Efficiency and Conservation Program 
—  A program which aims to make energy efficiency and 
conservation a way of life for all Filipinos;

(b) The SWITCH Project — A social mobilization movement 
calling for different sectors to switch to more energy efficient 
alternatives;

(c) Standards and Labeling Program — Wherein appliance 
manufacturers are required to comply with minimum efficiency 
standards and to label their products according to their 

13 i.e., The 
requirement 
that distribution 
utilities source 
a certain 
percentage of 
their electricity 
from renewable 
energy 
resources
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energy efficiency to empower consumers to make informed 
decisions on choosing more electricity efficient appliances; 

(d) The Philippine Energy Efficiency Project — A series of 
projects on reducing energy demand through the use of 
energy-efficient lighting; 

(e) The Philippine Efficient Lighting Market Transformation 
Project — Wherein activities are centered on local capacity 
building and public awareness to expand the use of energy-
efficient lighting in the country; and 

(f) The Efficient Lighting Initiative Program — Utilizing public 
awareness campaigns on efficient lighting (ADB 2017).

The DOE projects that the adoption and implementation of energy 
efficiency and conservation programs promoting the reduction of 
electricity use by the general public can reduce energy demand by 
as much as 12.7 million tons of oil equivalent (MTOE) between 2008 
to 2030, which is equivalent to reducing 68.7 million metric tons of 
carbon dioxide emissions during that time period (La Viña, Villarin, 
and Loyzaga 2008). The Philippine Government must use public 
information dissemination campaigns in order to make the general 
public more aware of how using massive amounts of electricity can 
contribute to global warming and climate change, and to inspire 
people to reduce their use of electricity at home. 

(8) Promote the Use of Electric Vehicles and Build Infrastructure to 
Support Them

As previously mentioned, greenhouse gas emissions in the Philippines 
from the transportation sector (particularly, from fossil fuel-powered 
vehicles) reached 27.4 million tons of carbon dioxide equivalent 
(MtCO2e) in 2020 making up 22.9% of the total greenhouse gas 
emissions produced by the Philippines for that year. The transportation 
sector, with its oil-powered vehicles and modes of transportation, is 
the second top producer of greenhouse gases in the country. 

In addition to contributing to global warming and climate change, 
the transportation sector’s carbon emissions also cause severe air 
pollution. A World Bank Study reported that air pollution is causing 
the Philippine economy some Php 7.6 billion a year due to health 
expenditures and lost income. Greenhouse gas emissions from the 
transportation sector contribute up to 65% of the total air pollution 
in the Philippines, and account for a big portion of particulate matter, 
carbon monoxide, nitrogen oxides, and volatile organic compounds 
(VOC). Among the main contributors of air pollution in the Philippines 
are public utility vehicles – buses, jeepneys, and tricycles. Diesel 
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jeepneys were the most heavily polluting form of public transport, 
contributing to more than 49% of particulate matter (PM10) emissions 
(De Leon et al. 2014).

As mentioned earlier, the DOE’s policy is to promote the use of 
electric vehicles in order to reduce greenhouse gas emissions which 
come from petrol-powered vehicles. In fact, it has already established 
frameworks for the use of electric vehicles (Department Circular 
No. 2020-10-0023 [2020]) and Electric Vehicle Charging Stations 
(Department Circular No. 2021-07-0023 [2021]). In its PEP 2020-2040, 
the DOE aims to increase and achieve a 10% penetration rate of 
electric vehicles for road transport (motorcycles, cars, and jeepneys) 
by the year 2040 (DOE 2020a).

The Philippine Government must shift the transportation sector 
towards clean renewable energy away from fossil fuels which produce 
harmful greenhouse gas emissions and air pollution. It must promote 
the use of electric vehicles such as electric cars, electric tricycles, 
electric buses, and electric trains. It must build infrastructure that 
support the use of electric vehicles to make their widespread use 
practical. Towards this end, it must enact Senate Bill No. 1382 on 
Electric Vehicles and Electric Charging Stations to firmly establish its 
framework and guidelines on Electric Vehicles and their supporting 
infrastructure. 

The Government must finish its ongoing Electric Train projects (such 
as the MRT-7 along Commonwealth Avenue in Quezon City; the LRT 
1 Extension to Niog, Cavite [ADB 2017]; the Makati City Subway, 
and the Metro Manila Subway) as soon as possible and, at the same 
time, build more infrastructure (e.g., electric passenger and cargo 
trains) throughout Luzon, Visayas, and Mindanao. Electric trains 
help the general public in many ways by reducing greenhouse gas 
emissions, reducing air pollution, getting many people to work and 
to their homes faster, reducing travel accidents, increasing economic 
productivity, reducing stress, improving the health and well-being 
of people, and reducing traffic congestion which has been causing 
our economy to bleed Php 140 billion annually in lost productivity, 
additional fuel consumption, and health costs (De Leon et al. 2014). 

The Government must find ways to attract more investments in electric 
vehicles and make such electric vehicles competitive in the market as 
compared to fossil fuel-driven vehicles. It should convince the general 
public that electric vehicles are viable modes of transportation and 
are even better alternatives than fossil fuel-driven vehicles. 

Among the ways to further promote the use of electric vehicles is 
through favorable tax and registration incentives. To address the need 
for recharging or battery swapping stations of these electric vehicles 
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electric (e.g., electric buses, electric jeepneys, or electric tricycles) 
the Government may tap private sector distribution utilities and retail 
electricity suppliers to put up charging-for-free stations (ADB 2017).

(9) Continuous Exploration, Development, and Utilization of 
Indigenous Renewable Energy Resources

The Philippines must continuously explore, de,velop and utilize its 
abundant renewable energy resources. The potential of the country 
for different types of renewable energy resources are very promising, 
with solar power estimated at an average global horizontal irradiance 
levels of 5.1 kWh/m2/day, wind power energy estimated at 76,600 
MW with wind power densities ranging between 300 watts per square 
meter (W/m2) and 1,250 W/m2, hydropower energy estimated at 
13,097 MW, and lots of potential for biomass energy resources from 
agricultural residues (ADB 2018). 

In addition, the DOE has identified 25 Competitive Renewable Energy 
Zones (CREZ) in the Philippines. A CREZ is a geographic area with 
high concentrations of Renewable Energy (i.e., best areas for solar 
power, wind power and other renewable energy), which are in close 
proximity to transmission lines and have strong developer interest. 
The 25 CREZ across the Philippines have an estimated gross capacity 
of 152 GW of new wind power and solar photovoltaics power, 365 
MW of geothermal energy, 375 MW of biomass energy, and over 650 
GW of hydropower energy (Lee et al. 2020). The Government must 
prioritize developing and utilizing these renewable energy resources 
to reduce the country’s greenhouse gas emissions and to ensure the 
stability of the energy supply of the country. 

The Government must constantly conduct research and development 
into innovations, technologies, and strategies that would improve the 
Philippines’ harnessing and use of its renewable energy resources. 
It must also work with other countries and enhance international 
cooperation in building infrastructure and upgrading technology 
that support renewable energy in the Philippines. It must keep up 
with rapid technological developments in renewable energy in the 
international energy platform and must be ready to adapt and use 
these new technologies in renewable energy.

The Government’s goal must be the eventual stoppage of fossil 
fuel use  to achieve net-zero carbon emissions. A complete ban of 
coal power plants is a good start.  In 2020, House Resolution 761 
was passed calling for a climate change response and banning the 
approval of new coal-fired power plants (as cited in Ahmed n.d.). 
In the same year, the DOE issued a moratorium on new coal power 
plants (Chavez 2020). However, these bans do not cover already 
approved coal-fired power plant projects. There must be a complete 
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and permanent ban of all coal-fired power plant projects, including 
those which were already approved by the Government. The shift of 
the Philippines to renewable energy must be implemented. 

(10) Construction of Infrastructure for the Transmission, Distribution, 
and Transport of Renewable Energy

The current grid infrastructure is inadequate to support new renewable 
energy sources from different parts of the Philippines that would bring 
electricity to the grid. The Philippines has two main unitary grids: the 
Luzon-Visayas grid and the Mindanao grid. The lack of connection 
between the Luzon-Visayas grid and the Mindanao grid has proven 
costly at times, particularly when there is a shortage in one area and 
an oversupply in the other. 

There are also problems within the Luzon-Visayas grid itself. In 2016, 
the Western Visayas region experienced grid instability issues. Due 
to the increase in solar power capacity, there was an oversupply 
and congestion of electricity in Negros which led to curtailments of 
solar power in the island despite its preferred status. The localized 
congestion conditions were compounded by the insufficient 
interconnection capacity between Negros and the major load center 
of Cebu which, if increased, could provide additional balancing 
opportunities for the two grids (ADB 2018). Also, in 2017, there was 
an excess supply of solar power in Panay, Negros, and Cebu that 
cannot be brought to Bohol and the other neighboring areas because 
of the capacity restrictions of the extant transmission lines (La Viña et 
al. 2018).

The Government must construct more infrastructure to improve 
the reliability and interconnectivity of the Grid for the purpose of 
supporting the new and abundant power capacities that renewable 
energy resources can bring especially those coming from the CREZs. 
It must construct new transmission lines, new substations, new double 
lines, a loop system to make the grid more reliable, and connect parts 
of the grid such as connecting the Cebu-Negros-Panay link and the 
Cebu-Bohol link (La Viña et al. 2018). 

(11) Just Transition to Renewable Energy

A shift to renewable energy would have wide economic effects, some 
of which may be detrimental to the employment of people working in 
the fossil fuel industry. 

For instance, on June 19, 2017, the Department of Transportation 
(DOTr) issued DOTr Department Order No. 2017-011 (“the Public 
Utility Vehicle Modernization Program or the PUVMP”). The PUVMP 
calls for the phasing-out of jeepneys, buses, and other Public Utility 
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Vehicles (PUVs) that are at least 15 years old and are popularly known 
to produce large amounts of greenhouse gas emissions by replacing 
them with modern, safer, more comfortable, and more environmentally 
friendly PUVs over the next three years. 

Under the Program, operators or drivers of PUVs must buy“modern 
jeepneys” which are required to have at least a Euro 4-compliant engine 
or an electric engine to lessen greenhouse gas emissions (Talabong 
2017). Many operators and drivers have expressed their opposition to 
the PUVMP because they cannot afford to buy a modern jeepney unit 
which cost between Php 2.0-2.5 million, more so because the DOTr 
only provides a subsidy of Php 160,000 under the said program. They 
complain that they will most likely end up unemployed because they 
simply cannot afford to buy modern jeepney (De Torres 2021) and 
that the Program will adversely affect the livelihoods of most of the of 
the operators and drivers since approximately 220,000 jeepneys will 
be phased out by the Program (Talabong 2017). 

The Government must have a policy of “just transition” to renewable 
energy by addressing the displacement and other adverse effects 
that such a transition would have on the lives and livelihoods of 
the marginalized sectors. It must provide loans, subsidies, and aid 
to people who lost or will lose their jobs and livelihoods due to the 
transition to renewable energy (De Torres 2021). The Government 
must enact House Bill No. 7428 (2020) which gives assistance and 
support to operators and drivers who are adversely affected by the 
PUVMP by providing them with the following: (a) vehicle subsidy in 
buying a unit of a modern jeepney (the DOTr is required to provide 
them with financial assistance not lower than 50% of the cost per unit); 
(b) fuel subsidy (the DOTr is required to pay for a portion of the fuel 
consumed by affected drivers on a bi-weekly basis); (c) concessional 
loan; and (d) livelihood support. 

(12) Recognition of Indigenous People’s Rights

Many areas of renewable energy resources are found in ancestral 
domains and lands of indigenous peoples to whom the Constitution 
and the law have granted special rights (La Viña et al. 2018). 

Prior to the exploration and development of renewable energy 
resources in ancestral domains and lands of indigenous peoples, the 
free, prior, and informed consent of such Indigenous Peoples must 
first be obtained pursuant to Republic Act No. 8371 “The Indigenous 
Peoples Rights Act of 1997.” The law empowering indigenous 
peoples and their communities to co-own renewable energy facilities 
may be considered for implementation (De Torres 2021). 
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In accordance with the above-mentioned policies, the following are laws 
being proposed which can help reduce greenhouse gas emissions, promote 
renewable energy, and address climate change issues in the Philippines:

(1) The Rights of Nature Bill— The bill seeks to recognize the legal 
rights of nature and grant it legal personality. By doing so, any 
individual may now have standing to file a case in court to seek 
redress or remedy for violations of the rights of nature. Proponents of 
the bill tout it as “revolutionary” and hope that the bill causes a shift 
in development paradigms from one that is primarily anthropocentric 
to such that recognizes the environment as a distinct entity with rights 
that deserve to be protected and upheld (Chavez 2019); 

(2) Philippine Mineral Resources Act (also known as “the Alternative 
Mineral Management Act or the Alternative Mining Act”) — With 
respect to the mining industry, Senate Bill No. 1495 and House Bill 
No. 6342 currently pending before the upper and lower houses 
respectively, are geared to replace the existing 1995 Mining Act 
with the Philippine Mineral Resources Act. The proposed law allows 
the extraction of mineral resources, but only under very stringent 
conditions with safeguards for the environment and indigenous 
peoples, sectors deemed neglected by present mining laws. Notably, 
the bill disallows open-pit mining as well as mining operations in 
critical areas like watersheds, key biodiversity areas, and prime 
agricultural lands. Persons convicted of violations under the bill now 
face even more severe fines and penalties; 

(3) Senate Bill No. 1928 (“the Microgrid Systems Act”) — A rural 
development initiative that seeks to establish microgrids in remote 
communities and provide continuous power in these areas. According 
to the principal proponent, Senator Sherwin Gatchalian, the bill 
is meant to address the gaps in the government’s nationwide total 
electrification program, both in terms of law and policy. The bill 
encourages the development of renewable sources of energy 
by giving preference to “low-cost, indigenous, renewable, and 
environment-friendly sources of energy” in the selection of microgrid 
system providers; 

(4) Senate Bill No. 2219 (“An Act Enhancing the Net-Metering 
Program”) — Aims to promote and develop the renewable energy 
industry by encouraging investments by large power consumers into 
the electricity sector. Currently the net-metering program established 
by the RE Act of 2008 allows electricity customers to install their 
own renewable energy facilities up to a capacity of 100 kW. The 
unconsumed or excess electricity is exported which would allow 
customers to be compensated through credits in their monthly bill. 
This proposed bill amends provisions of the RE Act by removing the 
100 kW size limit in the installation of power generation facilities and 
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5 Conclusion
As of this writing, the 2021 United Nations Climate Change Conference (also 
known as Conference, Parties 26, or “COP 26”) is currently being held in 
Glasgow, Scotland between October 31 to November 12, 2021. So far, two 
major agreements were signed by world leaders. First, more than 80 countries 
signed up to the Global Methane Pledge, which is a commitment to reduce 
methane emissions by up to 30% by the year 2030. The signatories include 
half of the world’s top 30 methane emitters, including the United States. 
However, some major methane polluters such as China, Russia, and India, 
have not joined. Second, more than 100 countries signed an agreement to 
end deforestation by the year 2030, agreeing to a sweeping accord aimed at 
protecting the world’s forests, which are crucial to absorbing carbon dioxide 
and slowing the rise in global warming. The pact, which includes countries 
such as the United States, Brazil, Russia, and China, encompasses about 85% 
of the world’s forests. However, world leaders failed to commit to reach net-
zero carbon emissions globally (Bilefsky 2021). For this reason, many climate 
change activists such as Ms. Greta Thunberg looks at COP 26 as a failure.  Ms. 
Thunberg said, “It is not a secret that COP26 is a failure… We need immediate 
drastic annual emission cuts unlike anything the world has ever seen… All this 
while the world is literally burning, on fire, and while the people living on the 
front lines are still bearing the brunt of the climate crisis.” She further said that 
the UN climate change summit as a “two-week long celebration of business 

thus encouraging large buildings, establishments, and offices to invest 
in their own renewable energy facilities and potentially maximize their 
savings in electricity costs; 

(5) Senate Bill No. 1382 (“the Electric Vehicles and Charging Stations 
Act”) — Senate Bill 1382 institutes the national energy policy 
and regulatory framework for the use of electric vehicles and the 
establishment of electric charging stations. The proposed bill aims to 
ensure the country’s energy security and independence by reducing 
reliance on imported fuels. It also seeks to promote and support 
innovation in clean, sustainable, and efficient energy; and 

(6) House Bill No. 7428 — This bill gives assistance and support to 
operators and drivers who are adversely affected by the PUVMP 
by providing them with the following: (a) vehicle subsidy in buying 
a unit of a modern jeepney (the DOTr is required to provide them 
with financial assistance not lower than 50% of the cost per unit); (b) 
fuel subsidy (the DOTr is required to pay for a portion of the fuel 
consumed by affected drivers on a bi-weekly basis); (c) concessional 
loan; and (d) livelihood support.
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as usual and blah, blah, blah” to “maintain business as usual” and to “create 
loopholes to benefit themselves” (BBC 2021).

The Philippine Government must continue to push for the reduction of 
greenhouse gas emissions and promote renewable energy both globally 
and domestically. The Government must continue to be active in global 
negotiations through the United Nations Climate Change Conference and 
advocate for net-zero carbon emissions. Moreover, the Government must 
vigorously and completely implement its domestic laws and regulations such 
as the Renewable Energy Act, the Climate Change Act, its PEP 2020-2040, its 
NREP 2011-2030 and 2020-2040, and all of its other programs that promote 
renewable energy in order to curb greenhouse gas emissions. The Philippines 
has a lot of laws and programs that help reduce greenhouse gas emissions, 
promote renewable energy, and address climate change issues. The challenge 
lies in its proper and throrough implementation.

Filipino private citizens must remain vigilant in mitigating climate change 
by practicing energy efficiency and conservation in their homes and offices. 
Citizens must also choose equipment and modes of transportation that use 
renewable energy rather than those which use fossil fuels whenever possible. 
Moreover, citizens must keep an eye on the government and politicians to 
make sure that they properly implement laws and programs that reduce 
greenhouse gas emissions and promote renewable energy. 

We must all join the fight against climate change for a healthy environment 
and for a bright future for humanity. As Ms. Greta Thunberg said (as cited in 
Lock and Mlaba 2021):  

We can no longer let people in power decide what hope is. Hope is not 
passive. Hope is not ‘blah blah blah.’ Hope is telling the truth. Hope is taking 
action. And hope always comes from the people.
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This study aims to prompt discussion on the country’s policy framework for 
managing existing and potential energy resources. It argues that a well-
designed	Sovereign	Wealth	Fund	(SWF)	can	positively	transform	the	country’s	
management of energy resource revenues towards equitable distribution 
of	 benefits	 to	 citizens,	 as	well	 as	 bolster	 Philippine	 sovereignty	 over	 those	
resources.	 This	 paper	 performs	 three	 specific	 tasks	 toward	 this	 goal:	 1)	 to	
provide	a	survey	of	the	literature	on	SWF,	with	a	focus	on	instructive	examples	
from the region; 2) to derive policy standards and other lessons from selected 
case	 studies	of	SWFs	 in	 the	 region,	particularly	Singapore,	East	Timor,	 and	
Indonesia,	and	3)	using	what	is	inferred	from	these	two	tasks,	to	discuss	policy	
options	for	a	Philippine	SWF.	

Existing	discussion	of	SWF	in	the	Philippines	tends	to	start	with	a	privileged	
set	of	putative	universal	or	international	norms	for	the	design	of	SWFs,	namely,	
the so-called Santiago Principles promoted under the aegis of a working group 
of the International Monetary Fund. Instead of presuming global consensus, 
this	study	unpacks	the	historical	and	political	backgrounds	of	SWFs	in	three	
case studies.

This study presents insights derived from the case studies examined in terms 
of policy standards, political conditions, and consequences. The paper then 
applies	 these	 insights	 to	 the	 question	 of	 designing	 a	 Philippine	 SWF.	 It	
approaches	this	question	by	reimagining	the	Malampaya	Fund	as	a	SWF,	thus	
laying down policy options that avoid resource plunder and promote better 
outcomes	 in	 terms	 of	 transparency,	 governance,	 and	 benefit	 to	 Filipinos.	
Finally,	this	paper	provides	a	discussion	of	the	potential	contribution	of	SWF	
to	Philippine	sovereignty,	with	a	specific	commentary	on	the	management	of	
the yet-to-be developed resources of the Philippine Rise.

Keywords: Sovereign	 Wealth	 Fund,	 Santiago	 Principles,	 Malampaya,	
Philippines, Benham Rise
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Rational Choices and Welfare Changes in 
Philippine Family Energy Demand: Evidence 
from Family Income and Expenditure Surveys

25

Jesus C. Dumagan, PhD*, Michael R. M. Abrigo, PhD
*jesus.dumagan@dlsu.edu.ph. 

Examining rationality of expenditures and analyzing welfare changes are 
interrelated because welfare change analysis is predicated on “rational” 
(i.e., expenditure-minimizing) responses to price and income changes.  This 
study examines Philippine family demands for 1) electricity, 2) gas and liquid 
fuels,	3)	solid	 fuels,	4)	 food,	and	5)	“others”—based	on	the	Family	 Income	
and Expenditure Survey in 2009, 2012, and 2015—and argues that they are 
rational.		Specifically,	this	study	found	that	own-price	elasticities	are	negative	
(i.e., downward-sloping demand curves) and that cross-price elasticities 
between	1,	2,	and	3	are	positive	(i.e.,	substitutes,	because	of	similar	end-uses).		
Meanwhile,	cross-price	elasticities	of	1,	2,	and	3	with	4	or	5	are	mostly	negative	
(i.e.,	generally	complements	each	other	because	1,	2,	and	3	are	used	with	4	
or 5).  Finally, this study found that income elasticities are positive, except 
for	 3,	 implying	 that	 it	 is	 consumed	 less	 as	 income	 rises;	 this	 is	 reasonable	
because	3	comprises	“fuelwood	and	charcoal,”	which	are	not	consumed	as	
much by higher income households.  The above elasticities yield a Hicks-
Slutsky	substitution	matrix	that	is	symmetric	and	negative	semi-definite—the	
necessary	and	sufficient	conditions	 for	expenditure	minimization—a	finding	
probably unprecedented in a Philippine demand study.

Therefore, the above results validate computing compensating variation (CV) 
and equivalent variation (EV), which are changes in compensated incomes 
(i.e., minimum expenditures) that maintain welfare after a change in prices.  
During	2009-2015,	the	aggregate	price	index	(i.e.,	CPI)	increased	3.08	percent	
annually, to which price increases of energy, with a weight of 7.4 percent, 
contributed	0.23	percentage	points—about	equal	 to	the	mid-point	CV	and	
EV	estimates	from	0.18	to	0.30	percent	of	2009	total	expenditures.		This	CV	or	
EV measures welfare losses from energy price increases assuming no change 
in total expenditures.  

However, this study shows that total expenditures increased annually by over 
3.0	percent	which	was	more	than	enough	compensation	 for	welfare	 losses.		
But	 improved	household	energy	end-use	efficiency	by	“waste”	reduction—
in the 2011 Household Energy Consumption Survey—fully compensated for 
the	small	welfare	losses	of	0.18	to	0.30	percent	even	without	increasing	total	
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Demographic Transition in the Philippines

26
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This study presents an index decomposition analysis linked with an economic-
demographic model to trace how population age structure change may 
affect household electricity demand in the Philippines. The results show that 
population	ageing	has	a	direct,	significant,	and	persistent	effect	on	residential	
electricity demand growth. In economies like the Philippines, where the 
elderly consumes more electricity per person relative to other cohorts, 
population ageing is expected to raise aggregate electricity demand through 
sheer compositional accounting effect. But even in economies where average 
electricity	consumption	is	flat	or	declining	in	age,	demographic	dividends	are	
projected to raise aggregate electricity consumption by expanding electricity 
access and increasing usage intensity across all age groups through a positive 
income effect. The permanence and irreversibility of population ageing and 
the persistence of economic growth from demographic change may drive 
continuing growth in the energy sector.

Keywords: Demographic change, Population ageing, Electricity demand
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Abstract: The most practical solution for over 70% of the world’s unelectrified population is decen-
tralized electrification, usually with renewable energy integration. The sustainability of these systems
has been a central issue with studies looking at its multidimensional nature. However, perhaps
the most overlooked aspect is the ability of the consumers to proactively use electricity. This paper
addresses this urgent need to understand not just the sustainability from exogenous factors but,
more importantly, from the factors that motivate the end-users to consume electricity. Applying the
concept of user-perceived value (UPV) in electrification, a proposed multidimensional assessment
framework, consisting of 12 motivators, was grouped according to UPV categories. Using a 5-point
Likert scale questionnaire, 29 beneficiaries in Gilutongan Island, Cordova, Cebu, Philippines, were
asked to evaluate their motivation to consume electricity, six months after they were provided with
increased electricity access through a 7.92 kWp solar photovoltaic installation. Analysis showed that
the households regarded 9 of the 12 factors as moderate to strong motivators, with better social stand-
ing compared to other households without electricity and the ability to engage in productive uses of
electricity emerging as the strongest influencers. The proposed framework is deemed beneficial to
policy-makers to pragmatically understand what drives rural households to proactively consume
electricity and implement developments and policies to stimulate an increase in demand.

Keywords: rural electrification; isolated islands; user-perceived value; electricity consumption
drivers; renewable energy

1. Introduction

One of the United Nations’ sustainable development goals (SDG) is SDG7—to en-
sure universal access to affordable, reliable, sustainable, and modern energy. Over the
years, global organizations have endeavored to provide universal access, especially to
marginalized populations around the world. Their efforts have paid off as the number of
unelectrified population has been reduced from 1.2 billion in 2010 to 840 million in 2017 [1].
According to the 2020 progress report on SDG7, global electrification rate has improved
from 83% in 2010 to 90% in 2018 with steady growth of the renewable energy share in the
electricity supply from 16.3% in 2010 to 17.3% in 2017 [2]. The majority of the unelectrified
population live in sub-Saharan Africa and in the least-developed countries in Asia. In
most cases, these regions are isolated and off-grid such that cost-effective electrification
relies on decentralized energy systems (DES) integrated with renewable energy technology
(RET) [3,4].

There is some uncertainty as to the sustainability of DES, and studies have already
been undertaken to determine these challenges within several identified dimensions and
indicators. Ineffective prioritization, biased decision-making process, and information
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gaps that limit appropriate planning mechanisms affect the long-term sustainability of
DES projects in rural areas [5,6]. From a technical standpoint, one of the palpable issues
with DES, especially with RET deployments, is the intermittent nature of renewable energy
sources that necessitates the integration of battery energy storage systems (BESS), thereby
increasing capital requirements [7–9]. While diesel generator sets might address the issue on
high capitalization of renewable energy technologies, running electricity on conventional
fossil fuels will prove to be more costly in the long term [10]. Another salient point
is the possibility of over- or underestimating system capacity due to the indeterminate
electricity demand in rural areas, which could also impact the effective management of
capital costs [11–13]. Typical business models also hand over operations and maintenance
of DES to the local community, and the lack of competence and capabilities of these local
organizations tend to result in system failures [14]. The need to empower end-users to
enable pro-active participation through capacity building becomes an obligatory step
towards sustainable implementation [15].

The high capitalization requirements of DES compel national governments to entrust
rural electrification efforts to private parties, small developers, and even the local com-
munities [16]. However, because of the uncertain energy markets in off-grid areas, there
can be some reluctance from private investors to scale up electricity access. The success
of such projects is considered to largely depend on the level of government commitment
and the robustness of institutional frameworks and enabling policies to support these
stakeholders, especially through financial incentivization [17,18]. The strength of institu-
tional frameworks and not the technology is deemed as a more influential determinant
of rural electrification sustainability [19]. Governments must address the disorganization
within policies and within regulatory bodies with respect to rural electrification to enable a
more streamlined strategy towards addressing energy access in isolated areas and, like-
wise, must strengthen research and development to address information gaps and must
enforce adequate capacity building and knowledge transfer amongst adopters to reduce or
eliminate energy mismanagement [20].

While deliberating on the multidimensionality of rural electrification could help in the
sustainable implementation of energy access projects, the most logical preliminary issue
to address is the ability of electrification systems to meet the end-users’ actual needs [21].
The adoption of DES, especially those that integrate renewable energy technologies, in
providing increased electricity access to rural areas is seen to promote socio-economic
development of the community and the consumers. However, the perceived high invest-
ment requirements underrate the future benefits of renewable energy deployments, forcing
rural consumers, whose typical livelihoods do not require electricity, to turn down such
developments [22]. There is also an argument that while rural electrification does provide
for socio-economic development of the community, the benefits are mostly biased towards
users with higher average expenditures and incomes [23]. Thus, for DES in rural areas to
be sustained, there is an urgent need to determine not just the long-term economic and
environmental impacts of adopting renewable energy but, more importantly, how these
projects can affect individual social and economic benefits to the end-users [24].

Several studies have been made to evaluate sustainable rural electrification from a
multidimensional perspective, and the economic, technical, social, environmental, and
institutional dimensions have been extensively applied in literature to ascertain the impacts
of rural electrification projects to the community as well as its sustainability [25–29]. These
studies, however, tend to focus on the exogeny of these multidimensional factors and
consider how these external factors affect sustainable implementation and deployment
of electrification projects. There is an emergent lack of consideration for the endogenous
elements of sustainability, particularly concerning how individual consumers perceive the
value of electrification to their existence and how they are motivated to consume electricity.
The study of Hirmer and Guthrie (2016) has proposed a user-perceived value framework
in understanding how technological innovations in electrification can be fitted to the needs
of rural consumers in order to increase user acceptance [30].
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This research was built around the propositions in this study and intended to deter-
mine what drives households in rural communities to consume electricity considering the
user-perceived value perspective and taking into account the economic and non-economic
drivers of electricity consumption in rural areas. The study followed a multidimensional
assessment (MDA) framework where the goal was to determine the drivers that encour-
aged the proactive consumption of electricity in rural community households. The research
was applied in Gilutongan Island, where a 7.92 kWp solar photovoltaic (PV) system was
installed to provide increased electricity access to selected household beneficiaries. The
evaluation considered what motivates households to consume electricity and was done
at household level. Scoring of the drivers to electricity consumption was done to better
understand what motivates rural households to consume electricity once they have been
given increased access. Moreover, further analysis was done to determine if motivation
was influenced by educational attainment of the respondents and monthly income of the
households. Section 2 of this paper presents a review of the drivers of electricity consump-
tion in rural areas, while the methods are discussed in Section 3. Section 4 presents the
discussion and analysis of the evaluation. Section 5 discusses the potential impacts of the
framework to rural electrification initiatives in the Philippines, while Section 6 presents the
conclusions and policy implications.

2. Understanding the Drivers of Electricity Consumption in Rural Areas

With the intensifying global electrification efforts, there is now widespread electricity
access in rural populations across the world. Additionally, while work towards extending
access to the millions who are still without electricity is in progress, there exists a current
and urgent challenge to the success of rural electrification developments. The question of
sustainable consumption of end-users has become a forefront issue, and understanding
why rural households are cautious to consume electricity and how to stimulate them to
increase their demand has become a critical challenge to sustainable rural electrification [31].
Moreover, the sustainable adoption of renewable energy technologies in the rural setting
highly depends on the acceptance and the proactive electricity consumption of the rural
communities where these technologies are deployed [32]. These points highlight the
necessity to understand what motivates rural communities to consume electricity.

Hirmer and Guthrie (2016) proposed a user-perceived value (UPV) perspective in
understanding the consumption patterns and behaviors of rural communities [30], where
UPV was defined as the extent to which a good or service meets the consumer’s needs and
wants. It was postulated that in understanding this, project developers are able to better
understand consumer decisions, which until now, have not been extensively considered in
the implementation of rural development programs. The value perceived by end-users of
rural electrification projects poses a significant role in the success and sustainability of these
initiatives that goes beyond the common elements of financial value, technology choices,
and capacity building, as it influences the uptake and acceptance of such projects [33].
Despite the obvious socio-economic benefits of increasing electricity access, the successful
adoption, as with any other technology or innovation, relies on how effectively it can be
sold to the end consumers [34], and thus, relies on how consumers perceive the value of
electricity access to their entity and existence. In a case study in rural India, consumers
were seen to value availability of electricity power, reliability, and price, with consumers
inclined to pay more provided that the supply was reliable, as opposed to low-cost but
erratic supply [35]. End-users, while predisposed to value the benefits of electrification
to health, work, and education, also regarded the autonomy of children, improvement
in family life, and reduction of stress as driving aspects to adoption and acceptance of
technology [36].

There is also a tendency for project developers to focus on designing a reliable and
affordable electricity generation system, neglecting the demand aspect, the values placed by
the end-users on the energy service, and the consumers’ preferences in terms of electricity
consumption [37]. The need for social acceptance of renewable energy technologies has
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been highlighted in numerous sustainability studies for energy access as this also impacts
how communities are motivated to consume electricity [38–40]. Concerns about cost and
inequality, as well as potential abusive and inequitable business practices, are significant
points that could lead to unacceptability of electrification technologies in rural areas [40].
Moreover, slow diffusion of electrification technologies in the rural communities can be at-
tributed to the end-consumers’ lack of information and ability to test the technologies, such
that prior deployments and the visibility of successful implementations with neighboring
communities is a more useful approach of communicating consumer benefits rather than
simple word-of-mouth [41]. Information, coupled with active social involvement, is also
cited as a fundamental ingredient in the successful promotion of ocean wave energy as a
renewable energy resource [42]. The effective engagement of the local community and the
improvement of consumer behaviors, particularly in using efficient electrical appliances,
are key factors in the sustainability of minigrid deployments [43].

The motivation of households to consume energy is also deemed to be influenced
by several demographic factors. In a case study in Iran, household income was seen
to potentially lead to variation in electricity consumption, whereas head-of-household
age did not have any significant impact [44]. Aside from income, factors such as gender,
age, household size, and having children in the household were also seen to influence
the level of electricity consumption patterns among households [45,46]. In a study in
Greece, a positive correlation was seen between energy consumption and income, age,
employed members in the household, and gender [47]. Moreover, the study concluded
that households with higher educational levels tend to use electrical appliances more
intensively than households with lower educational levels.

Consumers play a crucial role in the successful adoption and sustainable deployment
of electrification systems and renewable energy technology, especially in rural areas where
people’s livelihoods are not dependent on electricity. Simply providing for electricity
access to rural communities does not imply growth and development, as the need for the
communities to proactively consume electricity, especially through productive means, is
critical to sustainable development [48]. While economic impacts to the community and the
mitigation of climate change are good indicators of the sustainability of electrification, there
is a more exigent need to look at the social implications of electrification and determine
how consumers are motivated to use the technology and how acceptable the technologies
are at end-user levels [49,50]. Therefore, the need to identify what drives end-users to
consume electricity and the perceived value they associate to increased access is crucial,
especially in rural electrification initiatives (refer to Table 1).

Table 1. Drivers of electricity consumption in rural areas in published literature.

Driver Sub-Driver References

Economy Affordability of electricity tariff, productive use of electricity (community-level) or
local entrepreneurship [48,51–55]

Technology Reliability of system, eser interface (metering), appropriateness, adequacy of
supply, ease of repair [48,51]

Household energy use Access to information/entertainment/other conveniences, knowledge attainment,
business opportunities, togetherness, operational expenditure, local demand [52,53,55]

Community services Security/comfort/safety, health and wellbeing, business opportunities [52–55]

Organization Maintenance (ability to operate without need for specialized staff), ownership,
grassroots organising [51,55]

Poverty mitigation Pro-poor policies [55]
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3. Materials and Methods
3.1. Conceptual Framework

User-perceived value is a significant determinant of the attitude of users to a certain
product or service and the impact of user behavior to product or service satisfaction, thus,
establishing its user-perceived effectiveness [56]. In most cases, user-perceived value is
established considering user satisfaction and multidimensional variables that achieve such
satisfaction. Typical dimensions considered are the functional value, emotional value,
social value, conditional value, and epistemic value [57,58], while other dimensions are
service performance value, monetary value, brand integration value, and convenience
value [59]. These context-related (conditional, epistemic) and content-related (emotional,
social, convenience, monetary) values are perceived to lead to loyalty (commitment, pur-
chase intentions) and, thus, can lead to outcomes (willingness to pay) [60]. In some cases,
the customer-perceived value is deemed to be correlated to the perceived benefits and
perceived sacrifices experienced by the consumers [61–63].

In the context of rural electrification, it is deemed worthwhile to consider how users
regard the benefits of increasing rural electricity access, as policies have shifted to pri-
vate capitalization and rural electrification projects have become commercial ventures.
Sustainability of such projects rely on consumers’ socio-economic growth that improves
their capacity to pay, as well as their proactive consumption of electricity, as energy access
projects that are heavily dependent on donations seldom see sustainable results [64–66].
However, the concept of user-perceived value is not extensively applied in research related
to rural electrification projects with research emphasizing the economic, technical, or envi-
ronmental barriers to project realization and sustainability and downplaying consumer
value perception and user behavior [67,68]. Studies that do consider user value proposition
consider that technologies influence complex processes that push for the sustainability of
technological innovations [69–71].

This research is grounded on the user-perceived value concept as discussed in Hirmer
and Guthrie (2016) [30] and follows the established pillars used to determine user-perceived
value as discussed in Hirmer (2014) [33] in determining what motivates rural households
to consume electricity. It is understood that most rural electrification initiatives rely on
raising awareness and educating the consumers of the social, economic, and environmen-
tal impacts of electrification rather than convincing users that developed initiatives to
meet their needs are something that they ought to want. The typical pillars to determine
user-perceived value, as discussed by Hirmer (2014), are the: (1) functional value—which
corresponds to economy, quality and performance, convenience, physical compatibil-
ity, and service); (2) social significance value—which corresponds to identity and status;
(3) epistemic value—which corresponds to novelty, knowledge, and curiosity; (4) emotional
value—which corresponds to association, fun, memorability, and safety; and (5) cultural
value—which corresponds to tradition, religion, and spirituality. Figure 1 presents the
framework in assessing what motivates households in rural communities to consume
electricity, following the concepts from Hirmer and Guthrie (2016), Hirmer (2014), and the
drivers identified in Table 1. The framework makes use of user-perceived values in deter-
mining what motivates rural consumers to consume electricity. It contends that functional,
social, epistemic, emotional, and economic values establish the overall user-perceived value
of increased electrification, which in turn, drives rural households to consume electricity.
This motivation to consume ultimately leads to consumer satisfaction of and loyalty to the
increased electrification service.
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Figure 1. Proposed multidimensional assessment framework for household electricity consumption drivers in rural communities.

3.2. Case Environment

Gilutongan Island (10◦12′00′′ N, 123◦59′00′′ E) is an island village (barangay) under
the jurisdiction of Cordova, Cebu. The island is currently powered by a 194 kVA diesel
generator set that provides electricity to the island residents for 4.5 h every night. Residents
who are connected to the generator pay US$ 0.14 (Php 7) per light bulb and US$ 0.15 (Php 8)
per power outlet every day. The payment is collected daily by designated representatives
of the local government unit (LGU) and payment collections are used to purchase diesel to
power up the generator. As of the 2019 report of the island’s local government unit, there
are a total of 2179 people and 370 households on the island. The barangay is composed of
four sub-villages (sitios). There is an integrated school on the island that serves elementary
to senior high school students, a health care center, churches of different religions, a private
restaurant for tourists, and a private resort that is not yet operational.

In March 2020, a 7.92 kWp solar photovoltaic system with 28.8 kWh battery energy
storage system was installed in one of the sub-villages (sitios) on the island to provide
increased electricity access to 11 household beneficiaries composed of 44 individuals. The
system was installed on two rooftops located within the vicinity of the 11 household
beneficiaries (see Figure 2). Initially, the households used telephone wires and undersized
wires to connect to the main distribution line of the diesel generation system and did not
use electrical safety devices, such as switches and circuit breakers, such that lights and
appliances were immediately turned on when the diesel generator was turned on. With
the provision of the solar PV system, the distribution system of the beneficiary households
was also improved with distribution wires, switches, and breakers, installed according
to Philippine electrical standards. For one year after the installation, the households
were provided with 24-h electricity, except for 17 days when service disruptions were
recorded due to battery depletion caused by insufficient solar charging. Each household
was provided with an electric meter for easy tracking of their daily consumption. The
household beneficiaries paid a flat rate of US$ 0.4 per day provided that their consumption
did not exceed 1 kWh per day. Households who consumed more than 1 kWh per day paid
a tariff computed based on the rate of US$ 0.4 per kWh.
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the beneficiaries).

3.3. Data Collection and Treatment

Data were collected from beneficiaries who were of legal age and were already con-
tributing to the household income. This meant that of the 44 individual beneficiaries, 29
were the respondents. A survey instrument was developed to determine consumption
motivators of the respondents and reviewed by the Ethics Review Committee of the re-
searchers’ academic institution. The survey was divided into three parts: the first part
explored the demographic information of the household beneficiaries; the second part
sought to determine their current status after increased electricity access had been pro-
vided; and the third part aimed to establish how certain factors motivated or deterred
households from consuming electricity. The third part contained statements about what
motivated rural households to consume electricity and was designed based on a 5-point
Likert scale with degrees defined as strongly agree, agree, neutral, disagree, and strongly
disagree to the statements (see Appendix A: Table A1). The data were collected through
guided individual interviews of the respondents so that no respondent was influenced
by the answers of the other respondents. The questionnaire was translated in the local
dialect and the respondents’ answers were subsequently transcribed and translated to the
English language.

Descriptive analysis was used to interpret collected data, where modes were calculated
to determine the degree of influence of a motivator over the drive of the rural population to
consume electricity; although means and median were likewise established. The mode was
considered the more appropriate measure, providing the value at which the probability
mass function took its maximum value, while the mean hardly provide an appropriate
measure of motivations, as the degree of motivation could not be inferred by a non-integer
value [72]. In the analysis, numerical values were assigned to the respondents’ answers
to each motivator statement, assigned as follows: strongly agree—5; agree—4; neutral—3;
disagree—2; and strongly disagree—1.

Regression analysis was done to establish the relationship between the motivators and
the independent variables: (1) monthly income and (2) level of education. In the analysis,
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the data collected were first analyzed for normality using the logarithmic transformation
using Equation (1):

f (x) = logb x (1)

where logb x is the base-b logarithm function (base 10 is considered), and x refers to the
numerical value of the respondents’ answers to each motivator statement, assigned as
follows: strongly agree—5; agree—4; neutral—3; disagree—2; and strongly disagree—1. If
data are established as normal, a simple linear regression analysis follows to determine the
relationship between the dependent and independent variables following the formula for
coefficient of correlation given in Equation (2):

r = ∑n
i=1(xi − x)(yi − y)√

∑n
i=1(xi − x)2 ∑n

i=1(yi − y)2
(2)

where xi refers to the respondents’ answers for each motivator (dependent variable), yi
refers to the corresponding value of the independent variable, x refers to the arithmetic
mean for all values of x, and y refers to the arithmetic mean for all values of y. If established
as non-normal, an ordinal logistic regression analysis is done using SPSS PLUM and the
estimated values of R2 or the coefficient of determination is used to provide information
on how much of the variance in data can be explained by the independent variables, estab-
lished through Cox and Snell’s, Nagelkerke’s, and McFadden’s pseudo-R2 statistics. To
represent numerically the independent variables, numerical values are assigned according
to Table 2.

Table 2. Equivalent numerical values for educational attainment and income classification.

Numerical Value Income Classification Educational Attainment

1 Poor Elementary level
2 Lower income Elementary graduate
3 - High school level
4 - High school graduate
5 - College level
6 - College graduate

Note: Income classification is based on monthly income of the household and classified according to [73]. Poor
household are those with monthly income below Php 7890, while lower income households are those with
monthly income between Php 7891 to Php 15,780.

4. Results and Discussion

The 11 household (HH) beneficiaries, composed of 44 individuals, were provided
with increased electricity access last March 2020 through a 7.92 kWp solar PV system that
was installed on two rooftops within their vicinity. The majority of the beneficiaries were
aged below 30 years old (55%), while 27% were aged 30 to 59 years, and only 18% were
above 60 years old. Among the beneficiaries, 32% were only elementary graduates, only
5% held college degrees, and 9% were not of school age (see Figure 3). The main source
of livelihood for the beneficiaries was fishing (11 beneficiaries), while others worked as a
restaurant vendor, salesclerk, and hotel housekeeper (four beneficiaries). There were only
two beneficiaries who had their own businesses as small vending storeowners, and five
of them were working in the local government unit of the island, holding various posi-
tions. Other beneficiaries were plain housewives (seven beneficiaries), students/underage
(13 beneficiaries), or had no work at all (two beneficiaries).
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Figure 3. Level of education, beneficiaries of the solar PV system in Gilutongan Island, Cebu, Philippines.

Meter readings were obtained every week to determine the electricity consumption per
HH beneficiary. Figure 4 presents the graph of the consumption for all eleven households
starting from 30 March 2020 to 13 September 2020. The first week’s meter readings were
relatively large compared to the succeeding weeks as this was the first reading done
since the households were provided with increased electricity access on the first week
of March. Three weeks had already lapsed when this reading was made, thus, this first
reading was considered to be three weeks of electricity consumption for the households.
Disregarding the first week data, the highest recorded meter reading was for HH6 on week
6 at 20.27 kWh, while the lowest recorded meter reading was for HH7 on week 12 at 0 kWh,
as this week, no household member was in their house.
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Figure 4. Weekly electricity consumption for 11 households in Gilutongan Island, Cebu, Philippines.

Average actual electricity consumption was computed considering 27 weeks (in-
cluding the three-week lapsed period when no meter reading was done but electricity
consumption had already started). On average, the electricity consumption was 6.14 kWh
per week with the highest average recorded by HH6 at 11.49 kWh per week and the lowest
average recorded by HH1 at 3.25 kWh per week (see Figure 5). Based on an initial load
profiling survey prior to installation, HH1 expressed the highest forecasted consumption
at 27 kWh per week, while the lowest was HH9 with 0.82 kWh per week. Both households
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recorded the most significant difference in terms of surveyed and actual consumption at
−88% for HH1 and +660% for HH9.
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Figure 5. Average weekly electricity consumption, 11 households (Note: HH8 with zero surveyed
value was not included in the initial survey).

The majority of the respondents (72%) indicated that they were confident in the
reliability of the solar photovoltaic system and have acquired or extended their use of
household appliances for their convenience and even engaged in small productive uses of
electricity to augment their incomes. Moreover, 66% of the respondents felt that the system
could adequately supply their electricity needs. However, some respondents felt that while
they were able to increase their duration of electricity use, their inability to use certain
appliances as they pleased made them consider the supply to be inadequate or unreliable.
Some of the households expressed the desire to use refrigerators since increased access was
given but were deterred from doing so because the appliances they wished to use were
regarded as inefficient and outdated and the project implementers were cautious to add
such appliances to the load of the all-PV system.

Respondents regarded social value as a significant motivator to electricity consump-
tion. The majority of the households (90%) agreed that with the 24-h connection that was
provided to them, they experienced increased access to information as they had more time
to use televisions or mobile phones that allowed them to communicate and access the inter-
net. The increased duration of electrical appliances, such as electric fans and mobile phones,
led 93% of the respondents to feel strongly driven to consume electricity. However, there
were also some households who indicated that their use of rice cookers and electric irons
were hampered, thus inferring deterred access to conveniences. In rural isolated islands in
the country where electricity was almost never available to the coastal communities for
more than 4 h every day, 93% of the beneficiaries agreed that having increased access could
project better status for the connected households considering that their neighbors only
had night-time access. Moreover, this prompted other neighboring households who were
not beneficiaries of the project to have other solar developers install solar home systems on
their rooftops to also increase their access to electricity. On the other hand, beneficiaries
were also motivated to consume by being part of the local association and by having a
sense of ownership, as they were told to maintain and operate the system, with 72% of the
respondents indicating agree or strongly agree answers to this factor. However, 3% of the
respondents indicated that being part of the local organization was not a particularly strong
motivator for them, further stating that they would prefer to not be part of the organization
due to individual differences with the other beneficiaries.

Meanwhile, epistemic value did not strongly influence the beneficiaries to consume
electricity. Only 48% and 28% of the respondents considered curiosity or prior knowledge
of renewable energy technologies, respectively, as motivators to consume electricity for
households. Curiosity and prior knowledge were attributed by the respondents to the solar
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installation on the island’s local school, as well as solar installations in other neighboring
islands. Respondents acknowledged that these installations spurred their interest in the
ability of solar PV systems to provide for reliable electricity supply to the consumers.
However, several of the respondents felt impartial to these factors as an influence to their
current consumption behavior with 48% for curiosity and 62% for prior knowledge.

The beneficiaries positively responded to transparency as a motivator to consume
electricity, with 83% of the respondents indicating that the electrical meters allowed them to
see their consumption and has encouraged them to use electricity as they can now control
their usage. However, 10% of the respondents said that while it is a good motivator, it
does not particularly compel them to use electricity because they also do not know how
to do meter readings, thus, it is not specifically helpful to them. On the other hand, 41%
of the respondents said that providing for safety devices, such as switches and circuit
breakers, inculcated a sense of security for their households. According to the respondents,
witnessing how the generation and distribution systems were installed also attenuated
their doubts as to the reliability of the system. However, 31% of the respondents felt that
this was not a strong influence in terms of assuring health and well-being, further stating
that they would have preferred the electrification to also provide for better health services
to the community above the mere provision of safety electrical devices.

The majority of the respondents agreed that economic value of electrification was
a strong motivator for them to consume electricity. In terms of equitability, 79% of the
respondents implied that the current tariff was a reasonable value considering that they
now had 24-h electricity access, while 14% still considered the tariff to be more expensive
compared to the mainland. Of the respondents, there were 76% who engaged in productive
uses of electricity (PUEs), prompting them to use electricity for longer periods during the
day. One of the households acquired a freezer and sold ice and other ice treats on the
island. Other households, who already owned small stores prior to the solar PV installation,
extended operating hours of their videoke machines. Still other households engaged in other
simple PUEs, such as mobile charging and cold-water machines. Although the households
collectively indicated that they would have wanted to further use additional electrical
appliances to improve their income-generating activities but were discouraged to do so,
they still found that the system was able to provide them with enough capacity to engage
in productive uses of electricity, albeit modestly.

4.1. What Motivates Rural Households to Consume Electricity?

In determining the degree to which households were motivated to consume electricity,
modes were calculated for each of the factors summarized in Table 3. All identified factors
ranged between moderate motivators to strong motivators for the households to consume
electricity, except for the M7 (satisfying curiosity or RET), M8 (satisfying prior knowledge
of RET), and M10 (assurance in health and well-being), which respondents indicated
were neutral in terms of motivating them to consume electricity. Of note were the strong
motivators—better status in local community (M5) and ability to engage in PUE (M12). The
increased electricity access was seen by the beneficiaries as progress for their social standing
in the community and, per discussions and observations, have prompted neighboring
households to commission other solar PV developers to install solar home systems in their
houses. Moreover, as the households were required to pay for electricity consumption,
most of them were encouraged to engage in productive uses of electricity to improve their
income-generation activities. While some households were deterred from using their old
electrical appliances, particularly refrigerators, some households invested in acquiring
new and energy-efficient freezers to start an ice-making business. Likewise, households
engaged in moderate productive activities using electricity, with five households engaged
in mobile charging for a fee and one household selling cold water using water-cooling
machines. Means still suggest that both M5 and M12 are among the strong motivators to
electricity consumption, along with increased access to information (M3) and conveniences
(M4), as well as transparency of the system (M9).
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Table 3. Descriptive statistics for motivators.

Motivator Mean Median Mode Skewness Kurtosis

M1: Confidence in system reliability 3.76 4.00 4.00 −0.901 0.210
M2: Confidence in adequacy of supply 3.62 4.00 4.00 −0.593 −0.713

M3: Increased access to information 4.38 4.00 5.00 −0.641 −0.570
M4: Increased access to conveniences 4.34 4.00 4.00 −0.349 −0.566

M5: Better status in the local community 4.52 5.00 5.00 −0.974 0.010
M6: Local organization/ownership 3.97 4.00 4.00 −1.201 1.868

M7: Satisfying curiosity of RE 3.55 3.00 3.00 −0.345 1.425
M8: Satisfying prior knowledge of RE 3.14 3.00 3.00 −0.558 1.474

M9: Transparency of the system 4.21 4.00 5.00 −1.067 0.600
M10: Assurance in health/well-being 3.14 3.00 3.00 −0.154 −0.821

M11: Equitability of tariff 3.90 4.00 4.00 −1.319 1.323
M12: Ability to engage in PUE 4.17 5.00 5.00 −1.049 −0.305

It can be observed that all motivators have negative skewness, signifying non-symmetry,
although results for M4, M7, and M10 can be considered fairly symmetrical. Local own-
ership (M6) and equitability of tariff (M11) results are highly skewed to the negative side,
suggesting that a higher proportion of the minority of the respondents considered these
factors as low motivators to consume electricity. However, all other values for skewness
suggest acceptable levels. Meanwhile, it can also be observed that M6, M7, M8, and M11 are
heavy-tailed to the right side, although values for kurtosis are also within acceptable levels.

4.2. Household Income and Educational Attainment as Influencers to Motivate Electricity Consumption

Figure 6 shows the histogram for each motivator. The test for normality indicates that
logarithmically-transformed data for the motivators under the functional, social, epistemic,
and economic values are not normally distributed with p-values of less than 0.05, while
data for the motivators under the emotional value are normally distributed with p-values
of greater than 0.05 (see Table 4). As such, analysis for correlation of the motivators under
the functional, social, epistemic, and economic values is done using ordinal regression,
while the analysis for correlation of the motivators under the emotional value is done using
simple regression.

Table 4. p-values for logarithmically-transformed data for the motivators.

Motivator Kolmogorov–Smirnov Test Shapiro–Wilk Test

Log-transformed functional value 0.001 0.003
Log-transformed social value 0.008 0.002

Log-transformed epistemic value 0.001 0.001
Log-transformed emotional value 0.060 0.061
Log-transformed economic value 0.001 0.001

Table 5 summarizes the results of the regression analysis. With values for coefficients
of correlation and determination falling below the 0.7 to 1.0 range, results suggest that the
degree to which motivators drive the respondents to consume electricity is not influenced
by either their income or their educational attainment. Both independent variables are
weakly correlated to the motivators, suggesting that the income and educational attainment
of the respondents do not predict how they are driven to consume electricity. This suggests
that household monthly income and respondent educational attainment are insignificant
predictors to the motivators of electricity consumption for the community beneficiaries.
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Table 5. Regression analysis, motivators v. income and educational attainment.

Motivator
Coefficient of Correlation

Household Monthly Income Respondent Educational Attainment

M9: Transparency of the system 0.095 −0.272
M10: Assurance in health/well-being 0.133 −0.055

Motivator

Estimated Coefficient of Determination

Household Monthly Income Respondent Educational Attainment

Cox and
Snell Nagelkerke McFadden Cox and

Snell Nagelkerke McFadden

M1: Confidence in system reliability 0.024 0.026 0.009 0.104 0.112 0.041
M2: Confidence in adequacy of supply 0.020 0.022 0.007 0.210 0.224 0.085

M3: Increased access to information 0.031 0.037 0.017 0.223 0.262 0.133
M4: Increased access to conveniences 0.074 0.089 0.043 0.296 0.356 0.197

M5: Better status in the local community 0.051 0.063 0.031 0.186 0.226 0.119
M6: Local organization/ownership 0.051 0.057 0.022 0.174 0.192 0.081

M7: Satisfying curiosity of RE 0.009 0.010 0.004 0.170 0.190 0.081
M8: Satisfying prior knowledge of RE 0.004 0.004 0.001 0.220 0.230 0.080

M11: Equitability of tariff 0.022 0.023 0.009 0.201 0.218 0.088
M12: Ability to engage in PUE 0.024 0.027 0.010 0.208 0.231 0.100

5. Potential Impacts to Rural Island Electrification in the Philippines

As the Philippines is steadily working towards the provision of electricity to rural
communities and far-flung areas, the focus has strongly been on the technological and
economic aspects of the projects with little emphasis on what motivates end-users to con-
sume electricity. While looking at these two dimensions could profoundly impact project
deployments, proactive consumption by the end-users should also be emphasized. Sus-
tainability is primarily supported by the proactive use of electricity by the consumers and
only secondarily by the design, the techno-economic studies, and the multidimensional
sustainability assessments. Without proactive consumption, any sound project deployment
is eventually bound to fail. The proposed multidimensional assessment framework for
electricity consumption drivers, strongly based on the user-perceived value of electricity
service, could be a beneficial tool for policymakers in the country to determine what partic-
ularly motivates rural households to consume electricity. Policies could then be designed
around these motivators to ensure that households are encouraged to utilize electricity.
Such as the case presented in this research, strong motivators to consume electricity hinge
on the promotion of better status in the community and the ability to engage in produc-
tive uses of electricity. In providing increased electricity access to communities such as
this, it would be logical to also consider how electricity can impact the social lives of the
inhabitants, as well as provide policies to support beneficiaries to engage in productive
uses of electricity.

6. Conclusions

The assessment of the sustainability of rural electrification typically focuses on techno-
logical, economic, environment, social, and institutional factors. However, the proactive
consumption of electricity by the end-consumers is a more pragmatic but often overlooked
factor to sustainability. There is very limited literature that looks into what drives rural con-
sumers to utilize electricity, but the proactive consumption of electricity by the end-users is
deemed crucial to the successful implementation of decentralized electrification systems,
particularly renewable energy technologies, especially in rural areas where day-to-day
living and income generation activities are not reliant on electricity access. This study
proposes a multidimensional assessment framework composed of 12 motivators, primarily
based on user perceived value of electricity service, to determine what motivates house-
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holds to consume electricity. The framework was applied in a sub-village in Gilutongan
Island, Cordova, Cebu, Philippines, where a 7.92 kWp solar photovoltaic system was
installed 2 March 2020. The results of the study indicate that the households largely con-
sidered 9 of the 12 motivators to have moderate to strong influence on their consumption
patterns. However, the epistemic value and the assurance to health and well-being were
neutral values in terms of motivating the beneficiaries to consume electricity. Moreover,
better status for the households in the community and the ability to engage in productive
uses of electricity are considered to be the strongest motivators for the beneficiaries to
consume electricity. The motivation to consume electricity is neither influenced by the
household’s monthly income nor the educational attainment of the respondents. It is
important to note that this study derives results from a survey of only 29 respondents
from 11 households who benefited from the solar PV installation, thus, the limitation to the
generalizability of the findings. Further studies could be done to validate with an increased
sample size.

However, this simple and pragmatic assessment framework could provide policymak-
ers a logical approach to understand what drives rural households to consume electricity.
The information derived from this assessment could help shape strong strategies to develop
rural electrification and could promote better policymaking to support project sustainabil-
ity. Determining and understanding what motivates users to consume electricity could
help decision makers, as well as project developers, to plan for support or supplemen-
tary services that could promote proactive consumption by the end-users. This, in turn,
enhances the sustainability of decentralized electrification systems implemented in rural,
isolated areas.
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Appendix A

Table A1. Statements Regarding Motivators to Consume Electricity in Rural Households.

Motivator Consumer Value Statements Degree of Motivation to Consume

M1 Confidence in system reliability Functional value
I am motivated to consume electricity because I am confident
that the solar PV system is reliable and will not break down
despite using various electrical appliances.

M2 Confidence in adequacy of supply Functional value

I am motivated to consume electricity because I am confident
that the system supply is enough to provide for the
requirements in powering up the electrical appliances that I
wish to use.

M3 Increased access to information Social value
I am motivated to consume electricity because it has provided
my household increased access to information and knowledge
attainment through television, internet, and other media.

M4 Increased access to conveniences Social value
I am motivated to consume electricity because it has provided
my household with increased access to conveniences such as
electric fans and rice cookers.

M5
Better status in the
local community Social value

I am motivated to consume electricity because having increased
access has conveyed better status for my household in relation
to our neighbours.

M6
Local organization and

sense of ownership Social value
I am motivated to consume electricity because my household is
part of an organization that manages the solar PV system, and it
has provided me with a sense of ownership of the system.

M7
Satisfying curiosity of

renewable energy Epistemic value
I am motivated to consume electricity because I want to satisfy
my curiosity with regards to renewable energy technologies as
electricity sources.

M8
Satisfying prior knowledge of

renewable energy Epistemic value I am motivated to consume electricity because I want to satisfy
my prior knowledge of renewable energy technologies.

M9 Transparency of the system Emotional value
I am motivated to consume electricity because I am able to
determine and control our consumption through electrical
meters installed in my household.

M10
Assurance in health and

well-being Emotional value I am motivated to consume electricity because this has assured
the health and safety of my household members.

M11 Equitability of tariff Economic value
I am motivated to consume electricity because the tariff is more
equitable now that we have increased access as
compared to before.

M12
Ability to engage in productive

uses of electricity (PUE) Economic value
I am motivated to consume electricity because this has allowed
my household to use appliances and tools that can improve our
income-generating activities.
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Exploring the Nexus of the Residential 
Energy Consumption, Effective Rate, 
Unemployment and Income Revenue in 
Cagayan de Oro City

28
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Energy	 consumption	 is	 one	of	 the	 critical	 factors	 that	define	 a	progressive	
city.	 In	 the	past	five	years,	Cagayan	de	Oro	consistently	 lands	 in	 the	 list	of	
the country’s most competitive cities. This draws people from different 
areas outside the city due to vast opportunities and chances of a good life. 
The	 influx	 of	 people	 entails	 various	 human	 pursuits	 necessitating	 energy	
consumption. Hence, this paper explores the determinants of residential 
energy	consumption	in	Cagayan	de	Oro	between	2005	and	2019.	The	final	
regression	technique	used	is	Newey	and	West,	which	is	a	modern	approach	
in dealing with autocorrelation (AR). AR is a common issue among time-series 
data sets. The results show that the city’s total income and unemployment, 
not the electric rate, explain the growing demand for electric consumption in 
Cagayan de Oro City, ceteris paribus. City total income and unemployment 
are	positive	and	statistically	significant	to	energy	consumption	at	1%	and	10%,	
respectively. This is consistent with studies that show a positive correlation 
between income and energy consumption. The local government’s income 
is	 reflective	 of	 its	 revenue	 generation	 from	 private	 economic	 activities.	
As an emerging economy, the city experiences a massive rise in business 
opportunities in recent years, leading to higher demand for electricity. 
Unemployment, on the other hand, affects electricity consumption as more 
jobless workers occupy their households. Various studies have also explained 
that population density and concentration promote a growing variety of 
energy-intensive activities, increasing overall energy consumption.

Keywords: energy consumption, energy rate, unemployment,
income revenue
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Evaluation of Energy Mix of the
Projected Wholesale Electricity Spot
Market (WESM) in Mindanao

29
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The	Wholesale	Electricity	Spot	Market	(WESM)	in	Mindanao	was	successfully	
in operation after the improvement and enhancement of its software system 
design. This provided shorter time dispatch, resulting in a more accurate 
projection of electricity in the market. This study aims to evaluate the energy 
mix	of	 the	projected	WESM	 in	 the	Mindanao	grid	 from	June	 to	July	2021.	
To accomplish this, the following types of information were collected: a) the 
resource type and schedule capacity per hour and b) the total supply capacity 
based on their resource type.
 
Based on the data gathered in the Independent Electricity Market Operator 
of the Philippines (IEMOP), this study found that the type of energy resources 
come from geothermal, biomass, solar, hydroelectric, coal and oil-based 
fuel.	 	Seven	hundred	 forty-four	 sorted	 raw	 real-time	dispatch	 (RTD)	filtered	
data from the IEMOP were categorized based on their resource type and 
schedule	capacity.	There	is	about	31.47%	total	generated	capacity	dispatched	
by	renewable	energy	during	the	study	period	in	2021	compared	to	the	27.8%	
generated capacity utilized in 2019. The results of the study can help provide 
the Department of Energy (DOE), the IEMOP, and the consumers of electricity 
a clear picture of the energy mix scenario and a more comprehensive basis for 
the use of cleaner energy sources that will ensure more sustainable growth for 
the energy market in Mindanao.

Keywords: Energy	 Mix,	 Wholesale	 Electricity	 Spot	 Market,	 Independent	
Electricity Market Operator of the Philippines, Department of Energy

Abstract
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1
Wholesale Electricity Spot Market (WESM) is a venue for trading electricity as a 
commodity between buyers and sellers of electricity based on actual demand 
and supply. It was established under the Republic Act No. 9136, known as the 
Electric Power Industry Reform Act of 2001 under Section 30. WESM started 
its commercial operation in the Luzon grid in June 2006, followed by the 
Visayas grid in December 2010. The market shall provide the mechanism for 
identifying and setting actual variations from the quantities transacted under 
contracts. Rules under WESM state that the mechanism for determining the 
price of electricity, by establishing the merit order dispatch and determining 
its market-clearing for each period, shall not be covered by bilateral contracts 
between sellers and purchasers of electricity users. Prices should be subjected 
to the approval of the Energy Regulatory Commission (ERC) that reflect 
economic law of supply and demand. Currently, the Independent Electricity 
Market Operator (IEMOP) serves as the market operator of the WESM, as 
jointly endorsed by the Department of Energy and the market participants 
thru its Circular No. 2018-01-0002, entitled “Adopting Policies for the 
Effective Transition to the Independent Market Operator of the Wholesale 
Electricity Spot Market” (Department of Energy 2018). The main objective of 
IEMOP is to pursue the objectives of WESM of having a fair, competitive, and 
reliable market for trading electricity throughout the Philippines (Independent 
Electricity Market Operator Philippines, n.d.).

Mindanao had faced a power crisis primarily due to the failure to provide 
generating capacity that is sufficient enough to meet the energy demand 
(Navarro, 2012). The region’s baseload capacity was not increased sufficiently 
to meet the demand due to the snail-paced approval from decision makers 
(Sicat, 2012). Aside from this, Mindanao is heavily dependent on hydroelectric 
power. About 51% of the power supply comes from hydropower plants which 
is highly seasonal (Navarro, 2012). This poses problems on drought seasons 
which would mean lesser water flow and eventually lead to lesser power 
generation. Most significantly during summer season, the power supply is at 
its lowest when the power demand is at its peak (Sicat, 2012).  The reliance 
on hydropower in the island translates to low cost of power generation. Thus, 
the consumers in the island enjoys a much cheaper power rates as compared 
to Luzon and Visayas. (Navarro, 2012) This is also the reason why Mindanao 
power play does not want to be connected to the Luzon-Visayas grid. The 
resistance to the privatization of the government-generating power plants 
or Republic Act No. 9136 known as the Electric Power Industry Reform Act 
(EPIRA) of 2001 also contributed to the power crisis in Mindanao. It took a 
while before the National Grid Corporation of the Philippines privatized the 
entire grid system of Mindanao, which was due to the resistance of the local 
communities, electric power distributors (mainly electric cooperatives) and 
local politicians (Sicat, 2012).

Given the relative deficiency of power in Mindanao, there ought to be more 
interested power investors in such a significant region, aside from the more 

Introduction: Overview of the Study
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prominent investors, namely the Aboitizes and the Alcantaras. On February 
25, 2013, ERC approved the budget for the establishment of the Interim 
Mindanao Energy Market (IMEM). The IMEM is being undertaken pursuant 
of the Department of Energy to address the power supply situation in 
Mindanao. The IMEM envisioned providing an opportunity for the power 
industry participants, or as defined by the DOE as person or entity engaged 
in generation, transmission, or distribution of electricity in Mindanao, with 
an excess of unutilized generation capacities, offering or making use of such 
generation capacities, subject to compensation based on the resulting market 
prices (Department of Energy 2013). In 2016, Mindanao had an electricity 
supply surplus and worked to sustain power resources with renewable energy 
beyond 2020 (Rivera 2016). The Mindanao Development Authority (MinDA) is 
working to accelerate the development of renewable energy (RE) projects to 
attain a fifty-fifty energy mix target by 2030. They focused more on hydroelectric 
power projects such as 250-MW Agus III that was already auctioned and are 
now preparing for financial closing, and the 300-MW Pulangi V which was 
among the contracts signed by China. They are also monitoring applications 
of 280 projects where more than half of the projects were run-of-river power 
projects that range from 2.5 MW up to 80 MW capacity. MinDA also explores 
whether it is feasible to deploy other RE technologies such as biomass and 
solar to complement the run-of-river type since it cannot serve for twenty-four 
hours. 

Currently, the Wholesale Electricity Spot Market (WESM) in Mindanao is on its 
second quarter of the year following the approval of a new price determination 
methodology (PDM) by the Energy Regulatory Commission (ERC) (Lectura 
2021). The new PDM will also be used for the upcoming commercial operations 
of WESM Mindanao. The WESM Mindanao was launched in June 2017 and 
was expected for commercial operation in December 2020 which was delayed 
due to some software system improvements. The enhanced WESM design 
and operations provide a shorter dispatch interval of five minutes from one 
hour, resulting in a more accurate picture of the actual conditions rather than 
projecting the possible market conditions. This will be more beneficial to the 
consumers considering that customers pay for the procurement of regulating 
reserves, translating to lower cost as it instantly reflects the changes in supply 
and demand and potentially reduces the requirement for frequency regulation 
reserve. The establishment of WESM in Mindanao will enable a transparent 
and fair mechanism to bring more competition to the investors that have a 
sustainable business climate eventually redound to allow consumers from 
Mindanao given their power of choice. 

This study aims to evaluate the energy mix of the projected WESM on the 
Mindanao grid. As the economy of Mindanao continues to grow, the electricity 
demand will gradually increase since Mindanao has experienced excess 
generation supply for the past years. WESM Mindanao will play a vital role as 
there will be an impact on the pricing system, particularly in the generation 
sector here in Mindanao. The main objective of this study is to evaluate the 
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energy mix of the projected WESM on the Mindanao grid. To achieve the 
main objective of this study, the researchers aim to do the following:

1. Determine the resource type and its schedule capacity per hour 
2. Determine the total supply capacity and sort it based on their resource 

type
3. Evaluate the results based on graphs (pie chart, line graph) 

2 Review of Related Literature

2.1.1 Birth of the Electric Power Industry

Thomas Edison, one of the greatest pioneers in the field of 
electricity, launched an electric business known as General 
Electric with the funding of J.P Morgan in 1882 for the new 
industries that needed generators to supply power, as well as 
the new appliances and electric lights that were used.  Later 
on, he opened the first central power plant located in lower 
Manhattan – Pearl Street Station. The Pearl Street central power 
plant was designed through a network of buried copper wires 
that became the entire power-generation industry model. 
Edison priorly focused on inventions rather than getting some 
financial capital in order to carry the business out. In 1881, a 
promising twenty-one-year-old from England named Samuel 
Insull who began his career as a personal assistant to Edison, 
built an electricity business over the next four decades. Insull 
built the modern power grid, which achieved what economists 
call “economies of scale,” that had more efficient units than 
those manufactured by General Electric. He used high-voltage 
transmission lines to spread electricity in the countryside. He also 
created the electricity pricing scheme given that electricity has to 
be produced and consumed simultaneously, providing power to 
customers who demanded large surges of electricity that could 
be unprofitable. In the time of peak demand, Insull implemented 
a fixed fee/demand charge in addition to the typical usage 
charge. Lastly, Insull was the one who found out efficiencies by 
interconnecting power grids for backup and reliability in order 
to eliminate the redundant build of the generation plants in the 
same service area (Institute for Energy Research, n.d.).

2.1 Electric Power Industry History
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2.1.2 The Politicization of the Electric Power Industry

Before Pearl Street’s central power plant was opened, electricity in 
the U.S. was intertwined with politics from the beginning. Edison 
had to bribe New York politicians in order for him to establish his 
business. He found it difficult to establish because of having a 
hard time obtaining the consent of New York’s famously corrupt 
city government to build his proposed network on the southern 
tip of Manhattan. As the electric power industry started to grow, 
it became more involved with city politics due to over-lighting 
contracts. Franchise rights would be obtained by the electricity 
providers from the city officials in order to serve local areas, 
this opened the doors for the officials in extorting the power 
companies for their campaign contributions or personal bribes. 
Insull found a solution where new legislation would replace local 
regulation with statewide regulation of power companies by the 
public utility commissions. State commissions would establish 
a maximum rate for the generation company to charge their 
customer based on the company’s cost of providing electrical 
service. This gave the generation company the ability to establish 
an exclusive franchise based on the given geographical area. The 
early power industry was a natural monopoly that turned out to 
be a self-fulfilling prophecy. State regulators assumed that power 
companies were bound to monopolize, so they regulated them 
accordingly and gave them legal monopoly status. Public utility 
regulation was the best way to provide low-cost power, dodge 
harsh local regulations, and avoid a takeover. The first states 
that were regulated were Wisconsin and New York in 1907, and 
in 1914, the other forty-three states had followed and created 
state-level commissions on overseeing electric utilities (Institute 
for Energy Research, n.d.).

2.2.1 Pre-EPIRA

In 1890, Sociedad Mercantil became La Electricista and provided 
electricity to Manila and nearby provinces. A twenty-year contract 
was signed by the municipal council of Manila together with the 
Sociedad Mercantil Millat, Marrti y Mitjans to provide electric 
lighting for city streets, parks, and other public places illuminated 
initially by oil lamps. Also, the contract allows the Sociedad to 
enter into arrangements with private customers to access lights 
using incandescent lamps in their homes and establishments.  In 

2.2 Philippines Electric Power Industry History
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1903, MERALCO was established and bought the La Electricista 
the following year (Cabrera 1992).

In 1925, MERALCO expanded its franchise to Rizal and other 
parts of Luzon by obtaining franchises and plants of small 
provincial electric companies. After the Second World War, they 
began retrenching their regional operations to concentrate on 
rehabilitation and expansion of their facilities. By 1953, MERALCO 
disposed of their local facilities, and in 1961, Eugenio Lopez Sr. 
bought MERALCO from General Public Utilities Corporation of 
New York (Patalinghug 2003).

In 1936, the National Power Corporation was established in order 
to develop the country’s hydroelectric resources. In 1960, the 
Philippine Congress created the Electrification Administration 
(EA) to implement the government’s declared objective of total 
electrification as a national policy. The government granted 
private companies franchises to encourage them to set up local 
distribution systems in rural areas. In 1969, congress replaced 
EA as implementing the country’s total electrification policy by 
creating the National Electrification Administration (NEA). Under 
NEA, RECs (or electric cooperatives) were designated as the 
country’s electricity distribution system to establish and oversee 
the RECs, make loans, borrow funds, acquire physical property, 
and franchise rights of existing suppliers to extend subsidies to 
RECs (Patalinghug 2003).

In 1970, 22.5% of the 38 million total population had electric 
service, and 22.9% of the 8.54 million resided in rural areas. 
However, more than 86% of the rural families did not have 
electric service. By 1971, there were about 876 generating plants 
and 479 distribution utilities with a total capacity of 2,314,868 
kW (Armas 1978).

Figure 29.1:
The electric 
power industry 
before the 
passing of the 
Electric Power 
Industry Reform 
Act
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Under Presidential Decree No. 269 in 1973, NEA was converted 
into a public corporation. NEA was given the sole authority to 
regulate the electric cooperatives, as well as to repeal, alter, and 
amend its franchise. Starting with two electric cooperatives in the 
early 1970s, NEA now supervises 119 electric cooperatives all 
over the country (Patalinghug 2003).

Figure 29.2:
The electric 
power industry 
after passing 
of the Electric 
Power Industry 
Reform Act

2.2.2 Post-EPIRA

The Electric Power Industry Reform Act (EPIRA) was enacted on 
June 8, 2001, to abolish the Energy Regulatory Board and created 
the Energy Regulatory Commission, a purely independent body 
performing combined quasi-judicial, quasi-legislative, and 
administrative function in the electric industry (Philippine Daily 
Inquirer 2017).

Generally, EPIRA was inspired by the competitive energy markets 
found to be historically successful in Argentina, Canada, Brazil, 
and Australia (Joskow 2004). Under the pursuant to Section 6 of 
EPIRA, the generation segment of the power sector was made 
competitive and open to all qualified generation companies. 
Congress did not require the generation utilities to secure 
franchise authority to operate (Brucal and Ancheta 2018).
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2.2.2.1 

2.2.2.2 

2.2.2.3

In 2001, the National Transmission Corporation 
was created, it assumed the electrical transmission 
function of the National Power Corporation. It was 
designated as the single independent system operator 
to manage the operation of the network. Under EPIRA, 
it was divided into four parts: generation, transmission, 
distribution, and supply. Still, the transmission and 
distribution are subject to the rate-making powers of 
the Energy Regulatory Commission (ERC). Meanwhile, 
prices charged by the suppliers were subjected to 
ERC regulation. Public utility operations and suppliers 
were not required to secure national franchise, and the 
supply of electricity was deemed to the contestable 
market (Brucal and Ancheta 2018).

EPIRA targeted to separate prices for retail power 
supplies and associated customer services that will 
be supplied competitively from the regulated delivery 
charges. They want all distribution utilities (Dus) to 
apply for unbundled tariffs by December 2002, but 
it was only in December 2008 that the 120 electric 
cooperatives, twenty private utilities, and the NPC that 
almost all unbundling applications were decided by 
ERC (Brucal and Ancheta 2018).

The intergrid (between Luzon and Visayas) and intragrid 
(within Luzon) subsidies were removed respectively in 
2002 and 2005. Meanwhile, the interclass subsidies 
(between industrial and residential) were removed in 
2005. In order to primarily reflect the true cost of service 
delivery in the power sector, where 40% of the subsidies 
was removed in 2004, and 60% were taken out in 2005. 
Contrary to the pursuit of having prices reflect the actual 
cost of service delivery, it was the institution of the 
governments’ two distortionary pricing mechanisms, 
namely, the lifeline rate and the Universal Charge for 

National Transmission Corporation

Unbundling or retail tariffs

Elimination of cross-subsidies
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Missionary Electrification (UCME), that are meant to 
support the underprivileged consumers’ additional 
charges, that all other consumers paid. Under Section 
73 of EPIRA on the lifeline pricing scheme, residential 
consumers in the higher consumption bracket should 
pay extra costs as subsidies to their poorer counterparts. 
When the Republic Act 10150 was signed in 2011, 
extending the implementation of the lifeline rate for 
another ten years, which was supposed to be phased 
out in ten years upon implementing the EPIRA (Brucal 
and Ancheta 2018).

2.2.2.4

Under Section 38 of the EPIRA, the ERC was established 
as an independent, quasi-judicial, and regulatory 
body that promotes competition, encourages market 
development, ensures customer choice, and penalizes 
abuse of market power. The Joint Congressional Power 
Commission (JCPC) was created by the EPIRA that was 
tasked to oversee the power implementation of the law, 
like the plan of the Power Sector Assets and Liabilities 
Management Corporation (PSALM) to privatize NPC 
assets was subject to the endorsement of the JCPC 
before the President approves it for implementation in 
the Philippines (Brucal and Ancheta 2018).

Energy Regulatory Commission and Joint 
Congressional Power Commission

2.2.2.5

The Wholesale Electricity Spot Market (WESM) 
establishment was effective under Section 30 of the 
EPIRA. The main goal of the WESM is to provide 
competitive market forces that establish generation 
tariffs and make costs more transparent. WESM started 
its operations first in the Luzon grid last June 2006, 
followed by the Visayas grid in December 2019, and 
WESM in Mindanao was launched last June 2017.

Wholesale Electricity Spot Market
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On June 26, 2017, the Department of Energy (DOE) formally declared the 
Wholesale Electricity Spot Market (WESM) launch in the Mindanao grid. 
Mindanao has experienced excess generation supply starting in the first half 
of 2016, which increased even further with the entry of other large generation 
capacities in the latter part of 2016 and would increase even further in 2017. 
Aboitiz Power is one of the largest power producers in the country, with forty-
four () generation facilities with a capacity of 2,402 megawatts (MW) mainly 
of the company’s power facilities located in Mindanao. Mindanao has a peak 
requirement of about 1,300 MW to 1,400 MW. Supply is seen to almost 
double, with 1,000 MW or more of additional capacity that would come from 
power producers, including Aboitiz Power, Alsons Power, SMC Power, and the 
FDC Misamis Corp. The new capacity adds to Mindanao’s installed capacity 
of 2,414 MW as of 2015, of which 2,044 MW are considered dependable. 
Philippine Electricity Market Corp (PEMC) operator of the WESM said that they 
are “very much prepared” to comply with the DOE’s directives and were just 
waiting for the DOE’s formal announcement. They also comply with the tasks 
involved in the preparation and commercial operation of WESM in Mindanao. 
All power firms in Mindanao shall be considered registered WESM members 
and must register to ensure proper accounting of capacities in the Mindanao 
grid. All embedded generators with an installed capacity of 10 MW that have 
a contract outside its host distribution utility, intends to sell to the WESM; or 
injects power to the grid shall, likewise, be registered in the market and shall 
be required to submit the necessary information to assist PEMC in providing 
optimal dispatch schedule and pricing in the market. PEMC shall conduct trial 
operations with the Mindanao WESM participants and system operators to 
ensure their readiness for the WESM commercial operations. 

Interim Mindanao Electricity Market (IMEM) was set up as a trading floor for 
electricity in Mindanao in 2013. IMEM was designed as a binding day-ahead 
market where only the uncontracted or unutilized contracted quantities are 
traded to address Mindanao’s power-supply shortage immediately. However, 
IMEM was suspended in February 2014 following a grid-wide power 
interruption in Mindanao, preventing power companies with the excess 
generating capacity from offering their output to distribution utilities (Lectura 
2017).

There are several factors why WESM in Mindanao is still in the process of 
implementation. In 2019, Sapere Research Group released Mindanao 
Readiness Assessment Report for readiness for WESM. The group listed several 
issues specific to Mindanao which caused delays to the implementation of 
WESM in the island. They stated that:

1. There are delays in market registration in Mindanao.
2. There is a low number of market participants participating the 

Parallel Operations Program (POP) even though there is high capacity 

2.3 Wholesale Electricity Spot Market in Mindanao
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2.4 Guiding Principles of WESM

represented, with a number of parties familiar with trading in WESM 
due to being active in Luzon and Visayas

3. There is an issue in internet connectivity in Mindanao. The internet 
connection will have a great impact on the dispatch and settlement, 
thus having limited internet connectivity will result to inefficiencies in 
the new market-based arrangement. 

4. The Meter Service Agreement and IEMOP/System Operator interfaces 
and data transfer protocols are yet to be fully resolved. There are 
also non-technical issues that may hamper the implementation of 
WESM in Mindanao, and this includes collection issues, free-riding   
off Ancillary Services and uneconomical use of inefficient generation 
units.

In June 2021, DOE released Department Circular No. DC 2021-06-0015 
or the Declaration of the Commercial Operations of Enhanced Wholesale 
Electricity Spot Market (WESM) Design and Providing Further Policies. In this 
memorandum circular, the policies for WESM trading was more defined. Along 
with this memorandum circular, the WESM Central Scheduling Guidelines 
was provided.  In December 26, 2021, DOE published a draft circular which 
proposes to declare the operation of WESM in Mindanao. However, the 
implementation will be further delayed to coincide with the completion of 
Mindanao-Visayas Interconnection Project (MVIP). (Philstar, 2022)

2.4.1 Gross Pool

Gross pool also known as scheduling, defined as all energy is 
traded through the WESM (i.e., mandatory market) regardless 
of whether the training participant is fully contracted, partially 
contracted, merchant. Generator trading participants offer 
their full energy capacities to the market operator (IEMOP) in 
order to be scheduled. Generators must always submit its offer/
nomination up to its maximum available capacity to the WESM 
if it is available (not on outage) (Independent Electricity Market 
Operator Philippines, n.d.).
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2.4.2

2.4.3

2.4.4

Net Settlement

Locational Marginal Pricing

Energy and reserve co-optimization

As the generators offer their full capacities to the market 
operator, spot quantities (energy [in MWh] that are not covered 
by bilateral contracts between generators and customers) are 
settled at market price. In determining the spot quantities, 
bilateral contract quantity will be netted out of WESM and settled 
outside by counterparties based on their contract price given by 
the total energy generated by the generator or consumed by the 
customers based on their meter reading (Independent Electricity 
Market Operator Philippines, n.d.).

Marginal price is computed at each node or location in the power 
system to reflect cost of transmission line loss or congestion. 
Currently, there are more than 600 market trading nodes in the 
WESM. The unit that is used in determining the LMP at Market 
Trading Node is (Php/kWh). In calculating the locational marginal 
price, the formula is (Independent Electricity Market Operator 
Philippines, n.d.);

In the current WESM structure, energy and reserve co-
optimization are not yet implemented. Energy and reserve 
schedules are jointly determined under a single solution 
(Independent Electricity Market Operator Philippines, n.d.).

• Advantages of co-optimization:
• All available capacities can be seen by the WESM
• Determination of optimal schedules and prices between 

the energy and reserves with the least overall cost
• Mitigate artificial under-generation

Equation 1:
LMP = SMP + Cost of Loss + Cost of Congestion

where;

LMP = Locational Marginal Price
SMP = System Marginal Price
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Figure 29.3:
Difference 
of with and 
without 
co-optimization

2.4.5 Demand bidding

Loads may submit the maximum price that they are willing to pay. 
Generators are ranked from the cheapest to the most expensive 
offer. The price of the generator that will satisfy the demand will 
be the market clearing price also known as the system marginal 
price (Independent Electricity Market Operator Philippines, n.d.).

2.4.6 Self-commitment

Trading participants are responsible for the management of 
their technical operations, unit commitment decisions and 
other market risks through submission of offers to the WESM 
(Independent Electricity Market Operator Philippines, n.d.).
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Calculating the total schedule capacity in MW base on its resource type

Evaluating the result via graphs

End

Figure 29.4:
Research 
flowchart

3 Methodology
3.1

3.2

3.3

Research flowchart

Data gathering

Sorting the data in terms of hour

In evaluating the energy mix of the projected Wholesale Electricity Spot 
Market (WESM) on the Mindanao grid, these were the following data gathered 
in order to achieve this research:

(a)   real-time dispatch (June 27– July 27)
(b)   list of WESM participants (generators) in Mindanao

Since WESM Mindanao just started, the limit of the data that was used in this 
study was only good for one month. In sorting the data, the data was divided 
into twenty-four parts based on its designated hour and arranged from June 
27– July 27, 2021.
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3.4 Determining the resource type based on the sorted hourly data

Data was sorted in terms of hour, the data was determined by its resource 
type based on the list of existing WESM participants in Mindanao, gathered 
from the Independent Electricity Market Operator of the Philippines (IEMOP). 
The following are the different resource types:

• Geothermal
• Biomass
• Solar
• Hydroelectric
• Coal
• Oil-Based

3.5 Calculating the total schedule capacity in
MW base on its resource type

The data was calculated in terms of its total schedule capacity in order to 
determine the energy mix.

3.6 Evaluating the result via graphs

Data was evaluated via graphs. The total load supplied with its designated 
hour was represented via line graphs and the energy mix was represented via 
pie charts.
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4 Results and Discussion

4.1.1 Real-time dispatch (June 27– July 27, 2021)

The Real-time dispatch data was gathered from the Independent 
Electricity Market Operator Philippines (IEMOP). For the real-
time dispatch, please refer below:

• RUN_TIME: Start of the dispatch interval (08/17/2021 10:00:00 
PM - 10:05:00 PM)

• MKT_TYPE: Market Run which is the Real-time Dispatch 
(RTD)

• TIME_INTERVAL: End of the dispatch 
interval (08/17/2021 10:00:00 PM - 10:05:00 PM)

• RESOURCE_NAME: Resource ID of a Trading Participant
• RESOURCE_TYPE: G-Generator, NL-Load, PS-Pumped-

Storage
• SCHED_MW: RTD Schedule or the target schedule
• LMP: Locational Marginal Price = SMP + LOSS + 

CONGESTION
• LOSS_FACTOR: Transmission Loss Factor determined in the 

Power Flow
• LMP_SMP: System Marginal Price
• LMP_LOSS: Marginal Loss Cost
• LMP_CONGESTION: Marginal Congestion Cost

4.1 Data gathering

Figure 29.5:
List of Real-time 
dispatch data 
that will be 
used
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Figure 29.6:
Real-time 
dispatch data 
(June 27, 
Hour 1)

4.1.2 List of existing WESM participants (generators) in Mindanao

The list of existing WESM participants in Mindanao was gathered 
from the Independent Electricity Market Operator of the 
Philippines (IEMOP). For the WESM participants, please refer 
below:

• RESOURCE_NAME: Resource ID of a Trading Participant
• DESCRIPTION: Name of the Power Plant
• REGION NAME: Grid located (Mindanao)
• STATION_NAME: Trading Node Located
• TRADING PARTICIPANT: Name of the Trading Participant

4.2 Sorting the data in terms of hour

The real-time dispatch data issued by the IEMOP was sorted by hour. The 
total data needed for the study was 744 raw RTD data divided into twenty-
four parts. Generators that were scheduled were sorted and arranged from 
June 27– July 27.
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Figure 29.8:
Real Time 
Dispatch data 
divided into 24 
parts

4.3 Determining the resource type based on the sorted hourly data

Resource type were obtained based on the list of Existing WESM participants 
(generators) in Mindanao.

Figure 29.9:
List of 
generators 
in order to 
determine the 
resource type

Figure 29.7:
Twenty-four-
hour real-time 
dispatch data of 
June 27, 2021
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4.4 Calculating the total schedule capacity in
MW based on its resource type

The data was filtered first so that it could be categorized based on their 
resource type and using the subtotal function for the calculation of the total 
schedule capacity based on its resource type.

Figure 29.10:
Calculation 
of the total 
schedule 
capacity using 
Subtotal 
function

Figure 29.11:
Summary 
of different 
resource types 
scheduled 
generated load 
in	MW	with	
its designated 
hour
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Figure 29.12:

Figure 29.13:

Figure 29.14:

Total generated 
supply from 
June	27–	July	
27, 2021

Average energy 
mix	(June	27–	
July 27)

Energy mix at 
hour 1

4.5 Evaluating the result via graphs
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Figure 29.15:

Figure 29.16:

Figure 29.17:

Energy mix at 
hour 2

Energy mix at 
hour	3

Energy mix at 
hour 4
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Figure 29.18:

Figure 29.19:

Figure 29.20:

Energy mix at 
hour 5

Energy mix at 
hour	6

Energy mix at 
hour 7
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Figure 29.21:

Figure 29.22:

Figure 29.23:

Energy mix at 
hour 8

Energy mix at 
hour 9

Energy mix at 
hour 10
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Figure 29.24:

Figure 29.25:

Figure 29.26:

Energy mix at 
hour 11

Energy mix at 
hour 12

Energy mix at 
hour	13
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Figure 29.27:

Figure 29.28:

Figure 29.29:

Energy mix at 
hour 14

Energy mix at 
hour 15

Energy mix at 
hour	16
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Figure 29.30:

Figure 29.31:

Figure 29.32:

Energy mix at 
hour 17

Energy mix at 
hour 18

Energy mix at 
hour 19
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Figure 29.33:

Figure 29.34:

Figure 29.35:

Energy mix at 
hour 20

Energy mix at 
hour 21

Energy mix at 
hour 22
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Figure 29.36:

Figure 29.37:

Energy mix at 
hour	23

Energy mix at 
hour 24
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5
This study’s main objective is to evaluate the energy mix of the projected 
Wholesale Electricity Spot Market (WESM) on the Mindanao grid. After 
analyzing the results obtained from all the processes, it has concluded 
that the WESM promotes clean energy resources and green technologies. 
Based on the graphs, it shows that 31.47% of the total generated capacity is 
dispatched by renewable plants versus the 27.8% renewable plants that was 
generated based on the 2019 Mindanao gross generation mix issued by the 
Department of Energy. As the Department of Energy declares a moratorium 
on endorsements for greenfield coal power plants, it will create a significant 
impact on the energy mix and also with the Philippine government allowing 
100% foreign ownership in some renewable energy projects like the large-
scale geothermal project and utilization of natural resources signed by the 
President. There will be a big transition from fossil fuel-based technology 
utilization to cleaner energy sources to ensure more sustainable growth for 
the county’s energy market.

Conclusion
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Mindanao has a total of thirty-nine (39) Electric Distribution Utilities 
(Figure 30.1). These distribution utilities are responsible in distributing 
electricity within their franchise area to their classified customers may it 
be residential, commercial, industrial, or others. There are two (2) types of 
distribution utilities owners: Private Investor-Owned Utility (PIOU) and Electric 
Cooperatives (EC). The electric cooperatives are under the management of 
the National Electrification Administration (NEA) or the Small Power Utilities 
Group (SPUG). 

This	 study	 aims	 to	 track	 the	 status	 of	 electrification	 in	Northern	Mindanao	
using generated maps of distribution utilities (DUs) in the area using the 
software ArcGIS. The supply and demand of electricity for all DUs in Northern 
Mindanao are obtained to generate maps by using the Geographical 
Information System. The results of the study will be useful for a variety of 
stakeholders. For example, Local Government Units (LGUs) can use the data 
when planning the transition towards cleaner sources of energy.

Keywords: distribution utilities, geographic information system, Private 
Investor-Owned Utility, Electric Cooperatives, distribution development plan

Abstract

Introduction
1.1 Background of the Study
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According to Republic Act No. 9136, otherwise known as the Electric Power 
Industry Reform Act (EPIRA) of 2001, the functions of the distribution utilities 
are include providing distribution services and connections to its system for 
any end-user within its franchise area consistent with the distribution code, 
imposing and collecting distribution wheeling charges and connection fees 
from such end-users as approved by the Energy Regulatory Commission 
(ERC), supplying electricity in the least cost manner to its captive market, 
subject to the collection of retail rate duly approved by the ERC, preparing 
and submitting to the DOE their annual distributions developments plans, 
where in the case of electric cooperatives, such plans shall be submitted 
through the National Electrification Administration, among others.

Figure 30.1:
Mindanao 
Distribution 
Utilities Map 
from DOE DDP 
2016-2025	
(DOE 2018).



537Technical Studies in Support of Energy SecurityChapter 30

Figure 30.2:
Supply 
Reliability in the 
Mindanao Grid, 
2005-2014

Source: 
Navarro, 
Detros, and 
dela Cruz 2016

“As for the Mindanao grid, the supply has been tight since 2009 where the 
required margin is over available capacity by 195 MW. Rotating brownouts 
has been experienced especially during summer times and dry season where 
water levels in hydropower plants such as the Agus and Pulangi hydropower 
complexes are affected. These fluctuations in capacity have not been able 
to meet the steady growth of demand in Mindanao. For the last decade, the 
peak demand is increasing at an average annual rate of 2.77%. Meanwhile, 
the available capacity only has an average growth rate of 1.12%. Although 
installed capacity is growing at an average of 2.97% annually, dependable 
capacity average annual growth (2.42%) is still lower than the peak demand 
average annual growth” (Navarro, Detros, and dela Cruz 2016).

“Since 2009, the required reserve margin the Mindanao has not been met by 
the available capacity. What is more alarming is that since 2010, the available 
capacity has been almost equal with the peak demand, not to mention the 
required reserves. Thus, the DOE has implemented initiatives such as the 
Interruptible Load Program to curtail such crisis (Navarro, Detros, and dela 
Cruz 2016).” Figure 30.2 below shows the demand supply situation in the 
Mindanao grid from 2005-2014.

In 2010, the Aquino government, through the DOE, has laid down ground 
works for Mindanao, given that the region has been experiencing power 
shortage of about 200-400 megawatts (an average of 4-hour rotating 
brownouts) affecting businesses and the Mindanaoans. The outages were due 
to the increasing supply-demand gap brought about by the lack of entry of 
new power projects, and the derating and non-operation of power plants in 
the region in the prior years (DOE Continues to Provide Solutions on Mindanao 
Power Situation, 2015).
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One of the roles of a Distribution Utility is to submit their annual distribution 
developments plans to the DOE for privately owned utilities or to the National 
Electrification Administration (NEA) for electric cooperatives. The distribution 
development plan (DDP) is composed of the “10-year outlook DUs’ supply-
demand requirement, basic information on their actual number of customers 
and energy sales for each customer type (residential, commercial, industrial, 
and others), system loss, percentage level of household energization, number 
of barangays in the franchise, length of distribution lines in circuit kilometer, 
franchise area in square kilometer and franchise population (, 2018).” For each 
DDP, there is a data for the actual year before the 10-year outlook where in 
the 2016-2025 DDP there is an actual data for 2015, this applies to all DDPs.
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Figure 30.3:
Conceptual 
Framework 
Diagram for 
the	Profiling	
of Distribution 
Utilities.

As the EPIRA Law is being implemented, distribution utilities have the 
responsibility to prepare and submit to the DOE or (NEA) their annual 
distributions developments plans. The development plans are made for 
crafting new policies and for the improvement of distribution utilities in their 
franchise area. Encouraging market development and ensuring consumer 
choice are just some of the goals of the EPIRA Law. Unfortunately, in the case 
of Mindanao, not all distribution utilities submit their report which makes it 
difficult to accurately know where the problem lies. In this project, we generate 
maps to see the differences of the distribution utilities in Mindanao in terms of 
supply and demand, franchise area, actual number of customers and energy 
sales for each customer type, and percentage of household energization.

1.3 Statement of the Problem

1.2 Conceptual Framework
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The main objective of the study is to gather and utilize data from the 
distribution utilities to determine the problem with their electricity. The study 
specifically aims to: 

• Accumulate data from all the distribution utilities in Mindanao
• Compare the supply and demand of electricity for each distribution 

utilities in Northern Mindanao in order to generate maps by using 
Geographical Information System

• Determine and compare the current and previous status of 
electrification in Northern Mindanao

• Generate maps of distribution utilities in Mindanao using the software 
ArcGIS

1.4 Objectives of the Study

The result of the study will be beneficial and valuable to the following:

Researcher. The data that will be gathered will be essential to the 
researchers for the improvement of their future projects and research. 
These will also help them further analyze and construct new ideas 
which can help improve the electrification in the country.

Researcher’s Local Government Unit (LGU). The data will be useful to 
the LGUs especially those aiming for a clean energy. The data will help 
them improve their system in order to combat the rising problems in 
the electricity industry.

Researcher’s Society. This data will be useful to those who are curious 
about the electricity industry and to those who want to economically 
improve the industry by creating new businesses.

1.5 Significance of the Study

The study focuses on accumulating data from the different distribution utilities 
in Mindanao with the help of the Distribution Development Plan from the DOE. 
The data collected by this study include different types of distribution utilities, 
supply and demand, and electrification progress of distribution utilities in all 
customer classifications namely, residential, commercial, industrial and others 
(not limited to railway and streetlights).

1.6 Scope and Limitation
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2
The most common source of Electric Distribution Utilities data, which are 
currently being utilized in various projects concerning Renewable Energy, is 
the DOE through their website.

According to Republic Act No. 9136, otherwise known as the Electric Power 
Industry Reform Act (EPIRA) of 2001, the functions of a distribution utility are 
as follows:

“A distribution utility shall have the obligation to provide distribution 
services and connections to its system for any end-user within its 
franchise area consistent with the distribution code. Any entity 
engaged therein shall provide open and non-discriminatory access to 
its distribution system to all users.

Any distribution utility shall be entitled to impose and collect 
distribution wheeling charges and connection fees from such end-
users as approved by the ERC.

A distribution utility shall have the obligation to supply electricity in 
the least cost manner to its captive market, subject to the collection 
of retail rate duly approved by the ERC.

To achieve economies of scale in utility operations, distribution 
utilities may, after due notice and public hearing, pursue structural and 
operational reforms such as but not limited to, joint actions between 
or among the distribution utilities, subject to the guidelines issued 
by the ERC. Such joint actions shall result in improved efficiencies, 
reliability of service, reduction of costs and compliance to the 
performance standards prescribed in the IRR of this Act.

Distribution utilities shall submit to the ERC a statement of their 
compliance with the technical specifications prescribed in the 
Distribution Code and the performance standards prescribed in the 
IRR of this Act. Distribution utilities which do not comply with any 
of the prescribed technical specifications and performance standards 
shall submit to the ERC a plan to comply, within three (3) years, with 
said prescribed technical specifications and performance standards. 
The ERC shall, within sixty (60) days upon receipt of such plan, 
evaluate the same and notify the distr ibution utility concerned of its 
action. Failure to submit a feasible and credible plan and/or failure 

Review of Related Literature

2.1 Roles of Distribution Utilities under the EPIRA Law
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to implement the same shall serve as grounds for the imposition of 
appropriate sanctions, fines, or penalties.

Distribution utilities shall prepare and submit to the DOE their annual 
distributions developments plans. In the case of electric cooperatives, 
such plans shall be submitted through the National Electrification 
Administration. Distribution utilities shall provide universal service 
within their franchise, over a reasonable time from the requirement 
thereof, including unviable areas, as part of their social obligations, in 
a manner that shall sustain the economic viability of the utility, subject 
to the approval by the ERC in the case of private or government-owned 
utilities. To this end, distribution utilities shall submit to the DOE their 
plans for serving such areas as part of their distribution development 
plans. Areas which a franchised distribution utility cannot or does not 
find viable may be transferred to another distribution utility, if any is 
available, who will provide the service, subject approval by ERC. In 
cases where franchise holders fail and/or refuse to service any area 
within their franchise territory and allowed another utility to service 
the same, then the status quo shall be respected.

Distribution utilities may exercise the power of eminent domain 
subject to the requirements of the Constitution and existing laws.”

“The apex body for governing and developing policy within the country’s 
power sector is the Department of Energy (DOE). The DOE is responsible 
for energy policy and planning including the formulation of the PEP 2017–
2040 and the Power Development Plan. It reports directly to the Office of 
the President and is also responsible for supervising the reform process of 
the sector following the Electric Power Industry Reform Act (EPIRA) (Asian 
Development Bank 2018).”

“The Energy Regulatory Commission (ERC) is an independent body responsible 
for regulating the power industry and, among other duties, is responsible for 
approving bilateral power supply agreements, Ancillary Service Procurement 
Agreements, and setting the distribution wheeling rates of distribution utilities 
and electric cooperatives (Asian Development Bank 2018).”

“The Power Sector Assets and Liabilities Management Corporation (PSALM) 
is charged with selling both government-owned power sector assets and the 
rights to control capacity contracted to the government by the private sector 
under long-term power purchase agreements (PPAs). By the end of 2013, 
the power sector in the Philippines had become one of the most extensively 
privatized power sectors in the region. The EPIRA also required distribution 

2.2 Government Institutions in the Power Sector
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utilities to procure power in the “least-cost manner” for sale to their franchised 
captive customers and required the establishment of a sophisticated Wholesale 
Electricity Spot Market (WESM) (Asian Development Bank 2018).”

“The National Electrification Administration (NEA) is a government-owned 
and controlled corporation responsible for promoting full electrification in 
the Philippines with a focus on the numerous electric cooperatives that tend 
to serve less developed areas. The NEA provides loans or subsidies to the 
electric cooperatives to establish infrastructure, operations, and facilities 
necessary to supply electricity in rural areas (Asian Development
Bank 2018).” 

“Private investor-owned utilities are licensed to sell electricity within their 
distribution franchise areas and are similarly regulated by the ERC. In more 
rural and generally less developed areas, member-owned and not-for-profit 
electric cooperatives provide electricity to customers (Asian Development 
Bank 2018).”

Figure 30.4:
Current 
Structure of 
the Power 
Industry in the 
Philippines

Source: Asian 
Development 
Bank 2018
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“Mindanao’s power situation has become a lesser worry for the island. Based 
on figures from the Department of Energy (DOE), the island’s system peak 
demand hit 1,696 MW in 2017, which compared with an available capacity of 
2,202 MW. Peak demand as a percentage of available supply gives a number 
that is way better than the country’s comparative figures of 13,684 MW and 
15,393 MW, respectively (Saulon 2018).” 

The significant improvement is largely because of the new and big power 
plants that came online in the past two to three years, including a combined 
825 MW from the coal-fired power plants of Sarangani Energy Corp., Therma 
South Inc., FDC Utilities, Inc. and San Miguel Consolidated Power Corp. Some 
of these plants have new units undergoing testing and commissioning (Saulon 
2018).”

DoE figures put 1,289-MW as committed capacity, or those that have secured 
project financing, and another 2,543-MW as “indicative” capacity that are in 
the initial stages of development (Saulon 2018).”

In September 2017, the Energy Regulatory Commission (ERC) granted 
provisional authority to National Grid Corporation of the Philippines (NGCP) 
to implement the interconnection between the Visayas and Mindanao power 
grids for around P51.7 billion (Saulon 2018).”

The project will link the power grids via Cebu in the Visayas and Dipolog City 
in Mindanao. The converter stations in Visayas and Mindanao will be located in 
Sibonga, Cebu and Aurora, Zamboanga del Sur, respectively (Saulon 2018).”

2.3 Energy Situation in the Mindanao
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The study will identify the necessary data needed to be gathered, taking into 
consideration where such data may be accessed, either online or through the 
different distribution utilities in Mindanao or other energy sectors. 

The data will be composed of the general information, number of customers, 
energy sales, supply and demand profile, status of energization, and list of 
suppliers of the distribution utilities in Mindanao. The number of customers 
and energy sales will be composed of the residential, commercial, industrial, 
and other building types. The supply and demand profile will be composed 
of the supply contracted and demand from the customers. The status of 
energization will be composed of the number of households (potential 2015 
census, if available), number of energized households, and the percentage of 
energization.

3
The Distribution Development Plans (DDPs) from the DOE is one of the key 
instruments utilized in developing and generating maps. The data from these 
DDPs is composed of the supply-demand, actual number of customers and 
energy sales for each customer type (residential, commercial, industrial, and 
others), energized households, and franchise areas.

Methodology

3.1 Research Concept

4
This study aims to utilize the data gathered from the distribution utilities to 
determine the problem of each region concerning their electricity. The specific 
objectives of this study are to accumulate data from all the distribution utilities 
in Northern Mindanao, compare the supply and demand of electricity for each 
distribution utilities in Northern Mindanao, determine and compare the current 
and previous status of electrification from the previous years, determine the 
contracted suppliers of the distribution utilities in Northern Mindanao, and 
map the locations of generation companies and distribution utilities. The 
study highlights on the data of the distribution utilities in Mindanao from the 
DOE and National Electrification Administration.

Data and Results
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4.1 General Information and Energy Sales Data of Distribution Utilities

The distribution utilities’ general information was accumulated from the 
DOE’s 2018-2027 Distribution Development Plan. Table 30.1 below shows 
the general information of a distribution utility which consists of the address, 
position, contact number, and email address of the contact persons indicated. 
The general information is utilized in order to gather more data from the 
distribution utility which are not available in any platform sources.

Distribution 
Utility Address Contact Person Position Contact 

Numbers Email Address

ZAMCELCO
MCLL Highway, 

Putik Road, 
Zamboanga City

Engr. Edgardo F. 
Ancheta

OIC – General 
Manager

(062) 984-1903
zamcelco@

outlook.com

ZAMSURECO I

G.V. Cerilles St. 
Pagadian City, 

Zamboanga del 
Sur

Mr. Jose Raul A. 
Saniel

General 
Manager & CEO

(062) 214-2635
zamsureco1.inc@

gmail.com

ZAMSURECO II
Pangi, Ipil, 

Zamboanga 
Sibugay

Engr. Herman B. 
Agpawa

OIC – General 
Manager

(062) 333-2416
zamsureco2@

yahoo.com

ZANECO

Gen. Luna 
St., Barangay 

Central, Dipolog 
City

Mr. Adelmo P. 
Laput

General 
Manager

 (065) 212-3444
zanecoogm@

yahoo.com

CEPALCO
33 t. Chaves St., 
Cagayan de Oro 

City

Mr. Leonardo G. 
Gumalal

Senior Vice-
President

(088) 853-4900
lggumalal@

cepalco.com.ph

ILPI
Bro. Jeffrey 

Road, Pala-o, 
Iligan City

Mr. Ralph B. 
Casiño

President (063) 223-0624
rbc@iliganlight.

com

BUSECO
Brgy. Tangkulan, 
Manolo Fortich, 

Bukidnon

Mr. Christpoher 
A. Dulfo

OIC – General 
Manager

(088) 813-5780
ecbusecogm@
yahoo.com.ph

FIBECO
Anahawon, 
Maramag, 
Bukidnon

Mr. Reynaldo B. 
Balaba, CPA

General 
Manager

(088) 356-1025; 
(088) 356-1026 

fibeco_inc_
maramag@
yahoo.com

CAMELCO
Pandan, 

Mambajao, 
Camiguin

Mr. Adrian A. 
Ebcas

General 
Manager

(088) 387-1227 
camelco_1977@

yahoo.com

Table 30.1: General Information of the Distribution Utility

Specific Objective 1. To accumulate data from all the distribution utilities in 
Mindanao
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Distribution 
Utility Address Contact Person Position Contact 

Numbers Email Address

LANECO
Sagadan, Tubod, 
Lanao del Norte

Mr. Sherwin C. 
Mañada, CPA

PS / Acting 
General 
Manager

(063) 341-5231
laneco_energy@

yahoo.com

MOELCI I

Magcamiguin, 
Calamba, 
Misamis 

Occidental

Mr. Ruben P. 
Bonalos

General 
Manager

(088) 271-3361
moelci_uno@

yahoo.com

MOELCI II

Circumferential 
Road, Bitoon-

Aguada, Ozamiz 
City

Engr. Jemilo L. 
Pelimer

General 
Manager

(088) 521-1461
moelci2_ogm@
yahoo.com.ph

MORESCO I
Laguindingan, 

Misamis Oriental
Engr. Jovel B. 

Ubay-Ubay
General 
Manager

(088) 583-0167
officeofthegm@
moresco1.com

MORESCO II
Medina, Misamis 

Oriental
Engr. Ronel B. 

Cañada
General 
Manager

(0917) 832-1475
ogm.moresco2@

gmail.com

DLPC
163 C. Bangay Sr. 

St., Davao City
Engr. Rodger S. 

Velasco
Executive VP & 

COO
(082) 229-3572

rodger.velasco@
aboitiz.com

DANECO

Km. 100 
Montevista, 
Compostela 

Valley

Mr. Emmanuel B. 
Galarse, REE

Chief Executive 
Officer

(084) 655-0441
daneco_coop@

yahoo.com

DASURECO
Brgy. Cogon, 

Digos City
Engr. Godofredo 

N. Guya
General 
Manager

(082) 272-7777 
dasureco_coop@

yahoo.com

DORECO
Madang, Central, 
Mati City, Davao 

Oriental

Engr. Gregory A. 
Dukil

General 
Manager

(087) 3883-112 
doreco_email@

yahoo.com

CLPC Sinsuat Avenue
Engr. Francis Per 

B. Miñoza
Engineering 

Group Manager
(064) 520-2572

francis.per.
minoza@aboitiz.

com

COTELCO
Manubuan, 

Matalam, North 
Cotabato

Engr. Godofredo 
B. Homez, MBA

General 
Manager

(064) 392-1032 
cotelco2day@

yahoo.com

COTELCO-
PPALMA

Villarica, 
Midsayap, 
Cotabato

Mr. Felix C. 
Canja, Jr.

General 
Manager

(064) 229-9360 
ppalmacotelco@

gmail.com

SOCOTECO I
Koronadal City, 
South Cotabato

Engr. Raffee 
Edsel B. Epistola

OIC - General 
Manager

(083) 228-8798
socoteco1_

coop@yahoo.
com

SOCOTECO II
J. Catolico Ave, 

Lagao, GSC, 
South Cotabato

Engr. Crisanto C. 
Sotelo

General 
Manager

(083) 552-4313 
socoteco2.isd@

gmail.com
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Distribution 
Utility Address Contact Person Position Contact 

Numbers Email Address

SUKELCO
Poblacion, 

Tacurong City, 
Sultan Kudarat

Ms. Claudia A. 
Pondales

General 
Manager

(064) 200-3155 
sukelco_1975@
yahoo.com.ph

ANECO
Km 2 J.C. Aquino 
Avenue, Butuan 

City
Mr. Junie M. Dy

OIC - General 
Manager

(085) 341-7935 
anecocentral@

yahoo.com

ASELCO
San Isidro, 

San Francisco, 
Agusan del Sur

Mr. Emmanuel B. 
Galarse, REE

General 
Manager

(085) 343-8456
aselco2000@
yahoo.com

SIARELCO
Catabaan, Dapa, 

Surigao del 
Norte

Mr. Sergio C. 
Dagooc

General 
Manager

(086) 826-7555 
siarelco_dapa@

yahoo.com

SURNECO
Narciso corner 

Espina St., 
Surigao City

Engr. Narciso I. 
Caliao, Jr.

General 
Manager

(086) 826-2148 
surneco_

surigao@yahoo.
com

SURSECO I
San Fernando, 

Bislig City, 
Surigao del Sur

Mr. Joceler M. 
Moralda

General 
Manager

(086) 853-6096 
surseco_1@
yahoo.com

SURSECO II

Balilahan, 
Mabua, Tandag 
City, Surigao del 

Sur

Engr. Iglorio R. 
Hinayon

General 
Manager

(086) 211-3553 
surseco2@
yahoo.com

DIELCO
Justiniana, San 
Jose, Dinagat 

Island

Mr. Sergio C. 
Dagooc

General 
Manager

(0912) 746-0819
dielco_isd@
yahoo.com

MAGELCO
Capiton, Datu 
Odin Sinsuat, 
Maguindanao

Ms. Ashary P. 
Maongco

General 
Manager

(064) 431-0362 
magelco.

awang@yahoo.
com

BASELCO
Km. 3 Binuangan, 

Isabela City, 
Basilan

Engr. Filomenio 
E. Bate

General 
Manager

(062) 200-7907 
filom_1964@

yahoo.com.ph

SULECO
Bus-Bus, Jolo, 

Sulu
Mr. Peraida T. 

Jalani
General 
Manager

(085) 341-8911 
suleco_coop@

yahoo.com

SIASELCO
Poblacion, Siasi, 

Sulu
Mr. Attha I. 

Anuddin
General 
Manager

- -

TAWELCO
Tubig-Boh, 

Bongao, Tawi-
Tawi

Ms. Habibiya S. 
Sangoyo 

OIC - General 
Manager

(068) 268-1363 
tawelco1975@

yahoo.com

LASURECO
Maliwanag, 
Marawi City, 

Lanao del Sur

Dr. Nordijana 
Dipatuan Ducol, 

DPA

General 
Manager

(063) 352-0313; 
(063) 352-0045

teamlasureco@
yahoo.com

Source: DOE 2018-2027 Distribution Development Plan
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The actual number of customers for each customer classification (residential, 
commercial, industrial, and others) was extracted from the DOE’s 2016-2025, 
2017-2026, and 2018-2027 Distribution Development Plan (DDP). Table 
30.2 shows the number of customers in the year 2015 for each customer 
classification. The values were accumulated from the 2016-2025 DDP. On the 
other hand, Table 30.3, shows the number of customers in the year 2016 for 
each customer classification. The values were accumulated from the 2017-
2026 DDP. Lastly, Table 30.4 shows the number of customers in the year 2017 
for each customer classification. The values were accumulated from the 2018-
2027 DDP.

DISTRIBUTION 
UTILITY

NUMBER OF CUSTOMERS

RESIDENTIAL COMMERCIAL INDUSTRIAL OTHERS

ZAMCELCO 92,679 8,940 159 1,697

ZANECO 97,029 5,064 596 3,723

ZAMSURECO I 100,713 6,106 222 6,480

ZAMSURECO II 89,621 5,317 547 3,107

CAMELCO 19,437 898 - 616

CEPALCO 113,393 16,421 331 192

BUSECO 76,777 4,456 516 2,289

FIBECO 111,590 8,073 353 3,876

ILPI 53,672 7,808 34 22

LANECO 68,667 3,267 366 2,892

MORESCO I 69,134 2,765 23 3,987

MORESCO II 57,927 1,851 388 1,427

MOELCI I 43,588 2,090 91 1,362

MOELCI II 60,345 2,439 46 1,296

DORECO 65,324 6,646 193 2,343

DLPC 304,248 42,870 3,850 111

DASURECO 131,611 9,584 900 11,613

DANECO 124,936 11,343 1,024 7,338

SUKELCO 77,560 4,621 157 3,281

SOCOTECO I 81,856 10,200 447 -

SOCOTECO II 149,769 9,788 234 7,993

COTELCO 123,441 8,254 264 5,848

Table 30.2:
Number of 
Customers 
of each 
Distribution 
Utility in 2015

Source: DOE 
2016-2025 
Distribution 
Development 
Plan
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DISTRIBUTION 
UTILITY

NUMBER OF CUSTOMERS

RESIDENTIAL COMMERCIAL INDUSTRIAL OTHERS

ZAMCELCO 102,208 9,709 170 1,902

ZANECO 103,456 5,206 613 3,827

ZAMSURECO I 107,116 6,248 234 6,623

ZAMSURECO II 94,741 5,340 552 3,168

CAMELCO 20,010 957 - 639

CEPALCO 119,891 16,570 330 193

BUSECO 81,190 4,532 524 2,303

FIBECO 117,142 8,170 324 3,977

ILPI 56,034 7,866 40 22

LANECO 71,458 3,194 370 2,834

MORESCO I 72,817 2,822 30 4,154

MORESCO II 62,049 1,783 456 1,517

DISTRIBUTION 
UTILITY

NUMBER OF CUSTOMERS

RESIDENTIAL COMMERCIAL INDUSTRIAL OTHERS

COTELCO-PPALMA 40,148 4,188 170 1,058

CLPC 34,266 3,034 376 21

ANECO 116,831 5,584 665 2,177

ASELCO 121,601 4,986 846 3,984

DIELCO 21,036 833 - 961

SIARELCO 27,292 911 - 803

SURNECO 62,300 4,155 7 3,703

SURSECO I 68,353 2,469 4 1,330

SURSECO II 55,821 2,903 62 1,829

MAGELCO 31,130 1,196 184 570

TAWELCO 10,225 557 - 263

SULECO 14,229 950 - 29

SIASELCO 2,481 234 - 144

BASELCO 27,842 1,073 7 399

LASURECO 48,647 2,056 20 678

Table 30.3:
Number of 
Customers 
of each 
Distribution 
Utility	in	2016

Source: DOE 
2017-2026 
Distribution 
Development 
Plan
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DISTRIBUTION 
UTILITY

NUMBER OF CUSTOMERS

RESIDENTIAL COMMERCIAL INDUSTRIAL OTHERS

ZAMCELCO 105,548 10,086 198 1,934

ZANECO 106,939 9,021 941 -

ZAMSURECO I 112,710 6,469 237 6,764

ZAMSURECO II 99,366 5,422 555 3,238

DISTRIBUTION 
UTILITY

NUMBER OF CUSTOMERS

RESIDENTIAL COMMERCIAL INDUSTRIAL OTHERS

MOELCI I 45,393 2,161 86 1,507

MOELCI II 62,525 2,507 47 1,317

DORECO 65,856 6,533 202 2,413

DLPC 318,033 45,486 4,150 113

DASURECO 127,235 5,957 739 8,936

DANECO 133,142 11,479 1,319 8,094

SUKELCO 65,754 3,855 153 2,586

SOCOTECO I 87,506 10,486 563 0

SOCOTECO II 153,869 8,052 139 2,822

COTELCO 128,641 8,539 590 13,373

COTELCO-PPALMA 37,471 4,272 173 924

CLPC 35,668 3,094 385 21

ANECO 65,754 3,855 153 2,586

ASELCO 122,154 5,340 856 4,470

DIELCO 22,358 890 - 1,000

SIARELCO 28,867 968 - 860

SURNECO 65,777 4,201 7 4,129

SURSECO I 71,049 2,518 2 1,420

SURSECO II 58,595 2,975 69 1,876

MAGELCO 37,417 1,135 165 525

TAWELCO 10,850 558 - 270

SULECO 13,588 1,029 - 333

SIASELCO 2,667 247 - 140

BASELCO 27,612 1,044 5 404

LASURECO - - - -

Table 30.4:
Number of 
Customers 
of each 
Distribution 
Utility in 2017
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Source: DOE 
2018-2027 
Distribution 
Development 
Plan

DISTRIBUTION 
UTILITY

NUMBER OF CUSTOMERS

RESIDENTIAL COMMERCIAL INDUSTRIAL OTHERS

CAMELCO 20,797 990 - 655

CEPALCO 125,608 16,686 352 193

BUSECO 85,101 4,635 541 2,486

FIBECO 124,161 8,866 351 4,347

ILPI 59,071 7,938 46 9

LANECO 74,597 3,206 354 2,890

MORESCO I 79,354 3,007 29 6,425

MORESCO II 63,643 1,847 401 1,388

MOELCI I 46,432 2,257 86 1,491

MOELCI II 65,187 2,517 52 1,346

DORECO 69,676 6,561 218 2,498

DLPC 332,102 47,790 4,509 119

DASURECO 133,507 6,079 797 9,347

DANECO 145,404 11,462 1,726 8,568

SUKELCO 66,095 4,074 161 2,609

SOCOTECO I 94,117 10,592 702 -

SOCOTECO II 164,281 8,551 130 7,778

COTELCO 117,744 8,346 255 6,743

COTELCO-PPALMA 54,298 3,121 440 948

CLPC 37,420 3,261 409 20

ANECO 130,215 5,887 643 2,465

ASELCO 108,107 5,632 897 4,701

DIELCO 23,353 947 - 1,039

SIARELCO 30,202 1,013 - 900

SURNECO 67,386 4,222 4 4,129

SURSECO I 44,105 2,594 1 1,496

SURSECO II 60,221 3,041 68 1,963

MAGELCO 41,058 1,129 174 532

TAWELCO - - - -

SULECO 14,379 1,174 - 362

SIASELCO - - - -

BASELCO 29,063 1,070 4 414

LASURECO - - - -
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DISTRIBUTION 
UTILITY

ENERGY SALES

RESIDENTIAL COMMERCIAL INDUSTRIAL OTHERS

ZAMCELCO 169,714 121,190 111,204 39,312

ZANECO 94,287 19,552 18,386 17,816

ZAMSURECO I 83,029 36,897 19,508 32,345

ZAMSURECO II 58,364 23,504 8,825 9,686

CAMELCO 10,453 4,039 - 2,560

CEPALCO 225,110 210,614 446,152 13,139

BUSECO 45,873 22,029 60,027 7,105

FIBECO 66,595 28,848 41,591 10,141

ILPI 95,149 63,792 41,514 2,138

LANECO 41,723 9,630 5,286 10,230

MORESCO I 62,490 30,717 211,840 5,948

MORESCO II 41,133 5,220 41,743 5,126

MOELCI I 25,064 10,280 5,019 6,030

MOELCI II 56,974 27,409 32,689 6,473

DORECO 46,627 20,129 20,217 10,302

DLPC 639,352 225,487 1,164,718 39,570

DASURECO 108,047 18,997 117,135 15,186

DANECO 178,657 59,244 124,936 20,861

SUKELCO 81,538 22,903 30,932 6,356

SOCOTECO I 98,656 39,582 69,291 384

SOCOTECO II 275,053 152,024 282,610 38,306

COTELCO 78,897 39,622 28,514 17,338

COTELCO-PPALMA 36,565 10,004 12,509 4,087

CLPC 68,960 18,519 42,369 2,736

ANECO 129,298 39,985 98,794 19,718

ASELCO 56,693 11,312 107,240 5,494

Table 30.5:
Energy Sales 
of each 
Distribution 
Utility in 2015

Source: DOE 
2016-2025 
Distribution 
Development 
Plan

The actual energy sales for each customer classification (residential, 
commercial, industrial, and others) are in the unit Megawatt hour (MWh) for 
the year 2015 – 2017. Table 30.5 shows the values of energy sales in the year 
2015. On the other hand, Table 30.6 shows the values of energy sales in the 
year 2016. Lastly, Table 30.7 shows the values of energy sales in the year 
2017. These values were taken from the 2016-2025, 2017-2026, and 2018-
2027 DPPs of the DOE, respectively.
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DISTRIBUTION 
UTILITY

ENERGY SALES

RESIDENTIAL COMMERCIAL INDUSTRIAL OTHERS

DIELCO 8,731 2,455 - 1,933

SIARELCO 12,232 4,634 - 2,359

SURNECO 67,037 48,893 7,533 12,176

SURSECO I 25,403 14,068 3,416 6,417

SURSECO II 35,375 13,001 3,041 10,034

MAGELCO 30,288 2,096 5,398 2,959

TAWELCO 11,235 3,861 - 1,449

SULECO 23,989 4,140 - 4,556

SIASELCO 1,761 587 - 208

BASELCO 17,240 4,002 1,079 3,597

LASURECO 62,127 5,737 676 3,511

DISTRIBUTION 
UTILITY

ENERGY SALES

RESIDENTIAL COMMERCIAL INDUSTRIAL OTHERS

ZAMCELCO 203,239 138,630 126,741 49,946

ZANECO 104,309 24,865 39,707 19,192

ZAMSURECO I 97,873 50,456 21,125 28,517

ZAMSURECO II 60,332 24,592 8,503 12,033

CAMELCO 11,775 4,546 - 3,009

CEPALCO 245,877 230,776 465,917 13,077

BUSECO 50,147 21,108 64,950 7,821

FIBECO 70,304 31,106 45,401 11,416

ILPI 103,223 68,162 37,247 2,147

LANECO 44,088 10,132 5,194 13,202

MORESCO I 67,184 30,879 213,257 10,003

MORESCO II 49,938 4,929 46,138 5,740

MOELCI I 28,321 11,195 5,497 6,605

MOELCI II 62,319 29,901 32,240 7,079

DORECO 52,728 21,363 21,599 11,784

DLPC 692,526 242,163 1,198,383 40,301

DASURECO 125,059 18,574 144,314 15,851

Table 30.6:
Energy Sales 
of each 
Distribution 
Utility	in	2016

Source: DOE 
2017-2026 
Distribution 
Development 
Plan
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DISTRIBUTION 
UTILITY

ENERGY SALES

RESIDENTIAL COMMERCIAL INDUSTRIAL OTHERS

ZAMCELCO 199,123 166,485 114,003 46,829

ZANECO 105,637 24,806 40,280 19,428

ZAMSURECO I 101,555 52,894 21,765 29,990

ZAMSURECO II 62,073 25,738 9,913 11,883

CAMELCO 11,493 4,411 - 3,120

CEPALCO 251,264 239,274 573,403 13,752

BUSECO 51,374 20,596 81,424 8,198

FIBECO 75,738 31,969 47,194 11,594

Table 30.7:
Energy Sales 
of each 
Distribution 
Utility in 2017

Source: DOE 
2018

DISTRIBUTION 
UTILITY

ENERGY SALES

RESIDENTIAL COMMERCIAL INDUSTRIAL OTHERS

DANECO 183,043 53,334 136,340 20,974

SUKELCO 80,181 23,509 33,802 5,533

SOCOTECO I 105,679 38,421 79,233 418

SOCOTECO II 292,980 148,244 334,753 39,515

COTELCO 89,630 41,142 32,235 117,668

COTELCO-PPALMA 37,742 6,938 12,353 3,016

CLPC 74,188 18,176 52,128 2,740

ANECO 80,181 23,509 33,802 5,553

ASELCO 64,757 12,183 106,397 8,885

DIELCO 10,157 2,651 - 2,391

SIARELCO 15,271 5,823 - 2,779

SURNECO 75,662 42,460 9,657 13,855

SURSECO I 28,506 16,612 3,809 7,022

SURSECO II 40,505 14,556 4,884 11,599

MAGELCO 48,549 2,700 6,487 3,947

TAWELCO 12,495 4,194 - 2,005

SULECO 21,383 5,145 - 5,377

SIASELCO 2,018 639 - 184

BASELCO 18,755 4,072 740 3,796

LASURECO - - - -
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DISTRIBUTION 
UTILITY

ENERGY SALES

RESIDENTIAL COMMERCIAL INDUSTRIAL OTHERS

ILPI 105,459 68,736 41,926 1,429

LANECO 45,281 10,280 4,809 16,710

MORESCO I 71,811 38,684 223,302 10,904

MORESCO II 48,428 5,368 50,649 5,451

MOELCI I 29,151 11,182 5,686 6,486

MOELCI II 60,463 28,732 35,619 7,096

DORECO 56,433 21,869 20,883 11,759

DLPC 704,925 247,784 1,305,213 40,440

DASURECO 133,344 20,075 149,954 15,316

DANECO 197,580 50,411 146,907 20,923

SUKELCO 80,754 24,290 34,841 5,883

SOCOTECO I 106,785 35,383 88,973 351

SOCOTECO II 300,948 148,388 348,739 40,742

COTELCO 92,157 42,846 34,854 18,442

COTELCO-PPALMA 48,690 7,420 13,750 2,930

CLPC 77,042 18,454 56,591 2,287

ANECO 146,296 50,277 103,329 22,715

ASELCO 67,245 12,368 111,228 9,088

DIELCO 11,701 3,017 - 2,579

SIARELCO 18,552 7,098 - 3,088

SURNECO 72,310 41,198 10,884 13,891

SURSECO I 28,513 16,616 3,810 7,024

SURSECO II 42,762 15,077 4,923 12,099

MAGELCO 53,353 2,835 7,040 4,605

TAWELCO - - - -

SULECO 23,063 7,255 - 6,707

SIASELCO - - - -

BASELCO 20,476 4,302 857 3,945

LASURECO - - - -
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4.2 Supply and Demand Profile

Specific Objective 2. To compare the supply and demand of electricity of 
each distribution utility in Mindanao

The distribution utilities’ supply and demand profile were accumulated from 
the DOE’s 2016-2025, 2017-2026, and 2018-2027 Distribution Development 
Plans. Table 30.8 shows the supply contracted from generation plants and 
demand from captive customers for the year 2015-2017.

DISTRIBUTION 
UTILITY

2015 2016 2017

SUPPLY DEMAND SUPPLY DEMAND SUPPLY DEMAND

 ZAMCELCO 59 94 139 105 156 108

ZANECO 30 34 28 37 34 39

ZAMSURECO I 15 35 24 36 47 39

ZAMSURECO II 29 22 23 25 26 24

CAMELCO 6 4 2 4 4 4

CEPALCO 209 165 245 164 408 195

BUSECO 23 26 30 27 20 28

FIBECO 42 31 38 31 79 33

ILPI 40 36 51 39 44 40

LANECO 5 15 21 16 24 17

MORESCO I 55 68 85 81 80 54

MORESCO II 23 23 40 22 39 22

MOELCI I 10 10 11 10 12 10

MOELCI II 26 24 36 26 46 25

DORECO 17 20 25 22 20 24

DLPC 449 357 456 380 433 404

DASURECO 55 49 44 54 75 59

DANECO 91 81 86 84 110 91

SUKELCO 34 29 28 27 44 30

SOCOTECO I 44 40 56 44 63 45

SOCOTECO II 169 155 169 167 147 155

COTELCO 40 35 35 39 45 40

COTELCO-
PPALMA 

18 14 8 16 19 18

Table 30.8: Supply and Demand of Distribution Utility
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DISTRIBUTION 
UTILITY

2015 2016 2017

SUPPLY DEMAND SUPPLY DEMAND SUPPLY DEMAND

CLPC 62 26 34 27 31 29

ANECO 61 55 28 27 80 61

ASELCO 37 33 44 35 44 37

DIELCO 4 3 5 3 4 4

SIARELCO 4 4 5 5 6 6

SURNECO 18 30 39 23 35 27

SURSECO I 9 11 8 11 11 12

SURSECO II 17 13 26 14 28 15

MAGELCO 4 11 13 13 15 15

TAWELCO 5 5 4 6 - -

SULECO 7 8 8 9 8 9

SIASELCO 3 1 1 1 - -

BASELCO 10 8 10 9 10 9

LASURECO 18 24 - - - -

Source: DOE 2016-2025, 2017-2026, and 2018-2027 Distribution Development Plan

4.3 Status of Energization

Specific Objective 3. To determine and compare the current and previous 
status of electrification in Northern Mindanao

The energized households are those households that has been given a supply 
of electricity within the franchise area of a distribution utility. The number of 
households are the potential households to be energized by a distribution 
utility. Table 30.9 shows the status of energization of the different distribution 
utilities in the year 2015. Table 30.10, on the other hand, shows the status 
of energization in the year 2016, while Table 30.11 shows the status of 
energization in the year 2017.
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DISTRIBUTION UTILITY
2015

NUMBER OF HOUSEHOLDS ENERGIZED HOUSEHOLDS

ZAMCELCO 188,746 131,288

ZANECO 195,790 105,480

ZAMSURECO I 201,084 116,112

ZAMSURECO II 191,911 111,080

CAMELCO 21,600 20,995

CEPALCO 187,949 112,611

BUSECO 124,003 83,599

FIBECO 186,956 136,721

ILPI 82,551 60,738

LANECO 126,877 88,641

MORESCO I 90,400 83,188

MORESCO II 94,638 69,388

MOELCI I 58,400 55,287

MOELCI II 87,500 81,943

DORECO 128,574 95,336

DLPC 508,609 499,177

DASURECO 236,227 152,177

DANECO 311,782 177,867

SUKELCO 198,049 95,713

SOCOTECO I 163,500 106,006

SOCOTECO II 322,068 173,052

COTELCO 199,130 137,807

COTELCO-PPALMA 121,437 45,564

CLPC 82,905 82,905

ANECO 198,049 151,845

ASELCO 153,653 131,417

DIELCO 28,557 23,976

SIARELCO 31,600 29,006

SURNECO 81,000 70,213

SURSECO I 79,804 72,153

SURSECO II 79,897 70,687

MAGELCO 151,877 27,485

TAWELCO 62,321 13,110

Table 30.9:
Number of 
Households 
and Energized 
Households of 
a Distribution 
Utility in the 
year 2015

Source: DOE 
2016-2025 
Distribution 
Development 
Plan
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DISTRIBUTION UTILITY
2015

NUMBER OF HOUSEHOLDS ENERGIZED HOUSEHOLDS

SULECO 116,930 26,428

SIASELCO 17,162 4,258

BASELCO 87,041 42,305

LASURECO 168,837 56,537

DISTRIBUTION UTILITY
2016

NUMBER OF HOUSEHOLDS ENERGIZED HOUSEHOLDS

ZAMCELCO 188,746 113,989

ZANECO 195,790 112,449

ZAMSURECO I 201,084 122,433

ZAMSURECO II 191,911 119,490

CAMELCO 22,300 21,606

CEPALCO 182,573 119,891

BUSECO 124,003 94,262

FIBECO 186,956 117,142

ILPI 78,164 62,914

LANECO 126,877 93,338

MORESCO I 92,200 87,666

MORESCO II 94,638 73,684

MOELCI I 57,493 44,479

MOELCI II 90,700 84,351

DORECO 128,574 100,043

DLPC 487,978 318,659

DASURECO 236,227 162,296

DANECO 311,782 186,156

SUKELCO 198,049 65,754

SOCOTECO I 173,851 112,773

SOCOTECO II 322,068 164,882

COTELCO 199,130 148,713

COTELCO-PPALMA 121,437 46,177

CLPC 85,603 35,668

Table 30.10:
Number of 
Households 
and Energized 
Households of 
a Distribution 
Utility in the 
year	2016

Source: DOE 
2017-2026 
Distribution 
Development 
Plan
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DISTRIBUTION UTILITY
2017

NUMBER OF HOUSEHOLDS ENERGIZED HOUSEHOLDS

ZAMCELCO 188,746 133,845

ZANECO 195,790 115,718

ZAMSURECO I 201,084 126,875

ZAMSURECO II 191,911 122,595

CAMELCO 22,700 22,548

CEPALCO 187,240 126,327

BUSECO 124,003 98,309

FIBECO 186,956 124,161

ILPI 79,499 69,678

LANECO 126,877 95,795

MORESCO I 93,000 92,058

MORESCO II 94,638 76,818

MOELCI I 60,320 47,222

MOELCI II 90,489 87,217

DORECO 128,574 104,689

Table 30.11:
Number of 
Households 
and Energized 
Households of 
a Distribution 
Utility in the 
year 2017

Source: 
DOE 2018

DISTRIBUTION UTILITY
2016

NUMBER OF HOUSEHOLDS ENERGIZED HOUSEHOLDS

ANECO 198,049 160,993

ASELCO 153,653 142,575

DIELCO 28,557 25,394

SIARELCO 31,821 31,510

SURNECO 78,777 69,802

SURSECO I 79,804 74,400

SURSECO II 79,897 73,883

MAGELCO 151,877 37,417

TAWELCO 62,321 13,110

SULECO 116,930 26,832

SIASELCO 17,162 4,385

BASELCO 87,041 44,016

LASURECO - -
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DISTRIBUTION UTILITY
2017

NUMBER OF HOUSEHOLDS ENERGIZED HOUSEHOLDS

DLPC 503,270 332,524

DASURECO 236,227 170,222

DANECO 311,782 197,055

SUKELCO 198,049 82,954

SOCOTECO I 177,452 119,017

SOCOTECO II 322,068 197,872

COTELCO 199,130 156,390

COTELCO-PPALMA 121,437 63,297

CLPC 38,860 37,420

ANECO 198,049 166,817

ASELCO 153,653 149,579

DIELCO 28,557 26,485

SIARELCO 32,700 32,689

SURNECO 88,349 86,373

SURSECO I 79,804 75,955

SURSECO II 79,897 76,598

MAGELCO 151,877 48,907

TAWELCO - -

SULECO 116,930 27,366

SIASELCO - -

BASELCO 87,041 49,051

LASURECO - -

4.4 Generated Maps

Specific Objective 4. To generate maps of distribution utilities in Mindanao 
using ArcGIS

The maps below are generated using the ArcGIS/ArcMap software by utilizing 
all the data accumulated from the research. Figure 30.5 shows the map of 
thirty-seven (37) Mindanao distribution utilities and those franchise areas 
which overlap with other distribution utilities’ franchise area. Figure 30.6 
shows the types of distribution utilities whether it may be Private Investor-
Owned Utility or Electric Cooperative. There are two classifications of Electric 
Cooperatives—those under the National Electrification Administration and 
those under the Small Power Utility Group.
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Figure 30.5:

Figure 30.6:

Map of 
Thirty-Seven 
(37)	Mindanao	
Distribution 
Utilities and 
those Franchise 
Areas which 
Overlap 
with other 
Distribution 
Utilities’ 
Franchise Area

Types of 
Distribution 
Utilities whether 
it may be 
Private Investor-
Owned Utility 
or Electric 
Cooperative.
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Impact of Climate Change on 
Renewable Energy Resources in the 
Philippines: Wind Energy

31

Alyssa Lagramaa, Faye Abigail T. Cruz, PhDb and Julie Mae B. Dado, PhDc
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This study examines the impact of climate change on wind energy through 
wind	speed	and	wind	power	density	(WPD)	at	80	meters	(i.e.,	common	hub	
height of wind turbines in the Philippines) to support the goal of increasing the 
shares	of	renewable	energy	in	the	country.	We	used	the	10-meter	near-surface	
wind speed data from the Southeast Asia Regional Climate Downscaling 
(SEACLID) / Coordinated Regional Climate Downscaling Experiment 
(CORDEX) Southeast Asia ensemble simulations, which downscaled global 
climate projections under the Representative Concentration Pathway (RCP) 
4.5 and RCP 8.5 scenarios. Quantile Delta Mapping (QDM) based on the 
Cumulative Distribution Function (CDF) is used to adjust the biases in the 
climate model output used. For the RCP 8.5 scenario, the comparison of 
WPD	between	the	near-future	period	(2016–2035)	and	baseline	period	(1986–
2005)	 shows	a	 slight	 increase	especially	 in	North	Luzon,	West	Visayas,	and	
Mindanao.	On	the	other	hand,	there	is	an	increase	in	WPD	in	North	Luzon	and	
West	Philippine	Sea,	and	a	decrease	in	Mindanao	coastal	areas,	Celebes	Sea,	
Sulu	Sea,	and	East	Philippine	Sea	in	the	mid-future	(2046–2065).	Areas,	such	
as	parts	of	the	West	Philippine	Sea,	East	Philippine	Sea,	North	Sulu	Sea,	and	
coastal areas of Luzon and Visayas, indicate potential for wind energy, but a 
localized	wind	energy	assessment	may	be	done	to	better	examine	the	WPD	
potential in some areas.

Keywords: wind energy, wind power density, Philippines, climate change, 
CORDEX Southeast Asia
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32
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Solar	 power	 resources	 can	 make	 a	 significant	 contribution	 to	 electricity	
generation in the Philippines’ low-carbon future. However, this future will also 
experience	 significant	 climate	 change	 that	 could	 affect	 future	 photovoltaic	
(PV) output due to irradiance and temperature changes. For this purpose, 
this study examines future changes in surface solar radiation (SSR) and 
temperature (TAS), and their effects on future potential photovoltaic output 
(PPV)	 from	 2016–2035	 (near-future)	 and	 2046–2065	 (mid-future)	 under	 the	
Representative Concentration Pathway (RCP) 4.5 and 8.5 scenarios, relative to 
the	baseline	period	1986–2005,	using	data	from	the	Southeast	Asia	Regional	
Climate Downscaling (SEACLID) / Coordinated Regional Climate Downscaling 
Experiment (CORDEX) Southeast Asia simulations. Overall, results indicate 
increasing potential for PV systems in the country due to increasing SSR 
despite	 a	 significant	 increase	 in	 TAS	 in	 the	 future	 under	 both	 scenarios.	
In relation to this, uncertainties in the projected changes in potential PV 
generation are mostly attributed to uncertainties in the projected SSR, with 
cloudiness indicated as the dominating factor inducing future changes in 
SSR. Nevertheless, PV output is estimated to slightly increase in large parts 
of the country, with notable areas found to have greater potential in Palawan, 
Western	Visayas,	and	Mindoro,	where	PPV	is	consistently	increasing.

Keywords: solar energy, photovoltaic output, surface solar radiation, climate 
change, CORDEX Southeast Asia, Philippines
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Impact of Climate Change on
Renewable Energy Resources in the 
Philippines: Hydro Energy

33

Elleesse Carlisle N. Pillasa, Faye Abigail T. Cruz, PhDb and Julie Mae B. Dado, PhDc
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Streamflow	 variability	 plays	 a	 key	 role	 in	 determining	 the	 feasibility	 of	 a	
particular	 site’s	 potential	 for	 hydropower	 development.	 The	 flow	 duration	
curve summarizes this variability by specifying the fraction of discharge 
measurements which exceed a particular value. In view of climate change, 
the impact of future rainfall on discharge variability becomes all the more 
important in directing resource allocation efforts. In this study, a process-based 
model	 linking	 streamflow	 to	 land	 and	 climate-related	 factors	 is	 employed	
to determine a basin’s theoretical run-of-river hydropower potential. Model 
performance	 is	 assessed	 by	 comparison	with	 observed	 streamflow	 records	
for	88	sites	in	the	Philippines,	and	is	found	to	capture	the	streamflow	regime	
at	a	yearly	timescale,	exhibiting	a	median	Nash-Sutcliffe	coefficient	of	0.81.	
Lastly, future rainfall data over the Philippines from the Southeast Asia 
Regional Climate Downscaling (SEACLID) / Coordinated Regional Climate 
Downscaling Experiment (CORDEX) Southeast Asia project is used together 
with the process-based model to make hydropower projections at the basin 
scale	 in	 the	near-future	 (2016–2035)	and	mid-future	 (2046–2065)	under	 the	
Representative Concentration Pathways (RCP) 4.5 and 8.5 scenarios.

Keywords: streamflow,	hydropower,	climate	change,	Philippines,
CORDEX Southeast Asia

Abstract
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Mapping Risks to Renewable Energy: 
A Value-Added Feature of a
Space-Based Decision Support System

34

Roxanne Valerie A. Austriaa, Alvin D.F. Familara, Dennis M. Muzones,
Sheryl Rose C. Reyes, and May Celine Thelma M. Vicente, PhDb

araustria@observatory.ph, bceline@observatory.ph

The transition to renewable energy is one of the ways that can help address 
the increasing global demand for energy to achieve social and economic 
development as well as improve human well-being. It can also mitigate the 
effects of climate change by reducing greenhouse gas (GHG) emissions 
from energy systems. If planned, designed and implemented properly, 
renewable	energy	can	significantly	contribute	to	energy	access	and	security	
and minimize the adverse impacts on the environment and health. Geospatial 
data and geographic information systems (GIS) support the complex decision-
making process and aid in mapping the location, scope, and potentials of 
renewable energy resources. At present, there is an emerging need to map 
risks to renewable energy.  However, risk represents a very complex network 
relationship of variables, including hazards, exposures, and vulnerabilities. 
Mapping these components enable the visualization and potential 
coordination of risk-sensitive options for the deployment of renewable energy. 
Moreover, opportunities geared towards building resilience can be explored 
by reversing the components and drivers of risks to renewable energy. 
Developing the space-based renewable energy decision support system will 
help identify renewable energy strategic options by mapping the availability 
of different renewable energy resources and their site suitability, determining 
the corresponding resource potential, and conducting risk assessment in the 
national, regional, and local scales. The space-based decision support system 
is expected to increase the share of renewable energy in the Philippine energy 
mix and support sustainable development and inclusive growth by promoting 
energy	efficiency.

Keywords: Renewable Energy, Risk, Hazards, Exposures, Vulnerabilities, 
Decision Support Systems

Abstract
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1
Renewable energy (RE), as defined by the Working Group III of the 
Intergovernmental Panel on Climate Change (IPCC 2007), is 

obtained from the continuing or repetitive currents of energy occurring 
in the natural environment and includes non-carbon technologies such 
as solar energy, hydropower, wind, tide and waves and geothermal 
heat as well as carbon-neutral technologies such as biomass. 

Switching to RE is one of the options to address the increasing global demand 
for energy to meet social and economic development and improve human 
well-being while reducing the greenhouse gas (GHG) emissions from energy 
systems (IPCC 2012a). Apart from mitigating the effects of climate change, RE, 
if planned, designed and implemented properly, can significantly contribute 
to energy access and security and benefit the environment and health of 
citizens. 

Before shifting to RE, it is essential to determine the estimated RE potential 
supply and the energy demand. Identifying the locations where RE is available 
can provide information about the possible capacity of the RE infrastructure 
and how it can contribute to the RE supply chain. RE resources are influenced 
by geographic and topographic factors (e.g., climate, elevation, soil type) and 
are often researched at the local or regional scales (Rentizelas et al. 2009). 
In addition, a unique feature of harnessing RE resources is that this process 
requires sufficient availability for conversion into usable energy. Therefore, 
understanding which RE resources exist, where these are, their extent and 
potential are crucial to their utilization. This is the context of the decision 
support system for RE investments (transition and development), as can be 
aided by mapping.

A decision support system or DSS facilitates intelligent decision-making 
through an evaluation of options in response to real-world problems that 
may be structured, unstructured, or both. A DSS is characterized by the 
structure of the task it addresses, including design strategy, decision research, 
and implementation strategy (Sharma n.d.).  Developing a DSS requires 
interdisciplinary approaches and is rendered possible by a human-machine 
interface (Mysiak et al. 2005). In general, the decision-making process involves 
identifying the problem, developing alternative solutions, and selecting the 
most suitable approach among the alternative solutions (Beynon et al. 2002). 
Moreover, the development of alternative solutions requires determining 
relevant and available data. 

Since the 1970s, the concept of a DSS has continuously evolved to address 
various challenges. Spatial decision support systems (SDSS) emerged in the 
1990s, which witnessed the development of more powerful hardware and 
the advent of the increasing value and use of spatial information. A spatial 
decision support system (SDSS) is a DSS that “uses conventional data, spatially 

Introduction: Overview of the Study
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referenced data and information, and decision logic as a tool for assisting a 
human decision-maker (Crossland 2008).” 

The earliest maps for harnessing RE were for screening analyses of their 
resource potential.  A later concept associated with this is geographic potential 
and site suitability, thus, giving RE a geospatial character.  Today, there is an 
emergent need to map risks to RE.  However, risk represents a complex network 
of relationships between variables, not only the cyclic and multi-directional 
confluence and interaction of hazards, exposures, and vulnerabilities (HEVs) 
(IPCC 2012b, 2014) (UNDRR 2015).  Risk can be compounding or progressive.  
Compounding risk is depicted from multi-scale risk to RE, its power systems 
and facilities, and the communities these serve.  In the case of progressive 
risk, the “pressure and release” (PAR) model is referred to, wherein risk is 
attributed to “unsafe conditions, dynamic pressures, and root causes’’ (Blaikie 
et al. 2004).  Mapping HEVs enables the visualization and negotiation of risk-
sensitive options for the deployment of RE.  Moreover, opportunities towards 
RE resilience may be explored by reversing the components and drivers of risk 
(Blaikie et al. 2004). 

The development of a space-based RE DSS is one of the expected outputs 
from the Manila Observatory (MO), a partner institution working under the 
Access to Sustainable Energy Programme – Clean Energy Living Laboratories 
(ASEP-CELLs) project, which is funded by the European Union. The space-
based RE DSS endeavor is spearheaded by the Geomatics for Environment 
and Development (GED) laboratory. The main thrust of the GED-led study 
is to map these RE resources and the resulting RE decision support system 
(RE-DSS), which are expected to facilitate the transition to greater use 
of renewables in the country.  The application of remote sensing (RS) and 
geographic information systems (GIS) in developing the space-based RE DSS 
are expected to contribute to the project’s goals of increasing the share of RE 
in the Philippine energy mix and supporting sustainable development and 
inclusive growth by promoting energy efficiency.

The objectives of this paper are as follows: (1) to review and synthesize 
selected literature on renewable energy, space-based RE DSS, as well as 
risk and site suitability mapping, (2) to discuss the salient aspects of space-
based RE DSS within the context of the ASEP-CELLs project, and (3) to 
formulate a conceptual framework, including the scope and limitations, for 
the development of the space-based RE DSS. This working paper provides 
a comprehensive introduction for the subsequent mapping of RE resources, 
risks to RE, their systems and facilities, including communities these service as 
well as RE site suitability.  These are specific to the RE types selected for the 
project to build the foundation for a space-based RE DSS.
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2

The primary goal of RE development is to deliver energy services provided 
by the energy system, which can be obtained from energy sources and flows 
from nature (Haas et al. 2008). People do not need energy itself but access 
to various energy services. RE technologies provide a wide range of energy 
service needs (IPCC 2012a). The distribution of these services requires the 
assessment of the potentials of RE supplies delivered from different sources 
and through existing technologies (Verbruggen et al. 2010).

Renewable Energy Development
2.1 Understanding and Mapping Renewable Energy Potentials

Potential Definition Sources

Resource/
Theoretical

This refers to the physically available energy, which 
is the largest potential. Resource potential is the 

estimated availability of a RE resource in a specific 
area of interest. 

(Brown et al. 2016; 
Kreycik et al. 2010)

Theoretical potential describes the physical upper 
limit of the usable/available energy supply over a 
specific time span in a given region. Only a small 

fraction of the theoretical potential can be used as 
it is limited by constraints (technical, structural, and 

administrative)

(Hoogwijk and Graus 
2008; Rybach 2015; 

Wijk 1993; World En-
ergy Resources,2013; 

Jie Zhang 2015)

Technical/ 
Technological

Technical potential estimates the achievable energy 
generation of a particular RE option/technology 

after accounting for topographic limitations, system 
performance, environmental, and other siting 

constraints

(Brown et al. 2016; 
Hoogwijk and Graus 
2008; Kreycik et al. 
2010; Lopez et al. 

2012; Rybach 2015; 
Wijk 1993; Jie Zhang 

2015)

Economic

The economic potential is the estimated available 
technical potential that is competitive and 

economically viable at a given time and location 
within the interconnected energy system. The 

economic potential is the subset of the available 
technical potential where the cost required to 

generate the energy (which determines the minimum 
revenue requirements for the development of 

the resource) is below the revenues available in 
terms of displaced power and displaced capacity. 

Under the economic potential are the following: (1) 
sustainable potential, which constrains the fraction 

of the economic potential that can be utilized in 
the long term, (2) developable potential, which 
refers to the fraction of the economic potential 

that can be developed under realistic conditions 
(regulations, environmental, and social restrictions), 
and (3) implementation potential, which is defined 
as the maximum amount of the economic potential 
that can be made within a certain period, taking in 

consideration institutional restrictions and incentives. 

(Brown et al., 2016; 
Hoogwijk and Graus 
2008; Kreycik et al. 
2010; Lopez et al. 

2012; Rybach 2015; 
Voivontas et al. 1998; 
Jie Zhang 2015; Wijk 
and Coelingh 1993)

Table 34.1:
The different 
types of 
potentials 
for RE 
development.
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Potential Definition Sources

Market

The market potential is the total amount of renewable 
energy that can be implemented in the market, taking 
into account the demand for energy, the competing 

technologies, the costs and subsidies of RE resources, 
and the barriers.

(Hoogwijk and Graus 
2008)

Table 34.1 summarizes the different potentials related to RE. The resource 
or theoretical potential is the physically available energy estimated through 
available or modeled geospatial information. This potential defines the 
quantity, timing of availability, location of RE sources, or in the case of solar and 
wind energies, the site-constrained resources. On the other hand, the technical 
potential is determined by calculating maximum electric power generation 
based on resources, available land, and various system assumptions. This is the 
potential that can be harvested through existing technologies and practices. 
The other potentials associated with RE may be included in the assessment, 
depending on the scope of the planned RE infrastructure and the factors to 
be considered in the decision-making process. 

A transnational report in the Baltic region identified three main elements that 
must be included in the planning for RE (Figure 34.1): (1) RE resources, (2) 
technology, and (3) space (Landt and Kjær 2018). The RE resource’s location, 
accessibility, and size will determine the required infrastructure to be built 
on-site. The technological requirements would be determined based on how 
the available RE resources would be harnessed improving resource utilization. 
Identifying the best location for the RE infrastructure would require evaluating 
the land use plans and current priorities and considerations in the area of 
interest.  In addition to these elements, the regulatory regime would relate to 
the technology development and financial support for RE development. At 
the same time, the socio-economic benefits would refer to the contributions 
of RE to a more sustainable society.

Figure 34.1:
The three main 
elements for 
planning RE

Source: Landt 
and Kjær 2018
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Several studies established the crucial role of using geographic information 
systems (GIS) in mapping the potentials of RE and emphasized the 
importance of spatial information in RE planning and development. Standard 
methodologies included using available geospatial data to map the available 
theoretical potential of a particular RE (Van Hoesen and Letendre 2010). 
Additional layers could be added to assess further other RE potentials 
that can aid in identifying suitable sites for RE development (Voivontas et 
al. 1998). Another study considered the mismatches in energy supply and 
demand, which could guarantee the maximum and most efficient utilization 
of available RE resources (Al-Ghussain et al. 2021). Multiple-criteria decision 
analysis (MCDA) and the integration of expert judgment through the analytical 
hierarchy process (AHP) were also used for site suitability analysis involving a 
more complex set of factors (Cavallaro and Ciraolo 2005; Kaya and Kahraman 
2010; Watson and Hudson 2015). A review of related literature in 2016 showed 
that MCDA was commonly used for decision-making processes related to RE 
investments (Strantzali and Aravossis 2016). These methodologies can further 
be extended to build a DSS (Wątróbski et al. 2015). 

The Asian Development Bank, in support of Indonesia’s carbon transition, 
conducted research wherein a GIS-based DSS was developed to estimate 
the technical potential of five RE sources, which include solar, wind, biomass, 
hydropower, and geothermal energy. In addition, the DSS also assists in finding 
suitable locations for solar and wind farms based on pre-defined criteria (Sah 
and Wijayatunga 2017). A study in Japan utilized energy self-sufficiency 
analysis, which determined the ratio between national primary energy output 
and consumption of primary energy in a specific year (Wang, M’Ikiugu, and 
Kinoshita 2014). This approach was combined with the assessment of RE 
potential supply and primary energy consumption to create a DSS using 
GIS. A study in southwestern Taiwan included an analysis of the returns on 
investment based on a cash flow analysis and GIS, which considered the 
expected energy outputs, energy costs, and legal incentives as components 
of the DSS (Yue and Yang 2007).  The DSS could also be deployed as a web-
accessible service, such as the SDSS developed for determining preferable 
locations for solar power plants based on user-defined preferences (Wanderer 
and Herle 2015). The use of geospatial data and GIS, and the development 
of a DSS contribute significantly to the understanding and implementation 
of the multifaceted methodologies and complex decision-making processes 
required in planning and developing RE.
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Given RE’s intricate and spatial nature, siting constraints and challenges 
may be encountered. They must be considered in anticipation of the 
energy sector’s future growth and expansion (Keeney 1980). The scale and 
understanding of renewable energy potentials may influence the planning 
and development processes. At the same time, the associated risks, costs and 
benefits to stakeholders, affected population and surrounding environments 
may contribute significantly to the need to formulate effective methodologies 
for the long-term stability of the RE infrastructure. These siting problems and 
challenges also reveal the need for interdisciplinary approaches in planning 
and developing RE. 

Keeney (1980) cited three obstacles for siting RE facilities: (a) RE resources 
are inflexible and immobile, (b) RE resources are highly dependent on the 
availability of existing infrastructures near the site, and (c) areas of RE resources 
are most likely to support one specific RE at a time within an effective area of 
operations.

2.2 Siting Problems and Challenges

Siting Challenge Definition Source

Environment

Physical conditions, including variations in 
topography, soil, bedrock, and land and forest 
cover, influence the structural and mechanical 
limits of energy facility design, thereby affect-

ing the cost and viability of a project. Many 
of the regulations, permits, and approvals 

required are related to regional environmental 
features, such as stream crossings, parks, or 
protected habitats. The study has identified 

the following variables for this constraint: land 
cover, state forest acres, elevation deviations, 

and farmlands.

These conditions include the availability and 
predictability of the resource itself as some of 
the most significant obstacles. Renewables are 

often inflexible and are typically confined to 
pristine and hard-to-reach areas of the country. 

(Vajjhala 2006)

Refers to the ecosystem impacts of energy 
facilities.  This is caused by disruptions by an 
electrical generation facility attributed to fuel 
extraction and processing, power generation 
and transmission, and waste generation and 

disposal.

(Keeney 1980)

Table 34.2:
The different 
siting 
challenges 
for RE 
development 
and planning.
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Siting Challenge Definition Source

Economics

The goal is to build and operate the facili-
ty at the lowest possible costs. This covers 

land acquisition, construction, operation and 
maintenance, as well as uncertainties like the 
future availability and costs of fuel and water 
supply, the reliability of the system, events of 

natural phenomena, and possible government 
actions.

(Keeney 1980)

Socioeconomics

The impact on community/individuals living 
near a proposed facility site, such as when 
a large number of workers move to the site 

thereby affecting the nearby social institutions 
and its economic vitality, and the aesthetic 

impact of facilities like the generation plant, 
cooling towers, transmission facilities, pollut-

ants, and noise.

(Keeney 1980)

Health and Safety

This includes mortality, morbidity, injuries, and 
natural causes and human error accidents. 

Health risks, injuries, and fatalities may result 
from the facility’s construction, acquisition and 
storage of fuel and resulting products to, from, 
and at the facility, pollution or radiation from 

the facility, and waste disposal.

(Keeney 1980)

System Barriers

Specifically, the access to supporting facilities 
like transmission lines or other distribution 

infrastructure on which RE facilities depend. 
Siting processes often require trade-offs be-

tween locations of the highest quality resource 
and proximity to supporting infrastructures 

like power lines (McVeigh et al. 1999). Another 
limitation that can possibly impact a grid is 

its intermittent nature or availability at certain 
times and unpredictability.

(Vajjhala 2006)

Regulatory

The variables comprising this constraint 
are permitting by voltage (Kv), state natural 
resource employment, siting authority and a 

number of siting agencies.

(Vajjhala and Fisch-
beck 2007)

Fragmented regulation across agencies, 
non-standardized permitting and licensing 
processes, and little established or recent 

review at the national or local level. All energy 
projects, especially those spanning multiple ju-
risdictions, must pass through more complicat-

ed inter-agency requirements. This is further 
compounded by a lack of regulatory familiarity 

with renewable projects and technologies. 

(Vajjhala 2006)
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Siting Challenge Definition Source

Public Attitudes/ 
Opposition

Opposition from the public over energy proj-
ects may be due to negative impacts to prop-
erty values, adverse aesthetic impacts, health 

and safety concerns, equity and fairness issues, 
insufficient compensation for easements and 

related tax implications, and inadequate justifi-
cation for the proposed energy facility. 

(Vajjhala and Fisch-
beck 2007)

RE plants still face significant political and 
social opposition for their potential negative 
aesthetics and environmental impact. Public 
opposition, stakeholder participation, and 

early citizen involvement have become corner-
stones in significant siting efforts.

(Vajjhala 2006)

“Public” refers not only to residents but also 
other interest groups like environmental 

groups, business groups and end-users of the 
proposed energy facility.

(Keeney 1980)

Another approach to better understanding the concept of RE siting challenges 
is through a comparative matrix (see Table 34.2). The siting challenges include 
environmental, economic, social, technical, and legal challenges. These siting 
challenges and problems further constrain the development of RE and must 
be included in the decision-making process. Identifying the areas capable 
of supporting high levels of RE development requires the estimation of RE 
potentials; this typically includes the theoretical and technical potentials 
at a minimum and determining the siting challenges and constraints (Lee, 
Flores-Espino, and Hurlbut 2017). RE resource maps are then generated to 
identify areas not available for development and determine priority areas for 
development.
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3
The space-based DSS builds on the concept of SDSS. As discussed in the 
previous section, the planning and development of RE require spatially 
contingent decision-making (Sugumaran and DeGroote 2010). There are 
various types of spatial decisions, and three general categories have been 
defined: resource allocation decisions, resource status decisions, and policy 
decisions (National Research Council 2002). These perspectives can all be 
considered in the decision-making process of RE planning and development.

Figure 34.2 shows the different characteristics of SDSS. The SDSS combines 
analytical and geospatial tools that support problem-solving and may include 
spatial modeling capabilities, model evaluation, and sensitivity analyses. 
Applying these characteristics, the space-based RE envisioned by this study 
seeks to support problem-solving, spatial data management and analyses, 
visualization, a user-friendly and interactive interface, and may include report 
generation. In addition, the space-based RE DSS will also feature a customized 
system design, the inclusion of human judgment, and the conceptualization 
of a DSS process rather than a computerized system or platform.

The RE types were categorized as atmospheric (solar and wind), terrestrial 
(hydropower, geothermal, and biomass) and marine-based (ocean thermal, 
wave, and tidal). Identifying areas for any RE development requires a good 
understanding of which RE type exists, where these are, to what extent, their 
energy potential, and the risks involved. This is a necessity since:

The Problematique of Space-based  Decision Support System

Figure 34.1:
Characteristics 
of SDSS

Source: 
Sugumaran and 
DeGroote 2010
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• RE resource availability is highly site-specific and site constrained. In the 
RE supply chain, the availability, quantity, and quality of RE resources 
are strongly influenced and limited by their geographic location, 
spatial context, temporal nature as well as associated topographic 
factors (i.e., terrain conditions, altitude, climate, geology, etc.) (Shao 
et al. 2020). Thus, harvesting and converting such RE resources to 
usable energy requires that the appropriate infrastructures, systems, 
and facilities be built on-site (at or near) where the ideal RE resource 
is located

• RE infrastructure installations require massive amounts of space. This 
is an inevitable situation in every RE deployment and development 
since RE resources have low power densities and its supply is 
intermittent and temporal. Power density refers to the average power 
produced given a unit of volume, area or mass. Low power densities 
of RE resources means harnessing these would require more surface 
area to produce an equivalent amount of power compared to fossil 
fuel sources (Smil 2010a, 2010b; Fritsche et al. 2010; Stevens et al. 
2017; Harjanne and Korhonen 2019). The spatio-temporal nature of 
RE supply means that these can only be collected during specific 
periods of the day, and because of this there’s a high need for energy 
storage space. In a nutshell, these characteristics explain why RE 
installations require space.

• Harnessing/Extracting RE sources involves challenges and risks.  Risk 
assessments (the confluence of hazards, exposures, and vulnerabilities) 
accompany any RE deployment and their intended operation, given 
their inherent characteristics and nature, as mentioned previously. Risk 
mapping focuses on the influence of multi-hazards, especially those 
affecting RE resource-volume and the corresponding RE systems and 
facilities as well as communities  these serve.
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4
An emergent consideration in RE planning and development are compounding 
risks to the RE resource (as applicable), risks to the corresponding RE facilities 
and systems, and risks to the communities these serve. Mapping these risks 
provide significant information that may render RE development projects risk-
sensitive and/or resilient in the future.

A country’s electrical system is a vital infrastructure. Therefore, building the 
resilience of such a power system is critical in providing reliable and sustainable 
services, energy security, economic well-being, quality of life, and national 
security. Enhancing resilience by reducing risks means “strengthening the 
ability of a system and its component parts to anticipate, prepare for, absorb, 
accommodate, or recover from the effects of a hazardous event in a timely 
and efficient manner, including through the preservation, restoration, or 
improvement of its basic structures and functions” (Brown, Prudent-Richard, 
and O’Mara 2016). A report commissioned by the Energy Sector Management 
Assistance Program (ESMAP) of the World Bank, highlights the emerging 
practices under each of the five pillars of risk management, namely: (i) risk 
identification, (ii) risk reduction, (iii) preparedness, (iv) financial protection, 
and (v) resilient recovery (cited in Brown, Prudent-Richard, and O’Mara 2016). 

According to the latest definition by the United Nations International Strategy 
for Disaster Reduction (UNDRR 2015), disaster risk is “a function of hazard, 
exposure, and vulnerability.” Figure 34.5 provides a good illustration of these 
components of risk (van Westen and Greiving 2017). Another concept of risk is 
the relationship between likelihood and consequence of events (Brown et al. 
2016). In Figure 34.3, likelihood is attributed to hazards, while consequences 
are attributed to elements at risk and associated vulnerabilities. This approach 
is well aligned with traditional infrastructure and engineering projects.

The Problematique of RE Risk Mapping

Figure 34.3:
The interaction 
among the 
different 
components 
of risk

Source: van 
Westen and 
Greiving 2017
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• Likelihood. Determining the likelihood (or probability) of losses for 
power projects can be difficult, especially when some risks which were 
quantifiable in the past may become deeply uncertain. Fortunately, 
new state-of-the-art methods, commonly known as decision-making 
under uncertainty (DMU), are available to help in planning projects 
in the face of deep uncertainty. Once the project’s main risks and 
specific vulnerability thresholds are identified, planners can evaluate 
and explore other options that may reduce these risks. 

Natural hazards which may affect or impact the power system are 
categorized into four types: (a) geophysical, (b) meteorological, (c) 
hydrological, and (d) climatological. The occurrence of a given hazard 
becomes a disaster risk when human stakes (e.g., assets, lives, and 
socioeconomic or environmental values) are exposed and vulnerable 
to the threat.

• Consequence. To determine the potential consequence of a hazardous 
event, the following must be considered: (a) the risk sources (i.e., 
the hazard creating the risk and its characteristics and patterns), (b) 
positive and negative impacts, and (c) factors that increase (sensitivity 
and exposure) and decrease (resilience) the consequences of the risks. 
When considering or planning for infrastructure deployment, it would 
be best to describe the consequence of natural hazards in terms of 
the following:

 ▫ duration and extent of service disruption;
 ▫ impacts on health, environment, and finance;
 ▫ reputational, regulatory, and legal impacts; and (in some 

cases)
 ▫ resources (e.g., water or coal)

The resulting risk matrix is illustrated in Figure 34.4.

Figure 34.4:
The risk matrix 
tool helps users 
assign scores 
based on the 
analysis of 
likelihood and 
consequences 
of risks

Source: Brown 
et al. 2016
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The combination of the likelihood of events and their consequences 
determines the risk landscape (Figure 34.5), which is divided into different 
areas: routine risks, acceptable risks, high impact, low frequency/probability 
(HILF) risks, and prohibitive risks (Preston et al. 2016). The study also identified 
the critical threats to the electricity system: natural/environmental and human 
(anthropogenic).

Figure 34.5:
These axes 
refer to the 
various classes 
of risks based 
on the different 
combinations of 
probability and 
consequence

Source: Preston 
et al. 2016

• Acceptable risks are risks with low likelihood and consequence, 
therefore, the demand for mitigation interventions is low;

• Routine (or recurring) risks are those to which electricity systems are 
exposed on a relatively frequent basis and thus standard practices 
have evolved over time to minimize consequences and/or enable 
rapid recovery;

• Prohibitive risks are those that the system cannot or is unwilling to 
bear, and;

• High impact, low frequency/probability (HILF) risks especially those 
that lie on the opposite extremes of likelihood and consequence 
levels are concerns of particular importance. These could include 
risks with widespread, catastrophic consequences, such as might be 
anticipated from a geomagnetic or electromagnetic disruption.    

In relation to climate, the IPCC conceptualized a parallel perspective of risk 
which evolved from 2012 to 2014. This is illustrated in Figure 34.6, where 
risk was initially conceptualized as cyclic, but later viewed as being multi-
directional.
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The idea of compounding risks (from RE, power facilities, and communities) 
may be associated with “the forensic causal approach” or a “pressure and 
release (PAR) model” (Blaikie et al. 2004). In this PAR viewpoint, a disaster 
represents the “crunch point” influenced by the HEV components of risk, 
at which instance the magnitude of the disaster (as a confluence of HEVs) 
becomes overwhelming and paralyzing. This concept then leads to the so-
called “social construction of risk (Oliver-Smith et al. 2016),” where root causes, 
dynamic pressures/drivers, and unsafe conditions interact chronologically 
towards the “social production of a disaster” (see Figures 34.7 and 34.8). 
When neglected, these processes and components evolve into compounding 
risks that are complex and could likewise progress.

Figure 34.6:
The conceptual 
frameworks of 
the IPCC in 
2012 (a) and 
modified	in	
2014 for the 
AR5 (b)

Sources: IPCC 
2012b; 2014
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Figure 34.7: The key relationships and processes in the social construction of risk (E stands for exposure; V stands 
for vulnerability; H stands for hazard with the categories N (natural), T (technological) and SN (socio-natural); DR 

stands for disaster risk

Figure 34.8: From the social construction of risk to the social production of disaster. The rings at the base engage 
the dynamics among exposure, vulnerability and hazard (natural, socio-natural and technological) in the production 
of disaster risk that is then materialized by the onset of a hazard and unfolds as a disaster producing damages and 

losses	that	reflect	the	characteristics	of	the	base

Source: Oliver-Smith et al. 2016

Source: Oliver-Smith et al. 2016
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The main technical aspects considered in traditional planning and design of 
power sector infrastructure are functionality, maintainability, and reliability. 
Adding resilience as an additional aspect to consider in deploying energy 
infrastructure projects (which refers to the ability to continue operation during 
extreme natural events [e.g., earthquake or typhoon] or recover rapidly to 
provide a similar service) can be valuable to energy security. The main factors 
to improve the resilience of power sector assets to natural hazards are as 
follows:

• A well-defined hierarchy of risk and level of immunity;
• Site selection to avoid hazard-prone areas;
• Building codes and design standards based on exposure to natural 

hazards (e.g., earthquakes or wind storms);
• Materials selection;
• Flexibility and redundancy in the design of individual assets and 

operation of the entire service delivery system;
• Consideration of critical assets, services, and resources in emergency 

planning to maintain a minimum level of service, avoid total system 
failure, and facilitate recovery; and

• Strong maintenance regime to maintain the integrity of assets 
and functioning of the system that also includes monitoring of site 
conditions, and natural hazards patterns.

Specific to site selection, enhancing resilience should consider the following 
requirements:

• Low exposure to hazards (e.g., flooding, landslides, or earthquake-
induced liquefaction);

• Low or acceptable levels of negative social and environmental 
impacts;

• Adequate space for operations and (depending on the facility) 
expansion;

• Sufficient buffer distance from houses, built-up areas, future 
development, and application of other planning constraints and 
bylaws;

• Clearance from obstructions above and below (e.g., overhead power 
lines clear of protected vegetation and structures; cables sufficiently 
distant from other below-ground infrastructure so that maintenance 
damage risk is reduced);

• Sufficient all-weather access for staff and vehicles, including for heavy 
equipment removal;

• Source of other natural resources, such as cooling water for thermal 
stations; and

• Suitable telemetry (i.e., no interference with electronic or radio signals)

Looking into the changing nature of the US energy landscape, Preston et al. 
(2016) underscored the need for resilience of the sector in the context of a 
growing range of developments including climate change, energy security, 
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transitions towards clean energy, and rising investments to modernize the 
energy grid. Risk assessment and management for the electricity sector often 
hinge on a number of these dimensions. In assessing the risk for the electricity 
sector, the following criteria were identified:

• Probability of occurrence – How frequently are threats and/or 
consequences experienced?

• Extent of damage – How critical and/or costly are the consequences? 
• Uncertainty – How much confidence can be associated with estimates 

of risk? 
• Geographic extent – Over how large an area are consequences 

experienced? 
• Persistence – Over what duration are consequences experienced? 
• Delay – What is the latency between the threat and the consequence? 
• Reversibility – To what extent and/or how quickly can affected systems 

recover? 
• Social impact – What is the potential for damage to human and 

societal well-being? 

The current challenge for resilience is how to assess non-stationary threats. 
Non-stationary threats are those that are changing over time or shifting in 
terms of their geographic location. Climate change is one case-in-point due 
to its projected effects on changing the frequency, intensity, and/or duration of 
extreme weather events. This means that the ability to estimate the likelihood 
of such events in the future is reduced, despite ample historical observations. 
In addition, analysis of risk must also give consideration to the consequences 
that arise from exposure of electricity systems and their components to threats.

A new approach is the reversal of the PAR model including HEVs (Figure 34.9), 
by opportunities that lower disaster risk and increase systemic resilience (Blaikie 
et al. 2004). In this regard, it is important to recognize that hazards, especially 
multi-hazards, are overwhelming and accompanied by uncertainties, even 
as these may be mitigated.  On the other hand, exposures often pre-exist. 
It is then vulnerabilities that may be addressed decisively as by increasing 
capacities to minimize risks.

Vulnerabilities include three main categories of structural contributors, 
namely: social (natural and social resources), economic (economic and physical 
resources), and political (human and political resources). Hence, vulnerabilities 
may be decreased by socio-economic and political transformations.  Associated 
with the decrease in vulnerabilities is capacity building (Wisner et al., 2012). 

Although resilience as a disaster risk management strategy is difficult to 
interpret, it may be operationalized in cross-disciplinary ways with degrees 
of flexibility (MacAskill and Guthrie 2014). A number of resilience frameworks 
have emerged, even as resilience may be an old concept (Manyena 2014).  
Among these include the more popular Manyena Framework (Figure 34.10) 
and the Disaster Risk Integrated Framework for Transformation or DRIFT 
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(Figure 34.11). DRIFT is a progressive concept to address risks and to 
operationalize resilience by a deeper understanding of “context, risk drivers, 
capacities and processes” towards “positive outcomes” (Manyena et al. 
2019). Meanwhile, multi-scale, distinct yet overlapping capacities may be 
“preventive, anticipative, absorptive, adaptive” (Manyena et al. 2019).

Figure 34.9:
The progression 
of vulnerability 
(top) and the 
progression of 
safety (bottom)

Source: 
Blaikie et al. 
2004
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Figure 34.10:

Figure 34.11:

Bouncing 
forward versus 
bouncing 
backward 

The Disaster 
Resilience 
Integrated 
Framework for 
Transformation 
or DRIFT

Source: 
Manyena 2006

Source: 
Manyena et al. 
2019
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5
The main objective of the initiative is to utilize the advances in geomatics 
and spatial analysis to develop a space-based RE DSS, which will identify RE 
strategic options for development by mapping the different RE resources 
availability, ascertaining its resource potential, and conducting risk assessment 
in the national, regional, and local scales.

It is said that the HEV risk formula is more of a relationship rather than a 
numerical operation. In fact, in order to address RE risk towards resilience 
effectively, it is important to recognize that there is a complex relationship of 
risk variables in network form.  Thus, in terms of GIS or mapping, there would 
be several combinations of variables that would constitute a risk, as illustrated 
in Figures 34.12 and 34.13. Therefore, there is no all-encompassing picture of 
risk but rather a composite of factors contributing to risk.

Mapping Risks to RE

Figure 34.12:
The HEVRI 
Molecular 
Network of 
Variables 
developed 
by the Manila 
Observatory 
in 2017. Risk 
has a network 
relationship 
of hazard, 
exposure and 
vulnerability 
variables.  
In a single 
dimension, 
this refers to 
the association 
of scales, risk 
components, 
sectors (e.g. 
renewable 
energy types), 
and action 
projects.
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Figure 34.13: Risk is also multidimensional and multidirectional.  Bubbles form elements of risk, each having its 
own networks as well.  Moreover, risk is compounding and progressive.  This perspective of the complexity of risk 
has led the mapping team to map various risks to RE (i.e., risks to resources, risks to systems and facilities and risks 

to communities/ environment) applying the multi-criteria decision analysis (MCDA) approach.

The space-based RE DSS initiative’s scope and scale of map outputs are limited 
to the national and regional levels (Figure 34.14). The regional level refers to 
the three major groups of the Philippines – Luzon, Visayas, and Mindanao, 
which likewise correspond to the Department of Energy’s (DOE) energy grid 
grouping. Local scale maps will be produced as part of the local Luzon case 
study, which is Naujan, Oriental Mindoro. The thematic datasets to be used 
and analyzed will be solely spatial in nature and will be from secondary data 
sources. As for the risks, the climatic and atmospheric-energy projection 
scenarios (past to future) are being produced by the Regional Climate Systems 
(RCS) laboratory of the MO. The space-based RE DSS initiative will only be 
limited to the assessment of resource and development potentials.
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The engineering, technological and operational designs and aspects of RE 
infrastructures are excluded in this study. Likewise, engineering designs and 
procedures as regards RE installation resiliency, i.e., to minimize the effects of 
hazards and decrease the vulnerability of exposed RE resources, installations, 
and systems are not included in the study.

Harnessing RE requires the construction of necessary installations where 
the actual resource is located. Moreover, it must be noted that RE has lower 
power densities, which would require a great deal of planning. The following 
research mapping framework was conceptualized for RE planning in order 
to support the space-based RE DSS. Risks, typically among site suitability/ 
candidate site criteria for RE, were separated in order to demonstrate their 
value-added significance in the analytics that go into multi-scale RE 
decision support.

Figure 34.14:
Three levels 
for renewable 
energy resource 
assessment 
and mapping 
(adapted from 
Knight	2016).

Figure 34.15:
The risk 
mapping 
methods used 
by the Manila 
Observatory 
since 2017

Types of Value-Added Risk Maps

Risk Mapping

Combination
/ Hybrids

Risk IndexingOverlaying Criteria-Based
Methods
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Through the years, risk mapping has evolved. The Manila Observatory has 
categorized these into four types, as shown in Figure 34.15. Overlays and 
side-by-side comparisons are the simplest; most of the time, decision makers 
readily understand risk maps in this form. Indexing and scoring, on the other 
hand, are applied when risk ranking of spatial units are needed, for which 
normalization of indices are undertaken in order to render measurements 
unitless. Criteria-based risk mapping requires the formulation of and 
combination across several parameters and their ranges applying decision 
rules or criteria. This is a very promising approach but is limited by the number 
of resulting classes that may be distinguished and combined. The fourth type 
of value-added risk mapping constitutes combinations or hybrids of the three 
different types identified.

Figure 34.16 is the overall conceptual framework implemented by the MO-
GED Laboratory in the ASEP-CELLs project. The three key components of 
the mapping framework include the RE resource assessment, risk assessment, 
and local case study. The RE resource and risk assessment components 
will be developed on a national scale and will be analyzed from a regional 
perspective, provided that the data used can offer sufficient information at a 
higher scale. The local case study will further explore additional data collected 
through site scoping and surveys, which will highlight the contributions of the 
space-based RE DSS initiative.

RE resource assessment includes the identification of RE potential (candidate) 
areas by taking into consideration the resource and development potentials, 
as well as the siting constraints and challenges (as discussed in Section 2.3). 
Based on this assessment, RE candidate areas for development are identified. 

Figure 34.16: The conceptual framework for the space-based 
RE DSS for the ASEP-CELLs project (partially adapted from Lee and Roberts 2018)
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The risk assessment is a crucial step towards incorporating disaster risk 
management and resiliency in harnessing RE. Risks such as the confluence of 
hazards, exposures, and vulnerabilities accompany any RE deployment and its 
operations. Assessing risk is divided into two components, namely, direct and 
indirect. The direct subcomponent, which focuses on the energy system and 
delivery, looks at two categories: (1) risk to RE resources and (2) risks to energy 
facilities and systems.   

The risk to RE resources evaluates the existing and projected risk scenarios 
that could disrupt or alter the availability of the specific or combination of RE 
resources. On the other hand, the risk to energy facilities and systems estimates 
the potential risk across the power supply chain. Energy facilities and systems 
may include power generation facilities (centralized and decentralized) and 
transmission systems connecting the generated power to the grid. Off and 
micro-grid facilities and systems are also included.

The indirect subcomponent of risk assessment investigates the impacts of 
energy facilities and systems to the immediate or downstream communities 
and environment. Risk to communities/environment identifies the possible 
impacts of RE installations. These impacts include resource access, 
environmental conditions, economic and social displacement of not only the 
host community, but the rest of the communities downstream affected by 
the operations of a given RE installation/program. Risks to the community 
and environment, as indirect risks, are manifestations of compounding risks. 
After HEVR mapping and analyses, the expected outputs are the risk sensitive 
potential areas.

Aside from risk assessment, the third component is the local case study, which 
is included in the mapping framework. This is meant to advance and draw out 
learnings specifically from on-the-ground experiences to enhance policy and 
interventions that address low RE acceptance challenges as well as the need 
to increase public awareness and stakeholder participation. This component 
of the research mapping framework is intended as a hands-on application 
of the RE DSS initiative. The output of this case study will highlight the RE 
options available for development over a given region/area of interest.

The mapping outputs of the RE resource mapping and risk assessments (risk-
sensitive potential RE sites) and that of the (Luzon) local case study will be 
used to draft strategic RE options for development. This will be undertaken 
through designing and implementing workshops, depending on the current 
COVID-19 restrictions, with a good composition of stakeholders and end-
users. The said workshop(s) may provide the venue to map RE development 
directions, address competing concerns in RE deployment specifically the 
adversely affected communities as well as to reconcile demands across 
sectors, mainstream risk in the energy sector and determine potential options 
for multisectoral collaboration.
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6
From a deeper understanding of the problematique of risk mapping as a 
value-added feature of RE decision support, risk-sensitive and/or resilient 
RE options may be explored with a geospatial perspective. In effect, risk 
mapping via GIS is an emergent need in RE decision support.  Likewise, if 
operationalized, it is a value-added feature in the application of GIS RE site 
planning.  This is because it would enable RE regulators and developers to 
consider risk-sensitive RE potential or resilient RE pathways.

However, risk represents a very complex network relationship of variables.  It is 
not only the cyclic and multi-directional confluence and interaction of hazards, 
exposures and vulnerabilities (HEVs) (IPCC 2012b, 2014; UNDRR 2015).  Risk 
is also compounding and progressive.  Compounding risk is depicted from 
multi-scale risk to RE, to its power systems and facilities, and to communities 
these serve.  In the case of progressive risk, the “pressure and release” (PAR) 
model is referred to, where risk is attributed to “unsafe conditions, dynamic 
pressures and root causes” (Blaikie et al. 2004; Wisner et al. 2012).  Mapping 
HEVs, therefore, enables the visualization and negotiation of risk-sensitive 
options for the deployment of RE.  On the other hand, opportunities towards 
RE resilience may be explored by reversing the components and drivers of 
risk (Blaikie et al. 2004) and by increasing different types of capacities towards 
resilience (Manyena et al. 2019).

Summary
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Hydropower	 has	 been	 a	 reliable,	 efficient,	 and	 well-established	 energy	
source in the Philippines. The potential of hydropower in the country is about 
13,097	megawatts	(MW),	with	an	estimated	3,760	MW	installed	capacity	from	
eighty-two operating hydropower plants contributing to the total energy 
mix.	Approximately,	99.18%	of	hydropower	operations	have	been	generated	
by	the	Luzon,	Visayas,	and	Mindanao	main	grids,	while	30.60	MW	or	0.81%	
have	been	generated	in	off-grid	areas.	About	78%	of	the	country’s	operating	
hydropower plants are run-of-river (RoR) with sizes that typically range between 
5	MW	and	70	MW.	All	of	the	dam-type	hydropower	plants	ranging	over	30	
MW	are	currently	connected	to	the	main	transmission	grid,	while	most	of	the	
micro hydropower plants (1-100 kV) are embedded in the local distribution 
utilities	 system.	 Although	 hydropower	 does	 not	 contribute	 significantly	 to	
greenhouse gas emissions, there are still negative impacts in developing this 
renewable energy resource that need to be addressed. Land cover change is 
considered	as	one	of	the	major	drivers	of	watershed	degradation.	It	influences	
the delivery of ecosystem services and distresses watershed processes. On 
the other hand, the continuous rise in temperature and changes in rainfall 
patterns due to climate change, together with continued decline in forest 
cover have implications to freshwater supply for hydropower. These may 
affect the potential power supply of the country from hydropower, which may, 
in turn, pose risks to human settlements, critical infrastructures, and economic 
productivity.

Keywords: Renewable	Energy,	Watershed,	Water	Resource,	Climate	Change,	
Land Cover Change

Abstract
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1
Renewable energy (RE) is a type of energy that is harnessed from natural 
resources in a sustainable manner because it is continually replenished by nature 
at a faster pace than it is consumed (International Renewable Energy Agency 
2012; International Energy Agency 2002; OECD and EUROSTAT 2005; and 
National Renewable Energy Laboratory 2001). Thus, this resource is available 
in infinite amounts and can be developed through technologies to generate 
electricity. 

The shifting from conventional energy, particularly the use of coal and diesel 
to RE as the major energy source is becoming more popular globally (Adhau, 
Moharil, and Adhau 2012). This public attention is a result of the increasing global 
recognition of the contributions of coal-fired power plants and the burning of 
other fossil fuels, such as those for transportation to greenhouse gas (GHGs) 
emissions, which contributes to climate change. The utilization of RE can help 
reduce the huge amount of GHGs in the atmosphere compared to conventional 
sources of energy (Kumar et al. 2011). Hence, RE can mitigate climate change. 
The first law of thermodynamics, known as the law of conservation of energy, 
states that energy cannot be created nor destroyed, but its form can be 
changed. In the context of RE, there is no new energy that is created, but rather 
it is only converted to another form. 

Hydropower is one of the oldest, most reliable, efficient, technically mature, 
and economically competitive RE technologies (DOE 2011; Lopez 2019). This 
technology relies on the hydrologic cycle, which is driven by solar radiation 
(Kumar et al. 2011) and derived from the energy of water flow from higher 
to lower elevations. Hence, to understand the dynamics of hydropower, it is 
also important to consider the hydrologic cycle and topography. In terms of 
energy production, the potential energy produced by hydropower depends on 
the amount of rainfall that drains into rivers, lakes and other reservoirs. Since a 
hydroelectric power plant is harnessing water, most of the structures (i.e., dams 
or weir) are located on or near a water body. It is basically a concrete structure 
that blocks the flow of a river. To generate electricity, the water must be in 
motion. Then, the flowing water turns the blades in the turbine. The turbine 
turns the generator motor, which then converts this mechanical energy into 
another energy, in the form of electricity. The volume of the stream flow and the 
change in elevation (or fall) from one point to another are necessary properties 
to be considered to determine the amount of available energy in moving water 
(US Department of Energy 2005). In terms of production, hydropower leads as 
the most developed and commercially viable RE because it is more dependable 
and less expensive than other sources, such as: geothermal, biomass, wind, and 
solar energy (National Hydropower Association 2019).

Introduction
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Globally, the installed capacity of hydropower contributes about 16% of the 
world’s electricity supply (IEA 2013). Although hydropower is well-established 
and has a significant hydropower resource in Asia and the Pacific Region, only 
about 20% are developed (IEA 2013; ADB 2013). This region has a huge 542 
gigawatts (GW) installed or potential capacity that can be quadrupled by up to 
2,204 GW. Also, it has a massive generation of electricity from hydropower of 
almost 32% (terawatt-hours or TWh), compared to 25% in Europe  (Knive 2011), 
which makes it the largest source of clean energy for the electricity sector.  

Hydropower has a significant contribution to the Philippines’ energy mix. It 
is the most dominant source of RE-based capacity, ranking 3rd as the highest 
indigenous energy source in the country (DOE 2020). According to the 2019 
Philippine Power Situation Report, the hydropower sector grew its installed 
capacity by 1.59% from 3,707 MW in 2018 to 3,760 in 2019. The substantial 
increase was due to the 31 MW from new operational capacities which was 
added recently to the country’s energy supply. It is noteworthy that the increase 
of installed capacity was part of the National Renewable Energy Program or 
NREP (DOE 2018). This program seeks to increase the RE-based capacity of the 
country to an estimated 15,304 MW by the year 2030, which is almost thrice the 
capacity recorded in 2010. It also signals the country’s big leap from fragmented 
and halting RE initiatives into more focused and sustained efforts toward energy 
security and improved access to clean energy (DOE 2018).

As a country endowed with water resources, hydropower is considered as one 
of the well-established energy sources. It also offers extremely low operating 
costs and long operating lifespans of forty to fifty years that can be extended to 
100 years with extensive rehabilitation (International Finance Corporation 2019). 
Since the water that drives the hydropower turbines can still be utilized for other 
uses, there are existing hydropower dam-type plants that are designed to be 
multipurpose in nature, mainly for irrigation and power. One of the multipurpose 
dams of the country is the Magat Dam located in Northern Luzon. This dam is 
primarily used for irrigating about 85,000 hectares of agricultural lands, flood 
control, and power generation of up to 360 MW through the 4-unit power 
house of Magat Hydroelectric Power Plant (International Finance Corporation 
2007). Unlike single-purpose large dams, this set-up is expected to contribute 
to the economic and social development of the region. 

This paper discusses the state of the country’s hydropower sector in relation 
to existing programs, plans, strategies, and road maps of the Philippine 
government to address energy access and security. It also aims to identify the key 
issues and challenges in harnessing water resources for hydropower, which can 
have potential impacts on energy operations. This paper is based on available 
reports, selected literature, as well as consultations with government agencies 
and other development partners. It aims to contribute to the understanding of 
the current state of the Philippines’ hydropower sector.
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2

The tropical and monsoonal climate of the country contributes to the relative 
uniformity of temperature, high relative humidity (above 70%), high solar 
radiation, and high frequency of tropical cyclones, resulting in higher rainfall 
values throughout the year (PAGASA 2011). According to the Philippine 
Atmospheric, Geophysical and Astronomical Services Administration (PAGASA 
2011), there are two major seasons in the Philippines, based on the climate 
type: (1) the rainy season, which start from the months of June to November; 
and (2) dry season, from months of December to May. The dry season may be 
subdivided further into (a) the cool dry season, from December to February; 
and (b) the hot dry season, from March to May (PAGASA 2011).

The country’s relative humidity is high and varies between 71% in March 
and 85% in September. This is due to high temperatures and the influence 
of the surrounding water bodies (PAGASA 2011). Based on the ERA5 data 
(Hersbach, et al. 2020), the country’s annual mean temperature (1986-2005) 
ranges from 18-27 ºC. The temperature across the country varies from one 
island to another, depending on the altitude. Thus, the annual temperature 
of the mountainous areas of the country (Cordillera region, middle portion of 
Mindoro Island, and mountainous areas of Bukidnon Province) range from 18-
22º Celsius, while the areas near the coasts have temperatures ranging from 
25–28º Celsius (Figure 35.2).

The Philippines is an archipelago located in Southeast Asia. It comprises of 
more than  7,000 islands, with an approximate total land area of 300,000 km2 
(NAMRIA 2017). The country is broadly categorized under three main island 
groups: Luzon, Visayas and Mindanao. It is bounded by three large bodies 
of water, namely, the West Philippine Sea on the west and north, the Pacific 
Ocean on the east, and the Celebes Sea on the south (Figure 35.1).

Geography and Environment

2.1 Climatology



608Technical Studies in Support of Renewable EnergyChapter 35

The country’s annual total rainfall (1986–2005) ranges from 1,500-4,000 mm/
year (Hersbach, et al. 2020). Similar to temperature, the amount of rainfall 
also varies across the country from one island to another, depending on 
the altitude. The rainfall pattern is also influenced by the exposure to the 
two moisture-bearing wind belts (northeast–wet season and southwest–dry 
season monsoons). During the rainy season, temperature and humidity are 
also particularly affected by tropical cyclones, which determine the amount 
of water available, accumulated through rainfall. Furthermore, the orographic 
effects of mountains have significant influence on the variations of rainfall 
patterns on windward slope areas.

Hence, the mountainous portion of Mindoro, eastern coasts of Sierra Madre 
Range, Caraga, and Davao Region receive heavier amounts of rainfall, while 
the western coasts receive heavy summer rainfall (Figure 35.3).

2.2 Water Resources
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Figure 35.1: The geographic location of the Philippines (Manila Observatory 2021).
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Figure 35.2: Annual	mean	temperature	(1986–2005),	using	ERA5	data	from	Hersbach,	et	al.	(2020).
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Figure 35.3: Annual	total	rainfall	(1986–2005),	using	ERA5	data	from	Hersbach,	et	al.	(2020)
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The country has an estimated total available groundwater of 20,200 million m3 
(MCM), through groundwater recharge (JICA 1998 as cited in NWRB 2019). 
However, based on the projected water demand-supply for the year 2025 of 
this study, the groundwater potential could only supply between 23% to 32% 
of demand for groundwater, mostly from agriculture, domestic, and industrial 
sectors. The imbalance between the groundwater resource potential and 
groundwater demand was due to greater future water demand, which might 
pose a serious threat to the sustainability of the groundwater resources of the 
country. 

In terms of areas with good aquifer condition, Central Luzon, Camarines Sur, 
Laguna, SOCCSKSARGEN, Northern Mindanao, and eastern coast of Negros 
Island have fair to extensive and productive aquifers (Figure 35.4).

About 70% of the country’s total land area are classified as or partly as 
watersheds (DENR-ERDB 2011). These watersheds (Figure 35.5) collect 
water through runoff from 421 principal river basins, fifty-nine natural lakes 
and numerous small streams with drainage area ranging from 40-25,649 km2 

(Lapong and Fujihara 2008; and Kho 2006; NWRB 2006). Among the principal 
river basins, eighteen were classified as major river basins, with a cumulative 
drainage area of more than 1,000 km2 (DENR-FMB 2011). In terms of surface 
water sources, the country has a potential supply of 126 km3/year, coming 
from rivers across the country (FAO 2007).

3
Hydropower was the first RE introduced in the country as early as 1913 in 
Northern Luzon (IRENA 2017). From that period, the developers of water 
resources for power generation were from the private sectors, until the 
National Power Corporation (NPC) was created under the Commonwealth Act 
No. 120. This act permitted developers to have exclusive rights to develop 
all streams, lakes and rivers for power generation. On the other hand, the 
Presidential Decree No. 1645 was signed to create the National Electrification 
Administration (NEA) in developing the country’s small-scale hydropower 
potentials, also known as mini-hydro power plants. Due to the increasing 
demand for energy, which required a huge investment for power generation, 
the Philippine government created the private sector which was provided the 
opportunity to earn rates of return on competitive investments (Executive 
Order No. 215 s.1987). Then, the Build-Operate-Transfer (BOT) scheme 
was introduced to complement E.O. 215 by authorizing the private sector 
to finance, construct, operate, and maintain infrastructure projects through 
Republic Act No. 6957 and Republic Act No. 7718. These laws paved the way 
for the NPC to offer specific hydropower projects with capacities ranging from 
5 MW to 50 MW to the private sector under a Build-Operate-Transfer (BOT) 
scheme (Estoperez 2019). 

Hydropower in the Philippines
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Figure 35.4: The groundwater availability map of the Philippines.
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Figure 35.5: The different types of watersheds in the Philippines (Manila Observatory 2021)
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To encourage more investors from the private sectors to participate in 
hydropower generation, the Republic Act No. 7156, known as the Mini-
Hydroelectric Power Incentives Act, was created to grant mini-hydroelectric 
power developers the necessary incentives and privileges to provide a more 
environment-friendly approach in maximizing the potentials of developing 
local hydroelectric power resources. Thereafter, the restructuring of the 
electric industry and the privatization of NPC was enacted through Republic 
Act No. 9136. This resulted in the separation of the different components of 
the power sector into: generation, transmission, distribution and supply. 

In recent years, the Philippine government has legislated several policies on 
RE. At present, there are two major policies related to RE: The Biofuels Act of 
2006 (Republic Act No. 9367); and the Renewable Energy Act of 2008 (Republic 
Act No. 9513). The latter accelerates the exploration and development of RE 
resources to increase their utilization. The DOE is the country’s lead agency 
mandated to realize the provisions of both RE laws and their respective 
implementing rules and regulations. 

After the enactment of the Renewable Energy Law in 2008, the Philippine 
government, through the DOE, sought to increase the installed capacity from 
RE technologies by implementing the National Renewable Energy Program 
(NREP) in 2011. This program established targets and road maps to achieve 
sustainable energy sources for the country. In 2017, the DOE committed to 
increase the contribution of renewables for electricity generating capacity 
(AFP 2011) by 50% (15.3 GW) in 2030 (Climate Action 2017). This effort is part 
of the country’s contributions to the Paris Agreement to the United Nations 
Framework Convention on Climate Change (2015) in terms of reducing carbon 
emissions up to 70% by 2030.

In view of the country’s goal of increasing the share of RE in the country’s 
energy mix, the Philippine energy sector targeted to triple the country’s 
RE capacity, in part by increasing the hydropower installed capacity of 
approximately 6,767 MW (DOE 2018). Given the installed capacity of 3,760 
MW from the operating hydropower plants across the country (DOE 2018) 
and the estimated hydropower potential from unharnessed resources of 
about 13,097 MW capacity, the target capacity of approximately 6,767 MW 
by 2030 could be reached.
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4.1 Existing Hydropower Plants

In the Philippines, there are three types of hydropower development, namely: 
the run-of-river, dam storage or reservoir type, and pumped-storage types 
(Lopez 2019). The reservoir-type of development is a hydropower facility with 
significant storage, wherein the water is impounded behind the dam, which 
will be released later to activate the generator in order to produce electricity. 
The run-of-river type facility has no storage, and the dam/weir uses a portion 
of the river through canal or penstock to generate electricity. So, the turbines 
will be run by any inflow in the river that is available. Unlike other hydropower 
technologies, the pumped storage type can store the generated energy by 
pumping water uphill to a reservoir situated at higher elevation. The DOE 
(2018) has classified hydropower plants based on their capacities: (a) micro-
hydro that produces 1 to 100 kW; (b) mini-hydro that produces an equivalent 
of 101 kW to 10 MW; and (c) large hydropower plant that is equivalent to 
more than 10 MW.

4
Although the country has vast water resources, the opportunities for 
hydropower development are still limited for archipelagic states like 
the Philippines. Despite the interest in intensifying the development of 
hydropower from untapped resources, most of the potential sites are situated 
in remote areas where accessibility is limited and cannot be connected to the 
main power grids.

The country’s potential hydropower from unharnessed resources is estimated 
at 13,097 MW (IRENA 2017). Given this potential for hydropower, this RE 
can compete with other conventional energy sources. Studies conducted by 
the DOE (2011) indicate that about 85.7% or 11,233 MW of the hydropower 
resource potential can be developed as large hydropower plants (Figure 35.6).

The proposed sites should have sufficient water throughout the year since 
hydropower is also dependent on the seasons. Hence, in hydropower 
development, the climatological and hydro-geological conditions of the 
proposed site should be considered to avoid a potential scenario during dry 
season, where runoff level may decrease resulting in insufficient volume to run 
the turbine.  

Hydropower Resources
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GRID TYPE NO. OF HYDROELECTRIC 
POWER PLANTS

INSTALLED CAPACITY 
(MW)

Luzon Grid 40 2,545.81

Visayas Grid 9 18.9

Mindanao Grid 24 1,164.7

Off-Grid 9 30.59

TOTAL 82 3,760

Table 35.1:
Distribution 
of existing 
hydropower 
plants by power 
system, as of 
December 2020 
(DOE 2021)

The locations of the operating hydroelectric power plants in the country are 
mostly in the countryside, generally in mountainous areas with high rainfall 
(Lopez 2019). Based on the 2019 Power Situation Report published by the 
DOE (2020), the total number of hydroelectric power plants across the country 
is eighty-two, with a total installed capacity of 3,760 MW. About 99.18% of the 
installed capacity has been generated by the Luzon, Visayas, and Mindanao 
main grids while 30.60 MW or 0.81 % has been generated by off-grid areas 
(Table 35.1). The locations of the hydropower plants by power system are 
shown in Figure 35.7.
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Figure 35.6: The	locations	of	potential	hydropower	resource,	classified	according	to	potential	capacity	
Source: DOE-REMB and JICA 2019
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Figure 35.7: The locations of existing hydropower plants in relation to the existing power systems 
Source: DOE-REMB 2020
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4.2 Hydropower Plants under Development

In terms of total primary energy supply, hydropower accounts for a significant share 
of more than 10% of the electricity requirements for the country (DOE 2018). The 
generation of hydropower through grid-based technologies takes several forms, 
namely: dam-type storage hydropower, pumped storage hydropower, and run-of-
river hydropower (RoR). About 78% of the country’s operating hydropower plant 
are RoR (DOE 2020), with sizes typically ranging between 5 MW and 70 MW, which 
is significantly smaller than storage hydropower, except for the 255 MW Pulangi 
4 RoR hydropower plant in Mindanao. Moreover, both pumped and dam-type 
storage are important sources of reserve capacity and other ancillary services for 
the main grids, owing to its most responsive forms of generation capacity (Asian 
Development Bank 2018). 

All of the dam-type and the pumped storage hydropower plant ranging over 30 
MW had been connected to the main transmission grid, while most of the micro 
hydropower plants (1 kV to 100 kV) had been embedded in the local distribution 
utilities system. Moreover, most off-grid areas are tapped to mini and micro-hydro 
power plants, operated by the local electric cooperatives to support the rural 
electrification program of the government (DOE 2020).

The country’s total untapped potential hydropower resource is estimated at 
13,097 MW (International Renewable Energy Agency 2012b), by which potential 
sites for large, micro and mini hydropower projects are distributed across the 
Philippines. Based on the Energy Situation Report published by Renewable 
Energy Management Bureau or REMB (2020), about 495 hydropower projects 
with a potential installed capacity of 22,421.08 MW were awarded to interested 
hydropower developers, wherein 92% are considered large hydropower (22,395. 
96 MW), while 8% (25.12 MW) are classified as mini hydropower (Table 35.2).

Currently, some of these projects are undergoing feasibility studies, and are also 
in the stages of construction and consultations with the DOE. The locations of the 
under-development hydropower plants in relation to the existing power systems 
is shown in Figure 35.8.

GRID TYPE NO. OF HYDROELECTRIC 
POWER PLANTS

INSTALLED CAPACITY 
(MW)

Luzon Grid 261 18,161.39

Visayas Grid 60 1,820.31

Mindanao Grid 141 2257.72

Off-Grid 34 181.66

TOTAL 495 22,421.08

Table 35.2:
Distribution 
of under 
development 
hydropower 
plants by power 
system, as of 
December 2020 
(DOE-REMB 
2021)
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Figure 35.8: The location of under development hydropower plants in relation to the existing power systems.
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5

The extensive natural resources of the Philippines make it a resource-dependent 
country. Its resources support millions of Filipino people in their daily lives and 
these largely contribute to the country’s economic development. However, various 
studies indicated that weak governance and unsustainable anthropogenic activities 
cause resource degradation, which lead to depletion. Resource depletion occurs 
when these resources become scarce, that is, when these are consumed faster than 
they can be recovered or replenished. Rapid population growth and densification 
were identified as the catalyst of resource depletion (Mittal and Gupta 2015). 

The development of this technology within a watershed has multiple impacts on 
watershed behavior, including: hydrologic processes, environmental and socio-
economic aspects directly affecting the reservoir inundation, flow alteration 
and river fragmentation (Nilsson et al. 2005). Thus, water is sensitive to various 
environmental changes. 

Although hydropower is known as a clean energy resource (Kumar et al. 2011) 
and produces minimal solid waste during the energy operation, the negative 
impacts on water quality, estuary sedimentation, biodiversity loss, human health 
and population displacement during the development phase are generally well-
known (Poff et al. 1997; Jansson et al. 2000; WCD 2000; Chovanec et al. 2002; 
Gehrke et al. 2002; Dudgeon 2005). Since the DOE is targeting to maximize the 
unharnessed hydropower resources by 2030, it is anticipated that the construction 
of hydropower plants across the country will be simultaneously carried out. In line 
with this, the developers are expected to implement environmental safeguards 
and propose mitigation measures to minimize the negative impacts to the 
environment and people. This is in compliance with Presidential Decree No. 1586 
or the Philippine Environmental Impact Statement (EIS) System Act of 1977. This 
law requires every development project, including the construction of hydropower 
plants, to undergo a comprehensive Environmental Impact Assessment (EIA) 
and secure Environmental Compliance Certificate (ECC) from the Department of 
Environment and Natural Resources (DENR). 

Last July 2019, the Space-Based Renewable Energy Decision Support Inception 
Workshop was organized by Geomatics for Environment and Development (GED) 
Laboratory of Manila Observatory. This inception workshop was attended by 
DOE-REMB, with the objectives of discussing the state of RE in the Philippines, 
identifying the key issues and challenges in energy production, and determining 
the risks associated with different RE resources and facilities due to various hazards. 
This section of the paper discusses the identified key issues and challenges on 
harnessing water resources based on literature reviews and experts’ discussions 
during the inception workshop.

Key Issues and Challenges in Hydropower Sector

5.1 Watershed Degradation
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One of the major drivers of watershed degradation is land use/land cover (LULC) 
change. In the past century, the conversion of forestland into different uses and the 
decline of the country’s forest cover became evident (ESSC 1999). LULC is a crucial 
environmental issue, having negative impacts on human livelihood, watershed 
processes, (climatological, hydrological, and hydraulic), such as increase in surface 
runoff and peak flows, as well as greater risk and vulnerability to flooding (Santillan 
et al. 2019).

LULC change has implications on water availability because it is one of the significant 
factors driving the availability of ecosystem services (adequate freshwater supply). 
Accelerated rates of landscape fragmentation have hugely impaired the functioning 
of ecosystems and biological processes, adversely altering the spatial patterns of 
ecosystems (Daily et al. 2009). Additionally, LULC change can potentially affect 
regional and global climates by emitting or sequestering carbon (Pan et al. 2011).

The encroachment of human settlements in potential sources of water and 
protected areas is due to rapid urbanization, which transforms underdeveloped 
municipalities and emerging cities into highly urbanized areas that, in turn, results 
in urban sprawl, and may lead to inefficient land use (HLURB 2017; and HUDCC 
2016). This process is continuously observed in many parts of the country because 
there is no national land use policy that will regulate areas for residential use and 
support effective land use planning practices.

The country’s 2015 land cover data was generated by the National Mapping and 
Resource Information Authority (NAMRIA 2016) using satellite imagery acquired 
by Landsat in 2014 and 2015. A total of twelve land cover classes were identified 
(Figure 35.9), which was based on the Food and Agriculture Organization (FAO) 
land cover classification scheme.

5.2 Land Use/Land Cover (LULC) Change

In the context of water security, the Asian Development Bank (ADB) published 
the Asian Water Development Outlook (AWDO) for the year 2020. Based on this 
report, the Philippines has a low National Water Security (NWS) Score of 67.8 out 
of 100, classified as equivalent to NWS Index of 3 which means the access to safe 
drinking water and sanitation facilities is improving; the economic water security, 
involving the water for energy sector is moderate; the environmental governance 
is moderate, with clear pressure on the ecosystem; and there are some institutional 
commitments to reduce disaster risk. The methodological framework used in 
AWDO 2020 to measure the NWS is the combination of five Key Dimensions 
(KD): (a) Household; (b) Economic; (c) Urban; (d) Environmental and (e) Resilience 
to Water-Related Disasters. Each of the KDs has a target index measure and is 
composed of sub-indicators.
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Figure 35.9: The land cover map of the Philippines for 2015.
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The result indicated that the country’s land cover is dominated by agricultural 
areas, particularly perennial and annual crops covering about 65,753.7 km2 
(22.2%) and 61,178.2 km2 (20.7%), respectively. About 60,375.8 km2 (20.4%) 
was classified as brush/shrubs, which was scattered across the country. On the 
other hand, about 22.7% of the total land area was classified as forestland 
located in sloping to mountainous areas, ranging from 18% to 50%. On the 
other hand, about 19,605.7 km2 or 6.6% of the total land area was classified 
as grassland, while the remaining 8,518 km2 (2.88%) were classified as built-
up, the latter located in areas of 0% to 8% slopes.

5.2.1 Land Cover Classification

In order to analyze the LULC change in the country, this study 
adopted the methodological framework of De Alban, et al. (2019) 
on land cover reclassification. The twelve land cover types used 
by NAMRIA were aggregated into six major classes, namely: 
forestland, settlement, cropland, wetland, grassland, and other 
land (Table 35.3).

14 Classes
(NAMRIA 2011)

12 Classes
(NAMRIA 2016)

6 Classes
(De Alban, et al. 2019)

Closed Forest Closed Forest Forestland

Open Forest Open Forest

Mangrove Forest Mangrove Forest

Shrubs Brush/Shrubs Grassland

Grassland Grassland

Wooded Grassland

Fallow

Inland Water Inland Water Wetland

Fishpond Fishpond

Marshland/Swamp Marshland/Swamp

Perennial Crop Perennial Crop Cropland

Annual Crop Annual Crop

Built-up Built-up Settlements

Open, Barren Open, Barren Other land

Table 35.3:
The 
reclassification	
scheme 
implemented in 
aggregating the 
NAMRIA land 
cover maps to 
six classes.
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5.2.2 LULC and Change Detection

The 2010 and 2015 land cover data from NAMRIA were used 
for change detection analysis. Both datasets were reclassified 
based on land cover classification in the previous subsection. 
According to Yuan, et al., (2005), this technique can provide 
information on the land cover transitions that have occurred, 
and by change detection, the extent of these changes can be 
identified and mapped (Santillan et al. 2019). Figure 35.10 shows 
the flow diagram on the LULC change detection.

Figure 35.10: Flow diagram of land cover change detection using GIS.
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Based on the results, the country underwent a huge land cover 
change in a short period of time. From 2010 to 2015, up to 2,547 
km2 (by 1.66%) of cropland increased due to the continuous 
conversion of grassland and forestland for cropland equivalent 
to 17,501 km2 and 2,159 km2, respectively. On the other hand, 
the loss of forests, equivalent to an area of about 9,299 km2 
(-6.93%), indicated that these areas were converted to cropland 
and grassland (a total of 6,657 km2. The grassland and settlement 
areas also increased to 5,329 km2 (by 36.82%) and 1,661 km2 
(by 23.78%), respectively. Other lands also increased to 306 km2 
(33.13), while inland water increased to 412 km2 (6.38%).  The 
changes in land cover from 2010 to 2015 are summarized in 
Table 35.4 and shown in Figure 35.11. 

LAND COVER 
CLASS

2010 2015 Change 2010-2015
km2 % km2 % km2 %

Wetland 6,103.00 2.07 6,515.00 2.20 412.00 6.38

Settlement 6,860.00 2.33 8,521.00 2.88 1,661.00 23.78

Other land 911.00 0.31 1,217.00 0.41 306.00 33.13

Forestland 139,739.00 47.42 130,510.00 44.14 - 9,229.00 - 6.93

Cropland 126,763.00 43.02 129,310.00 43.73 2,547.00 1.66

Grassland 14,288.00 4.85 19,617.00 6.63 5,329.00 36.82

TOTAL 295,690.00 100.00 295,690.00 100.00    

Table 35.4:
Changes in the 
land cover in 
the Philippines 
from between 
2010 to 2015.

The changes in land cover are critical concerns that society must 
address because these can affect climate beyond the areas 
where these changes originally occurred (Steffen et al. 2015). 
In addition, these changes can influence the dynamics in the 
surrounding ecosystems (Mustard et al. 2004). Socio-economic 
development, population expansion, and increased conversion 
of land for agriculture are the major drivers of LULC change 
(Lambin et al. 2003).  
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The conversion of land from forests to cultivated areas, grasslands 
and built-up areas have significant impacts on the hydrologic 
cycle. The decrease in forest cover in a watershed can alter the 
interception of rainfall through the tree canopy and by surface 
litter, which may lead to the decrease in evapotranspiration and 
may increase the surface run-off in the watershed. The loss of 
forest cover in areas with shallow and highly permeable soils and 
low water holding capacities will also have impacts on the overall 
changes in evapotranspiration and runoff.  When the forest cover 
of an area is permanently lost to pave way for agriculture or 
urbanization, the hydrologic effects are more long term and the 
forest canopy may take several years to recover. Meanwhile, the 
amount of litter on the forest soil can reduce the overland flow, 
maintain the infiltration rates, and prevent surface erosion (Zuazo 
and Pleguezuelo 2008).
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Figure 35.11: Land cover change map of the Philippines (2010-2015)
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On the other hand, the continuous expansion of built-up areas 
can reduce the interception of rainfall due to the decline of 
natural vegetation and drainage patterns as well as loss of natural 
depressions, which are temporary storage of surface water. 
Built-up areas can also increase the compactness of the soil and 
decrease the infiltration capacity. The increasing groundwater 
demand may result in medium to long term shortage of water 
supply in the watersheds. Furthermore, built-up areas can also 
increase surface runoff volume during extreme weather events 
and reduce areas for baseflow, evapotranspiration, infiltration, 
interception, and percolation that may trigger flood occurrence.

Climate change is expected to affect climate variability, as by precipitation 
increase, temperature increase and sea level rise. The Philippines is extremely 
vulnerable to the impacts of climate change (Lasco 2009) due to the country’s 
geographic location, which is near the western Pacific Ocean. Also, as an 
archipelago, it is surrounded by naturally warm waters, which will likely get 
even warmer as the average sea surface temperatures continue to rise. 

Based on the time series temperature data from PAGASA (2011), there is an 
increase of about 0.648° Celsius in the annual mean temperature from 1951 to 
2010 (Figure 35.12). Moreover, extreme daily temperature and extreme daily 
rainfall indicate significant increase in the number of hot days, but decrease in 
the number of cool nights, while rainfall trends (extreme rainfall intensity and 
frequency) are unclear with very little spatial coherence.

5.3 Climate Change
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Figure 35.12:
Observed 
annual mean 
temperature 
anomalies 
graph (1951-
2010) based 
on 1971-2000 
normal values 
(PAGASA 2011).

Based on climate projections of PAGASA (2011) using various scenarios, the 
higher temperatures will continue to become more frequent in the future. The 
number of days with maximum temperatures exceeding 35° Celsius will further 
increase in 2020 and 2050. On the other hand, extreme rainfall is projected for 
Luzon and Visayas only, but the number of dry days is expected to increase in 
all parts of the country, by 2020 to 2050. Thus, areas where rainfall is projected 
to decline will experience water stress, while areas where rainfall could be 
more intense during wet season will experience hydrometeorological risk (i.e., 
flood and storm surge). 

The continuous rise in temperature, changes in the rainfall patterns and decline 
of forest cover will contribute to the depletion of natural resources, which is 
expected to affect the freshwater supply. This phenomenon may pose major 
threats on agricultural systems, ecosystems productivity, public health and 
even on hydropower. Since there is a significant relationship between water, 
energy, agriculture and climate, any changes in the processes or imbalances 
among these components may have implications to water security (McCarthy 
et al. 2001; and PAGASA 2011). 

Moreover, an increase in precipitation tends to significantly increase the surface 
runoff that may result in serious erosion and sedimentation in the riverbanks, 
which can lead to the depletion of soil nutrients, and even flooding in low-
lying areas downstream. Compared to the main river channel, the changes 
in river discharge due to land cover changes are significantly higher. Also, 
rapid urbanization and conversion of cropland into built-up areas are the main 
reasons for the increasing flood inundation depth and flood extent areas. 

The watersheds and dams that provide irrigation services to agricultural lands 
and those in rain-fed areas will experience water scarcity. The production in 
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the energy sector will also be affected by these situations in the dams. This 
would affect the energy sufficiency program of the country. Climate change 
and hydropower development interact with each other in the natural process 
and any variation that occurs in one of them will lead to a change in the 
other (Shu et al. 2018). During the El Niño season, water for agriculture is 
sacrificed in favor of domestic and industrial water supply, significantly 
impairing agricultural land productivity during the period. In contrast, the 
areas projected to have intense rainfall during wet periods, the risk of human 
settlements and damage to infrastructures may be expected to increase due 
to flooding (PAGASA 2011).

The most challenging impact of climate change for hydropower generation 
is the seasonal fluctuations in energy generation that result from the intra- 
and inter-annual variations in precipitation and temperatures (ADB 2018). The 
hydropower plants during the months of December through March following 
the end of the rainy season have significantly higher capacities, wherein the 
storage hydropower reservoirs are full, while during the El Niño season the 
generation of hydropower pose a risk to seasonal power shortage due to 
change in water availability.

Hydropower plants also present social and environmental challenges. 
The likelihood, duration and extent of impacts vary from pre-construction, 
construction, and operational phases of the project, which depends on the 
hydropower type, the engineering design, its size and topography. Among 
the phases of hydropower development, the construction phase is identified 
as a critical stage because of the various impacts on the ecological and socio-
economic conditions of the area. 

In the Philippines, the storage-type hydropower plants may cause the most 
pressing social and environmental concerns because these plants occupy 
larger land areas in order to store more water to run the turbine. However, 
the majority of the hydropower plants in the county are RoR types, and are 
situated within the mountainous areas of watershed reserves, protected areas 
and ancestral domains. These are some of the major challenges of hydropower 
development because most of the time, nearby communities or indigenous 
populations residing in or in close proximity to the potential sites have no 
choice but to relocate. Such displacement has brought about social unrest due 
to loss of livelihoods from agricultural lands and potential upstream flooding 
(DOE 2018), such that daily lives are adversely affected. Aside from losing 
areas for cultivation and the risks associated with relocation, the noise emitted 
during the construction up to the operationalization of the power plant may 
disturb the general public. Upstream flooding due to the dam reservoir also 
has an extreme impact on the forest reserves and wildlife habitats. Likewise, 

5.4 Socio-Ecological Concerns



633Technical Studies in Support of Renewable EnergyChapter 35

hydropower facilities have a major impact on aquatic ecosystems, such as 
fish and other organisms that can be injured and killed by turbine blades. 
The diversion of water can also create barriers for fish passage and habitat 
modification due to the interruption of the spatial and temporal continuity 
of rivers (Twardek, et al. 2022). Since the reservoir water is usually stagnant 
than normal river flow, it will have higher amounts of sediments and nutrients, 
which can cultivate an excess of algae and other aquatic weeds (Union of 
Concerned Scientists 2013).

The development of hydropower facilities also has positive impacts to the 
environment and people. The presence of a trash track cleaning machine and 
a storage basin can remove the anthropogenic waste from the water for free 
and the storage basin may serve as flood protection. Hydropower facilities may 
also create job opportunities for locals that contribute to the development of 
the local economy. Hence, any kind of hydropower development projects must 
undergo a comprehensive environmental impact assessment, in accordance 
with the existing laws.

6
The natural resources of the country support millions of Filipino people in their 
daily lives and these largely contribute to the country’s economic development. 
Given its RE resources, there is so much potential for the country to develop 
sustainable energy sources for all. 

Hydropower has been harnessed since the American period (1898-1946). 
Since then, it has been a stable source of electricity. In addition, hydropower 
is one of the earliest RE sources that contributed to the country’s power 
generation, leading to incentives and privileges for developers. Despite the 
potential of hydropower in the Philippines, it remains underutilized, with only 
3,760 MW installed capacity currently contributing to the energy mix, out of 
the 13,097 MW that can be harnessed. A total of 295 hydropower projects, 
comprised of both large and mini hydropower plants, have been approved to 
increase the installed capacity to 22,395.96 MW.

Similar to other RE sources, hydropower is expected to contribute to the 
mitigation of climate change by reducing GHG emissions. The benefits of 
harnessing hydropower over conventional energy sources such as fossil fuels 
and coal have been established, however, there are still adverse impacts.  
These must be investigated and addressed through careful planning and 
development of this RE type.

For instance, challenges may arise in the development and construction of 
hydropower facilities. The storage-type hydropower facilities require an 
extensive area for operations and may alter the current land cover and/or land 

Conclusions
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use. In addition, since most hydropower plants need to be constructed near 
the source, some of these facilities are located in mountainous areas within or 
in close proximity to watershed reserves, protected areas or ancestral domains. 
Nearby communities and in some cases, the indigenous populations, may also 
be forced to relocate to give way to the construction of hydropower facilities. 
This infrastructure development may lead to social unrest and public opposition 
(due to loss of assets and livelihoods) as well as to potential disasters that may 
be experienced (due to the changes in the landscape or environment). On 
the other hand, the contributions of hydropower development to mitigating 
climate change and providing opportunities for local employment can boost 
the local economy. As such, the planning and development of hydropower 
must comply with existing laws. In particular, it is necessary to conduct a 
comprehensive Impact Assessment of hydropower development in order to 
address its challenges, to reduce its negative impacts and to maximize its 
benefits to the energy, economic and development sectors.
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Wind	power	 is	one	of	 the	 fastest	growing	renewable	energy	 (RE)	 resources	
worldwide and continues to be harnessed because of its declining costs. 
Due	to	its	geographical	location,	the	Philippines	has	significant	wind	energy	
potential	that	could	provide	up	to	76	GW	of	power.	However,	it	is	also	one	
of the most disaster-prone countries in the world. To fully utilize the wind 
energy resources available in the country, it is necessary to develop resiliency 
in the energy sector. In support of the ongoing Access to Sustainable Energy 
Programme-Clean Energy Living Laboratories (ASEP-CELLs) Project, this 
document explores the existing literature available in harnessing wind energy 
and shows how resource mapping, along with hazard, exposure, vulnerability, 
and risk (HEVR) screening, could help build a more resilient wind energy 
sector. Risks are particularly discussed with respect to wind resources, wind 
energy facilities and systems, as well as the surrounding communities and 
environment. This study reviews how wind energy is also susceptible to 
climate change and can potentially be altered over the next decades.

Keywords: Wind	Energy,	Wind	Energy	Resource,	Risk	Mapping

Abstract

1
The rapid growth of the human population is associated with an increase in 
demand for energy. This is because energy is essential to economic growth and 
human development. However, the advancement of civilization has caused 
serious negative impacts on the environment and on energy resources. In an 
attempt to minimize these impacts, many countries have begun to meet their 
energy needs with renewable energy (RE) resources.

Wind power is one of the RE resources that has been widely developed in 
recent years. It is one of the fastest-growing technologies and is on the rise 
worldwide, partly because of its declining costs. Wind is simply described by 

Introduction
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the National Renewable Energy Laboratory (NREL) as a product of the uneven 
heat on the surface of the earth brought by the sun. The terms wind energy 
and wind power refer to the method of using wind to produce mechanical 
or electrical power (EERE, n.d.). Wind has always been a source of power for 
humans. Long before it was used for generating electricity, wind energy was 
traditionally used for grinding grain into flour and pumping water through 
windmills. Wind energy was also applied in transportation even before the 
development of turbines through windmill-powered boats and ships with sails 
(Manwell et al. 2010). Today, through continuous technological advancements, 
wind continues to be an advantageous source of sustainable electricity.

Wind energy is renewable, inexhaustible, and readily available. It is 
environmentally friendly since capturing wind power does not deplete natural 
resources and the output from this process is clean energy with absolutely 
no pollutants—no carbon dioxide, sulfur oxides or nitrogen oxides (Jain and 
Wijayatunga 2016). Aside from these benefits, using wind instead of coal and 
gas reduces carbon dioxide emissions by 99% and 98% respectively (Stankovic 
and Schreiber 2011). Utilizing wind also does not require water as much as 
other modes of generating energy (Saidur et al. 2011). Hence, wind energy 
has considerable and tangible advantages on the state and conservation of 
natural resources.

Based on the 2014 NREL geographic information system (GIS) data, wind 
energy potential in the Philippines is estimated at 76,600 megawatts (MW) 
with wind power densities ranging between 300 watts per square meter (W/m²) 
and 1,250 W/m² (ADB 2018). According to one of the earliest comprehensive 
wind energy atlases in the Philippines (Elliott et al. 2001, 35), the local wind 
resource is “strongly dependent on three main factors: latitude, topography 
or elevation, and proximity to the coastline” due to its geography and climate. 
The country’s geographic location and archipelagic nature causes its unique 
varying wind patterns. Its tropical marine climate is dominated by wet and 
dry seasons, which are governed by prevailing wind systems: the Northeast 
Monsoon (Amihan), Southwest Monsoon (Habagat), and North Pacific Trade 
(Elliott et al. 2001). The Amihan are cold winds from the northeast that bring 
rains over the eastern side of the country from October to April, while the 
Habagat are warm moist winds from the southwest causing rains over the 
western portion of the country from May to September (Silang et al. 2014). 
Trade winds are winds in the tropics that usually induce hot and dry weather in 
March and April, but the climate varies by region (Elliott et al. 2001). 

The Philippines is also one of the most natural hazard-prone countries in the 
world. The most catastrophic hazards in the country are typhoons, floods, 
earthquakes, and volcanic eruptions, which have destroyed human, social, 
and physical capitals, and derailed social and economic development (Alcayna 
et al. 2016). Wind energy is typically vulnerable to these hazards, especially 
typhoons (Jiang et al. 2012). Therefore, it is not enough that the country has 
a huge wind resource potential. It is also important to determine the areas 
that are least affected by the hazards experienced in the country. This specific 
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Figure 36.1:
Wind	Energy	
Diagram

Source: 
WikiMedia 
Commons, 
https://upload.
wikimedia.
org/wikipedia/
commons/2/21/
Wind_turbine_
schematic.svg

According to the latest International Energy Agency (IEA) outlook report, 
“despite the pandemic, renewables were the only energy source for which 
demand increased in 2020, while consumption of all other fuels declined” 
(IEA 2021). It was reported that “wind capacity additions reached almost 114 
GW [gigawatts]” in 2020, almost doubling the 2019 expansion. China alone 
accounted for two-thirds of this wind growth, with Chinese manufacturers 
supplying turbines for the majority of the country’s installations. According to 
IRENA’s latest renewable capacity statistics, “solar and wind energy continued 
to dominate renewable capacity expansion, jointly accounting for 91% of all 
net renewable additions in 2020” (IRENA 2021). Although the 2021 wind 
market is expected to be 30% weaker than last year’s, 80 GW of annual 
installations are still anticipated globally, which will still be almost 35% more 

2
Wind is a form of solar energy caused by the uneven heating of the atmosphere 
with the movement of air from an area of high pressure to an area of low 
pressure. The kinetic energy from the motion of the wind can be harvested 
by a wind turbine by converting the wind flow into mechanical energy. This 
mechanical power can be used for specific tasks; sometimes, a generator is 
used to convert it into electrical energy, which, in turn, is 
“fed into the grid to be transmitted to a power station” (Mohtasham 2015, 
1292). An illustration of how wind power generates electricity is shown in 
Figure 36.1.

Global Trends and Advancements in Harnessing Wind Energy

problem is one of the issues that is tackled in the Access to Sustainable Energy 
Programme–Clean Energy Living Laboratories (ASEP-CELLs) Project and this 
paper was written in support of this project.
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Wind turbines are responsible for converting the air movement into rotational 
energy; then, a generator converts this energy to electricity. NREL describes 
wind turbines as windmills that are mounted on a tower to capture the most 
energy. Most turbines use propeller-like blades (which are mostly made of 
fiberglass) to capture wind energy at a height of 100 feet (30 meters) or higher 
above ground, thereby taking advantage of faster but less turbulent wind.

Much like an airplane wing, rotor blades are subject to aerodynamic forces. 
Wind turbines harness energy from these aerodynamic forces with the use 
of rotor blades. As wind blows over a blade, the air pressure on one side 
decreases. This creates a pocket of low-pressure air on the other side. The 
difference in air pressure between the two sides generates lift that pulls the 
blade toward the downwind side of the blade making the rotor spin. This 
movement turns the shaft, which then spins a generator to convert mechanical 
energy into electricity (EERE, n.d.). 

The size of the turbine and the length of its blades determine the amount 
of power that can be harvested. The output is proportional to the rotor’s 
dimensions and the wind speed’s cube. Theoretically, wind power capacity 
increases by a factor of eight as wind speed doubles (IRENA, n.d.). It has 
always been a considerable challenge for the modern wind industry to create 
the most efficient wind turbine design that yields the maximum output 
power as cheaply as possible. Aside from cost reduction, wind technological 
development is also driven by the suitability of sites, which is determined by 
climate, grid compatibility, noise reduction, aerodynamic performance, and 
visual impact (Wind Energy Council, 2016).

2.1 Wind Turbine Technology

than in 2019. Over the course of 2021, China is predicted to generate 600 
terawatt-hour (TWh), while the United States will create 400 TWh, together 
representing more than half of global wind output (IEA 2021). 

The cost of wind energy is a function of the cost to build and operate a wind 
energy project and the amount of energy produced by the facility over its 
lifetime (Islam et al. 2013). Driven by the drop in wind turbine prices, the cost 
of electricity from wind continues to decline. A number of factors, including 
balance of plant cost reductions and wind turbine technology improvements, 
have contributed to the drop in wind turbine prices by about 44% to 78% from 
their peaks between 2007 and 2010. Today, more energy can be harvested 
from sites with the same wind speeds. It has also been reported that costs 
were set to continue declining due to the ongoing advancements in wind 
turbine technology, economies of scale, and operations and maintenance 
(Taylor et al. 2016).
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Over the years, wind turbines have become bigger and more powerful as 
demonstrated in Figure 36.2. In 1985, standard turbines had a rotor diameter 
of 15 meters and a rated power of 0.05 MW. For the latest wind power projects, 
onshore (on land) turbine capacities are about 2 MW and offshore (on sea or 
freshwater) turbine capacities are 3–5 MW (IRENA, n.d.).

The largest and most powerful operating wind turbine to date is Europe’s 
Haliade-X, an offshore wind turbine with a 107-meter-long blade, and a 
220-meter rotor. Its prototype is located in Rotterdam, Netherlands and is 
operating at 13 MW. Haliade-X set a new world record in October 2020 by 
generating 312 megawatt-hour (MWh) of continuous power in one day. Its 
manufacturer, General Electric (GE) has also secured a typhoon certification 
for its 12 MW and 13 MW power ratings that shows that they can operate 
safely and efficiently under extreme wind conditions which can often be found 
in Asia. Haliade-X has also been selected as the preferred technology for 
different wind farm projects in the United Kingdom and the United States 
(Durakovic 2021). However, Haliade-X will soon be taken over by the latest 
model released by Vestas Wind Systems known as V236-15.0 MW, which 
currently holds the distinction of being the world’s largest offshore wind turbine. 
It will reportedly have a rotor diameter of 236 meters and its prototype is 
expected to be installed in 2022, while production is scheduled for 2024 (The 
Maritime Executive 2021). Vestas’ 236-meter rotor diameter beats Siemens 
Gamesa’s SG 14-222 DD, launched in 2020 with a 222-meter diameter rotor 
(Parnell 2021). 

In order to meet global power requirements that seek to increase efficiency 
and lower costs, wind projects and turbine manufacturers are continuing 
the race to scale up their projects and introduce larger and more efficient 
turbines. When it comes to onshore turbines, the space required can be a 

Figure 36.2:
Growth in size 
of wind turbines 
since 1980 and 
prospect

Source: 
Padmanathan 
et al. 2017)
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challenge in developing turbines as large as the offshore turbines. Onshore 
wind turbines require a minimum distance of 150 meters from any obstructions 
and a turbine-to-turbine spacing of seven times the diameter of the rotor 
to ensure a continuous flow of air for electricity generation (Huerta 2020). 
Other limitations include “transportation and infrastructure chokepoints, land 
use concerns, and worries about views, large birds, shadows, etc.” (Roberts 
2018). Figure 36.3 shows how the largest operating wind turbine compares 
with the tallest onshore US turbine and the country’s only operating offshore 
wind installation.

Wind generation has three major elements: the turbine type (vertical/horizontal 
axis), installation characteristic (onshore/offshore), and grid connectivity (on/
off-grid). The two major types of wind turbines are the Horizontal Axis Wind 
Turbine (HAWT) and Vertical Axis Wind Turbine (VAWT). Key findings from the 
extensive comparative study done by Islam et al. (2013) between the HAWT 
and VAWT is presented in Table 36.1.

Figure 36.3:
How Haliade-X 
compares with 
other turbines 
and famous 
architectures

Source: 
Roberts 2018
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Among the two, the HAWT is more highly developed and used all over the 
world. As mentioned above, they are also continuously becoming more 
efficient and larger in size to maximize the energy extracted from the given 
site. However, according to Ahmadi-Baloutaki (2015), turbulent wakes created 
by the first row decrease the power output of the turbines behind it by up to 
40% (as cited in Hansen et al. 2021); VAWTs could solve this problem since 
they exhibit the opposite behavior when composed in wind farms and could 
even enhance each other’s performance. Furthermore, because of fewer 
moving parts, VAWTs have reduced maintenance costs and are easier to 
manufacture, install, and maintain than HAWTs. They can also be installed 
in sites with varying flow conditions such as different wind directions. Their 
primary disadvantage is that current VAWT designs are still behind their 
HAWT counterparts in terms of efficiency and the low starting torque for some 
designs (Hansen et al. 2021). An illustration of the two types of wind turbines 
is shown in Figure 36.4.

Table 36.1:
Comparison 
of	HAWT	and	
VAWT

Source: 
Islam et al. 
2013

Horizontal Axis Wind Turbine (HAWT) Vertical Axis Wind Turbine (VAWT)

Rotating axis of the wind turbine remains 
horizontal, or parallel with the ground

Rotating axis remains vertical, or 
perpendicular to the ground

It is able to produce more electricity from a 
given amount of wind

It produces up to 50% more electricity on an 
annual basis versus conventional turbines with 

the same swept area

It is suitable for big wind application
It is suitable for small wind projects and 

residential applications

Comparatively heavier and not suitable for 
turbulent winds

Lighter and produce well in tumultuous wind 
conditions

HAWT only are powered with the wind 
specific direction

Powered by wind coming from all 360° , and 
even turbines are powered when the wind 

blows from top to bottom

Not suitable to generate electricity from the 
wind speed below 6 m/s and generally cut out 

speed 25 m/s

Generates electricity in winds as low as 2 m/s 
and continues to generate power in wind 
speeds up to 65 m/s based on the model

They cannot withstand extreme weather 
conditions due to frost, freezing rain or heavy 

snow plus heavy winds in excess of 50 m/s

Withstands extreme weather such as frost, 
ice, sand, salt, humidity, and very high wind 

conditions in excess of 60 m/s

Birds are injured or killed by the propellers
Does not harm wildlife as birds can detect a 

solid object and can be seen on aircraft radar

Most are self-starting
Low starting torque and may require energy 

to start running

Difficult to transport and install Lower construction and transportation costs
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Figure 36.4:
An example of 
HAWT	(left)	and	
VAWT	(right)	
installations

Sources: 
Sedaghat and 
Mirhosseini 
2012; Lux Wind 
Power, n.d.

To address some of the limitations and issues of the two conventional designs 
mentioned above, there is also ongoing research and development on 
transforming some of the existing fundamental wind turbine designs. Vortex 
Bladeless SL, a Spanish startup that was founded in 2014, designed a wind 
generator without rotor blades (Figure 36.5). It is not actually a turbine since it 
does not rotate; instead, it oscillates on a wind range with a silent movement 
based on the phenomenon of aeroelastic resonance, harnessing energy from a 
process called vortex shedding and generating electricity through an alternator 
system. It is also specially designed to achieve maximum performance to the 
average observed wind velocities and can adapt quickly to wind direction 
changes and turbulent airflows commonly observed in urban environments. 
Since it does not need to manufacture gears or bearings, the company also 
claims that it can reduce both the total cost and carbon footprint of wind 
generation (Villareal 2018).

Figure 36.5:
Vortex 
Bladeless

Source: Bates 
2015
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Another wind-based clean energy generator that does not utilize large 
turbines is Makani Energy Kite. The energy kite uses a wing tethered to a 
ground station, harnessing energy from the wind through the four propellers 
attached and generating electricity at utility scale that gets sent down the 
tether to the grid. The kites, which are 90% lighter than turbines with similar 
power rating, can also be mounted onshore and offshore (Makani, n.d.). In 
2019, demonstration flights of its airborne wind turbines were conducted in 
the coasts of Norway (Figure 36.6).

However, in 2020, Google’s parent company Alphabet Inc., which acquired 
Makani in 2013, decided to shut down the project. Makani’s technology was 
envisioned to be used in areas of the ocean that were too deep for fixed wind 
turbines but where winds are the strongest. Alphabet’s assessment was that 
the technology still had a long way to go before it could become viable for 
commercialization as other competing technologies continue to advance (Lee 
2020).

Other airborne wind energy (AWE) systems include AP-4, the first commercial 
tethered aircraft of Ampyx Power that converts wind at higher altitudes into 
electricity, based in The Hague, Netherlands (Ampyx Power, n.d.). There is 
also Kitepower, a company based in the city of Delft, that is developing a 
100-kilowatt AWE system, Germany’s Kiteswarms, Norway’s Kitemill, and 
Switzerland’s Twingtec. There are also companies such as Germany’s SkySails 
that use AWE “kites” to propel ships at sea. Ultimately, the list of AWE projects 
will eventually narrow down to technologies that can best tackle real-world 
problems. For the time being, though, the field is benefitting from the rapid 
expansion of these technologies (Anderson 2019).

Figure 36.6:
Demonstration 
flight	of	Makani	
energy kite

Source: 
Anderson 2019
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Another airborne wind design concept is the Buoyant Airborne Turbine (BAT) 
by Altaeros Energies (Figure 36.7). The BAT uses a helium-filled inflatable 
shell to float at a height of 300 meters, where winds are stronger and more 
consistent than those reached by traditional tower-mounted turbines. Aside 
from supplying electricity, it can also lift communications equipment without 
affecting the energy performance of the turbine. It can be deployed in under 
24 hours and intends to serve “far-flung villages, military bases, mines, or 
disaster zones” (Tweed 2014).

Figure 36.7:
Altaeros 
Buoyant 
Airborne 
Turbine (BAT)

Source: 
Altaeros, n.d.

Modern wind turbines can be classified according to their location and how 
they are connected to the grid. Land-based wind can be used in stand-
alone applications or connected to the utility power grid. For utility-scale 
(megawatt-sized) sources of wind energy, wind turbines are normally installed 
close together to create a wind plant, also known as a wind farm, which 
provides power to the electrical grid.  On the other hand, distributed wind 
refers to wind turbines of any size that are located on the “customer” side of 
the electric meter, or near where the energy generated will be used. Finally, 
wind farms constructed on water are called offshore wind 
(EERE, n.d.).

2.2 Offshore Wind Technology



654Technical Studies in Support of Renewable EnergyChapter 36

Figure 36.8:
The largest 
off-shore wind 
farm, Hornsea 
One

Source: 
Orsted, n.d.-b

Compared to those on land, higher wind speeds are available offshore. 
Offshore wind power electricity generation is much higher, depending on the 
amount of capacity installed. The offshore wind industry, where wind farms are 
built in bodies of water, particularly on the continental shelves of oceans, has 
matured rapidly over the past decade, with costs falling by nearly 70% since 
2012 (ESMAP, n.d.). The Energy Sector Management Assistance Program 
(ESMAP) estimates over 71,000 GW extractable technical potential offshore 
wind resources globally, with more than 70% of that in deeper waters suited to 
floating offshore wind turbines. One of the emerging markets that is currently 
the focus and is being supported by ESMAP-IFC Offshore Wind Development 
Program is the Philippines (ESMAP 2019). 

To date, the world’s largest offshore wind farm is Hornsea One (Figure 36.8) in 
Great Britain, which became commercially operational in 2020. It is twice the 
size of the previous record holder, Walney Extension, and can power nearly 
one million homes in the United Kingdom. Construction has also started on 
Hornsea Two, which is expected to be complete in 2022 and will then overtake 
Hornsea One as the world’s biggest offshore wind farm. Meanwhile, Hornsea 
Three and Four are currently under development (Orsted, n.d.-a).
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Figure 36.9:
Offshore 
wind	floating	
foundation 
concepts

Source:
NREL, 2020

For areas with few shallow waters, the floating offshore wind energy technology 
for deep waters could be the better solution. Floating foundations generally 
offer more environmental benefits compared to conventional designs 
since they are less invasive on the seabed (IRENA 2016). A floating wind 
turbine works just like other wind turbines, but instead of having its tower 
embedded directly into the ground or the sea floor, a floating wind turbine 
sits on a platform with mooring lines that connect to anchors in the seabed 
below. Its concepts are illustrated in Figure 36.9. Globally, several full-scale 
demonstration projects are already operating in Europe and Asia led by the 
Hywind Scotland project which became the first commercial-scale offshore 
floating wind farm in 2017 (Lackner 2021). The succeeding sections of this 
paper will focus more on onshore wind energy.
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3
The Philippines experiences an abundance of wind energy resources since it is 
surrounded by enormous bodies of water. Regular sea breeze and land breeze 
influence the wind activity in the country. The generation of tropical storms 
also has a significant impact on wind patterns. According to the Department of 
Energy (DOE) Philippine Power Situation report in 2015, the country held the 
largest wind energy production among Southeast Asian nations with almost 
400 MW of aggregate installed capacity (Ang and Blanco 2017). The country 
also has the 150 MW Burgos Wind Farm, which is the largest operating wind 
power project in Southeast Asia (WSP, n.d.) that will soon be overtaken by the 
160 MW Balaoi & Caunayan wind farm, which is targeted to be completed by 
“the fourth quarter of 2022, in time for full year operations in 2023” (Rivera 
2021).

Wind Energy in the Philippines

In general, the best wind resource in the Philippines, on an annual average 
basis, is in the northern and central regions of the country. This is primarily 
located on hilltops, ridge crests, and coastal areas that have excellent 
exposure to prevailing winds (Elliott et al. 2001). In the 2001 Wind Energy 
Resource Atlas developed by NREL, the best wind resources are found in six 
regions of the Philippines:

1. The Batanes and Babuyan Islands north of Luzon;
2. The northwest tip of Luzon (Ilocos Norte);
3. The higher interior terrain of Luzon, Mindoro, Samar, Leyte, Panay,                

Negros, Cebu, Palawan, eastern Mindanao, and adjacent islands;
4. Well-exposed east-facing coastal locations from northern Luzon                        

southward to Samar;
5. The wind corridors between Luzon and Mindoro (including Lubang 

Island); and
6. Between Mindoro and Panay (including the Semirara Islands and 

extending to the Cuyo Islands).

About 11,000 square kilometers (km²) or 3% of the total land area of the 
Philippines is considered a good-to-excellent wind resource. With conservative 
assumptions of about 7 MW per km² of installed capacity, these windy areas 
can support about 76,000 MW of potential installed capacity, delivering 
approximately 195 billion kilowatt-hour (kWh) per year.

3.1 Wind Energy Potential
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Ranking Province MNOC (%) MWPD (W/
m2) 

MWS (m/s)

1 Cagayan  95.5905 1740.04 11.7742

2 Antique   94.9060 1713.41 11.8633

3 Occidental 
Mindoro  

94.2835 2452.66 13.1943

4 Ilocos Norte   92.2014 2782.93 13.2572

5 Aklan   94.8384 1365.35 11.2670

6 Oriental Min-
doro  

93.0930 1837.75 11.5853

7 Cavite   94.3450 1330.96 10.9216

8 Zambales   91.4225 1871.21 11.6240

9 Aurora  93.2976 1463.07 10.6016

10 Pampanga   92.0937 1719.85 11.4925

Table 36.2:
Top 10 
provinces 
with highest 
potential

Source: Ang & 
Blanco 2017

In the recent Philippine Renewable Energy Resource Mapping from LiDAR 
Surveys (REMap) project report released in 2017, a list of top 10 provinces in 
terms of wind energy potential (see Table 36.2) were generated and ranked 
according to the following criteria: (1) minimum value of wind power density 
(WPD) simulated over a span of one year; (2) difference between the maximum 
value of WPD and the minimum value of WPD; and (3) standard deviation of 
all the values of WPD. The higher the minimum value of WPD, the higher the 
province’s ranking. Provinces with low difference values and those where the 
values of WPD are closer to each other (low standard deviation) ranked higher 
as well.

3.2 Wind Energy in the Energy Mix

Table 36.3:
Wind	Energy	
2020 Power 
Statistics in the 
country

Source: DOE 
2021

Wind Energy
Capacity (MW) Percent Share (%)

Installed Dependable Installed Dependable

Luzon 353 353 2.0 2.2

Visayas 90 90 2.3 2.7

Mindanao 0 0 0.0 0.0

Philippines 443 443 1.7 1.9
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The latest data on the wind capacity of the country based on the 2020 
Philippine Power Statistics is summarized in Table 36.3 (DOE 2021). With the 
recent addition of the Puerto Galera Wind Farm developed by the Philippine 
Hybrid Energy Systems Inc. (PHESI) in Oriental Mindoro in 2020, the installed 
capacity of wind power has increased to 443 MW from 427 MW since 2015. 
Despite this increase, the wind energy sector has become the least contributor 
in the total installed generating capacity in 2020 since there were also recent 
developments in other RE types during the same year.

According to the 2019 Power Situation Report by DOE, committed and indicative 
capacities in the country reached 5,767 MW and 42,815 MW respectively by 
the end of 2019 (DOE 2019). Committed projects are developments that 
have typically entered the construction phase of project development and 
have a relatively fixed commercial operations date. “Indicative projects are 
developments that are at the feasibility study, permitting, or pre-construction 
stage in their project development” (ADB 2018). The wind energy sector did 
not have a committed power project at the end of 2019, but it has indicative 
power projects amounting to 3,756.4 MW or 8.8% of the total indicative power 
projects capacity from 18 proponents (DOE 2019). Therefore, wind energy in 
the power mix is expected to grow in the coming years.

3.3 Transmitting Power

3.3.1 On-grid

The Philippine electrical power grid is divided into the three 
main islands of the country with a total of 25,531 MW of 
installed capacity in 2019. According to the ADB (2018), there 
will be an increased pressure for expansion and reinforcement 
of grid infrastructure in the country in order to support the 
expanding and growing energy demand. Currently, the National 
Grid Corporation of the Philippines (NGCP) is focusing on 
strengthening the transmission system and improving its reliability 
and resilience in Luzon, alleviating grid constraints in the Visayas, 
and increasing transmission projects in Mindanao, which has 
experienced sustained supply deficits over the past years (ADB 
2018). In addition, they also plan to increase connectivity among 
major grids (ADB 2018). As of 2019, thirteen main grid projects 
were completed and energized by NGCP (DOE 2019).

In general, more local government units (LGUs) are considering 
the sustainable pathways that RE offers. Guimaras, the island-
province in Western Visayas for example, has banned the use of 
coal and other fossil-fuel energy in an effort to go green through 
wind energy. Guimaras is home to the San Lorenzo Wind Farm, 
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one of the largest in Southeast Asia. The 54-MW wind farm has 
been operational since 2014 and has been producing power 
way beyond the 7-MW requirement of the entire province, 
making it energy self-sufficient. Phinma Energy Corp. is also 
eyeing the province to operate a P4-billion 40MW wind farm by 
2020, boosting its current power generation capacity to 94 MW 
(Mayuga 2018).

3.3.1 Off-grid

According to a study on Accelerating Renewable Mini-Grid 
Deployment published by IRENA (2017), the role of RE in off-grid 
rural electrification is not yet strategically defined. Rather, RE is 
only considered as a preferred option; hence, installed projects 
applying RE technologies in small island mini-grids are few. RE 
for small-scale off-grid application also faces issues and gaps 
on policy, regulation, program implementation, and economic 
and information deficiency (IRENA 2017). As of 2020, the Puerto 
Galera Wind Farm in Oriental Mindoro has become the first 
operating wind farm in an off-grid area with a combined 16 MW 
generating capacity 
(DOE 2020).

3.4 Laws and Policies

Developers of RE facilities along with hybrid and cogeneration systems 
operating both RE sources and conventional energy may enjoy several 
incentives upon the authorization of the DOE under Republic Act No. 9513 
(2008). Among these incentives, according to Pacudan (2014) are income tax 
holiday, duty free importation of machinery and materials, zero percent value-
added tax (VAT), and the Feed-in-Tariff (FiT) scheme, which is internationally 
regarded as the most cost-effective measure in achieving higher deployment 
of RE technologies (as cited in Rosellon 2017). FiT is under the non-fiscal 
incentives of the Republic Act No. 9513, and it comes as a government-
funded fixed subsidy granted to renewable energy developers to help them 
mitigate the risks of adopting new technologies. The tariff comes from the FiT-
Allowance, a standard charge billed to on-grid consumers. The funds are sent 
to the National Transmissions Company, which distributes them to developers 
who are part of the FiT system  
(Yang 2021).
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DOE has set a list of guidelines for granting the award of certificate for the FiT 
eligibility. In the approved 20-year FiT rates for eligible RE energy generators, 
solar photovoltaic and wind are the main beneficiaries of the FiT program 
(ADB 2018). However, in April 2021 during the Virtual Economic Briefing of the 
Philippine Embassy, DOE announced that they have stopped the FiT scheme, 
describing it as “a big mistake as it forced electricity prices in the country 
upwards” (Dimagiba 2021). It was further stated that as a developing country, 
the Philippines cannot afford to give subsidies for the new technologies that 
are being introduced. At present, the DOE is studying how to implement the 
removal of FiT for current contracts (Dimagiba 2021).

4
Adopting wind energy resources (or any RE resource) requires large-
scale planning. It entails a detailed understanding of what technology, 
infrastructures, and policies are involved, how the resource could be most 
efficiently harnessed, and most importantly, where it is most optimal to extract 
this resource. Reliable wind energy resource assessment is indispensable 
in the development of wind power utilization. It is the key in balancing the 
challenges in the energy supply and demand. Hence, extensive scientific 
methods of observation and simulation techniques are already being tested 
and validated in mapping wind resources. 

An accurate wind resource assessment is only as good as its input data. Its 
reliability is highly dependent on the quantity and quality of the meteorological 
data available for a specific area. These datasets could range from different 
sources of wind speed data, previous wind energy assessments, land surface 
observations, marine data, and upper-air data as used by Elliot et al. (2001). 
Multiple datasets are necessary to cover the varying quality of available data 
in different regions, especially for national scale assessments. These datasets 
would then be screened and evaluated for consistency and trends, which 
would thereafter be cross-referenced against each other to be able to develop 
a clear understanding of the wind characteristics.

For instance, wind resource maps for China were produced using a grid-based 
approach and only used 2,112 out of 2,430 meteorological stations with 
relatively complete wind speed records from 2006-2015 (Liu et al. 2019). This 
is to maintain temporal consistency and to control the spatial inhomogeneity 
of the station distribution. From this data, the diurnal, monthly, and annual 
spatiotemporal distributions of wind resource at hub height were produced 
and the mean gross energy production that could be generated with a specific 
wind turbine model was estimated. 

The higher the wind speed, the more power that can be generated because 
stronger winds allow the blades to rotate faster. Faster rotation of the blades 

Wind Resource Assessment



661Technical Studies in Support of Renewable EnergyChapter 36

translates to more mechanical power, which produces greater electrical power 
from the generator within its limitations. Although wind resources can be 
described by the mean wind speed measured in a site, the wind power density 
(WPD) proves to be a truer indication of the amount of energy that could be 
generated in a particular site. WPD is the average annual power available per 
square meter of swept area of a turbine expressed in watts per square meter 
(W/m²) and is tabulated for different heights above ground. It is computed by 
using Equation 1, where  is the air density, which is approximately 1.225 kg/
m³, while  is the magnitude of wind speed, usually taken at the hub height of 
the turbine (Nacpil 2019).

A critical characteristic of a wind turbine is its power curve, which depicts the 
relationship between hub height, wind speed, and power produced as shown 
in Figure 36.10. Wind turbines are designed to be only operational within a 
specific range of wind speeds: the cut-in and cut-out speeds. Wind speeds 
below the cut-in speed cannot turn the turbine while wind speeds above 
the cut-out speed could damage the turbine and render it inoperable. The 
maximum output for which the turbines are designed and where the power 
output will increase cubically with wind speed are between the cut-in speed 
and the rated speed (EERE, n.d.).

(Eq.1)

Figure 34.10:
Standard power 
curve	of	a	1MW	
wind turbine 
compared to 
wind speed.

Source: Arafat 
and Chowdhury 
2013
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Since it is important to have wind data at the hub height of the turbine in order 
to calculate the wind power density and energy production, the available 
data needs to be extrapolated or interpolated (Silang et al. 2014).  To do 
this, vertical wind shear, which determines the variation of wind speed and 
direction over relatively short distances, may be used in extrapolating wind 
data at the desired height. The most common model for vertical wind shear 
is the logarithmic wind profile as shown in equation 2. This semi-empirical 
equation can be used to generate the wind speed at a height h given that the 
speed at a reference height ℎ is known.

Data on surface roughness is needed as represented by , which is a quantity 
related to the height of the terrain elements. The more and higher the 
protruding obstacles are, the rougher the surfaces will be. At heights below 
the roughness length, winds will no longer follow the logarithmic wind profile 
(Nacpil 2019).

Another important factor in wind resource assessment is the distribution of 
wind speed, which commonly follows a Weibull distribution. The Weibull 
distribution describes the wind variation by estimating how often and how 
strongly the wind blows. It can be used to establish the relationship between 
power and other variables along with their historical and forecasted values. It 
has been used in modelling the wind behavior in ten different sites located 
in the Western Cape region of South Africa (Ayodele et al. 2012). Aside 
from using the Weibull distribution, the characteristics of wind speed were 
also modelled in Inner Mongolia by applying other continuous probability 
distribution models, the Rayleigh and Lognormal (Wu et al. 2013). 

Spatial interpolation can also be applied in mapping the spatial distribution of 
wind energy resources. For example, the spatiotemporal variation of Northern 
Mexico’s wind energy resource was examined using the Kriging method in GIS 
(Hernández-Escobedo et al. 2014). Wind resource maps were also created for 
Venezuela using spatial interpolation and orographic correction (González-
Longatt et al. 2015). 

In the recent REMap Project mentioned above, researchers explored the use 
of light detection and ranging (LiDAR) data products and other geospatial 
data in evaluating RE resources in the Philippines, particularly biomass, 
hydropower, solar, and wind. For the wind resource assessment, the Weather 
Research and Forecasting (WRF) model was used, which is an open-
source Numerical Weather Prediction (NWP) system used for research and 
operational applications. The 52 weather stations in the Philippines were used 
for the validation of the WRF output and the LiDAR data was used to generate 
a detailed wind model for urban and complex terrain sites. These studies 

(Eq.2)



663Technical Studies in Support of Renewable EnergyChapter 36

and different scientific methods of analysis of observations and simulation 
techniques were all significant in developing more advanced wind resource 
maps for the project. 

Aside from mapping wind resources, this project also acknowledged that it is 
critical to also include in the assessment how these resources can potentially 
change over the next decades. Wind is a climatological resource and is 
therefore vulnerable to climate change. There are two main ways by which 
climate change impacts wind energy. These are, according to Schaeffer et al. 
(2012), changes in the geographical distribution and the variability of wind 
speeds (as cited in Nacpil 2019). This implies that wind speed patterns and 
trends from other regions will not automatically be consistent with those in 
the Philippines. Furthermore, changes in the magnitude of wind speeds may 
affect the economic feasibility of installing wind farms as well as the reliability 
of energy production once these wind farms are installed. 

To address these challenges, the effects of climate change on wind speed 
trends and its implications on the available wind energy in the Philippines were 
analyzed through the use of an ensemble model output from the Coordinated 
Downscaling Experiment - Southeast Asia (CORDEX-SEA) (Nacpil 2019). 
The CORDEX-SEA provides climate projections that are downscaled to the 
Southeast Asian region and can be used to characterize the historical and 
projected wind speed trends and available wind power in the region. After 
comparing the historical wind power density with the projected wind power 
density, wind power hotspots were identified and the seasonal available wind 
power for each hotspot was established. Two of the six determined hotspots 
were Palawan and Quezon, which were identified to be high wind power sites 
by the NREL Philippine Wind Energy Atlas. The other four hotspots, namely 
Northeast Luzon, West Luzon, Celebes Sea, and Northeast Mindanao, were 
areas where the increase in wind power density appeared to be relatively 
greater compared to other areas in the domain (Nacpil 2019). Taking all of 
these into account, the ASEP-CELLs project aims to map the historical (1971-
2000) and projected (near: 2006-2035; mid: 2036-2065) wind power in the 
country adopting the same method.
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5
According to the World Risk Report 2019, the Philippines ranks ninth among 
countries with the highest disaster risks, with an index value of 20.69%. Although 
still among the riskiest countries worldwide, the Philippines has improved its 
ranking from being second in 2014 and third from 2015 until 2018 (Federigan 
2020). The country is particularly vulnerable to a variety of hazards, including 
frequent typhoons, floods, landslides, tsunamis, wildfires, earthquakes, and 53 
active volcanoes—the eruptions of which are among the deadliest and costliest 
in the world (Doroteo 2015 as cited in UNDRR 2019). With the threats of climate 
change, it is expected that these hazards would intensify. ADB (2012) reported 
that approximately 85.2% of the country’s production has been identified as 
disaster-prone while 50.3% of the total land area is considered economically 
vulnerable. Between 2000 and 2016, natural disasters in the Philippines caused 
over 23,000 deaths and impacted roughly 125 million victims (Jha et al. 2018). 
The resulting socio-economic damage was estimated to be about USD 20 
billion, with an annual average of USD 1.2 billion.

Critical infrastructures such as power networks are particularly vulnerable to 
these hazards that can severely obstruct economic activities. To illustrate the 
effect of disasters on the power sector in the country, we may look at the 
aftermath of Typhoon Rolly (international name Goni) in 2020 alone, which 
generated an estimated damage to power facilities of PhP 344.69 million (Yang 
2020). Thus, building a resilient power sector in the country is vital not only in 
ensuring sustainable services, energy security, and economic well-being, but 
also in increasing the quality of life (Brown et al. 2016). The Intergovernmental 
Panel on Climate Change (IPCC) defines enhancing resilience as strengthening 
a system’s and its component parts’ ability to predict, plan for, withstand, 
handle, or recover from the effects of a hazardous event efficiently. This also 
includes the protection, reconstruction, or enhancement of the system’s basic 
structures and functions (Edenhofer et al. 2012). In order to achieve this, it is, 
therefore, important to understand extreme weather and geological risks to the 
power system.

There are multiple papers that discuss and assess the relation of risks to the 
power sector with varying approaches and themes (Brown et al. 2016; Edenhofer 
2012; Gerlak et al. 2018; Schaeffer et al. 2012; Stout et al. 2019). This study, 
which focuses on the risks associated specifically with wind energy, adopts the 
latest definition provided by UNDRR (2015, 13), which states that disaster risk 
is “a function of hazard, exposure and vulnerability. It is normally expressed 
as a probability of loss of life, injury or destroyed or damaged assets, which 
could occur to a system, society or a community in a specific period of time”. 
Building resilience in the wind energy sector is, therefore, not just dependent 
on the strength of the wind resource. Other underlying factors also play an 
important part: (1) hazards (H), (2) exposures (E), and (3) vulnerabilities (V) or 
HEVs. By identifying and mapping the HEVs, areas at risk can be determined, 
which would also help in establishing suitable sites for developing wind energy 
or in determining disaster risk reduction/management strategies.

Risks Associated with Wind
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The definitions of HEVs based on the disaster risk reduction terminologies of 
UNDRR (2015, 19) are adopted in this research. Hazard is referred to as “a 
potentially damaging physical event, phenomenon or human activity that may 
cause the loss of life or injury, property damage, social and economic disruption 
or environmental degradation.” These are the physical disturbances caused by 
a natural or human-made event that can drastically affect human life leading 
to a disaster. Exposure, on the other hand, pertains to the elements affected 
by the hazards and is described as “people, property, other assets or systems 
exposed to hazards’’ (UNDRR 2015, 17).  Finally, vulnerability is referred to as 
“the conditions determined by physical, social, economic and environmental 
factors or processes, which increase the susceptibility of a community to the 
impact of hazards” (UNDRR 2015, 31). It determines the susceptibility and 
capacity (or the lack of it) of the elements exposed to prepare, absorb, and 
recover from the given hazard scenarios. 

To fully understand the interactions of risks and HEVs with the wind energy 
sector, the discussion will be divided into the general exposures identified in 
this study: (1) wind resource, (2) wind energy facilities and systems, and (3) the 
surrounding communities and environment.

Although wind energy may be among the options to mitigate climate change, 
it is also highly susceptible to it, since wind energy is dependent on wind 
patterns and intensity. This section talks about the factors that can alter wind 
power generation. As shown in the equation for WPD, the energy in the 
wind is the cube of the wind speed, meaning a small change in wind speed 
equates to a substantial change in the energy generated. In Schaeffer et al.’s 
(2012) review of literature that addressed the impacts of climate change on 
energy systems, they established that wind and extreme weather events can 
significantly change the intensity and duration of the wind resource.  It is, 
therefore, fundamental to address potential impacts of climate change on 
wind energy. “Future changes in wind patterns and intensity could affect 
generation potential and influence the preferential locations currently 
defined” (Gonçalves-Ageitos et al. 2015). Furthermore, an increase in intense 
wind occurrences or stagnant conditions may challenge the wind energy grid 
integration and forecasting. 

There are numerous references available that examine the climate change 
scenarios in the wind energy sector using different approaches (Breslow 
and Sailor 2002; Greene et al. 2012; Hueging et al. 2013; and Ren 2010). 
This body of literature revealed that the changes affecting wind energy vary 
depending on the region and season, but there are long-term trends that are 
already statistically significant in the middle of the 21st century (Hueging et al. 
2013). Wind energy potential over northern and central Europe, “is projected 

5.1 Risk to Wind Resource
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to increase, particularly in winter and autumn”. In contrast, except for the 
Aegean Sea, “energy potential over southern Europe may experience a 
decrease in all seasons” (Hueging et al. 2013). As cited in Silang et al. (2014), 
a study conducted by Ren (2010) for China determined that there will be a 
decrease in wind power density by approximately 14% from 2071 to 2100. 
A decrease of 7% to 17% for the years of 2040 to 2070 will occur in the US 
Western High Plains (Greene et al. 2012). With shifting temperature gradients 
and synoptic storm tracks due to climate change, the findings of Greene et al. 
(2012) indicated that the wind speeds will be the result of an earlier transition 
to, and longer duration of, a calmer summertime pattern, which will lead to 
the decreased wind speeds and lower wind power output. In another study, 
the US is predicted to have reduced wind speeds of 1.0 to 3.2% in the next 50 
years, and 1.4 to 4.5% over the next 100 years with larger predicted decreases 
in the Canadian model (Breslow and Sailor 2002). 

One of the methods that is widely used in investigating climate change 
scenarios related to wind is applying Global Climate Model (GCM) results 
(Breslow and Sailor 2002; Donat et al. 2010; Eichelberger et al. 2008; Gregow 
et al. 2012; McInnes et al. 2011; and Ren 2010). However, because of low 
spatial resolution, they are too coarse to interpret local to regional features 
(Gonçalves-Ageitos et al. 2015). The GCM projections need to be downscaled 
to produce a more refined assessment with reduced inconsistencies and 
differences. Among downscaling techniques is dynamical downscaling, which 
relies on the application of Regional Climate Models (RCMs), or limited-area 
models, driven by GCM or reanalysis data. The above-mentioned CORDEX-
SEA project provides RCMs in the South-east Asia domain. However, it must 
also be noted that RCMs do not fully reproduce contemporary wind climates 
or historical trends and that there are difficulties in quantifying the occurrence 
of inherently rare events. Thus, caution must be used in interpreting outputs 
(Pryor and Barthelmie 2010).

In the case of the Philippines, a wind energy projection has already been 
conducted over a specific wind farm in Pililla, Rizal by downscaling a regional 
climate model, RegCM3 (Silang et al. 2014). Using this model, the authors were 
able to generate the percentage difference of wind power density between 
the baseline period of 2008-2012 and the five-year projection periods from 
2013-2037. In contrast to most of the findings from papers that examined the 
climate change scenarios in the wind energy sector, the research showed that 
there is an average five-year period increase of 6% in wind power density in 
the area over the next 25 years. In another research, it was shown that for the 
2026-2045 period, there is an increase in wind power density with respect 
to 1986-2005 values over the Philippines, with stronger increase during 
southwest monsoon months (Nacpil 2019). It was also revealed that Palawan 
and Quezon remain viable wind farm locations. Meanwhile, identified potential 
wind farm sites (Northeast and West Luzon, Mindanao, and the Celebes Sea) 
that exhibit a significant projected increase in wind resources were identified 
to be poor wind farm locations since the magnitudes of both the available and 
extractable wind power in these areas are still quite low despite the predicted 
large percent changes in the future.
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Hazards are considered natural threats that could severely affect energy facilities 
and systems and result in both short and long-term power interruptions. These 
natural threats include severe weather events and geophysical disasters, 
the latter brought about by tectonic and seismic activities. Although these 
hazards could be addressed by technological advancements, their impacts 
could also be minimized by identifying where they are likely to occur so they 
could be considered and anticipated in the development of wind energy. In 
this paper, the wind energy facilities and systems refer to the existing wind 
farms, substations, transmission lines, and areas with Wind Energy Service 
Contracts (WESC) or projects under development in the Philippines.

One of the hazards that have multiple recorded damages on the wind sector is 
typhoons. Wind farms in Asia are increasingly being exposed to typhoons, the 
world’s most intense and destructive type of tropical cyclones. These typhoons 
making landfall in the north-west Pacific have become 12–15% more intense 
on average since 1977, with destructive power that has increased by about 
50% in the past 40 years (Mei and Xie 2016). Because of this, wind turbines are 
exposed to risks triggered by the combination of high-speed wind, rainfall, 
lightning, and hail. Typhoons could structurally or superficially damage wind 
turbines and their output due to extreme wind speed. There could also be 
lightning strikes that can damage blades by direct or indirect strikes. Surface 
flooding or erosion caused by heavy rains could also affect foundations 
and access to the wind farm and the electrical infrastructure necessary for 
exporting electricity.

For instance, in 2013, Super Typhoon Usagi damaged wind turbines situated 
directly on the coast in China’s Guangdong Province. Usagi is a category 4 
typhoon that struck different turbine components including yaw systems, 
sensors, and rotor blades (Figure 36.11). A tubular tower also collapsed and 
there was also a wind turbine fire (Chen and Xu 2016). In 2015, Super Typhoon 
Soudelor brought down several wind turbines in a wind farm in Taiwan (Kübler 
et al. 2017). Located near Taichung harbor, the towers of 2 MW wind turbines 
collapsed and falling blades damaged one of the collapsed turbine towers 
(Chou et al. 2018). During the wake of the typhoon, the maintenance team 
found that the wind turbine’s blades were fractured and six towers of turbines 
had snapped from the ground.

5.2 Risk to Wind Energy Facilities and Systems



668Technical Studies in Support of Renewable EnergyChapter 36

Figure 36.11:
Representative 
structural 
failure of wind 
turbines caused 
by Usagi. (a) 
Typical failure 
in the wind 
farm. (b) Blade 
fracture. (c) 
Survived wind 
turbine with 
different blade 
pitches. (d) 
Wind	turbine	
with abnormal 
pitch angles. (e) 
Local buckling 
of tower at shell 
wall thickness 
transmission 
region.

Source: Chen 
and Xu 2016 IRENA estimates that by 2050, Asia will lead in onshore wind installations with 

over half of the total global capacity installed (>2,600 GW). To accommodate this 
new market, new standards, testing, certification, and maintenance processes 
were created. In addition to this, the new version of the international standard 
was designed to reflect the meteorological and environmental conditions of 
this new geographic area, which is very different from the environment of the 
pioneer markets, namely Europe and North America (Salgado et al. 2019). 
This version (IEC 61400-1:2019) includes a special class to account for wind 
farms located in sites affected by tropical cyclones.

For a system to withstand severe storms, the aforementioned cut-in and cut-
out speeds of the wind turbine play an important role. The typical value of 
cut-in wind speed is 3-5 m/s while the protective cut-out wind speed typically 
lies between 25 and 30 m/s (Tzen 2018). It can therefore be assumed that at 
Public Storm Warning Signal No. 2 in the Philippines, with 62 to 118 km/h 
or 34 to 47 knots, it would be advised to shut off wind turbines. This is a 
necessary precaution to avoid the risk of turbines toppling down or incurring 
structural damages. However, wind turbines also have built-in automatic 
shut-off mechanisms, designed to trigger when wind speeds exceed their 
maximum rated speed (Clayton 2020). 

Recent developments on wind turbine technology have also started exploring 
typhoon-resistant turbines. As mentioned above, the Haliade-X has already 
received typhoon certification. Challenergy, a start-up based in Tokyo, has also 
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formulated a design that will not only withstand the world’s worst typhoons, 
but also generate power even in the midst of it. Local Philippine governments 
have already committed to purchasing seven of Challenergy’s turbines, which 
will be used in a number of micro-grids where it will be incorporated with 
solar technology to charge batteries, alongside diesel generators (Liang 
2020). Despite all these developments, as a country with 20 typhoons making 
landfall on average every year (PAGASA, n.d.), structural damages to wind 
farms attributed to this natural hazard may still be mitigated through proper 
siting and engineering measures.

Another hazard that could lead to large losses are earthquakes, but since wind 
turbines are relatively recent installations, records on earthquake damages 
to wind farms are very limited. Kübler et al. (2017) has only gathered two 
cases related to earthquake damage: one in California in 1986 and another 
one in Japan in 2011. While none of the 65 turbines at the Painted Hills wind 
farm in California were knocked down, 48 of them sustained minor structural 
damage requiring repairs. Substation failures were also prompted by the 
event, which highlights potential losses from grid failure due to such events. 
In the documented report in Japan, the 2011 tsunami damaged one out of 10 
turbines, partly as a result of soil liquefaction; the transformer system on the 
coast was also affected. 

One more hazard for these facilities and systems are landslides, which could 
occur if there is no proper site assessment of the ground structure. This poses 
the risk of having a huge volume of material carried by floodwater, which 
can damage the boundaries of infrastructures, deposit debris on land, and 
change the course of the river. Other factors, which would be more applicable 
in high altitudes and arctic latitudes, is the tendency of ice formations on 
wind turbines, which is a major challenge during installation and operation. 
There are also cases of extremely low and high temperatures that could alter 
the physical properties of component materials, but this can be resolved by 
proper selection of turbine construction materials. Another factor that can also 
be considered is the corrosion of materials since wind turbines are frequently 
in coastal locations and are moving offshore. Corrosion is related to salinity 
brought by the changes in sea level as a consequence of global warming 
and is also associated with humidity and the presence of abrasive particles. 
However, the parameters of these impacts are difficult to access (Pryor and 
Barthelmie 2010).
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5.3 Risks to the Surrounding Communities and Environment

Efforts to measure the relative environmental consequences of various 
electricity supply systems suggest that wind energy generally has a 
comparatively small environmental footprint (Edenhofer 2011). However, 
compared to other industrial activities, wind energy still has the potential to 
produce detrimental impacts on the environment and on human activities 
and well-being. This section discusses the recorded negative impacts of wind 
development to surrounding communities and environment.

According to Caithness Windfarm Information Forum (CWIF, n.d.), which 
documents all the cases of wind turbine-related accidents and incidents that 
could be found and confirmed through press reports or official information 
releases, the trend of the recorded incidents is as expected: as more turbines 
are built, more accidents occur. From the documented 120 accidents per year 
from 2006 to 2010, the record grew to 184 from 2016 to 2020. However, 
the CWIF asserts that the global data in their records is by no means fully 
comprehensive. The CWIF claims that records of accidents may only be the 
tip of the iceberg since the wind industry “guarantees confidentiality” of 
incidents reported. According to their data, which starts in 1996, there have 
already been 2,840 wind turbine related accidents as of March 2021.

Among the listed accidents include human injury, ill-health effects, blade failure 
that results in whole blades or pieces of blade being thrown from the turbine, 
fire, structural failure that led to tower collapse, ice throw, fatalities related to 
transporting turbine parts, damage to or death of wildlife, and miscellaneous 
incidents, which include planning breaches, bribery, and lightning strikes. 
Based on their data, blade failure is the most common accident associated 
with wind turbines, closely followed by fire.  From their database, there was 
only one recorded incident that happened in the Philippines. It described 
the large explosion that happened in Pasuquin, Ilocos Norte in 2016. A news 
report narrated that there were toppled facilities and residents claimed that 
bomb fragments were scattered around the area (Adriano 2016). Disturbances 
like this cause great opposition to the development of wind farms. Back in 
2014, the Pagudpud wind farm was marred by protests from residents who 
appealed to its operator to relocate because they claimed that the towers and 
transmission lines have encroached into their properties.
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5.3.1 Impacts to Wildlife

One of the areas that is most significantly and negatively affected 
by wind turbine technology is wildlife. These negative impacts 
can be categorized into direct impacts, which refer to bird, raptor, 
and bat mortalities from collisions with wind energy plants, as 
well as indirect impacts, which are avoidance, habitat disruption, 
and displacement (Saidur 2011). Birds are among the largest 
victim groups in mortality collisions of wind turbines. Studies 
show that birds can quickly learn to avoid obstacles, but due to 
the lack of sufficient understanding of avian presence in some of 
the early wind power installations, there was a relatively high risk 
of bird collisions (S. Wang and Wang 2015). Raptors were found 
to be more vulnerable than other species. The European Wind 
Energy Association (EWEA) has reported that this is because 
of their dependence on thermals to gain altitude, to move 
between locations, and to forage. However, previous research 
has indicated that the impacts of wind turbine technology are 
smaller compared to other sources of energy (Magoha 2002; 
and Sovacool 2009) and are negligible in comparison to the fatal 
consequences of other human activities such as deforestation and 
urbanization. Furthermore, new developments of standardized 
methods for siting wind power and monitoring for these impacts 
have reduced these risks. An example of this are the avian radars 
in a wind project in Texas which can detect birds in the area so 
that the turbines can be stopped if they post a potential danger 
to birds (Leung and Yang 2012). Another mitigation measure that 
could be looked into in reducing the risk of collision is painting 
one of three rotor blades black as examined by May et al. (2020), 
which proved to significantly reduce annual fatality rate.

There is also a notable number of bat mortality due to wind 
turbine installation around the world. Bat fatalities are reported 
to be relatively low before 2001 (Johnson 2005). However, it was 
found that this was largely due to monitoring studies that have 
been designed specifically for bird fatality assessment, therefore, 
likely underestimating bat fatality. Wang and Wang (2015) noted 
that noise may have an effect since some bat species are known 
to be oriented toward distant audible sounds; in addition, bats 
may also be attracted to the ultrasonic noise produced by wind 
turbines. There is also evidence from thermal infrared imaging 
that bats do fly and feed in close proximity to wind turbines.  It 
was also established that avian and bat mortalities of wind farms 
are extremely dependent on the season, weather, specific site, 
topography, species, type of activity (nocturnal migration and 
movements from and to feeding areas), layout of the wind farm, 
and type of wind technology (Wang and Wang 2015).
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5.3.2 Noise and Visual Impact

Wind energy is generally welcomed in the Philippines because of 
its contributions to the tourism sector, which leads to increased 
economic growth with more job opportunities. However, it is 
worth noting that in most countries, the noise and visual impacts 
of wind turbines are major disadvantages (Leung and Yang 
2012). Wind turbines also have the potential to lower property 
values within a varying radius of its construction (Saidur et al. 
2011). Noise produced by a wind turbine can be divided into 
mechanical and aerodynamic types. Moving components 
such as the gearbox, electrical generator, and bearings make 
mechanical noise, while aerodynamic noise is emitted by the 
flow of air over and past the blades of a turbine. Leung and 
Yang (2012) reviewed and summarized existing literature on the 
relationship between the sound pressure levels of wind turbines 
and neighbors’ well-being. They discovered that stress symptoms 
such as headaches appeared in those who were annoyed by the 
presence of wind turbines. Their study also showed that the 
low-frequency aerodynamic noise of wind turbines can disturb 
humans by causing sleep difficulties, hearing loss, and damage 
to the vestibular system. 

However, there are also arguments that wind turbines are not 
that loud. Figure 36.12 illustrates how loud a wind turbine can 
be. From a distance of 300 meters or more, which is typically the 
closest distance of a turbine from a house, a turbine will have 
a sound pressure level of 43 decibels. To put in context how 
loud that is, an average air conditioner can reach 50 decibels 
of noise, and most refrigerators run at around 40 decibels. At 
500 meters away, that sound pressure level is reduced to 38 
decibels. If background noise is considered, which ranges from 
40 to 45 decibels in most places, and 30 decibels in still areas, 
a turbine located kilometers away would not be heard (General 
Electric 2014). Nevertheless, advanced mechanical designs have 
emerged, such as vibration damping and proper insulation, 
to prevent mechanical noise from reverberating outside the 
nacelle or tower. With this design, mechanical noise is efficiently 
decreased to the point where it is no longer considered as critical 
aerodynamic noise, particularly for utility-scale wind turbines 
(Wang and Wang 2015).
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Figure 36.12:
How loud is a 
wind turbine?

Source: General 
Electric 2014

On the other hand, the visual impact of wind energy technology 
is more difficult to assess since people seem to evaluate this 
subjectively. This is unlike noise impact, which can be measured 
and has international standards and/or IEA noise emission 
recommendations. Color or contrast, size, distance from 
dwellings, shadow flashing, time when the turbine is moving 
or motionless, and local turbine history all influence the visual 
impact of wind energy technology (Bishop 2002). One effect 
that is often mentioned is the shadow flicker, which is caused 
by moving blades and the reflection of sun rays on the wind 
turbine body, casting a moving shadow or a so-called “disco 
effect.” Although in many cases shadow flicker occurs only a 
few hours in a year, it can be a nuisance for residents in close 
proximity to the turbines. This can be minimized by optimizing 
the rotor blade surface smoothness by coating the turbine with 
a substance that has less reflection (Saidur et al. 2011). Wind 
project developers now use computer models to predict when, 
where, and to what extent this shadow flicker may occur, thereby 
enabling the limitation of its effects during the site selection 
process (WINDExchange, n.d.).
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5.3.3 Climate

Overall, wind energy has fewer effects on the environment than 
many other energy sources, but several theoretical studies have 
reported that large scale wind farms can have an impact on local 
and regional meteorology, and possibly on climate. Recently, 
these studies were supported by research with field observations. 
Simulations from atmospheric modelling confirmed initial 
findings that wind farms reduce the wind speed at the level of 
the turbine hub-height significantly and affect the distribution 
of temperature, sensible and latent heat fluxes, and humidity 
drastically (Abbasi et al., 2016). Evidence from field observations 
also support this as illustrated by the analysis of satellite data 
for the period of 2003-2011 over a region in west-central Texas, 
where four of the world’s largest wind farms are located (Zhou et 
al., 2012 as cited in Abbasi et al., 2016). This research found a 
significant warming trend of up to 0.72° per decade, over wind 
farms particularly at night-time relative to nearby non-wind farm 
regions. 

These impacts are considered minimal both regionally and 
globally (Fitch 2015), but will continue to expand as more wind 
farms are installed. A three-dimensional climate model used to 
simulate a scenario where wind energy installation meets 10% 
or more of global energy demand revealed that its associated 
climate effect is surface warming exceeding 10°C over land 
installations (Wang and Prinn 2010). Results also indicated that 
significant warming or cooling can occur even in places remote 
from wind farms. Moreover, there can also be alterations to the 
global distributions of rainfall and clouds. Wind still beats fossil 
fuels under any plausible measure of long-term environmental 
impacts per unit of energy generated. However, in terms of 
how these impacts compare to the climate benefits of reducing 
emissions, a visualization in Figure 36.13 suggests that if US 
electricity demand was met with US-based wind power, the wind 
farm array would have to be operational for more than a century 
before the warming effect caused by turbine-atmosphere 
interactions over the Continental US could become smaller than 
the reduced warming effect from lowering emissions (Miller and 
Keith 2018). However, this conclusion is subject to a number of 
caveats. Abbasi et al. (2016) emphasize that the likely impacts 
of wind turbines on climate may prove detrimental in the long 
run if underplayed, so wind energy should be utilized at a scale 
comparable to their use.
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Figure 36.13:
Climate 
Warming	
Impacts 
Compared 
to Climate 
Benefits	of	
Reduced 
Emissions

Source: Miller 
and Keith 2018

6
The utilization of wind is highly favorable because of its characteristics that 
all lead to tangible advantages when it comes to the conservation of natural 
resources. In addition to this, the cost of electricity from wind has dropped 
and will continue to decline due to ongoing technological advancements, 
economies of scale, as well as improvements in operations and maintenance. 
This paper explored the existing literature related to onshore wind energy 
resources in the Philippines. It confirmed that despite its huge wind energy 
potential, the country has not fully utilized its wind energy resources. There are 
multiple methodologies that can be applied to map wind energy resources. 
This study acknowledges that it is critical to also include in the assessment 
how these resources can potentially change over the next decades.

This study also set out to identify the risks associated with wind resources, 
wind energy facilities and systems, as well as the surrounding communities 
and environment. Wind resources were recognized as climatological and are 
therefore vulnerable to climate change. With regard to wind energy facilities 
and systems, multiple cases were provided showing how different hazards 
can leave huge socio-economic damages that can impact even the power 
sector, especially given a disaster-prone country such as the Philippines. The 

Conclusions
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impacts of wind energy to the surrounding communities and environment 
were also discussed. Although wind energy generally has a comparatively 
small environmental footprint compared to other electricity supply systems, 
wind energy still has the potential to produce detrimental impacts on the 
environment and on human activities and well-being. One of the recent 
impacts examined is how large-scale wind farms can alter local and regional 
meteorology, as well as the climate. Albeit considered negligible right now, 
it is predicted that impacts will continue to expand as more wind farms are 
installed, which should not be downplayed.

Most of the hazards discussed could be addressed by technological 
advancements, but their impacts could also be minimized by accurate planning 
and establishing proper siting requirements. Risk components (HEVs) may 
also be addressed through risk management and resilient pathways.  As such, 
HEV screening is a value-added feature of space-based RE decision support. 

The identification of risk plays an important role in building a more resilient 
power sector. With the global electricity generation growth of wind energy, it 
is critical for policymakers, planners, and system operators to have thorough 
and holistic planning before developing an area for wind energy. To ensure a 
more reliable and secure wind power sector, the identification of areas with 
high wind resource potential should coincide with HEV screening and site 
suitability. This is particularly important in countries such as the Philippines, 
which has a significant wind resource potential, but is one of the most hazard-
prone countries in the world.
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The Philippines has the potential to harness biomass resources. As such, the 
country is developing this particular type of renewable energy. Recent statistics 
show that biomass contributes the least amount of electricity, generated at 
a	1.2%	share	of	the	total	electricity	generation	mix.	Hence,	the	potential	of	
biomass	for	power	generation	in	the	country	is	still	underutilized.		While	there	
is a need to accelerate biomass development, this requires a systematic and 
strategic spatial decision-making process like other renewable energy sources. 
A	decision	support	system	that	could	facilitate	the	 identification	of	suitable	
locations for biomass resources and their conversion facilities and related 
systems	 is	needed	to	significantly	contribute	to	a	sustainable	power	supply	
in the near future. This research reviews some of the established methods 
for mapping biomass resources and identifying the most suitable sites for 
biomass development. In terms of site suitability assessment, important 
factors to consider are also discussed in detail. In addition, the need to 
assess risks in the planning and development of biomass is presented. As a 
developing country prone to disasters, risk mapping in the Philippines can 
help strengthen the resilience of biomass resources, the conversion facilities 
and related systems, the surrounding community, and the environment.

Keywords: biomass, decision support system, suitability assessment, land 
use and planning, risk mapping, biomass supply chains

Abstract

1
Biomass refers to any existing plant- or animal-based organic or biodegradable 
material and those which result from their natural and artificial transformation 
processes (Perea-Moreno et al. 2019). Such materials include the following: (a) 
residues from field crops and by-products of processed agricultural products; 
(b) animal waste from livestock operations; (c) forest products, residues, and 
wastes; (d) garbage, and commercial and other municipal wastes; (e) species 
of trees and shrubs intentionally grown for fuel; and f) floating water plants 
across rivers and water systems (Seveda, Rathore, and Kumar 2011).

Introduction
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The use of biomass resources in renewable energy (RE) generation has 
environmental and socioeconomic advantages over conventional sources. 
Socioeconomic benefits of biomass-based energy can include: (a) energy 
cost savings; (b) energy supply diversity and security; (c) local economic 
development opportunities; and (d) sustainable development (IRENA 2012; 
Seveda, Rathore, and Kumar 2011).  Likewise, environmental advantages can 
comprise: (a) lower greenhouse gas (GHG) emissions; (b) waste management 
opportunities; (c) prevention of soil degradation processes; (d) lowering of fire 
risks; and (e) improvement of forest vegetation health (IRENA 2012; Seveda, 
Rathore, and Kumar 2011).  

While biomass-based energy has its benefits, there are significant drawbacks 
to be considered. Carbon stock release due to unsustainable and inefficient 
land use conversion and forest management practices, and other indirect land 
use change effects can overpower the greenhouse mitigation of biomass-
based energy generation. Biomass RE development can also negatively 
impact biodiversity and other natural resources. Therefore, it is crucial to 
develop sustainable resource development practices and formulate strategies 
in harnessing biomass resources and building conversion facilities and related 
systems. In doing so, biomass-based energy can significantly contribute to 
sound land use governance, poverty alleviation, and energy security (IPCC 
2012).  

Biomass utilization in the Philippines currently lags behind other energy 
sources, despite the more than a decade-old renewable energy policies. This 
is due to barring regulations, lacking domestically developed technologies, 
and rudimentary supply chains (Doliente and Samsatli 2021). Regarding 
biomass energy potential, the country has a much higher average net primary 
production of 10.5 tons of carbon per hectare per year (tC/ha/yr), compared 
to the global average of 3-4 tons of carbon per year (IRENA 2021). The United 
States Agency for International Development (USAID) in 2012 estimated the 
biomass-based energy of the Philippines at a total potential power generation 
capacity of 4,727.32 megawatts (MW) (De Guzman 2018). Given the biomass-
based energy potential in the Philippines and the benefits of its development 
for the country, it is necessary to optimize energy output. Meanwhile, strategic 
planning and efficient operationalization of biomass resources may minimize 
the negative impacts on the food, energy, water, and environment systems 
(Tapia et al. 2019).

Like most RE resources, biomass, their conversion facilities, and related systems 
are inherently variable in space and are fitted to mapping and geospatial 
analyses (Knight 2016). As such, biomass RE development is highly affected 
by geographic factors such as elevation, slope, and aspect, making mapping 
helpful in decision-making (Sah and Wijayatunga 2017; Sugumaran and De 
Groote 2010). Furthermore, to ensure the continuous supply and availability 
of RE resources, there is a need to assess the conversion facilities in relation to 
the identified sources of energy (IFC 2017).  
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In addition to the availability of RE resources, it is also important to consider 
the disaster risks, whether to the resources themselves, the conversion facilities 
and systems, or the surrounding communities and environment. Weather 
and geological risks to the power sector, as well as the best adaptation and 
mitigation practices in managing these risks are listed, with the intention of 
increasing the sector’s resilience (ADB 2012; Brown, Prudent-Richard, and 
O’Mara 2016). One of the best practices mentioned in the reports is the 
positioning of RE development in low-risk areas for a more efficient and 
cost-effective investment. In addition, a guide for biomass developers by the 
International Finance Corporation (IFC) (2017) considers weather hazards or 
adverse climatic conditions in risk assessment of biomass feedstock supply. 
The Department of Energy (DOE) also released a memorandum in 2018 (DOE 
2018a) adopting energy resiliency in the planning and operationalization of 
the energy industry sector. There is an existing recognition of the urgent need 
to include climate and disaster risks in discussions on the resiliency of the 
energy sector. These considerations help maximize the delivery of RE in the 
future. 

However, this recognition is not significantly present in the biomass site 
suitability literature. Climate and disaster risks are not included as site 
suitability factors in the references reviewed in this research. Most of the focus 
of the variables on biomass site suitability deal with the theoretical potential 
or resource availability, technical potential or those considering topography, 
environmental and other siting constraints, and economic potential or the 
variables maximizing the competitiveness of the energy supply in the market 
(Van Hoesen and Letendre 2010; Zhang 2015; Voivontas, Assimacopoulos, 
and Koukios 2001; Perpiña et al. 2009; Tiba et al. 2010). Climate and disaster 
risks are mostly addressed after the occurrence of the extreme weather event 
or related disasters. A more proactive and resilient approach would be taking 
a step prior to developing the facilities and determining suitable areas in low-
risk zones as part of the siting process. The contributions of this research are 
as follows: (a) to serve as a groundwork for the subsequent mapping efforts 
in support of biomass RE development in the Philippines; (b) to streamline 
climate and disaster risks as factors to consider when it comes to mapping 
biomass site suitability; and (c) to discuss possible future areas of resilience in 
the development of biomass RE in the country.    
 
Therefore, the objectives of this review are the following: (a) to discuss the 
current status of biomass RE in terms of its development and resilience, both 
at the global and national scales; (b) to determine the criteria for selecting the 
most suitable areas for biomass RE development; (c) to discuss the different 
risks associated with biomass RE; and (d) to provide recommendations for 
the potential future work in incorporating risk in biomass resource and site 
suitability mapping. 

This research article is organized into sections. Section 2 tackles biomass 
utilization and resource availability at the global scale. Section 3 discusses 
the state of biomass RE in the Philippines in terms of planning, assessment, 
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2
In 2020, the World Bioenergy Association published a report containing the 
global biomass utilization of 49.6 exajoules (EJ) for 2018. The report states 
that biomass RE produced is dominantly utilized in the residential and the 
commercial sectors, mostly for traditional cooking and heating (85.48%). This 
is followed by the use of biomass in the transport sector (7.64%), the power 
(4.62%) and district heating (2.26%) sectors.  According to the International 
Energy Agency (IEA 2012), traditional uses of biomass involve the residential 
use of organic materials such as wood and agricultural residues, among others, 
in heating and cooking processes. The traditional uses of biomass resources 
for domestic purposes are particularly relevant in developing countries such 
as the Philippines. Given the low conversion efficiency of traditional biomass 
resources, preparation may be crucial in the future when the supply of biomass 
exceeds the demand of the population, especially when no transition to 
modern energy access takes place (IRENA 2014).

It is projected that by 2030, agricultural waste and residues (approximately 
40%) and energy crops and forest products (60%) will constitute the bulk of 
the planet’s biomass supply. Asia and Europe are the leading regions with the 
highest supply of potential biomass, with harvesting and processing residues 
and animal and household wastes composing the bulk of the supply from Asia 
(IRENA 2014). 

Regarding discussions on the cost of biomass production and utilization, 
according to the Intergovernmental Panel on Climate Change (2012), 
increasing process efficiency can reduce the costs throughout the biomass 
chain. The report also added that this is achieved by using improved 
conversion and power generation technologies, supply systems and logistics 
as well as producing perennial cropping systems. 

The technology of biomass energy generation must be supported by national 
and international initiatives and collaborations, and strengthened by the 
creation of laws and policies that aim to resolve challenges in the supply chain. 

The Use of Biomass Resources at a Global Scale

and implementation. Section 4 focuses on the different methods of biomass 
resource energy assessment and mapping. Section 5 lists the criteria and 
factors in mapping biomass site suitability based on references and the 
workshop with the participants from the DOE and other relevant stakeholders. 
Section 6 shows the risks associated with biomass, whether it be risks to the 
resources themselves, risks to the conversion facilities and related systems, 
or to the surrounding communities and environment. Section 7 contains 
information on biomass RE risk mapping, demonstrating risk composed of 
hazard, exposure, and vulnerability components. Lastly, Section 8 summarizes 
the article, in which the concluding remarks address the research objectives. 
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Biomass must be supplemented with other available RE resource development 
to ensure the increase of its share in the entire energy mix (IRENA 2014).

The World Bank reported their experiences with development partners, 
stressing the importance of undergoing resource assessment and mapping, 
especially in scaling up RE development projects (Knight 2016). Global 
resource assessment requires the use of modeling outputs with the help of 
Earth observation and other datasets. Site suitability is to be implemented 
at the national, sub-national, up to local scales, where local surveys and 
other data may help validate pre-feasibility studies in the areas. The report 
also emphasizes the problems of several countries with regards to the 
unavailability of RE potential and other data and limiting decision-makers 
and project developers in policy development and planning processes. This 
study demonstrates the current challenges in global resource assessments 
that guide harnessing biomass resources and building conversion facilities 
and related systems.

Integrating risk to global biomass resource assessment is a more apparent 
research direction, in addition to the increasing awareness of biomass RE 
sustainability through risk adaptation and mitigation measures by mapping the 
climate change impacts or risks to the biomass feedstocks (ADB 2012; IPCC 
2012; Brown, Prudent-Richard, and O’Mara 2016). An increase in temperature 
and precipitation is associated with an increase in biomass production. 
Likewise, a reduction in precipitation would lead to a decrease in the quantity 
of biomass produced, as shown in the maps produced in Gómez-Bolea et 
al. (2012). The said study aims to explore relationships between changes in 
temperature and rainfall to biomass accumulation, especially on stone. 

Another relevant risk associated with biomass is land use change. In relation 
to this, Englund et al. (2020) has explored the implementation of strategic 
and perennial production systems in Europe that would solve the negative 
impacts of today’s crop production system and reinforce the biomass supply 
society needs. The resulting maps are intended to address the risk brought 
by change in land use and may serve as a guide on where to locate biomass 
resources. 
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The Philippine Energy Plan 2017–2040 (DOE 2018b) reported that in 2016, 
the share of biomass was about 21.8% in the total final energy consumption 
of 33.1 million tons of oil equivalent (MTOE), with biofuels accounting for 
1.5% of the MTOE. In addition, in 2016, biomass was significantly used 
among households (63.2%), although this dropped by 1.6%, steadily losing 
the demand in the residential sector in the past years.  On the other hand, 
biomass powers commercial centers (8.8% of the commercial sector) and 
industries (15.6% of the industry sector) while biodiesel accounts for only 
0.2% of the industry sector. Biomass consumption increased by 1% in both 
commercial and industry sectors in 2016. This indicated small increases in 
these sectors. Due to the strict implementation of the Biofuels Act of 2006, 
the use of biofuels increased by 9.2%, also in 2016 (DOE 2018b).   

For the 2016 energy supply, biomass contributed about one-fourth of the 
indigenous energy supply, making biomass an essential contributor to the 
country’s energy security (DOE 2018b).  Furthermore, despite the decrease 
in demand in the household sector, as discussed previously, biomass energy 
increased its share in the power sector. The latter is by a 101.6% increase, 
which is greater than the 300 MW aggregate capacity. On the other hand, the 
biofuel supply increased by 18.1%, demonstrating the future value of biomass 
resources in the transportation sector. However, biofuels still have a long way 
to go due to the dominance of conventional energy sources when it comes in 
the transport sector (DOE 2018b).

3.1 Biomass-Based Energy Demand, Energy Supply,
and Power Generation of the Philippines

3
In 2007, the Philippines became the first Southeast Asian country to enact 
and sustain the utilization of biofuels in the transport sector (Biofuels Act of 
2006 2007). Blending targets at 10% for bioethanol and 5% for biodiesel were 
set (DOE 2016; ADB 2018). These were then incorporated into the National 
Renewable Energy Program (NREP), a program created with the passage of 
Republic Act No. 9513, otherwise known as the Renewable Energy Act of 
2008.  

Launched in 2011, NREP acts as a guide in utilizing RE in the country (DOE 
2016).  According to the 2018–2040 biomass roadmap, 500 MW additional 
capacity is targeted in the long-run (De Guzman 2018). The roadmap ensures 
that programs are continued and improved to maximize the additional 
energy biomass resources and significantly contribute to the total required 
energy supply (DOE 2018c). These programs include resource assessment, 
monitoring of biomass contracts, research and development, and technical 
support to proponents (DOE 2018c).

The Biomass-Based Energy Industry in the Philippines
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Figure 37.1:

Figure 37.2:
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When it comes to the power sector, biomass-based energy generation is 
one of the RE types at the bottom of the power generation mix (DOE 2020). 
Moreover, biomass has 483 MW installed capacity (Figure 37.1) and 285 MW 
dependable capacity (Figure 37.2) at only 1.8% and 1.2%, respectively, of 
each power generation mix, including conventional energy resources. It then 
follows that biomass produces the least amount of electricity generated at 
1,261 gigawatt-hours (GWh) or 1.2% share in the total generation mix. With 
the dominance of coal in power generation (57.2% in 2020) (DOE 2020), 
biomass and other RE sources have a long and challenging way ahead.
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Biomass renewable energy operating contracts (BREOC) are awarded under 
direct application processing (DOE 2019). Project developers are to submit 
legal, technical, and financial documents as part of their application. Some 
relevant parts of the technical requirements and evaluation are the (a) project 
site; (b) feedstock supply/sustainability; and (c) environmental issues and 
concerns (DOE, n.d.). Site suitability for biomass RE development considers 
an industrial land classification, maps showing sources of feedstocks and 
logistics studies, and environmental certificates and wastes disposal plans, 
among others. Harnessing biomass resources and the building of conversion 
facilities and related systems are guided by resource assessment.

Thus, it is crucial to have biomass resource assessment studies and maps 
to help project developers and the government identify the areas’ resource 
potential. The National Renewable Energy Laboratory (NREL), a development 
partner of the DOE for the Competitive Renewable Energy Zones (CREZ) 
process, has an interactive website called RE Data Explorer. It contains 
different data layers of biomass and other RE resources for the USA and 15 
other countries, including the Philippines. With the technical expertise of 
NREL, potential sites are identified to guide project developers. In addition, 
the website also features several layers of hazard, exposure, and vulnerability 
related to the power sector, such as cyclone wind frequency, transmission 
lines, and population density, among others. With the overlay functions of 
biomass resources and risk components, this interactive tool can help guide 
decision-makers when it comes to biomass RE development.

The Nationwide Detailed Resource Assessment Using LiDAR (Phil-LiDAR 2 
Program) of the Department of Science and Technology (DOST), has also 
produced resource and site suitability maps of biomass and other RE types, 
with DOE as a cooperating agency (Ang and Blanco 2017). The national 
assessment can be supplemented by several provincial and local studies 
assessing the biomass resources and doing suitability analysis such as those 
in Victorias City, Negros Occidental (Cadalin et al. 2015) and Bohol province 
(Pojadas and Abundo 2021).

When it comes to risk, government agencies are actively mapping hazards. 
Project NOAH, the website maintained by the UP Resilience Institute, provides 
high-resolution flood, landslide, and storm surge hazard maps that are overlaid 
on exposure elements. The latter includes critical facilities and infrastructure, 
apart from other features. Another website is offered by the DOST-Philippine 
Institute of Volcanology and Seismology (DOST-PHIVOLCS). Called the 
GeoRisk Philippines, the website is a a multi-agency initiative that enables 
open access to HazardHunterPH. The website gives comprehensive location-
specific seismic, volcanic, and hydro-meteorological hazard assessments, 
and provides the nearest critical facilities, such as health facilities, roads, and 
schools. 

3.2 Biomass-Based Energy Resource and Site Suitability Assessment, 
Planning, and Implementation in the Philippines
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Recent developments show great progress on mapping hazards, exposures, 
and vulnerabilities (HEVs) from the global to national and local scales. The 
integration of biomass resources, site suitability, and risk datasets and maps 
prove useful in sustainable and resilient biomass RE development. Risk maps 
combining HEVs address gaps in the assessment of true ground conditions.      

4

Mapping biomass resources is a complex process. This is due to the different 
methodologies that are only applicable to certain types of biomass resources 
and their varying energy outputs (Knight 2016). Bioclimatic potential and 
energy density are used for the assessment of forest biomass. Bioclimatic 
potential makes use of diagrams based on variables associated with the 
vegetative capacity of the region such as temperature, rainfall, among others. 
On the other hand, energy density is calculated using the plants’ height, 
weight, diameter, among others, in order to compute the forest and plantation 
biomass resources or wastes in the ground (Pérez et al. 2011).

Mapping biomass resources at multi-level scales involves identifying the 
biomass resources and the creation of the corresponding atlas through the 
use of Earth observation data, supplemented by secondary information, site 
visits, and field surveys for ground data collection. The mapping process 
highlights the importance of Earth observation data in producing the atlas, 
especially in the decision support system involving geographic information 
systems (GIS) and remote sensing (RS) technologies (Knight 2016). 

One example of the use of Earth observation data in measuring usable 
biological aboveground biomass potential is through the annual global net 
primary productivity (NPP). The NPP is carbon’s net flow from the atmosphere 
into vegetation as measured in time.  Using the satellite imagery acquired 
by the Moderate Resolution Imaging Spectroradiometer (MODIS), the NPP is 
derived and converted to the usable biological biomass potential in tons per 
square kilometer through a series of equations, considering other variables, 
including the residual/production ratios of different crops per land cover type. 
Theoretical power potential is also determined using a report output stating 
that 1 kilowatt-hour (kWh) of electricity can be produced from 1 kilogram of 
biomass through combustion technology (Zhang 2015).

The utilization of GIS is demonstrated in a local study by Sah and Wijayatunga 
(2017) in Bali, Indonesia. The study uses the recorded weight of agricultural 
and plantation production by-products and wood wastes from production 
forests to compute potential biomass energy per desa (smallest administrative 
unit) and district in gigawatt hours (GWh) per hectare per year. In addition, the 
heating values or the heat energy generated by burning biomass residuals 

Mapping Biomass Resources, Their Conversion Facilities, 
and Related Systems
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5
Table 37.1 shows the identified criteria for choosing the sites for optimal 
biomass development and utilization. The following paragraphs discuss 
in detail the criteria gathered and compiled from existing literature and 
the Space-based RE Decision Support Inception workshop in 2019. The 
workshop is a part of the Access to Sustainable Energy Programme-Clean 
Energy Living Laboratories (ASEP-CELLs) project funded by the European 
Union. One of the project outputs, the Space-based RE Decision Support, 
developed by the Geomatics for Environment and Development laboratory 
of the Manila Observatory, aims to map RE resources, their site suitability, and 
corresponding risks for a more resilient and sustainable power sector. The 
said workshop explored existing methods by the DOE and other stakeholders 
in developing RE. It provided a venue for validating the recommendation 
to further incorporate and mainstream spatial technologies in RE decision-
making.

Biomass RE Site Suitability Mapping

Category Criteria Characteristics Suitability Reference/s

Technical-
Physical

Slope < 20°
Suitable Van Hoesen and 

Letendre 2010

< 15° Suitable

Zhang 2015 (based 
on Voivontas, 

Assimacopoulos, and 
Koukios 2001; Perpiña 

et al. 2009)

≤ 15% Suitable Woo et. al 2018

Elevation ≤ 500m Suitable
Woo et. al 2018; 

Pojadas and Abundo 
2021

Table 37.1: Biomass site suitability factors

are included in the computations, and the biomass energy potential per unit 
area are determined. The accuracy of the spatial datasets and biomass field 
data used in mapping and data validation is important in producing biomass 
resource maps with improved detail and accuracy (Avitabile et al. 2011).
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Category Criteria Characteristics Suitability Reference/s

Physical

Land Cover Brush, Barren Land Highly Suitable
Van Hoesen and 
Letendre 2010

Other Agricultural Land
Moderately 

Suitable

Residential, Commercial, 
Transportation & Utilities, 

Broadleaf Forest, 
Coniferous Forest, Mixed 
Forest, Row Crops, Hay/

Pastures

Lowly Suitable

Water, Forested Wetland, 
Non-Forested Wetland

Not Suitable

Areas outside 100m 
buffer around wetlands 

and lakes
Suitable

Zhang 2015 (based 
from Ma et al. 

2005; Voivontas, 
Assimacopoulos, and 
Koukios 2001; Perpiña 

et al. 2009)

Areas outside 500m 
buffer around residential 

areas
Suitable

Energy 
Infrastructure

Near electrical grids 
(transmission lines and 

substations)
Suitable

Manila Observatory 
2019; Ang and Blanco 

2017

Mining Sites Avoid mining sites Not Suitable Ang and Blanco 2017

Environmental

Water Bodies

Inland Water, Forested 
Wetland, Non-Forested 

Wetland, Fishpond, 
Marshland

Not Suitable Ang and Blanco 2017

Areas outside 200m 
buffer around wetlands 

and lakes
Suitable

Forestland
Closed Forest, Open 
Forest and Mangrove 

Forest
Not Suitable

Pojadas and Abundo 
2021; Manila 

Observatory 2019

Protected Areas, 
Key Biodiversity 
Areas, Critical 
Watersheds

Areas within the 500m 
buffer around Protected 
Areas, Key Biodiversity 

Areas and Critical 
Watersheds

Not Suitable

Zhang 2015 (based 
from Ma et al. 

2005; Voivontas, 
Assimacopoulos, and 
Koukios 2001; Perpiña 
et al. 2009); Ang and 
Blanco 2017; Pojadas 

and Abundo 2021
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Category Criteria Characteristics Suitability Reference/s

Socio-
Economic

Accessibility
Highly accessible/
Proximity to Roads

Suitable
Manila Observatory 
2019; Zhang 2015; 

Ang and Blanco 2017

Market Demand Population Density Zhang 2015

Settlement Areas
Areas within the 500m 

buffer around Settlement 
Areas

Not Suitable
Pojadas and Abundo 

2021

Residential Areas Not Suitable
Manila Observatory 

2019

Critical 
Infrastructures

Areas within the 500m 
buffer around Health 

Facilities, Schools, 
Airports and Other 

Critical Infrastructures

Not Suitable
Manila Observatory 
2019; Zhang 2015

Historical and 
Cultural Heritage 

Sites

Areas within the 500m 
buffer around Historical 
and Cultural Heritage 

Sites

Not Suitable
Manila Observatory 

2019; Woo et al. 2018

Ancestral Domain
Lands of Indigenous 

People
Not Suitable Tiba et al. 2010

Restrictions Hazards

Hazards (drought, 
flooding, typhoon, 

earthquake, landslide/
soil erosion, and volcanic 

eruption)

Not Suitable
Manila Observatory 

2019

Other Areas for 
Consideration

Access to 
Feedstock Sources

Distance of > 100 
kilometers

Not Suitable Zhang 2015

Distance of 30-40 
kilometers

Suitable
Manila Observatory 

2019

Project 
Development Areas

Distance from other 
biomass and coal power 

plants
Zhang 2015

Land Use Industrial Land Use
Required / 

Suitable
Manila Observatory 

2019

Conflict Areas
Areas with high 

occurrence of violence/
crimes/armed conflict

Not Suitable

Local Opposition
Areas with opposition 
from LGUs and citizens

Not Suitable
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In determining suitable locations for harnessing the energy from biomass, 
land suitability and availability were the initial criteria to be considered (IRENA 
2014). This was demonstrated in a study by Van Hoesen and Letendre (2010), 
where potential RE resources were evaluated. In the study, slope and land uses 
were reclassified and scored according to land suitability for biomass-based 
energy cultivation and biomass power plant infrastructure construction. The 
study specified the slope of less than 20° for ease of cultivation and access. 

In addition, the land uses most suitable for biomass resources are brushland, 
other agricultural land, row crops, and hay/pastures, followed by barren land 
and different forestland classifications (Van Hoesen and Letendre 2010). 
Residential land has the lowest suitability for biomass resources. Land uses 
that are not suitable for biomass resources are water and wetlands, as well as 
commercial and land for transport and utilities. 

Another variable considered in siting biomass RE development is elevation. 
A threshold of 500 meters is used in RE site suitability studies (Woo et al. 
2018; Pojadas and Abundo 2021). Areas higher than 500 meters with the 
potential of growing semi-temperate and high-value crops are tagged as 
areas to avoid when developing biomass RE. Environmental factors are also 
taken into consideration in biomass site suitability, such as the exclusion of 
forestlands and protected areas as well as having a 500-meter buffer distance 
around settlement areas (Pojadas and Abundo 2021). Meanwhile, proximity 
to electrical grids, absence of mining sites, exclusion of water bodies and 
protected areas, and high accessibility or proximity to roads were highlighted 
by the Phil-LiDAR 2 program (Ang and Blanco 2017) in mapping the optimal 
sites for developing biomass facilities and systems.

Zhang (2015) identifies the suitability criteria based on the studies of Ma et 
al. (2005), Voivontas, Assimacopoulos, and Koukios (2001), and Perpiña et al. 
(2009). According to Ma et al. (2005), determining the most suitable areas 
for developing biomass conversion facilities and other related infrastructure 
should consider several factors. These include environmental concerns, such 
as pollution and the location of protected areas, and the external point of 
view, such as odor produced and citizens’ reactions. This assertion was made 
to ensure the continuance and sustainability of the system’s operation in the 
long run. In addition, the following physical criteria were specified to ensure 
safe distances from the biomass facility: (a) buffers of 100 meters around 
wetlands and lakes; (b) 500 meters around residential areas, protected areas, 
and airports; and (c) a threshold distance of 100 kilometers from the biomass 
feedstock source.

Ma et al. (2005) further implemented the location-allocation modeling and 
analysis in GIS. In addition, their study applied supply area modeling to 
identify suitable locations for the development of biomass power plants. These 
methods were employed given that one of the factors affecting the price of 
the generated electricity from biomass is transported from the biomass source 
to the central biomass plant (Tiba et al. 2010). In other terms, the nearer the 
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plant to the feedstock source, the less the transport costs and the cost of 
the electricity generated. The study also included indigenous locations as 
exclusion areas. Lastly, the site suitability analysis considered population 
density (market) and other existing conventional and biomass power plants.  

According to the results of the workshop conducted by the Manila 
Observatory in 2019, the most suitable location for biomass RE development 
in the Philippines are the following: (a) industrial land use; (b) 30–40 kilometers 
distance from the sources of biomass feedstock; (c) highly accessible location; 
and (d) near tapping points/grid. Places to avoid are characterized as follows: 
(a) residential areas; (b) forests; (c) airports; (d) geohazards; (e) areas with high 
occurrence of violence or crimes; (f) those with opposition from the local 
government units (LGUs). Responses of different stakeholders, including 
representatives from the DOE formed the basis for these criteria. Areas 
with high occurrence of violence and armed conflict, and opposition from 
the LGU and citizens have higher possibility of discontinuance of the supply 
of biomass feedstocks. This issue affects the operation of biomass facilities 
and their associated systems, leading to unsustainable power generation 
and distribution. The destruction caused by different hazards also poses 
disturbance at different stages of power sector development. In particular, this 
disruption may constrain the production of biomass resources, the delivery 
to conversion facilities, and the generation and distribution of produced 
electricity (Manila Observatory 2019). 

It is noticeable that there is a lack of hazards and risk assessments in siting 
optimal biomass development. The references in Table 37.1 have not listed 
hazards and risks among the factors influencing site suitability. Workshop 
results (Manila Observatory 2019) attest to this finding. There is a gap in 
literature when it comes to including or integrating hazards and risks to 
biomass site suitability analysis. Nevertheless, there are existing tools, such 
as (a) the NREL website containing RE sources and risk components; (b) 
the Phil-LiDAR 2 REMap outputs (Ang and Blanco 2017) with the biomass 
resources; (c) the website of UP NOAH providing risk components; (d) the 
GeoRisk Philippines progressively providing interactive risk maps; and (e) 
several biomass risk-related studies (Englund et al. 2020; Gómez-Bolea et al. 
2012). Locating biomass development projects in low-risk zones and providing 
hazard mitigation to those located in high-risk areas increase resiliency and 
improve this power sector’s sustainability in the long run (Brown, Prudent-
Richard, and O’Mara 2016).   
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6

The sustainability of biomass energy production and distribution depends 
on the steady and continuous availability of biomass resources. The latter 
relies on several factors that may vary from the global to the local scale. Four 
factors in assessing the risks associated with biomass feedstocks have been 
identified, namely, climate, biodiversity, land, and water (IFC 2017).

Water supply is required in all the stages of biomass development. Thus, 
adequate water supply is the most important factor in assessing the risks 
associated with biomass feedstocks. The demand in water supply makes 
drought one of the most dangerous hazards to affect biomass and bioenergy 
development. Drought affects crop health and yield, resulting in an overall 
disturbance to the supply chain. Drought is commonly accompanied by 
wildfires, severely depleting biomass sources and feedstocks. On the other 
hand, excessive amounts of water during the occurrence of tropical cyclones 
and regular and flash floods can also destroy the feedstock crops that serve 
as the sources of biomass energy (Brown, Prudent-Richard, and O’Mara 2016).

The second factor mentioned in the IFC report (2017) is climate. Climate-
related hazards frequently occurring in an area pose a risk to biomass 
production. Aside from drought, these climate-associated hazards include 
heatwaves and extreme air temperature, which may also prove fatal to 
biomass sources and feedstocks (Brown, Prudent-Richard, and O’Mara 2016). 
Biomass can be sensitive to high temperatures. A threshold of 33 degrees 
Celsius lowers productivity in rice (Kim et al. 1996), yield growth in corn 
(Schlenker and Roberts 2009), and pollen germination in coconut (Ranasinghe 
et al. 2010 cited in Kumarathunge 2014). In addition, heatwaves may also lead 
to significant water loss in rivers and lakes, resulting in a decrease in the water 
supply needed by biomass sources. 

Soil and land are other factors used to assess risk to biomass feedstocks 
(IFC 2017). There must be enough supply of good quality and suitable land 
to nurture biomass resources. In addition, biomass development must not 
adversely affect the surrounding environment and communities. Soil-related 
hazards, such as earthquake- and rainfall-induced landslides as well as erosion, 
can also affect the sustainability of biomass resources (Brown, Prudent-Richard, 
and O’Mara 2016). 

The last factor concerns the impacts of biomass-powered energy systems on 
biodiversity (IFC 2017). Sites for biomass energy systems development must 
particularly avoid habitats of endangered and rare or endemic species. This 
is because endangered species have a very high possibility of being extinct 
in the wild (IUCN 2012). On the other hand, endemic species have a small 
geographic coverage, confined to a specific area (Morrone 2008). Resolving 
these concerns may contribute to environmental preservation. Eventually, 

Associated Risks to Biomass RE
6.1 Risks to Biomass Resources
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Earthquakes and volcanic eruptions are the geophysical hazards that cause 
widespread destruction and structural damage to biomass conversion facilities 
and related systems. On the other hand, meteorological hazards include 
cold spells, heatwaves, lightning, and tropical cyclones. Cold spells, while 
considered low risk, may cause potential blockages in cooling water systems. 
Tropical cyclones can also cause flood damage to biomass infrastructures, 
especially those along transmission and distribution lines (Brown, Prudent-
Richard, and O’Mara 2016).

Floods may cause damage to electrical equipment in biomass power stations. 
The climatological hazard, drought, on the other hand, may cause water 
supply disturbance that could negatively affect the water-cooling process 
required by some biomass power plants. Wildfires that occur with droughts 
may also cause disturbances to biomass power plants since most power plants 
are close to the resource (Brown, Prudent-Richard, and O’Mara 2016).

The socio-economic and environmental impacts related to expected land use 
changes together with other limiting factors, such as local pollution, depletion 
of soil nutrients, noise, and changes in topography (IRENA 2014; Seveda et 
al. 2011) may affect the sustainability of biomass energy development. It is 
crucial to identify prospective impacts of land use changes in siting biomass 
development to address future risks to the resource, the conversion facilities, 
related systems, the surrounding communities and the environment. The 
following section discusses specific impacts that must be considered in deciding 
the most suitable location for biomass renewable energy development.

Air quality is one of the conditions affected by biomass power plants in its 
entire life cycle, from the construction phase, operational phase, up to the 
decommissioning phase (IFC 2017).  Additionally, there are temporary adverse 
effects during the construction and decommissioning phases. These interim 

6.2

6.3

Risks to Biomass Conversion Facilities and Related Systems

Hazardous Impacts of Biomass RE Development to Surrounding 
Communities and Environment

this leads to the sustainable production of biomass feedstocks, thereby 
facilitating the continuity of biomass supply chains. Other hazards affecting 
the productivity of biomass energy resources are volcanic eruptions, lahar 
flows (Brown, Prudent-Richard, and O’Mara 2016), terrorism and violence, and 
land use changes caused by deforestation, among others.
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conditions include the proliferation of dust, gaseous emissions, and noise. 
Permanent impacts to the surrounding air from the operational phase of the 
biomass power plants are gaseous emissions, odor, and noise (IFC 2017). An 
optimal site location considers the surrounding communities, ensuring that 
these communities are at a safe distance from the power plant.

The impact of the biomass energy development on the water supply of a 
community is one of the issues considered to guide biomass RE developers 
(IFC 2017), in assessing the risks associated with biomass feedstocks. Again, 
substantial water is needed by the biomass energy industry (IFC 2017) in 
terms of the growth of feedstocks and the establishment of cooling systems 
for power plants (Brown, Prudent-Richard, and O’Mara 2016). Nevertheless, 
mitigation measures can address these concerns by effectively conserving 
water that is required and preserving water quality in view of biomass RE 
development (IFC 2017).

Biomass power plants must also take extra precaution in preventing soil and 
groundwater contamination from oil or fuel leakages during the construction 
and decommissioning phases.  Additional measures in managing excess 
rainfall are also required. In the power plant’s operational phase, wastewater 
coming from gas condensers and surface water must be properly disposed 
and recycled (IFC 2017).

Any change in the demand for biomass may result in land use changes that 
may affect the surrounding communities and the vegetation and existing 
habitats, so careful planning must be undertaken for biomass RE development. 
In general, RE development must also include active measures in mitigating 
impacts to biodiversity (IFC 2017). Furthermore, the proper disposal of 
construction, building waste, and fly ash residues must be implemented. 
Changes in the intensity of management practices may also result in erosion 
or other associated hazards, contributing to more problems for the community 
members. Apart from employment or livelihoods generated, other negative 
socioeconomic impacts energy planners and developers must not overlook 
include the area’s resulting traffic, unsightly visual amenities, and dangers to 
well-being (IFC 2017).
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Risk, in this study, is presented as the confluence of HEVs (IPCC 2012, 2014; 
UNDRR 2015).  Disaster risk assessment involves assessing the interrelationship 
of hazards, exposures, and vulnerabilities (Brown, Prudent-Richard, and 
O’Mara 2016). 

In terms of climate change in the Philippines, the projected increase in 
temperature of more than 2° Celsius may decrease biomass production for 
energy use. Climate change can generally result in the increased frequency 
of extreme events due to the intensification of the water cycle. Hazards in the 
tropics, such as drought, extreme temperature, and wildfires, may become 
more persistent in the dry summer periods while super typhoons and the 
associated flooding and landslides may take place in the wet summer periods 
in the latter half of the year (IPCC 2012).  

Geophysical hazards are also prevalent due to our country’s position in 
the Western Pacific region, known as the Pacific ring of fire (UNDRR 2019). 
Earthquakes and volcanic eruptions cause massive destruction, which could 
obliterate wide areas of biomass resources and destroy biomass conversion 
facilities and infrastructures.  

Mapping vulnerabilities is an important aspect of risk mapping, especially 
in developing countries such as the Philippines. Hazards and disasters do 
not affect exposures equally. Some exposure units are more vulnerable and 
impacted than others (UNDRR 2019). The ability of communities to respond 
to hazards may either increase or decrease the impacts on the exposed 
elements. Social and physical vulnerabilities greatly affect the levels of risk 
that are perceived and experienced by the communities (UNDRR 2019). 
Understanding and addressing vulnerabilities can help significantly minimize 
risks and foster the resilience of communities against future risks. 

The importance of incorporating risks to biomass resources and site suitability 
mapping has been highlighted (Brown, Prudent-Richard, and O’Mara 2016). 
Also, the existing efforts in mapping risk components, biomass resource and 
site suitability maps, and policy advancements in developing resilience in the 
power sector were discussed (DOE 2018a; Ang and Blanco 2017; Lee et al. 
2020). Regarding the future of building a more resilient power sector in the 
country, institutionally mainstreaming the consideration of climate, disaster, 
and other risks in biomass resource and site suitability assessments is crucial.

In particular, disaster risk assessments may be incorporated in DOE’s 
selection process of CREZ locations (Lee et al. 2020) and in the resource and 
site suitability maps and assessments of the Phil-LiDAR 2 program. These 
recommendations also entail integrating several existing hazard, exposure, 
and vulnerability maps into risk maps of government agencies to better 
demonstrate the projected effects and validate the actual impacts of disasters 
on areas of interest. The DOE can utilize the resulting risk maps to guide RE 

7 Biomass Risk Mapping
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project developers in the process of selecting low-risk, high-resource, and 
optimal areas for biomass RE development.  

This working paper presented the potential of the Philippines as a producer 
of biomass RE and this RE type’s advantages as a practical alternative 
to conventional sources of energy for power generation. Biomass RE’s 
disadvantages were also discussed, which, when addressed, present 
opportunities for sustainable development and resilience. These opportunities 
include: (a) improved land and resource management; (b) livelihoods and 
poverty alleviation, and (c) provision of sustainable renewable energy to 
communities. Currently, biomass is one of the RE types that is still at the 
bottom of the total power generation mix percentage.

To harness the highest potential of biomass resources, developers must build 
conversion facilities and associated infrastructures close to the main source. 
Therefore, it is important to recognize the spatial constraints when making 
decisions in biomass RE development. A space-based decision support system 
is needed, one that would guide decision-makers in incorporating factors 
that determine the suitable location of biomass resources, their conversion 
facilities, and related systems. This study listed the factors and constraints to 
consider in siting biomass energy facilities and systems. 

The geographic location of the Philippines describes a two-fold problem for 
biomass RE development: (a) how to effectively harness the country’s abundant 
biomass resources and (b) how to consider the hazards that pose risks to the 
biomass RE development and the delivery of energy services to communities. 

Climate change is a contemporary global environmental challenge threatening 
developing countries within tropical regions such as the Philippines. Changing 
climate scenarios include increases in the frequency and magnitude of extreme 
weather events attributed to rising temperatures. The country is also located 
in the Pacific ring of fire, which further amplifies the exposure to hazards. 
Together with the other risks presented in this study, climate change is an 
important consideration in planning and developing biomass RE. Resource, 
site suitability, and risk assessments must guide the formulation of a space-
based decision support system (DSS) for RE development that addresses the 
potential for the use of biomass in power generation.  

The Philippine RE context calls for considering risk and resilience in both 
planning and development processes, including selecting the most suitable 
sites for building biomass conversion facilities and infrastructures. Furthermore, 
mapping HEVs are crucial aspects of risk assessments towards determining 
risk-sensitive biomass potential areas. Vulnerability mapping includes physical 

8 Conclusions
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susceptibilities and coping and adaptive capacities that measure the state of 
readiness and resilience of the communities to any plausible disturbance. To 
further influence the future direction of RE development in the country, the 
institutionalization of integrating climate, disaster, and other risks to biomass 
resource and site suitability mapping will greatly improve the resiliency of the 
country’s power sector.
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Mapping the Resource, 
the Associated Risks and Suitable Sites 
for Land- and Water-based Solar Power 
Plantations in the Philippines 

38
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Danica Loqueloque, Faye Abigail T. Cruz, PhD, and Michael Lochinvar S. Abundo 
asreyes@observatory.ph, bceline@observatory.ph

Solar energy is one type of extensively used renewable energy (RE). The 
increase in utilization can be attributed to the decreasing cost of solar 
photovoltaic (PV) panels and its off-grid capabilities. Compared to geothermal 
energy	 and	biomass,	 solar	 energy	 can	be	harnessed	 to	generate	 sufficient	
heat	energy	for	power	generation.	 In	the	Philippines,	a	total	of	921	MW	of	
installed capacity was attributed to solar energy as of 2019. By 2020, the 
installation types used for solar energy were ground mounted and rooftop 
solar PV panels that were connected to the grid. In order to increase the 
contributions of solar energy to the country’s energy mix, it is imperative 
to map the resource, associated risks, and suitable sites for this particular 
renewable energy. To understand the potential of solar energy resource, 
solar radiation measurements are required, and given their limited spatial 
coverage, remote sensing and modeling are necessary in the development of 
solar power plants. Furthermore, in the energy context, risk is the probability 
of	 loss,	 which	 is	 defined	 by	 the	 interrelationship	 of	 hazards,	 exposures,	
and	 vulnerabilities.	With	 these	 components,	 risk	 mapping	 was	 carried	 out	
to characterize the risks to resource, the risks to systems and facilities, and 
the risks to the community and surrounding environment at selected scales 
(national and regional, and/or local). Finally, site suitability assessments for 
ground	mounted	and	floating	solar	power	plants	 (SPPs)	were	conducted	at	
the national, regional, and local scales. This research demonstrates the use of 
various mapping methodologies and different types of geospatial information 
to visualize and understand the potential of harnessing and developing solar 
energy power plants in the country.

Keywords: Solar Power Plantation, Solar Energy Resource, Risk, Site Suitability

Abstract
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1
Solar radiation, also known as a potential solar energy resource, is the largest 
energy flow entering the terrestrial ecosystem, which hits the surface of the 
Earth and undergoes conversion to all forms of energy used by humans 
(GCEP 2006). In order to understand its feasibility in a given location, a 
comprehensive assessment must be carried out, taking into account specific 
factors such as solar irradiance at the horizontal plane and the tilted position 
of solar photovoltaic (PV) panels that may vary geographically (Gorjian and 
Shukla 2020). Onsite ground measurements and remote sensing are two 
of the most common types of potential solar energy resource assessments. 
Pyranometers are commonly used to measure solar irradiance on the ground, 
while the primary or secondary data from satellites are statistically aggregated 
to obtain solar data. Additionally, climate models can generate information 
about potential solar resource by simulating the transfer of energy and 
materials in the climate system using mathematical equations (NOAA Climate.
gov, n.d.).  

The solar resource can be converted to electricity through solar PV panels. 
In the Philippines, the deployment of solar PV panels varies depending on 
the purpose of the solar power plant (SPP). Large SPPs that have ground 
mounted panels are typically connected to the national grid. The rooftop 
installed solar PV panels can be connected to the local distribution utilities 
through net-metering, which can also feed to the national grid. In addition, 
these rooftop solar PV installations can be used exclusively by commercial 
or private establishments for their own supply of electricity. Meanwhile, 
the hybrid facilities in which the rooftop and/or ground mounted solar PV 
panels are complemented by batteries and diesel generators to enable 24-
hour operation are deployed in off-grid island areas, such as the provinces 
of Palawan, Romblon, and Leyte (DOE  2020). Additionally, off-grid facilities 
for community-based solar home systems were implemented by various 
institutions. An example is the Department of Agrarian Reform’s Solar Power 
Technology Support (DAR-SPOTS) program, a social and agricultural project 
appropriate to the rural enterprise community (Macabebe et al. 2016). There 
are also floating solar panels being tested and installed in selected sites in the 
Philippines.

Introduction



717Technical Studies in Support of Renewable EnergyChapter 38

Aside from the potential solar resource, there are other factors to consider 
in developing SPPs, such as risks and site suitability. Risk has numerous 
definitions depending on the purpose of the research and its applications. 
The Intergovernmental Panel on Climate Change (IPCC) defines risk as “the 
adverse consequences for human or ecological systems, recognizing the 
diversity of values and objectives associated with such systems” (Reisinger 
et al. 2020, 4).  A new instrument for a countrywide assessment is the World 
Risk Index, which refers to “the understanding of risk within the natural hazard 
and disaster risk community (Figure 38.1), where disaster risk is defined as 
the product of the interaction of physical hazards and the vulnerabilities of 
exposed elements” (Welle and Birkmann 2015, 3-4). The risks posed to the 
renewable energy (RE) sector are classified into the following categories: 
credit, market, operational, liquidity, or political risk (Lee and Zhong, 2014, 1). 

The objectives of this research are the following: (1) to review the current 
status of harnessing solar energy at the global and national scales, (2) to 
discuss selected literature on mapping the resource, associated risks, and 
suitable sites for developing solar energy, and (3) to provide an overview of 
the risk mapping and site suitability assessments that were carried out at the 
national, regional, and local scales under the Access to Sustainable Energy 
Programme–Clean Energy Living Laboratories (ASEP-CELLs) for developing 
solar energy in the Philippines.

Figure 38.1:
The concept of 
the	World	Risk	
Index

Source: Welle 
and Birkmann 
2015
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2

Ancient civilizations used passive solar technologies for warming and/
or cooling habitations and heating. This type of energy was intensively 
studied during the Renaissance period.  In the 19th century, the first solar-
based mechanical engine was built (Butti and Perlin 1980). In 1839, Edmond 
Becquerel discovered the photovoltaic (PV) effect (Becquerel 1839). In the 
1950s, the first photovoltaic cell was created and paved the way for advancing 
solar technologies globally.

Nowadays, solar energy is being converted to electricity using two processes: 
(a) the solar PV, and (b) concentrating solar power (CSP). Solar PV is composed of 
solar panels assembled by combining two layers of semiconductive materials, 
usually silicon, as shown in Figure 38.2. The CSP uses combinations of mirrors 

Current Status of Harnessing Solar Energy at the 
Global and National Scales    

Figure 38.2:
Schematics of 
solar PV panel 
shows that 
when sunlight 
shines on the 
layers, the 
photons from 
light absorb 
and excite 
the electrons 
causing it to 
jump from one 
layer to another 
generating 
electric current.



719Technical Studies in Support of Renewable EnergyChapter 38

or lenses to concentrate the direct beam component of solar radiation. The 
concentrated radiation must be intercepted by a receiver, which is then 
converted to thermal energy. The CSP are best suited to areas with a high 
percentage of clear sky conditions and low air pollution (El-Haggar, Mousa, 
and El-Morsi 2016).

The floating PV (FPV) layout is similar to a land-based PV system, except the 
solar PV arrays and often, the inverters are mounted on a floating platform 
(World Bank Group et al 2019). The floating platform is held in place by an 
anchoring and mooring system, the design of which depends on factors such 
as wind load, float type, water depth, and variability in the water level (Figure 
38.3). 

Figure 38.3: The schematics of a large-scale FPV system shows that the direct current generated by PV modules is 
gathered by the combiner box and converted to alternating current by inverter fed into the grid

Source: World Bank Group et al. 2019
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Figure 38.4: The	world	electricity	generation	from	solar	energy	was	1331	GWh	to	562,033	GWh	from	2000	to	2018.	
The	top	5	countries	with	the	highest	electricity	generation	from	solar	energy	(GWh)	in	2018	were	the	following:	

(1)	China	-	178,071	GWh,	(2)	USA	-	85,	184	GWh,	(3)	Japan	-	62,668	GWh,	(4)	Germany	-	45,784	GWh,	
and	(5)	India	-	31,067	GWh

Source: IRENA 2021

Source: IRENA 2021

Figure 38.5: The	world	electricity	generation	from	CSP	was	526	GWh	to	12,200	GWh	from	2000	to	2018.	The	top	
5	countries	with	the	highest	electricity	generation	from	CSP	in	2018	were	the	following:	(1)	Spain	-	4,867	GWh,	(2)	

USA	-	3,940	GWh,	(3)	South	Africa	-	1,029	GWh,	(4)	Morocco	–	949	GWh,	and	(5)	Egypt	–	484	GWh.
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The total electricity generated by solar energy worldwide in the year 2000 was 
1,331 gigawatt hours (GWh). It started to increase exponentially in 2008, with 
electricity generation rising to 12,806 GWh. As of 2018, it had generated a 
massive 562,033 GWh (IRENA 2021). In 2018, China is the leading country in 
harnessing solar energy for electricity, with a total of 178,071 GWh, followed 
by the United States of America (USA), Japan, Germany, and India (Figure 
38.4). These countries are also the leading users of solar PV technology. On 
the other hand, the leading countries utilizing CSP plants are Spain, USA, 
South Africa, Morocco, and Egypt (Figure 38.5). In recent years, solar energy 
technology has become more reliable, cost-effective, competitive, and eco-
friendly, which makes it a valuable addition to the grid (Thomas et. al. 2018).

Meanwhile, in the Philippines, the solar energy installed generating capacity 
or the total capacities of the generating units in a power plant is shown 
in Figure 38.6. As of 2019, there has been a total of 921 MW of installed 
capacity. The graph indicated an exponential increase since 2014 that could 
be attributed to the decline in the prices of raw materials used in making solar 
PV panels, and the impact of the RE law enacted in 2008 (Renewable Energy 
Act, 2008). As of June 2020, the installation types used for solar energy were 
ground mounted and rooftop solar PV panels that were connected to the grid. 
Hybrid rooftop solar PV panels, which were equipped with diesel generators 
and batteries, were used for the off-grid facilities (DOE, 2020). On the other 
hand, floating PV (FPV) panels have been installed and currently being tested 
in the Magat Dam Reservoir and the Laguna Lake (See Figures 38.7 and 38.8).

Figure 38.6:
In 2007, both 
installed and 
dependable 
generating 
capacity were 
at 1 megawatt 
(MW).	In	
2019, the 
installed and 
dependable 
generating 
capacity 
increased 
exponentially 
at	921	MW	
and	737	MW,	
respectively

Source: 
DOE 2019
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Figure 38.8:

Figure 38.7:

Floating PV 
panel in 
Laguna Lake.

Floating	Solar	–	
SN Aboitiz 
Power Group 
Ramon, Isabela, 
with permission 
from source                            

Source: 
Winnergy 2018, 
with permission 
from Winnergy 
Philippines

Source: 
Aboitiz Power 
Corporation
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3 Solar Resource Assessment and Mapping
Only geothermal, biomass, and solar RE can be harnessed to produce sufficient 
heat energy for power generation, and solar energy has the highest global 
potential among these three RE sources (Kabir et al. 2018). To understand the 
potential of solar energy resource, solar radiation measurements are required, 
and given their limited spatial coverage, remote sensing and modeling are 
necessary in the development of SPP (Hammer et al. 2003).

The Global Solar Atlas is a platform developed by The World Bank Group 
under the Energy Sector Management Assistance Program (ESMAP), in 
collaboration with Solargis which serves as the solar energy resource data 
provider. This platform showcases downloadable maps and data sets of the 
potential solar energy resource modeled from satellite images, that can be 
used for solar energy resources assessment. In the Philippines, the Global 
Solar Atlas has assessed the annual average of the global horizontal irradiance 
(GHI) from 2007-2018, which ranges from 2.474 to 5.625 kilowatt-hour per 
square meter (kWh/m²) (Global Solar Atlas 2020). 

One of the methodologies used by Solargis to generate a solar energy resource 
map is the solar radiation model. The model accounts for the attenuation 
factor of solar radiation from the Earth’s atmosphere to the ground. The first 
procedure is to calculate the clear sky-irradiance, which assumes the absence 
of clouds, and thereafter considering the position of the sun, the effect of 
altitude, aerosols, water vapor, and ozone. Second, the all-sky irradiance or 
the GHI is processed to quantify the effect of clouds using remotely-sensed 
data from geostationary meteorological satellites. The primary GHI is post-
processed to acquire the direct and diffuse irradiance, and the global irradiance 
on tilted surfaces. The final data is corrected for the effect of shadow and 
terrain. (Global Solar Atlas 2020).

Global solar radiation has three components. First, the component that 
is neither absorbed nor scattered is called direct radiation. Second, the 
component that is diffused when it enters the Earth’s atmosphere is called 
diffuse radiation. Lastly, the reflected radiation refers to the small part of the 
radiation reflected by the surface and reaching an inclined plane. The effects 
of the different atmospheric parameters, environmental variables, and solar 
geometry to the sun’s energy can reduce the penetration of solar radiation to 
the Earth (Figure 38.9) (Solargis 2021). The atmospheric parameters are 
water vapor, aerosol optical depth and type, ozone, and clouds. The 
environmental variables include altitude, terrain shading, and air temperature. 
The solar geometry is defined by the sun’s zenith angle, azimuth range, and 
extra-terrestrial irradiance (Global Solar Atlas, 2020).
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On the other hand, the atmospheric pressure, ground albedo, aerosol optical 
depth, ozone and NO2 vertical path lengths, aerosol single-scattering albedo, 
Angstrom turbidity coefficient, and precipitable water were some of the 
parameters considered in a study of solar modeling in Tanzania (Bernardos 
et al. 2015). The study accounted for the aerosol and water vapor as input to 
clear sky and direct normal irradiation models. The cloud albedo and ground 
albedo which also causes radiation scattering were estimated using the 
reflectivity data from the satellite sensor used. Topography was also added to 
account for the altitude.

In the interim solar modeling report for Tanzania, the solar irradiance data was 
estimated using information from satellite images and the Numerical Weather 
Prediction (NWP) model. The satellite-based solar irradiance modeling 
used the Indian Ocean Data Coverage of Meteosat First Generation (IODC/
MFG) geostationary satellites data and the Reference Evaluation of Solar 
Transmittance 2-band (REST2) model. The IODC/MFG estimated the GHI 
through the empirical relationship between the clear sky index and the cloud 
index. The REST2 determined the GHI for clear sky conditions that accounted 
for scattering and absorption. On the other hand, the NWP solar irradiance 
modelling used Skiron, a mesoscale model with input data coming from the 
Global Forecast System (GFS). The GFS solved the atmospheric equation 
of meteorological variables that can estimate the potential of solar energy 
resource (Bernardos et al., 2015).

Figure 38.9:
Solar resource 
model shows 
the attenuation 
factors of 
solar radiation 
towards the 
atmosphere 
until it reaches 
the ground 
surface.

Source: Global 
Solar Atlas 2020
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The Regional Climate Systems (RCS) laboratory of the Manila Observatory (MO) 
also maps out and models solar energy variables, which are carried out in four 
steps: (a) climate modelling, (b) model validation, (c) calculation of the future 
changes in solar surface radiation (SSR), and (d) implications of solar energy 
production. Climate models are generated from mathematical equations that 
use thousands of data points to simulate the transfer of energy and water 
that takes place in the climate system (Harper 2018), such as atmospheric, 
oceanic and land processes (i.e., ocean circulation and melting of glaciers). 
On the other hand, the model validation/evaluation verifies the outputs from 
the climate model by running the full model and afterwards comparing the 
results with actual observations (Solomon et al. 2007). The calculation of 
future changes in SSR and its implications to solar energy production define 
different climate scenarios in the future. The solar energy variables generated 
by the RCS laboratory were applied in this study. 

4
Within the energy context, risk is the reduction of benefits from operations 
in the electricity sector (ADB 2010). This threat exists in the institution, the 
organization, and its operations. Risk pertains to the confluence of hazards, 
exposures, and vulnerability (IPCC 2014; UNDRR 2019). Another definition of 
risk is the probability of loss, which depends on three factors, namely, hazard, 
exposure, and vulnerability (Crichton 1999). According to this definition, the 
size of the risk can be represented as an area of a triangle; if the exposure can 
be reduced, then the risk can also be reduced 
(Figure 38.10).

Risks to Solar Energy

Figure 38.10:
The risk triangle 
shows that 
when the one 
side of the 
triangle, which 
in this case is 
the exposure, 
was reduced, 
the area of risk 
is also reduced

Source: 
Crichton 1999
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Meanwhile, within the power sector context, disaster risk assessment is 
undertaken in three steps: hazard assessment, exposure assessment, and 
vulnerability assessment. Hazard assessment deals with the frequency, 
intensity, seasonality, and geographic extent of the occurrence of a natural 
hazard. The exposure assessment evaluates the location, attributes, and 
values of assets exposed to the hazard. The vulnerability assessment is the 
likelihood and propensity that the exposed asset may suffer from the hazard 
(Brown, Prudent-Richard, and O’Mara 2016).

Another report that pertains to the resilience of the power sector defined risk 
as the exposure to threats, such as potential loss, damage, or destruction of 
the asset. According to the report, vulnerability assessment was the key step 
in analyzing risk. According to this report, vulnerability was the weakness in 
infrastructure, process, system, or susceptibility to threats, whereas the threat 
was anything that can damage, destroy, or disrupt the power system (Stout 
et al. 2019).

The risks related to solar energy can be categorized according to technology, 
financing, social and environmental, administrative, and risks due to severe 
weather events. The technological risk pertains to the bankability, sustainability, 
and capacity for operations and maintenance of the PV panels and inverters 
(Vendrell et al. 2014). The financing risk is the devaluation of foreign currency 
loans that result in reduction of the ability to repay. Additionally, high inflation 
increases the operation and maintenance cost. The environmental and social 
risks are the unacceptable environmental impacts during construction and 
the subsequent opposition by the local community, respectively (UNECE 
n.d.). Administrative risk is a licensing and permitting procedure that has 
high costs and long-term duration (Fajardo et al 2014). Risks due to severe 
weather events include lightning strike, extreme wind and temperature, flood, 
sandstorm, dune movement, and earthquake (UNECE n.d.).

In the inception workshop conducted in 2019 by the Manila Observatory for 
the ASEP-CELLs project, risks that may affect renewable energy development 
were identified. According to the participants from the Renewable Energy 
Management Bureau (REMB) of the Department of Energy, one of the issues in 
developing RE projects was land-use conversion or zoning. It was also raised 
that there should be a facility to properly recycle the damaged PV panels, 
batteries, and other electronic accessories. The agency also mentioned the 
unexploded ordnance (UXO), or the risk of detonation posed by explosives 
that have been fired but remain unexploded once the RE project had been 
deployed (Frost et al. 2017, 1). Areas of human conflict must also be considered 
in risk mapping. Another anthropogenic risk suggested by the participants 
was the number of gunshots recorded during the New Year. However, this 
data was not available. Fire explosion was a risk that can cause great damage 
to facilities, though this type of risk was not mappable.
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The risks (R) to solar energy resource may be assessed in the spatial context 
considering the confluence of hazards (H), exposures (E), and vulnerabilities 
(V). This study adopts the definition of hazard, exposure, and vulnerability 
from the United Nations Office for Disaster Risk Reduction (UNDRR 2020). The 
UNDRR defines hazard as the “process, phenomenon or human activity that 
may cause loss of life, injury or other health impacts, property damage, social 
and economic disruption, or environmental degradation.” Exposure is “the 
situation of people, infrastructure, housing, production capacities, and other 
tangible human assets located in hazard-prone areas.” Whereas, vulnerability 
is defined as “the condition determined by physical, social, economic, and 
environmental factors or processes, which increase the susceptibility of an 
individual, community, asset or system to the impact of hazards.”

One of the methods used in mapping risks to solar energy is logical 
combination, which follows the concept of risk as the relationship between 
likelihood and consequence of events as shown in Figure 38.11 (Brown et 
al. 2016). Likelihood refers to the probability of losses for power projects 
that can be greatly influenced by the presence of risks. On the other hand, 
consequences are described in terms of the (a) duration and extent of service 
disruption, (b) impacts on health, environment, and finance, (c) reputational, 
regulatory, and legal impacts, and (d) resources (in some cases).

Another method is overlay analysis, which combines the significant layers by 
transforming or reclassifying the data to a common scale for an integrated 
analysis. The weighted overlay analysis approach uses weights that define the 
importance of each layer. These weights are then multiplied to the cell values 
of their corresponding raster layers and combined to generate the output 
raster. Other approaches for the overlay analysis include weighted sum, fuzzy 
membership, and fuzzy overlay. These methods were used in mapping the 
risks to solar energy using geographic information systems (GIS).

4.1 Mapping Risks to Solar Energy

Figure 38.11:
The risk matrix 
tool helps users 
assign scores 
based on the 
analysis of 
likelihood and 
consequences 
of risks

Source: 
Brown et al. 
2016
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The potential H, E, V, and R were categorized into three groups: (a) risk to 
resource, (b) risk to systems and facilities, and (c) risk to the community and 
surrounding environment. Depending on the nature and type of data, the H, 
E, V, and R will be mapped in three scales; national or countrywide coverage, 
regional (for the three main islands: Luzon, Visayas, and Mindanao), and at 
the local scale, particularly in the municipality of Naujan province of Oriental 
Mindoro. Naujan is located in the eastern portion of Mindoro Island west of 
the Philippines. An SPP may be suitable in Naujan due to its off-grid capacity 
and the flexibility for installations (on the ground, on the rooftop, and even 
floating on the lake or shore). It is important to note that, while we can view 
risk as the relationship of HEVs, these are compounding and progressive. 
Hence, addressing each component of risk is important in the context of time 
and space. 

The risks to resource that were considered in this modelling were water vapor, 
cloud, horizontal plane, and air temperature, which were already integrated 
in the outputs provided by the RCS laboratory. The risks to resource, to 
systems and facilities, and to community and surrounding environment are 
summarized under Table 38.1. Please refer to this table for the corresponding 
HEV components for each of the risk assessments that were carried out.

4.2 HEV Screening for Risk Assessment

4.2.1 Hazards

The hazard to solar resource, such as atmospheric parameters, 
solar geometry, and environmental variables, affects the 
components of solar radiation (for detailed information, please 
refer to section 3). These components are considered in mapping 
the solar resource.

The hazards for facilities and systems include natural and 
anthropogenic hazards. The natural hazards are predominantly 
associated with natural processes and phenomena. The natural 
hazards that have implications to solar energy are extreme 
temperatures, flooding, tropical cyclones, storm surges, severe 
winds, ground subsidence and liquefaction, earthquakes or 
ground shaking, lightning, dust accumulation, hailstorms, and 
volcanic eruptions. These hazards have been identified based 
on the review of selected literature and workshops. 

During the design and construction, the effects of earthquakes 
could be minimized by selecting a location far from earthquake 
prone areas and by purchasing insurance against earthquakes. 
Ground conditions should support at least 25 years of life design. 



729Technical Studies in Support of Renewable EnergyChapter 38

A geo-technical assessment (clay, rock, porosity, and stability) 
should be undertaken to confirm ground stability and its ability 
to support the installation of solar PV panels. Ground conditions 
were associated with ground subsidence and liquefaction. 
Liquefaction is a phenomenon that turns the ground into liquid 
and when this happens the ground cannot support the structure 
that stands to it (Faculty of Societal Safety Sciences 2018) such 
as solar PV panels. In addition, the design for the foundations 
should be robust given the potential earthquake or ground 
shaking conditions (Vendrell et al. 2014).

Scale Hazard Exposure Vulnerability Risk Map

Risk to Facilities and Systems

National/ 
Regional

Earthquake

Existing SPP

Proximity to Fault Line
Solar Energy Facilities 

and Systems Risk Due to 
Earthquake

SESC

SSR

Flood

Existing SPP

Elevation Solar Energy Facilities and 
Systems Risk Due to FloodSESC

SSR

Liquefaction

Existing SPP

Soil Type
Solar Energy Facilities 

and Systems Risk Due to 
Liquefaction

SESC

SSR

Severe Wind

Existing SPP

Existing SPP Height
Solar Energy Facilities 

and Systems Risk Due to 
Severe Wind

SESC

SSR

Typhoon (Typhoon 
Frequency, Typhoon 
Wind Speed (kph), 

Storm Surge 
Inundation, and 
Rainfall Intensity)

Existing SPP Typhoon (Elevation, 
Slope, Proximity to 

Typhoon Track, Proximity 
to Coastline, and Land 

Cover)

Solar Energy Facilities 
and Systems Risk Due to 

Typhoon

SESC

SSR

Areas of Conflict

Existing SPP
Population, Socio-

Economic, Ethno-political, 
and Geographic Location

Solar Energy Facilities 
and Systems Risk Due to 

Conflict
SESC

SSR

Crime

Existing SPP

Police Station
Solar Energy Facilities 

and Systems Risk Due to 
Crime

SESC

SSR

Table 38.1: The risks mapped for solar energy with the corresponding hazards, exposures, and vulnerabilities.
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Scale Hazard Exposure Vulnerability Risk Map

Local

Earthquake, flood, 
liquefaction, and 

severe wind
Potential SSR

Land-use conflict, public 
opposition, and local 

crime

Ground Mounted Solar 
Energy Facilities and 

Systems Compounding 
Risk Due to Earthquake, 
Flood, Liquefaction, and 

Severe Wind

Ownership Modality 
of Water Body 

(Municipal Waters)

Naujan lake or 
freshwater body 

for FPV

Municipality with Existing 
Regulatory Framework

FPV Facilities and Systems 
Compounding Risk Due 

to Ownership Modality of 
Water Body

Risk to Community and Environment

Land-based SPP

Local

Unexploded 
Ordnance (UXO)

Potential SSR 
and Population 

Density

Poverty and Socio-
economic data

Risk for Solar Energy and 
Surrounding Community 

Due to UXO

Battery and 
PV panels 

contamination in 
sanitary landfill

Potential SSR 
and Population 

Density

Poverty and Socio-
economic data

Risk for Surrounding 
Community Due to 

Battery and PV Panels 
Contamination

Displacement due to 
SPP development

Population 
Density

Poverty and Socio-
economic data

Risk for Surrounding 
Community Due to SPP

Water-based SPP

Local

Visual Impact of FPV 
SPP

Inland Water 
Tourism Municipal Income Class Risk for Tourism Sites Due 

FPV SPP

FPV SPP

Fishermen 
Population 

harvesting in 
Naujan Lake

Municipal Income Class Risk for Fishermen Due 
FPV SPP

Compounding 
hazard caused by 

FPV SPP: 

Naujan Lake 
Aquatic 

Community 
(Flora and 

Fauna)

Municipal Income Class 
and Protected Area

Risk for Aquatic 
Community Due FPV SPP

cabling structure 
that may cause 
water turbidity, 

soil trenching, and 
electromagnetic 
field	emission;	and

shading and oxygen 
depletion

FPV SPP Forest Nearby 
Naujan Lake Protected Areas Risk for Forestland Due to 

FPV SPP

Noise and Air 
Pollution During the 
Development of FPV 

SPP

Municipal 
Population and

Children and Elderly
Risk for Surrounding 

Community Due to FPV 
SPPNearby Parks 

for wildlife
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Another natural hazard affecting solar energy technologies is 
flooding due to tropical cyclones, particularly for areas that are 
greater than 50 centimeters above the maximum historical flood 
levels (Vendrell et al. 2014). Post-storm field inspections show 
that high wind speeds caused some models of solar PV panels 
to burst due to strong wind pressures. The ability of the panels 
to withstand these wind pressures could vary greatly among 
manufacturers (US-DOE 2018). Solar PV panels installed near the 
coastline may also experience damage due to storm surges. 

The solar PV panels and their electronic components are 
installed in open and flat areas and are at greater risk to damage 
caused by lightning (Zaini et al. 2017). The lightning strikes can 
be mapped using weather satellites (Bruning et al. 2019) and 
lightning risk index as well as ground sensitivity to lightning can 
be determined (Hu 2017).

Another natural event that can damage solar PV panels are 
hailstorms. Fortunately, solar PV panel manufacturers test 
their products to ensure that they are capable of withstanding 
hailstorms. In 2017, there was a severe hailstorm in Colorado, 
particularly in the National Renewable Energy Laboratory (NREL) 
where only a single solar PV panel appeared to have been hit 
and damaged by the said hailstorm (Marsh 2017). 

In cases of volcanic eruptions, the aerosol optical depth (AOD) 
might be affected, which in turn, affects solar radiation (Kharait 
et al. 2016). A study conducted in Canada analyzed the effect 
of volcanic eruption on the amount of direct beam and diffuse 
radiation. The study found that there was a strong reduction of 
clear hour direct beam radiation due to aerosols released from 
volcanoes (Garrison, 1995). Another hazard is dust accumulation, 
which can reduce the voltage, current, and overall capacities 
of solar PV panels (Menoufi et al. 2017). The effects of dust 
accumulation and volcanic eruptions are similar, as both can 
decrease the power generation of the solar PV panels. Unlike 
dust accumulation, which directly settles on top of the solar 
PV panels, volcanic eruption has an indirect effect on power 
generation as it blocks the sunlight in the atmosphere. The effect 
of volcanic eruptions to solar radiation can be mapped using 
satellite observations (Vernier et al. 2016), while the erodibility 
of dust can be mapped using the land cover with correlation of 
wind speed (Parajuli et al. 2014). 

This study is limited to secondary data available, hence lightning, 
hailstorm, volcanic eruption, and dust accumulation were 
excluded in this study. Meanwhile the earthquake, liquefaction, 
flood, severe wind, and typhoon hazards were included in the 
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assessment of risk to facilities and systems at the national scale, 
which were also the basis of the maps at the regional scale. 
The anthropogenic hazards such as areas of human conflict and 
presence of crimes were assessed at similar scales. At the local 
scale, earthquake, flood, liquefaction, and severe wind were 
combined to create a compounding risk. An additional hazard 
in developing FPV was identified as the ownership modality of 
the water body.

The hazards for the community and surrounding environment are 
the possible threats due to the existence of the SPP that may 
affect the society, habitats, and wildlife, which are investigated 
at the local scale. At this scale, the hazards in developing an FPV 
over bodies of water such as lakes were considered. 

The Environmental Management Bureau (EMB) of the 
Department of Environment and Natural Resources (DENR) has 
a list of facilities that can treat, store, and dispose (TSD) the 
toxic, hazardous, and nuclear waste (EMB, 2021). According to 
this list, there is no existing TSD facility in the island of Mindoro, 
therefore, the industrial waste from SPP is assumed to be 
disposed of in the local sanitary landfill which can pose toxicity 
hazard to its surrounding community and environment caused 
by battery and PV panels contaminations. Another challenge is 
the existence of UXO at the site subject for development of SPP 
which is harmful to personnel during the development stage. 
Lastly, the community displacement that may occur during the 
development stage is also one of the hazards identified for land-
based SPP.

On the other hand, one of the threats posed by developing FPV or 
water based SPP is noise and air pollution during the construction 
that can affect the nearby wildlife park and visitors, as well as the 
neighboring community. During this stage, deforestation may 
also occur due to the need to build infrastructure to access the 
site. The aquatic community can experience shading, sediment 
resuspension, tidal wave change, water turbidity, electromagnetic 
field emission from cable wires, and oxygen depletion (Da Silva 
2018). This may also cause reduction in the fishing activities as 
well as fishermen and/or fisherfolk displacement (Hooper 2020; 
Da Silva 2018) Moreover, the installation of an FPV has a visual 
impact on the natural beauty of inland water bodies that can 
affect the tourism industry (Hooper et al. 2020; Da Silva et al. 
2018).
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4.2.2 Exposures

The exposures to the identified hazards at the national and 
regional scale are the following: (a) the existing solar power 
plant, (b) the location of the solar energy service contract (SESC), 
and (c) the potential solar energy resource or SSR provided by 
RCS laboratory. Aside from infrastructure and potential SSR, 
the community and environment that surround the facility may 
be affected by the solar energy project. At the local scale, 
the exposed elements to land-based SPP are the barangay 
population and population density. 

Naujan Lake can be explored and considered as a potential area 
for the installation of FPV in the near future. Given this possible 
scenario, the assessment of the exposed elements at the local 
scale related to this potential installation are considered in this 
study.  

4.2.3 Vulnerabilities

Vulnerability could vary significantly within a community and over 
time (ODPM 2013). The vulnerabilities identified for national and 
regional scales were based on the type of hazard and the state 
or condition of the exposure. The vulnerability associated with 
liquefaction is the suitable soil type for the installation of solar PV 
panels. Luvisol, fluvisol, vertisol, and laptosol were categorized by 
their suitability. Luivsol and fluvisol were considered suitable, the 
former being highly suitable. Vertisol was considered moderately 
suitable, while laptosol was unsuitable for the installation of 
solar PV panels, respectively (Nebey et al. 2020). The solar PV 
panels located in low elevation are highly susceptible to flooding 
therefore, elevation is considered as vulnerability. The location 
of SPP relative to its proximity to the fault line is considered 
a vulnerability to in relation to earthquake hazard. If the SPP 
is located very near to a fault line the damage caused by the 
earthquake could be very high. Another hazard is wind speed 
that increases at higher altitudes, therefore, the rooftop installed 
solar PV panels are highly susceptible to this hazard and the 
height of the existing SPPs are also considered as a vulnerability. 
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The damaged PV panels, batteries, and other electronic 
accessories can cause contamination to the surrounding 
environment if not properly disposed of. Since there were no 
recycling facilities in the island of Mindoro, it was assumed that 
these wastes will be disposed of at the local sanitary landfill. 
Therefore, the socio-economic and poverty status of the local 
government unit (LGU) were vulnerable to PV panels and 
battery contamination. Additionally, these vulnerabilities apply 
to the local community displacement as well as to unexploded 
ordnance.

Municipalities with high income class may have the capacity 
to assist the tourism sector affected by the visual impact of 
FPV. Therefore, the tourism sites in those lower income class 
municipalities surrounding the Naujan Lake are vulnerable to 
this risk.

On the other hand, to access the site during power plant 
development, trees may be cut down to give way for road 
construction. If the site and its adjacent land were not proclaimed 
as protected areas, it may be subject to deforestation. Therefore, 
the protected area was identified as susceptible to the risk due 
to deforestation.

Additionally, during the development stage noise and air 
pollution may occur. The children and elderly around the lake 
may be affected. The population below 18 years old and above 
60 years old were the vulnerable element in the risk due to noise 
and air pollution.
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5
The selection of suitable locations for a solar energy project is determined by 
specific siting conditions or criteria (Bajjali 2018). Site suitability assessments 
were carried out for land-based and water-based SPPs. A case study in 
Indonesia considered the following information in selecting the ideal location 
for installing a solar energy project: (a) irradiance greater than 900 kWh/m2 
/year; (b) slope ≤ 30 %; (c) distance from the road ≤ 5,000 m; (d) ineligible 
settlements; (e) eligible land cover types: herbs and grasses, and open fields 
(i.e., bare land, savannas, bushes, and shrubs); and (f) ineligible land cover 
types, including: lakes, commercial and industrial buildings not used as homes, 
seasonal crops in wetland areas, seasonal crops in dry land areas, lowland 
forest, highland forest, mangrove forest, plantations, garden and plant mixes, 
salt or brackish water, and rivers. Results showed that areas with either herbs, 
grass, open fields, bare land, savannahs, bushes, or shrubs, which were also 
considered as the eligible land cover types were found to be the most suitable 
sites (Prasad Sah and Wijayatunga 2017).

Another GIS-based decision support study that aimed to develop an inventory 
of solar resource potential was conducted in the town of Poultney, Vermont, 
USA. This study used 30-meter elevation data to model the annual solar 
radiation and estimated the usable building footprint area, specifically the 
south-facing roofs. The aspect, tree canopy height, orthophoto, and town 
boundary were included as input data in developing the solar potential 
inventory. Their findings revealed that the highest solar radiation values were 
located on higher elevations with greater relief, which also experienced less 
topographic shielding. Under the current land-use scenario, it was found that 
the building had moderate to poor potential (Van Hoesen and Letendre 2010). 

Multi-criteria evaluation in assessing solar farm suitability was conducted 
in the South-Central England region. The data included agricultural land 
classification, landscape designations, wildlife designations, historically 
important areas, residential areas, transport links, aspect, slope, solar 
radiation, and network connection. The first step in this study was to generate 
the constraint layer (CL) using a binary scale, where 0 is designated as the 
presence of constraint and 1 as the absence of constraint. The second step was 
the pairwise comparison, which provided relative importance to each variable, 
or what is called a factor layer (FL). In the third step, the relative weights for 
each variable were determined to set the priorities. Then, the CL and FL were 
multiplied to obtain the potential of the areas, ranked from having the lowest 
to the maximum potential areas. Lastly, sensitivity analysis was performed. The 
finding showed 9.3%, 73.3%, and 17.4% of non-constraint areas accounted as 
most suitable, moderately suitable, and least suitable respectively (Watson 
and Hudson 2015).

Site suitability analyses for selected RE types were also conducted in the 
Philippines under the Nationwide Detailed Resources Assessment Using 
LiDAR (Phil-LIDAR 2) - Philippine Renewable Energy Resource Mapping from 

Site Suitability Assessment
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LiDAR Surveys (REMap) Program, which identified constraints and factor layers 
in determining suitable sites.

On the other hand, the deployment of FPV arrays has increased (SERIS 2019). 
The environmental implications of FPV arrays are critical. Some of the effects 
were biofouling or fouling of organisms (World Bank et al. 2019). This may 
affect the dissipation of heat from cable wires and may enhance corrosion. 
Coral reefs and seagrasses may experience shading, sediment resuspension, 
and scour from mooring cables (Hooper et al. 2020). The tidal waves are 
affected by the changes in water depths when cables interact with the seabed 
(Hooper et al. 2020). 

Site suitability analysis for ground mounted and floating SPPs were conducted 
in this research. The factors were categorized into three, namely, physical, 
environmental, and socio-economic. Using the fuzzy membership method, 
the factors will have 0 to 1 value. Very low suitability is assigned to 0 and 1 
has very high suitability, and the values in between will receive a linear scale 
where larger values have greater suitability. Furthermore, areas of exclusion 
or constraints were also identified. These are locations where SPPs should not 
be built due to existing ground conditions or policies and regulations that 
are currently in place (i.e., protected areas). Weights were also applied to 
consider the contributions of the different factors in determining the degree 
of suitability of an area.

For the land-based SPP, the constraints, factors, and weights were adopted 
from the site suitability assessment carried out by the REMap project (Ang 
and Blanco 2017). This program identified the criteria for the local setting 
in the Philippines. In addition, experts and decision makers were consulted 
in assessing the viable locations for SPPs. Only selected variables from the 
mentioned project were used in this study due to the availability of data as 
well as the recommendations of the project’s energy consultant (Table 38.2).

5.1 National and Regional Scales
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The highly preferred categories for the site suitability of FPV are physical, 
environmental, and socio-economic elements. Research hosted by the Édition 
Diffusion Presse Sciences also impart a detailed checklist of factors in FPV 
site assessment (Piana et al. 2021). Table 38.3 shows the criteria for a more 
extensive analysis that will provide guidance on the choice of the location 
of an FPV in a lake. One of the identified factors is the fractal shape of the 
lake. The site is suitable if the shape is (approximately) rectangular. Irregular 
lakes are moderately suitable if it is overall large, but if the lake is small with 
narrow points, the site is unsuitable. Artificial lakes with an active dam are 
suitable, while small natural lakes are unsuitable (Piana et al. 2021). Large 
natural lakes are moderately suitable if the FPV coverage is low but has high 

Level 1 Level 2 Level 3

Resource 0.826 Solar Surface 
Radiation    

Non-
Resource 0.174

Technical Physical 0.355 

Slope 0.383

Aspect 0.248

Suitable land cover type: 
grassland and bare land 0.271

Proximity to water 0.098

Environmental 0.405

Key
 biodiversity areas 0.275

Protected areas 0.523

Mining sites 0.202

Socio-economic 0.240 

Built-up 0.170

National roads 0.189

Substations 0.424

Ports (sea and air) 0.217

Constraints

Ancestral Domain

 

Level 1 Historical Sites 
(buffer distance at 1 km)

Transmission Lines (buffer 
distance at 500 m)

Table 38.2:
The factors 
and constraints 
selected for 
assessing the 
site suitability 
for land-based 
SPP with their 
corresponding 
weight at 
each level. 
Constraints are 
areas that will 
be excluded 
from the site 
suitability 
assessment.
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sunlight penetration. Large bodies of water are more suitable than small and 
narrow types due to the size and structure of the FPV that will occupy the 
area. These factors are preferred because the minimum area required for FPV 
arrays is 5,000 m².  Water bodies must have adjacent land areas sufficient 
for deploying and placing electrical equipment during development. 
Moreover, steep slopes along the body of water are least preferred. Desired 
environmental elements are areas with high solar irradiation, little wind and 
storm, as well as dry regions (Piana et al. 2021). In contrast, locations with 
high wind and possibility of tsunami occurrences, drought, and flooding are 
considered low priority. Additionally, inland waters within key biodiversity 
areas are not included (World Bank Group 2019). Locations near substations, 
transmission lines, ports, and populated regions are economically and socially 
favorable (World Bank Group et al. 2019).

Level 1 Level 2 Level 3

Resource 0.826 Solar Surface 
Radiation    

Non-
Resource 0.174

Technical Physical 0.355 

Shape 0.166

Size 0.166

Type of
Water Body 0.166

Suitable land cover type: 
grassland and bare land 0.166

Adjacent to a Water Body 0.166

Steep slope (on the side of 
the lake) 0.166

Water Condition 0.166

Environmental 0.405 

Water contamination from 
surrounding built-up areas 0.500

Presence of flora and fauna 0.500

Socio-economic 0.240  

Roads 0.189

Proximity to Grid 
(Substations and Transmis-

sion Lines)
0.424

Ports (sea and air) 0.217

Proximity to Built-Up Areas 0.170

Constraints

Key Biodiversity Areas

 
Protected Areas

Table 38.3:
The factors 
and constraints 
selected for 
assessing 
the site 
suitability for 
FPV with their 
corresponding 
weight at each 
level.
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Three assessments were undertaken for determining suitable sites for the 
installation of solar panels at this scale: ground mounted, rooftop, and floating 
SPP. 

For the ground mounted SPP, the GHI with 10-meter resolution derived from 
the digital terrain model (DTM) of Interferometric Synthetic Aperture RADAR 
(IfSAR) was used instead of the solar surface radiation data provided by the 
RCS laboratory. A subset of the outputs of the site suitability assessment at 
the national scale was generated for Naujan, Oriental Mindoro and were used 
for the local site suitability assessment. 

For the rooftop SPP, the usable area of building footprint may be extracted using 
the Google satellite imagery including the rooftop of industrial, commercial, 
and/or institutional establishments that are downtown.  Furthermore, only the 
south-facing roofs are likely to be utilized, thereby decreasing the required 
roof area.

5.2 Local Scale

Table 38.4:
The factors 
and constraints 
selected for 
assessing the 
site suitability 
for FPV in 
Naujan Lake 
with their 
corresponding 
weight at each 
level.

Level 1 Level 2 Level 3

Resource 0.826 Global Horizontal 
Irradiance (GHI)   

Non-
Resource 0.174

Physical 0.355
 

Type of Water Body 0.500

Water Condition 0.500

Environmental
0.405

 
 

Sources of Pollution 0.333

Water Species 0.333

Birds 0.333

Socio-economic
0.240

 
 

Tourism 0.333

Economic Utilization of 
Fauna and Flora in the Lake 0.333

Landscape Services 0.333

Constraints    

 Key Biodiversity Areas

 
 Protected Areas
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Category Factor
Criteria

High Preference Low Preference

Physical

Type of water 
body

Industrial water body (i.e., 
cooling ponds, wastewater 

treatment facilities)

Tourist and recreational 
sites

Water Condition Freshwater Dirty/Corrosive water
Water prone to biofouling

Environmental

Pollution Sources With water conservation 
program

Nearby pollution sources 
(i.e., chimney, burning 

crop, quarry)

Water Species Absence of endemic water 
species

Species sensitive to water 
temperature, dissolved 
oxygen, and sunlight

Birds Absence of endemic birds Frequent bird activity

Socio-
Economic

Tourism FPV can be a tourist 
attraction

Lake is a major tourist 
attraction in itself

Economic 
utilization of flora 
and fauna in the 

lake

No economic utilization of 
flora and fauna in the lake Diminishing activities’ 

revenues

Landscape 
services

Aesthetically not
intrusive

Intolerable from a 
landscape

point of view and lake is 
a major tourist attraction 

in itself

Table 38.5:
The criteria 
describing the 
high and low 
preferences 
for the factors 
identified	in	
every category 
for assessing 
the suitable 
sites for FPV in 
Naujan Lake. 

Table 38.4 shows the identified factors in local scale site suitability of FPVs 
and Table 38.5 lists the criteria for identifying areas of high or low preference. 
Manmade types of water bodies, such as cooling ponds, and wastewater 
treatment facilities in a locality are highly preferred because the FPV panels 
would decrease the electricity cost. In contrast, water bodies within tourist 
and recreational sites are less preferred as the FPV project may change the 
surrounding landscape. The physical condition of the water body dictates 
the cost for anchoring and mooring. The shallow depth, even terrain, hard 
ground for anchoring, and clear water bottom (e.g., no cable pipeline or 
obstruction) were highly favorable. Given that this study is limited to secondary 
or available datasets, physical conditions that may be gathered in these areas 
were part of the limitations. Water bodies with conservation programs are 
suitable for FPVs. According to the 2019 report of the World Bank Group, 
the ownership type that is economically viable is the single owner or legal-
entity owner. On the other hand, multiple and individual private owners are not 
economically viable. Current study shows that the utilization of flora and fauna 
and landscape services in the lake are identified as a socio-economic factor 
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in FPV site assessment (Piana et al. 2021). Profits and personal income from 
economic utilization such as fishing and hunting should be verified through 
stakeholder consultations prior to measuring the diminishing revenues. The 
site is moderately suitable if the FPV will raise their activities’ revenues, if not, 
the site is unsuitable. Therefore, the site is most suitable if the lake has absence 
of economic utilization. Current landscape perception by local communities is 
also considered a factor because the FPV might block the view of a tourist site.

The outputs of the climate modelling and mapping of SSR by the RCS laboratory 
included the current potential of solar energy resource in the country and the 
calculation of future changes in SSR, as well as its implications to solar energy 
production that define different climate scenarios in the future. These data sets 
have verified that there are many opportunities for harnessing solar energy 
and developing SPPs in the Philippines. To fully maximize the potential of 
solar energy, risks to this renewable energy must be understood and mapped. 
Different hazards, combined with exposures and vulnerabilities can further 
determine the specific risks to resource, facilities and systems, community, 
and the surrounding environment. By understanding these risks, probable 
losses may be minimized and possible solutions for adaptation or mitigation 
may be formulated prior to development. In addition to risk mapping, it 
is also important to carefully determine the various factors and constraints 
that will define the suitability of an area for developing an SPP. These factors 
and constraints also differ depending on the type of solar PV installation of 
interest and may require a more thorough spatial decision-making process. 
The information on resource potential, risks, and site suitability can ensure the 
sound development of future SPPs in the country. 

6 Summary
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The main objective of the study is to conduct a Biomass Resource Assessment 
in Mindanao and analyze it using a Graphical Information System (GIS) and 
Remote-Sensing.	The	study	identified	five	(5)	major	crops	in	Mindanao	with	the	
highest annual crop production from 2010-2019 which are banana, sugarcane, 
corn, unhusked rice or palay and coconut. The data was used to develop 
resource maps through a spatial mapping software. Total volume of crop 
residues and their biomass energy potential per province were estimated. 
The	results	show	that	Mindanao	has	the	capacity	to	offset	~81%	of	 its	coal	
consumption in 2019 to generate electricity if biomass will be fully utilized. 
This	translates	to	about	~23%	additional	dependable	generating	capacity	for	
the grid. GIS mapping tool was used to locate areas of concentration of the 
main	biomass	resources.	Main	biomass	resource	identified	are	banana,	palay	
and	coconut.	Areas	of	interest	for	biomass	energy	generation	were	identified.

Keywords: Renewable energy, biomass energy potential, Mindanao,
crop residues

Abstract

1
Mindanao is the second largest island of the Philippines with a total land area 
of 102,022 km² composed of 6 regions, 33 cities and 27 provinces. Based 
on the 2020 Census of Population and Housing (CPH), Mindanao’s reported 
population grew from 24.14 million in 2015 to 26.25 million in 2020 making 
up for 24.1% of the nationwide population. Davao City and Bukidnon are the 
most populous city and province, respectively. (2020 Census of Population 
and Housing (CPH); Arguillas 2021) Densely populated areas can be found 
in Northern Mindanao, Davao and South Cotabato as shown in Figure 39.1.

Introduction
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The increasing population and economic growth necessitate increase in 
energy consumption as well. This can be observed in Figure 39.3 with a direct 
relationship amongst population growth, productivity as indicated by gross 
domestic product, and electricity consumption. Overall, the total final energy 
consumption as of 2019 was reported at 4,770 KTOE (55,475,100 MWh) which 

The gross domestic product registered at around three trillion pesos by the 
end of 2020 at current prices which is about 17.65% of the national GDP. 
Main driver for economic development is the services industry followed by 
manufacturing and agriculture as presented in Figure 39.2.

Figure 39.2:
Mindanao GDP 
Contributors, 
By industry. 

Source: 
Regional 
Agricultural 
Production 
Accounts 
2018-2020

Agriculture,

 
forestry, and 

fishing, 22.65%
 

Industry, 25.90%  
Services, 51.45%  

Figure 39.1:
Population 
Density In 
Mindanao 
2020, By 
Province

Source: PSA 
2021



752Technical Studies in Support of Renewable EnergyChapter 39

Figure 39.3:
Mindanao 
electricity 
consumption, 
population and 
gross domestic 
product 
2010-2020.

Source: 2019 
Annual Survey 
of Philippine 
Business and 
Industry)

Total electricity consumption was recorded at 11,602 GWh which could reach 
up to 96,000 GWh in 2040 under high growth scenario. The total installed 
generating capacity is 4,436 MW and the dependable generating capacity 
of 3,832 MW. The gross power generation was recorded at 13,805 GWh in 
2019. The mix is supplied mainly by coal (68.2%) and hydro (20.9%) power 
plants. Biomass (0.7%), geothermal (5.5%), crude oil-based (4.0%), wind (0.1%) 
and solar (0.6%) power plants share the remaining portion of the total mix as 
presented in Figure 39.4. The Mindanao grid reached its peak demand of 2,013 
MW on 8 May 2019 with an 8.6% growth rate from 2018. It is projected to reach 
as high as 15,000 MW by 2040 given the current economic growth rate of the 
regions. With the growing demand for power supply and the current projects 
to be installed, the demand was projected to be satisfied until 2025 only. Thus, 
there is a need to find additional sources of energy. (Department of Energy 
2019) 

Republic Act No. 9367 (R.A. 9367), otherwise known as the “Biofuels Act of 
2006”, was enacted with the aim to “develop and utilize indigenous renewable 
and sustainable-sources… to reduce dependence on imported oil” and 
“ensure the availability of alternative and renewable clean energy without 
detriment to the natural ecosystem, biodiversity and food reserves of the 
country”. To encourage investments on biofuels, Section 6 of the R.A. 9367 
offers a value-added tax exemption on the sale of biofuel raw materials and a 
Specific Tax exemption for the biofuel component of commercial fuels. Since 
then, gradual shift towards renewable energy generation has been the focus for 
developmental projects. Compared with non-renewable counterparts such as 

is almost twice the 2010 figure. The steady increase in the energy consumption 
is attributed to the increasing urbanization and industrial activities throughout 
the island. Transportation, industry and residential sectors are considered the 
main energy consumers. Petroleum and biomass (mainly as firewood) are the 
main fuel products utilized whereas coal is used for electricity generation.
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2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Coal 0 0 0 0 5E+05 2E+06 1E+06 2E+06 2E+06 2E+06 2E+06 2E+06 1E+06 2E+06 5E+06 6E+06 8E+06 9E+06

Oil-based 1E+06 2E+06 2E+06 2E+06 2E+06 1E+06 1E+06 2E+06 2E+06 1E+06 2E+06 2E+06 3E+06 3E+06 2E+06 9E+05 6E+05 6E+05

Natural Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Geothermal 9E+05 9E+05 9E+05 9E+05 8E+05 9E+05 8E+05 8E+05 8E+05 8E+05 7E+05 7E+05 9E+05 8E+05 9E+05 8E+05 8E+05 8E+05

Hydro 4E+06 4E+06 4E+06 4E+06 4E+06 4E+06 4E+06 4E+06 4E+06 5E+06 5E+06 5E+06 5E+06 4E+06 3E+06 4E+06 3E+06 3E+06

Biomass 0 0 0 0 0 0 0 0 0 0 75136 46602 13897 21403 11046 0 71586 92646

Solar 0 0 0 1517 1376 1309 1304 1252 1254 1212 1320 1414 1477 1548 77412 78211 87742 87409

Wind 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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coal and petroleum-based power plants, solar and wind power plants require 
particular prevailing conditions in an area (i.e. wind speed) which may not be 
replicable in most parts of Mindanao.

Figure 39.4: Mindanao 2019 power generation mix (pie chart) and annual Gross Generation in
MWh	per	Plant	Type	(line	graphs).

Source: Philippine Power Statistic 2020

However, Mindanao is the second largest contributor of agricultural products 
in the country mainly in crops as presented in Figure 39.5. The increasing 
agricultural productivity of Mindanao would increase the amount of residues 
that could be used as feedstock for biomass power plants.
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Figure 39.5:

Figure 39.6:

Percentage 
Share in Total 
Value of 
Production in 
Agriculture 
2020, By Major 
Island Group, 
At Constant 
2018 Prices

Ten Major 
Crops in 
Mindanao 
Based on 
Average 
Volume of 
Production, 
2010-2019

Mindanao’s agricultural area of approximately 4.1 million hectares accounts 
for 30% of the total land area of Mindanao. The ten major crops of Mindanao 
based on the volume of production are shown in Figure 39.6.

The map in Figure 39.7 shows that the Province of Bukidnon has the highest 
volume production of the major crops with an average of 6,001,157 metric 
tons. For this study, only the five major crops were assessed for their biomass 
energy potential.
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Figure 39.8 presents the crop distribution along the regions in Mindanao. 
Banana is mainly produced in the Davao and Northern Mindanao regions. 
Coconut plantations are mainly situated in the Davao, Zamboanga and 
Northern Mindanao. Sugarcane plantation is concentrated mainly in Northern 
Mindanao, whereas rice is produced in SOCCSKSARGEN. Corn is mainly 
produced in both Northern Mindanao and SOCCSKSARGEN. 

Source: PSA 2020

Figure 39.8: Average Crop Production Volume in Mindanao 2010-2020, by Region.

Figure 39.7:
Map of Crop 
Concentration 
in Mindanao, 
2010-2019 
averaged, By 
Province

Average Volume of Production, in Million MT
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Agricultural crop residues are also produced given the high production volume. 
Current practices in disposing of the said residues include composting where 
the biomass is left in the field to fertilize the soil; the rest are burned which 
contributes to emission of air pollutants.

The Department of Energy (DOE) has awarded 65 biomass power plant 
projects last March 2020. Of these, twenty-three (23) biomass power plants 
are already supplying 363 MW which is about 1.4% of the country’s total 
capacity mix. Other biomass power plants are still under developmental 
stages. In Mindanao, 5 out of 88 power plants operates on biomass. These 
power plants are located in central and southern portions of the island as 
presented in Figure 39.9.

Figure 39.9:
Biomass Power 
Plants in 
Mindanao

Mindanao is a fast-growing island in the Philippines in terms of agriculture, 
and industry. Stable economic growth necessitates an increasing demand for 
energy. Current legislation and depleting sources of fossil fuel have directed 
current developments on the use of renewable energy. Biomass energy is a 
potentially clean and sustainable alternative energy source. There is currently 
no available data on Mindanao’s biomass energy potential and the location 
of the various residues for biomass processing. Therefore, there is a need 
to assess the biomass resource availability in Mindanao and determine the 
biomass energy potential that could be generated from available major crop 
residues. 

1.1 Objectives of the Study
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1.1.1

1.1.2

Determine the biomass energy potential of Mindanao; and

Generate a Mindanao biomass resource map by performing a 
spatial analysis using a graphical information system and remote-
sensing for the residues of its five (5) major crops, namely: 
banana, coconut, sugarcane, palay and corn.

Figure 39.10:
Biomass Power 
Plants in 
Mindanao

To assess the viability of installing a biomass power plant, it is important to 
determine the availability of biomass by quantifying the volume of target 
materials and the energy that may be produced. Current technology now 
allows for a better way of assessing the potential of multiple areas by spatial 
analysis. The outputs are usually in the form of maps that cannot be simply 
presented thru charts and tables. To develop the biomass resource map, data 
from remote sensing (i.e. Google Earth) was fed to a geo-processing software 
(i.e. ArcMap) in order to extract certain information on parts of a surface map 
(i.e. vegetation density and land area). After extracting the desired portions 
of the raw map, the volume of the crop and the residues generated were 
estimated using indices from literature. The Biomass Energy Potential was 
calculated by getting the heating values and multiplying it with the estimated 
amount of residues generated. This is summarized in Figure 39.9.

1.2 Conceptual Framework of the Study

The main objective of this study is to conduct a biomass resource assessment 
in Mindanao and analyze it using a graphical information system (GIS) and 
remote sensing. Specifically, this study aims to:
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It has been reported that putting up a biomass power plant entails higher 
capital cost than its non-renewable counterparts such as coal-fired power 
plants. However, current environmental legislations and the need to look for 
better alternatives for fossil fuels have directed national and local development 
towards the use of renewable energy sources such as biomass energy. Before 
any biomass project could start, it is necessary to consider existing data on 
the suitable location and attainable capacity of the biomass power plant to 
be constructed. Any entity interested in investing in such projects should 
consider the type of biomass available, its generation rates and the location 
of the raw materials to be processed. This is usually found in the form of 
a biomass resource map. To the best of the researchers’ knowledge, the 
said map is currently not available for Mindanao. With this, the study would 
significantly aid in strategically situating biomass power plants near the source 
of their feedstock and their potential clients would lessen the transportation 
and personnel costs involved. 

The results of the study will potentially benefit the agricultural sector in 
addressing traditional agricultural practices involving burning of crop residues 
in the field that contributes to air pollution. Further processing their residues 
into energy potentially adds revenue to the farmers. This study on the available 
biomass resources on Mindanao would allow the island to attract potential 
investors to build biomass power plants. This study also aims to provide 
information to the scientific community about Mindanao’s biomass energy 
potential. The biomass resource map aims to assist the local government 
in land use planning and determining whether biomass energy generation 
could be harnessed and eventually be put up in their community. Above all, 
the country will benefit from this study in terms of promoting biomass-based 
power generation to attain sustainable development.

1.3 Significance of the Study

The study focuses on the development of a GIS mapping and Remote 
Sensing scheme for Mindanao. The types of biomass sources are l imited 
to the five major agricultural products in Mindanao mentioned above. The 
study does not include the experimental quantification of the energy content 
of the biomass sources, but instead it relies on existing literature data for 
each biomass source. The software that was used for developing the biomass 
resource map was ArcMap 10.1.

1.4 Scope and Limitations
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2

Aside from carbon dioxide, methane and nitrous oxides produced, there are 
also other gaseous pollutants emitted as well. These are presented in Table 
39.1.

Review of Related Literature

Figure 39.11:
Emissions from 
Agricultural 
Residues, in 
kilotonnes

Source: 
FAOSTAT 2022

The potential amount of residues generated each year for a given crop is 
dependent on three main factors: 1) quantity of the crop produced, 2) dry 
residue to crop ratio, and 3) cultivar and/or variety. Sugarcane trash is mainly 
composed of sugarcane leaves (SCL, ~95 %w/w), with about 140–180 kg (dry 
matter) of sugarcane leaves (SCL) left in the field for every ton of sugarcane 
stalk harvested. About 0.7–1.4 kg of rice straw is generated and left on the 
field for every kilogram of milled rice produced. Although corn (maize) ranks 
only fifth in the country in terms of average amount produced each year 
(~6.09 Mtons), it produces the largest amount of residue upon harvest. Corn 
grains are best harvested at a moisture content of < 30% with the harvested 
dry grain to dry stover ratio of 1:1 by weight. In a study by Tun et al. (2019), 
agricultural residues in the Philippines are traditionally utilized as animal 
feed, cooking and heating, dumping and open burning; and as agriculture 
nutriments. Philippines belong to the top 5 countries in the region that 
practice burning of crop residues thereby emitting relatively high gaseous 
pollutants. Approximately 65% of the total residues in the Philippines are 
burned in the fields. (Yevich and Logan 2003) Figure 39.10 shows the carbon 
dioxide equivalent emitted by decomposition of residues in the field relative 
to selected other Southeast Asian nations.

2.1 Crop residues and their impacts



760Technical Studies in Support of Renewable EnergyChapter 39

For this study, the major crops’ residues considered fall under the 
herbaceous biomass classification. There are 5 common biomass conversion 
processes, namely: combustion, gasification, pyrolysis, anaerobic digestion 
(biodigestion), and fermentation. These routes for conversion are summarized 
in Figure 39.12. Current conversion technologies used at the commercial level 
are composting, direct combustion, gasification, anaerobic digestion, and 
hybrid systems. These practices are shared with most of the other countries 
in the Southeast Asian region such as Cambodia, Myanmar, Vietnam and Lao 
PDR. Thailand and Malaysia are also using pyrolysis, Liquefaction and RDF in 
a development stage to process their biomass.

Residue CO2 CO SO2 NOx NH3 CH4
PAH /

NMVOC* PM2.5 PM10 Ref

Sugarcane 
leaves

1152.5 40.1 - 1.5 2.01 0.93 0.007 2.49 - [1]

1130 34.66 0.216 2.63 0.95 0.41 2.18* 3.77 3.99 [2]

963.42 121.7 0.53 1.12 1.3 6.08 8.82* 7.15 7.69 [3]

Rice straw

1105.2 53.2 0.18 3.83 2.2 2.19 0.005 8.3 - [1]

1216 179.9 2.00 3.10 4.10 9.59 4.00* 4.2 9.4 [2]

1147.4 79.7 0.48 1.92 0.52 4.8 8.4* 6.4 6.88 [3]

Corn 
straw

1470.0 60.0 0.85 3.30 0.37 3.40 0.002 11.7 - [1]

2327.14 80.3 0.44 3.7 1.6 3.4 4.40* 4.13 4.26 [2]

1491 82.37 1.33 1.86 0.68 3.91 7.34* 6.87 7.39 [3]

[1] Go et al. 2019; [2] Andini et al. 2018; [3] Zhuo et al. 2017

Table 39.1: Emission factors (g pollutant/kg residue burned) of selected crop residues



761Technical Studies in Support of Renewable EnergyChapter 39

Figure 39.12: Biomass energy conversion routes

Biomass classifications are wood and woody biomass, herbaceous, animal 
and human waste, and aquatic biomass. Table 39.2 presents typical feedstock 
used by biomass power plants in comparison with fossil fuels and some of 
their characteristics. Feedstock with a higher net calorific value is generally 
preferred. Although biomass energy content is relatively lower than fossil 
fuels, it offers itself as a renewable source of energy alongside its potential to 
be used as feedstock in a carbon-neutral conversion process.

2.2 Biomass Resources and Energy Potential
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Feedstock
Moisture 
Content, 

(wt%)

Bulk 
Density, 
(kg/m3)

Biogas 
Potential, 
(mL CH4/ 
g volatile 

solids)

Net Calo-
rific Value, 
(MJ/kg)

Conversion Technology

Wood and woody biomass

Wood chips without bark 30-55 270-360 nil 18.5-20.5 Thermo-chemical

Shredded bark residues 50-65 240-360 nil 17.5-20.5 Thermo-chemical

Bamboo chips 5-30 200 nil 16.9 Thermo-chemical

Herbaceous biomass

Sugarcane bagasse 48-53 120-160 72-200 15-19.4 Biochemical/ Thermochemical

Corn cobs 8-20 160-210 330 14 Biochemical/ Thermochemical

Rice husk 10 100 49-495 12-16 Biochemical/ Thermochemical

Rice straw 10-20 110-200 
(baled)

280-300 14.5-15.3 Biochemical/ Thermochemical

Switch grass 8-15 49-266 246 15.7 Biochemical/ Thermochemical

Palm kernel shells -- 450 nil 15.6-22.1 Thermochemical 

Banana peels -- -- 223-336 -- Biochemical 

Cassava peels 28.5-66.3 Variable 272-352 -- Biochemical/ Thermochemical

Recycled paper 5 431 nil 12.77 Thermochemical

Animal and human waste

Chicken manure 6-22 230 156-295 9-13.5 Biochemical/ Thermochemical

Dairy manure 10-75 Variable 51-500 -- Biochemical/ Thermochemical

Swine manure 10-85 Variable 322-449 -- Biochemical/ Thermochemical

Sewage sludge 55-96.5 Variable 249-464 7-15 Biochemical/ Thermochemical

Aquatic biomass

Water Hyacinth Leaf - - - 17.64 -

Water Lettuce Stem - - - 24.93 -

Water Lily Leaf - - - 19.53 -

Fossil Fuels

Coal - - - 28 -

Petroleum coke - - - 32.5

Mineral oil - - - 42 -

Natural gas (liquefied) - - - 52 -

-- No data

 

Table 39.2: Some characteristics of biomass resources and fossil fuels

Source: Tursi, 2019
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In an assessment conducted by NREL (2008), it was stated that if the 
equivalent of 20% of the Philippines’ starch and sugar crops production could 
be used for biofuels, for example through a mix of increased grain yields and 
dedicated sugar cane plantations, it would yield about 0.33 hm3 of ethanol 
or 0.16 Mt gasoline equivalent per annum. This volume could replace 4% of 
the Philippines’ gasoline consumption and 1.5% of its crude oil imports at the 
time of assessment. About 20% of coconut oil production is used for domestic 
consumption while the remaining 80% is exported. If 20% of the Philippines’ 
coconut oil production could be used for biofuels, it would yield about 0.31 Mt 
of biodiesel per year. This would be sufficient to displace 7% of the economy’s 
2005 diesel consumption and 3% of its crude oil imports. Mindanao accounts 
for almost 60% of the economy’s total coconut oil production. Crop, logging, 
and coconut residues, along with sugar cane bagasse, would yield 5.4 hm3 
of ethanol or 2.6 Mt gasoline equivalent per annum. This volume could be 
sufficient to replace 63% of the economy’s gasoline consumption and 24% 
of its crude oil imports. Potential biodiesel feedstock in the Philippines is 
jatropha. The Department of Science and Technology (DOST) has identified 
about 2 million ha of unproductive and idle land nationwide suitable for 
jatropha cultivation. If farmers plant in field boundaries and hedges, or 
practice intercropping, 5 million ha could be available, producing 25 Mt of 
biodiesel feedstock. This would be sufficient to displace the economy’s diesel 
consumption of 4.2 Mt per annum several times over. 

A recent study conducted by Go et al. (2019) reported that residues from 
coconut, sugarcane, paddy rice, and maize had the potential to provide at 
least 46%, 65%, 42% and 30%, respectively, of the coal consumed in 2000. 
Unfortunately, its potential has since decreased to as low as 20%, 25%, 24%, 
and 22%, respectively, in 2014. The decrease however, is not due to the 
decrease in the residues generated, but rather as a result of the slower rate of 
increase in the crop production relative to that of the coal consumed annually. 
Although, actual electrical power generated may be much lesser depending 
on the scale and technology of the power generation system adopted, the 
available residues would be sufficient to provide the resources necessary to 
sustain biomass-based power plants with an overall target capacity of 315.7 
MW (~2.8 TW-h per year), as targeted by the National Biofuels Plan (NBP) 
2013–2030 by the Department of Energy in the Philippines.
 
Another study by Gabisa and Gheewala (2018) estimated the bio-energy 
potential from crop residues, forest, livestock waste, and municipal solid 
waste (MSW) in the major towns of Ethiopia. The study concludes that an 
integrated bio-energy database, research development, and identification 
of feasible bio-energy feedstock value chains are needed to fully realize the 
potential availability of biomass energy. It also recommends that assessment 
of the bio-energy value chain should be conducted along its life cycle. Morato 
et al. (2019) used the following procedure in assessing the potential energy 
production of agricultural residues in Bolivia. First, identification of the study 
area. Second, collection of data on crop production. Third, identification of 
potential agricultural residues. Six major crop residues were selected on this 
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research, namely, sunflower, sugarcane, soybean, rice, corn, and sorghum 
for concentrated crop production is logistically and economically ideal when 
locating facilities/plants for biomass. Fourth, the parameters used to quantify 
biomass availability. In this study, the following parameters were considered 
in the quantification of biomass: a) Annual Crop Yield, b) Residue-to-Product 
Ratio (RPR), c) Soil Conservation, d) Machinery Capacity, e) Animal feeding, 
f) Losses, and g) Moisture Content. Lastly, the computation of the potential 
energy. After the quantification of biomass potential, it is multiplied by the low 
heating value of each crop to get the approximate maximum energy potential 
of the residues per municipality. ArcMap 10.1 was used in the development 
of the biomass intensity maps in Bolivia. This procedure was incorporated on 
this research study.

2.3 Mapping technologies/remote sensing platforms for biomass

Aside from predicting crop yield during instances such as drought and 
excessive rainfall (Vicente – Serrano et al. 2006), there is an increasing interest 
in the use of remote sensing for the monitoring of biomass energy crop 
production and their energy potential. Remote sensing offers the advantage 
of being able to collect data without the need to physically go to the study 
area to perform appropriate measurements. Current remote sensing methods 
include, but are not limited to, ground-based monitoring, use of satellite 
imagery (i.e. LANDSAT), aerial photography with the use of unmanned aerial 
vehicle (UAV), and radar and light detection and ranging (LiDAR). High-
spatial resolution data from both airborne and satellite platforms can provide 
accurate biomass estimates at local scales; however, for regional scales, a large 
volume of data is required, which is not only expensive but also difficult to 
process. It is important to consider the size of the study area before deciding 
on which platform to use. Landsat TM (medium-spatial resolution) data have 
been found to be more effective for biomass estimation at a regional scale; 
however, mixed pixels and data saturation problems have been reported 
with these data in biomass estimation for complex environments. At the 
national and global scales, coarse-spatial resolution data, such as AVHRR or 
MODIS are more useful in biomass estimation; however, the data have not 
been used much because of the difficulty in linking coarse-spatial resolution 
data and field measurements. Biomass estimation based on radar systems 
using PALSAR and RADARSAT-2 with different polarizations, resolutions, and 
incident angles has been reported to yield better results compared to the use 
of single polarization, single incident angle, and low resolution SAR sensors. 
With the advent of LiDAR systems, the analysis can be extended to the third 
dimension in quantifying some vegetation characteristics directly, such as tree 
height, canopy height, and volume and can even assist in improved biomass 
estimation. Remote sensing coupled with GIS techniques yields useful results. 
Linear or nonlinear regression models, neural network, and k-nearest neighbor 
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are the most common algorithms used for biomass estimation. (Kumar et al. 
2015)

In the Philippines, a study by Pascual et al. (2008) was conducted to develop a 
geoinformatics-based decision support system (DSS) methodology to build an 
updateable version of their renewable energy map (REMAP) containing geo-
referenced data and information of renewable energy (RE) in Ilocos Norte, 
Ilocos Sur and Abra provinces. Mindanao is an abundant source of agricultural 
products such as corn, banana, coconut, palay, and pineapple (Department of 
Energy 2019). It follows that there would be production of biomass residues 
that could be used for energy production. Sevilla, et al. (2015) conducted a 
biomass resource assessment has also been done using mathematical models 
and remote sensing techniques employed in a GIS platform for biomass energy 
potential of rice hull. Honorato-Salazar et al. (2020) was able to determine the 
location and amount of energy that can be generated from Mexico’s primary 
crop residues using geographic information system (ArcMap 10.3). They 
calculated the harvest and residue indices for the crops and then calculated 
for the energy potential by taking into consideration the higher heating values 
of crops reported from literature. They estimated that 87.94 megatons of dry 
matter per year (Mt DM/yr) of residues are generated from agriculture crops, 
of which 37.54 Mt DM/yr could be available for the production of energy and/
or biofuels. They also reported that a large availability of residues is mainly 
found in January, May, June, November, and December. ArcMap was used as 
major software for remote sensing and mapping in this study because of its 
availability. 

This study incorporates the procedure performed by Morato et al. (2019) in 
assessing the potential energy production of agricultural residues in Bolivia. In 
their study, Morato et al. first, identified the study area. Second, they collected 
data on crop production. Then, they identified potential agricultural residues. 
Six major crop residues were selected in their study: sunflower, sugarcane, 
soybean, rice, corn, and sorghum, which, for concentrated crop production, 
are logistically and economically ideal when locating facilities/plants for 
biomass. The following parameters were considered by Morato et al. in 
the quantification of biomass: a) Annual Crop Yield, b) Residue-to-Product 
Ratio (RPR), c) Soil Conservation, d) Machinery Capacity, e) Animal feeding, 
f) Losses, and g) Moisture Content. Finally, the study computed the potential 
energy. After the quantification of biomass potential, it was multiplied by 
the low heating value of each crop to get the approximate maximum energy 
potential of the residues per municipality. ArcMap 10.4 was also used in the 
development of the biomass intensity maps in Bolivia.
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2.4 Common Barriers and Issues Limiting Widespread Use of Bioenergy

2.4.1 Uncompetitive Costs

One of the major challenges in setting up a renewable energy 
power plant is the higher cost involved in its installation (Figure 
39.13) compared with its non-renewable counterparts such as 
coal and petroleum-based power plants, solar and wind power 
plants are particular with the prevailing conditions in an area 
(i.e. wind speed) which may not be replicable in most parts of 
Mindanao. However, Mindanao is the country’s largest producer 
of agricultural products. The increasing agricultural productivity 
of Mindanao would therefore increase the amount of residues 
that could be used as feedstock for biomass power plants.

Biomass is only partly converted to energy due to losses during 
the processes and/or limitations in the systems that have been 
developed for conversion. Typical conversion efficiencies per 
conversion technology is presented in Table 39.3.

Source: DOE 2019

Figure 39.13: Capital	cost	[in	USD/KW]	of	power	plants	per	technology	in	2017,	
excluding	annual	fixed	and	variable	costs.
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Electricity production

Technology
Plant capacity 

(dry ton/yr)
LCOE*

(USD/kWh)
Conversion Efficiency**

(kWh/ton)

Gasification 175,000 0.06-0.24 30-40%

Anaerobic digestion 770,000 0.06-0.19 25-40%

Combustion 350,000 0.03-0.22 25-35%

Pyrolysis 175,000 0.07-0.24 33-50%

Biofuel production

Technology
Plant capacity
(million L/yr)

USD/L
Conversion efficiency**

(L of ethanol or biodiesel 
/ ton)

Enzymatic hydrolysis 231 0.37-0.66 29-33%

Thermochemical 
process

245 0.35-0.88 24-32%

Gasification 111-143 0.46-0.47 18-23%

Fast pyrolysis 134-220 0.13-0.16 20-33%

Fischer-Tropsch (syn-
thetic)

45-360 0.35-0.94 14%

Transesterification 30-284 0.68-0.99 97-99%

* Levelized cost of energy
**Compared with theoretical values

Table 39.3:
Economic 
evaluation 
of biomass 
technologies
Source: Tursi 
2019

On a small scale there is most likely a net loss of energy as a lot 
of energy must be used for growing the plant mass; biomass 
is difficult to store in the raw form. Energy carriers are not 
competitive unless cheap or negative cost biomass wastes and 
residues are used. Technology development could reduce the 
costs of bio-energy. In Denmark and Sweden, where carbon and 
energy taxes have been introduced, more expensive wood fuels 
and straw are now used on a large scale. Biomass integrated 
gasifier/combined cycle (BIG/CC) technology can attain higher 
conversion efficiency at lower costs. Another promising way to 
lower costs is to combine biomass production for energy with 
other (agricultural or forest) products (multi-output production 
systems). Biomass energy may have to follow a polygeneration 
strategy—coproducing electricity, fuels, fibres, and food from 
biomass. One example would be the generation of electricity 
by a BIG/CC plant as well as any fluid that can be produced 
from the syngas: methanol, dimethyl ether (DME), and other 
liquids using Fischer-Tropsch synthesis. Another could combine 
biomass and fossil fuels to coproduce modern energy carriers. 
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2.4.2 Technological limitations

One of the major advantages of biomass is that it can be used 
to generate electricity with the same equipment or in the 
same power plants that are now burning fossil fuels. However, 
experience with dedicated fuel supply systems based on ‘new’ 
energy crops, such as perennial grasses, is very limited. Higher 
yields, greater pest resistance, better management techniques, 
reduced inputs, and further development of machinery are all 
needed to lower costs and raise productivity. The same is true for 
harvesting, storage, and logistics. The solar energy conversion 
efficiency of biomass production is low—in practice less than 1 
percent. So, fairly large land surfaces are required to produce 
a substantial amount of energy. Moreover, biomass has a low 
energy density. Compare coal’s energy density of 28 gigajoules 
a tonne, mineral oil’s 42 gigajoules a tonne, and liquefied natural 
gas’s 52 gigajoules a tonne with biomass’s 8 gigajoules a tonne of 
wood (at 50 percent moisture content). Another complication is 
that biomass production is usually bound to seasons, challenging 
the supply and logistics of a total system. And varying weather 
conditions affect production year-to-year. Policies—carbon taxes, 
price supports, and long-running research and development 
(R&D) programmes are often central in gaining experience, 
building infrastructure developing technology, and fostering the 
national market.

Production can also be started in niches. Major examples are the 
modernisation of power generation in the sugar, in paper and 
pulp, and in (organic) waste treatment. Regulations — such as 
acceptable payback tariffs for independent power producers — 
are essential.

Yet another is to seek other benefits from biomass production— 
preventing erosion, removing soil contaminants, and creating 
recreational and buffer zones. Bio-energy can offer benefits 
over fossil fuels that do not show up in its cost—that is, it can 
offer externalities. Being carbon-neutral is one. Another is the 
very low sulphur content. A third is that biomass is available in 
most countries, while fossil fuels often need to be imported. The 
domestic production of bioenergy also brings macro-economic 
and employment benefits. It can offer large numbers of unskilled 
jobs. Production can produce more jobs than other conversion 
technologies of comparable size. It has fewer external costs than 
(imported) coal and oil. 
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2.4.3 Environmental Impacts

Biomass fuels are sustainable. Alcohols and other fuels produced 
by biomass are efficient, viable, and relatively clean burning. The 
green plants from which biomass fuels are derived fix carbon 
dioxide as they grow, so their use does not add to the levels of 
atmospheric carbon. In addition, using refuse as a fuel avoids 
polluting landfill disposal. Biomass energy is not associated with 
environmental impacts such as acid rain, mine spoils, open pits, 
oil spills, radioactive waste disposal or the damming of rivers. On 
the other hand, not much is known about the effects of large-scale 
energy farming on landscapes and biodiversity. Over-collecting 
wood can destroy forests. Energy crop plantations have to fit 
into the landscape both ecologically and aesthetically. And in 
addition to minimizing the environmental impact, attention 
should be paid to fitting biomass production into existing 
agricultural systems. When plant and animal wastes are used as 
fuel, they cannot be added to the soil as fertilizer. 

There may be competition for land use. Often large areas of 
land are required (low energy density). Local assessments are 
needed to identify optimal biomass production systems, and 
more practical experience is needed with a wide variety of 
systems and crops. Certainly, more research and testing are 
needed to monitor the impact of energy crops, with particular 
attention to water use, pest abatement, nutrient leaching, soil 
quality, biodiversity (on various levels), and proper landscaping. 
Perennial crops (grasses) and short rotation coppice (eucalyptus, 
willow) can be applied with minimal ecological impacts. Biomass 
plantations can also be criticized because the range of biological 
species they support is much narrower than what natural 
forests support. Although this is generally true, it is not always 
relevant. It would be if a virgin forest is replaced by a biomass 
plantation. But if plantations are established on degraded lands 
or on excess agricultural lands, the restored lands are likely to 
support a more diverse ecology. Degraded lands are plentiful: 
estimates indicate that about 2 billion hectares of degraded land 
are ‘available’ in developing countries. It would be desirable to 
restore such land surfaces anyway—for water retention, erosion 
prevention, and (micro-) climate control. A good plantation 
design, including areas set aside for native plants and animals 
fitting in the landscape in a natural way, can avoid the problems 
normally associated with monocultures, acknowledging that a 
plantation of energy crops does not always mean a monoculture.
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2.4.4 Socioeconomic and organizational barriers

The production of crops based on perennial grasses or short 
rotation forestry differs substantially from that of conventional 
food crops. Annual crops provide farmers with a constant cash 
flow for each hectare of land. For short rotation coppice, however, 
the intervals between harvests can be 2–10 years, restricting the 
flexibility of farmers to shift from one crop to another. In addition, 
bio-energy systems require complex organizations and many 
actors, creating non-technical barriers. Since biomass energy 
systems require substantial land areas if they are to contribute 
much to the total energy supply, the needed changes in land-
use, crops, and landscape might incite public resistance. And 
to be acceptable to most people, the ecological impacts of 
biomass production systems have to be minimal. Increased traffic 
in biomass production areas might also be seen as a negative.

3 Methodology

The study covered the whole island of Mindanao as shown in Figure 39.14.

3.1 The Study Area

Figure 39.14:
Political map of 
Mindanao
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This study adopts the methodology implemented by Morato et al. (2019) 
in generating the biomass resource map. Two datasets, (i) volumes of crop 
production and (ii) land use maps, was used to generate biomass distribution 
map as shown in Figure 39.15.

3.2 Data Collection

Figure 39.15:
Process	flow	
for generating 
biomass 
resource maps

The data collected and analyzed is summarized in Table 39.4. A map of 
Mindanao in 2020 was further processed in ArcMap 10.1 to get the current 
total land area per major crop in 2020.

Table 39.4:
Data collected 
and their 
sources

Data collected Acquisition date/s Data type Source/Equipment 

Volume of crop pro-
duction, 2010-2019

2020 Secondary (PSA 2019)

Geotagged images of 
crops

Dec2020-Feb2021 Primary Validation surveys

Remote sensing data 

Political map 2020 Secondary NAMRIA

Bathymetry map 2020 Secondary NAMRIA

Land use map 2021 Primary (ESRI Land cover 
2022)
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Based from data available from Philippine Statistics Authority (2019) presented 
in Appendix A, the average annual yield was calculated using Equation E8.3.1.

Equation E8.3.1

Volume of crop production was estimated by taking the average of each crop’s 
production volume from 2010-2019. Biomass availability for crop n was then 
calculated using the residue-to-product ratio available from literature (Table 
39.5).

Banana has relatively the highest amount of residues that is generated per 
harvest. This is so because its peels weigh in as much as the product. In 
addition, its mother plant or tree has to be cut down every harvest as it will no 
longer bear fruits. Same is true for corn. Though it is of relatively the lowest 
volume of production, corn has large volume of residue generated after every 
harvest season. On the other hand, rice husks, corn and sugarcane residues 
have relatively high energy content than the other drop residues considered. 
Biomass availability was calculated according to Equation E8.3.2.

3.3 Quantification of biomass availability

Table 39.5:
Biomass 
Resource 
Assessment 
Parameters

Source: 
Turker et al. 
2019

Crops As Agricul-
tural Residues Crop Parts Residue-to-

product ratio
Lower Heating 

Values (Mj/
Kg)

Moisture
Content (%) 

Banana Stalk And Peels 2 13.1 85

Coconut Shells 0.6 10.6 10

Sugarcane
Top And Leaves 0.2 15.8 56.5

Bagasse 0.2 12 62.5

Palay
Straws 1.1 12.4 17.5

Husks 0.235 16.4 11.5

Corn Stalks and Cobs 1.6 15.7 52.5

Equation E8.3.2
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There are three important factors that must be considered in calculating for the 
gross losses of residues after harvest: 1) soil conservation, 2) grazing/animal 
feeding and 3) other losses. Some of the biomass residues are intentionally 
left in the field after harvest to retain soil organic matter, enough to serve 
as nutrient for the next planting cycle. The amount of biomass that was 
considered lost for soil conservation will still be based on the study of Morato 
et al. (2019) in which 30% was used. Alternatively, they also mentioned in their 
report that 0.75 t/ha of the residues may also be considered. It is common 
practice among farmers to feed a portion of the residues to cattle, goat and/
or swine. In the study of Morato et al. (2019), the amount of residue for cattle 
is 320 kg/yr/cattle and for sheep 4.3 kg/yr/sheep. There is currently no data 
for goat and swine. Moreover, there is no readily accessible data for Mindanao 
on the amount of residues consumed for this purpose. Miscellaneous losses 
covered biomass lost during collection, transportation, and storage which 
may be due to decomposition and other factors. The researchers have opted 
to consider the combined values for miscellaneous losses and animal feeding 
provided by the Philippine Statistics Authority (PSA) on Supply Utilization 
Accounts by Commodity, Year and Item, 2020.

3.4 Determination of Biomass Losses

Source: Morato 
et al. 2019; PSA 
2020

Table 39.6:
Biomass Losses 
adopted in the 
study

Crops as agricultural
residues Soil Conservation Wastage and Animal feeding

Banana 30% of Crop Production 6% of Net Supply

Coconut 30% of Crop Production 0

Sugarcane 30% of Crop Production 0

Palay 30% of Crop Production 6.5% of Crop Production

Corn 30% of Crop Production 65% of Crop Production

Thus, the gross biomass losses and the corrected biomass availability was 
calculated according to Equations E8.3.3 and E8.3.4.

Equation E8.3.3

Equation E8.3.4
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Equation E8.3.5

Crop residues have moisture content that affects the efficiency of any biomass 
conversion process because some of the energy given off by the biomass 
during combustion is absorbed by the water to turn into water vapor. Before 
the Biomass Energy Potential may be calculated, the moisture content of 
the residue must be determined so that the amount of biomass used in the 
calculations was on a dry basis according to Equation E8.3.5.

After the biomass availability on a dry basis was calculated, it was multiplied 
with the lower heating value to determine the Biomass Energy Potential for 
each major crop residue. Conversion efficiency of 25% was considered. The 
lower heating values to be considered are shown in Table 39.5.

3.5 Calculation of Biomass Energy Potential

Equation E8.3.6

Conversion factors are useful in further analysis of the results. The conversion 
factors for common energy units such as GJ, MWh, tonnes of coal equivalent 
(tce), tones of oil equivalent (toe) and barrel (bbl) are presented in 
Table 39.7.

Table 39.7:
Conversion 
factors for 
common 
energy units

1 GJ 1 MWh 1 tce 1 toe 1 bbl

1 GJ 1 0.278 0.034 0.024 0.176

1 MWh 3.6 1 0.122 0.086 0.632

1 tce 29.31 8.148 1 0.703 5.122

1 toe 41.87 11.64 1.424 1 7.299

1 bbl 5.694 1.583 0.194 0.137 1

The software ArcMap 10.1 was used in this study to create spatial distribution 
maps based on the total biomass availability in metric ton and the biomass 
yield; it was also used to identify the location of main municipalities in 
generating agricultural residues across Mindanao.

3.6 Development of Biomass resource maps
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Validation surveys were conducted on the three regions with the highest 
biomass potential estimated, namely; Davao Region, Northern Mindanao and 
SOCCSKSARGEN. This is to see whether the type of crops, and plantation 
sites in the map directly matches those in the field. The survey involved 
taking geotagged photographs and tagging of the crops on sites along major 
highways using a global positioning system (GPS) tool. The points are then 
plotted on the map and compared with the biomass resource map previously 
generated.

3.7 Method Validation

4 Results and Discussion

The estimated biomass energy potential for each province in every region in 
Mindanao is presented in Table 39.8 Considering 25% efficiency of technologies 
for biomass energy production, Bukidnon province has relatively the highest 
biomass energy potential of ~1TWh (~90KTOE) followed by Davao del Norte 
with ~600GWh (~60KTOE) and North Cotabato with ~500GWh (~50KTOE). 
Bukidnon alone has a biomass energy potential that may be utilized to displace 
~11% of the coal consumption in 2019. On a regional scale, the Davao region 
has relatively the highest accumulated biomass energy potential of ~2TWh 
(~182KTOE) closely followed by Northern Mindanao region with ~1.8TWh 
(~158KTOE) and then by SOCCSKSARGEN at ~1.4TWh (~128KTOE). The 
region has a biomass energy potential that is equivalent to ~20% of the coal 
consumption. In sum, Mindanao has ~7.7TWh (~660KTOE) of biomass energy 
potential. It has the capacity to offset ~81% of its coal consumption in 2019 to 
generate electricity if biomass will be fully utilized.

Main contributors to the biomass energy potential are banana, coconut and 
palay which can provide energy that are equivalent to 25.22%, 24.56% and 
25.68% of the 2019 coal consumption for electricity generation, respectively. 
Entities interested in processing these crop residues should concentrate in 
the Davao region for banana and coconut, and in SOCCSKSARGEN region 
for palay. Although sugarcane has relatively higher total production volume, 
it yields less residue compared to palay and corn. On the contrary, corn has 
higher residue-to-product ratio than palay and the lowest production volume 
which eventually resulted to lower biomass energy potential.

4.1 Mindanao Biomass Energy Potential
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Figure 39.16:
Biomass Energy 
Potential (in 
MWh)	By	
Region, By 
Crop
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Table 39.8:
Volume of 
Biomass in 
Mindanao 
and Its Energy 
Potential

R - Total 
Volume of 
Residues (Mt); 
P - Biomass 
Energy 
Potential, MWh;  
% -  Percent 
to 2019 coal 
consumption of 
9,420,357MWh 
(~810 ktoe)
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Figure 39.17 shows the maps generated to show the distribution of the 
biomass from each major crop per province and their estimated biomass 
energy potentials.

4.2 Biomass Resource Maps

Figure 39.17:
Maps of 
Estimated Crop 
Residues (in 
Mt; left column) 
and Its Energy 
Potential (in 
MW;	right	
column) by 
Province 
from Banana, 
Coconut, 
Sugarcane, 
Palay and Corn, 
respectively.
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Biomass concentration can be observed to be high at the central and 
southern regions of Mindanao. It must be noted, however, that Caraga region 
has relatively the lowest biomass concentration due to its topography — 
frequented by typhoons and a major site for large-scale mining operations. It 
can be observed that the total biomass resource map (Figure 39.17) for the 
combined major crop residues closely resembled that of the banana resource 
map.

Figure 39.18:
Map of 
estimated 
volume of 
biomass 
residues (in 
Metric Ton) 
and estimated 
biomass energy 
potential (in 
Megawatts) 
from	five	(5)	
major crops in 
Mindanao, by 
Province, 2019
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The results show that Mindanao has ~7.7TWh (~660KTOE) of biomass energy 
potential. It has the capacity to offset ~81% of its coal consumption in 2019 to 
generate electricity if biomass will be fully utilized. The province of Bukidnon 
has the highest volume of biomass residue available for energy production 
with a total of 1.2 M metric tonnes biomass energy potential with 120 MW 
assuming 25% of plant efficiency. These values translate to potentially ~890 
MW of capacity that can be added to the grid at full biomass utilization which 
is about 23% of the dependable generating capacity of Mindanao in 2019. 
Main biomass resource identified are banana, palay (rice) and coconut. These 
resources may be used as substitute for coal in the future. Possible conversion 
of current coal power plants into biomass power plants is encouraged to lessen 
dependency on foreign source of fuel for power generation. Bukidnon, Davao 
del Norte and Cotabato are areas of interest for biomass energy generation.

5 Conclusion
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Definition of Terms and Concepts

Anaerobic digestion  .............................. process of the breaking down of biomass by bacteria 
in the absence of air. This yields a biogas containing 
methane and a solid residue.  Both can be used in 
combustion. 

Animal and human waste  ...................... includes slaughterhouse wastes such as bones, meat-
bone meal; and various manures. 

Aquatic biomass  .................................... marine or freshwater algae; macroalgae or microalgae; 
seaweed, kelp, lake weed, water hyacinth and others. 

Bioenergy ............................................... a renewable energy generated through physical, 
chemical and biological processing of biomass.

Biomass  ................................................. organic material that is of plant and animal origin; a 
renewable energy source that is found all over the 
world aside from solar, wind, ocean, and thermal 
source. It covers agricultural crops, plant residues, 
forest resources, special energy plant. It is obtained 
as leftovers in the whole process of agricultural 
production.

Biomass residues  ................................... leftovers which remain after the main crop gathering 
in agriculture by cutting and pruning the stem, straw, 
stalk, leaf, branches, etc. 

Combustion ............................................ the process of burning material to produce heat. It is 
the simplest method to extract energy from biomass.  

Crop yield ............................................... the ratio between crop harvested and the crop 
harvested area.

DA .......................................................... Department of Agriculture 

DENR ...................................................... Department of Environment and Natural Resources 

DOE ........................................................ Department of Energy

DOST ...................................................... Department of Science and Technology
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Fermentation .......................................... the production of alcohol and acid using the glucose 
of a plant. Yeast or bacteria are added in the biomass 
to feed on the sugars and produce ethanol. The 
ethanol is then distilled and dehydrated to a higher 
concentration which can be used as fuel. The residue 
from fermentation is then used in the gasification 
process.  

FPRDI  ..................................................... Forest Products Research and Development Institute 

Gasification ............................................. the conversion of biomass into producer gas or 
syngas, a combustible gas mixture, using heat, 
pressure, and combustion. The producer gas or 
syngas can then be used in place of natural gas. 

Geographic Information System (GIS)  .. a tool used for computerized mapping and spatial 
analysis. It can capture, store, query, analyze, and 
display geographic information.

Gross calorific value  .............................. heat given off by a material upon combustion yielding 
water in liquid form along with other exhaust gases.   

Herbaceous biomass .............................. includes grasses and flowers (alfalfa, bamboo, cane, 
switchgrass, others); straws (bean, corn, rice, wheat, 
barley, others); other residues (fruits, shells, husks, 
hulls pits, pips, grains, seeds, coir, stalks, cobs, 
kernels, bagasse, fodder, pulp, spent flakes/cakes,  
waste food, etc.). 

Higher heating value (HHV) .................... see gross calorific value.

Lower heating value (LHV) ..................... see net calorific value

Major Crops ............................................ agricultural crops with highest annual volume of 
production.

NAMRIA  ................................................ National Mapping and Resource Information 
Authority 

Net calorific value  .................................. heat given off by a material upon combustion 
yielding water in vapor or gaseous form along with 
other exhaust gases.   



785Technical Studies in Support of Renewable EnergyChapter 39

NFA ........................................................ National Food Authority 

PCARRD   ............................................... Council for Agriculture, Forestry and Natural 
Resources Research and Development 

PSA ......................................................... Philippine Statistics Authority

Pyrolysis .................................................. thermal decomposition of biomass in the absence of 
oxygen. Its produces char in mix of its solid, liquid, 
and gas form. Pyrolysis takes place as a part of 
gasification and combustion. 

Remote sensing (RS)  .............................. acquiring data about entity or areas by using electro-
magnetic radiation (light) without having direct 
contact with the said entity or area. 

Renewable energy .................................. covers a broad range of energy sources that do not 
cease to exist.

Residue-to-product ratio  ....................... the relation between the mass of the residues and 
the mass of the crop harvested.

SRA ......................................................... Sugar Regulatory Administration 

Wood and woody biomass ..................... coniferous or deciduous; angiospermous or 
gymnospermous; stems, branches, foliage, bark, 
chips, lumps, pellets, briquettes, sawdust, sawmill 
and others from various wood species. 
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Appendix A: Average Volume Production of Five (5) 
Major Crops in Mindanao, By Province, In Metric Ton, 2010-2019

Province Corn Palay Coconut Banana Sugarcane Overall

Zamboanga Del 
Norte 46636.89 106,471.43 748,767.92 175,040.96 116.25 1077033.45

Zamboanga Del Sur 139453.24 338,810.58 522,651.63 129,617.34 6.96 1130539.75

Zamboanga Sibugay 20682.69 171,315.94 211,135.02 42,169.13 11.2 445313.98

Zamboanga City 12730.46 27,317.56 200,935.10 109,322.48 77.22 350382.82

Bukidnon 823020.51 414,878.67 48,830.39 2,496,529.12 3463717.75 7246976.44

Camiguin 531.78 2,333.56 102,152.81 9,500.75 114518.9

Lanao Del Norte 244750.45 168,781.08 579,140.48 526,987.76 1519659.77

Misamis Occidental 53972.75 81,908.70 563,940.37 132,559.10 832380.92

Misamis Oriental 108220.86 24,910.32 517,095.22 320,155.08 177 970558.48

Davao De Oro
(Compostela Valley) 54023.42 104,713.97 227,927.97 3,169,146.12 85.47 3555896.95

Davao Del Norte 22871 122,537.89 728,477.33 1,122,927.38 354693.33 2351506.93

Davao Del Sur 79561.41 128,936.67 256,025.10 493,129.91 957653.09

Davao Occidental 40646.19 1,760.49 791,524.34 307,504.19 4.47 1141439.68

Davao Oriental 48422.4 66,068.64 203,718.54 1,866,274.35 91.76 2184575.69

City Of Davao 22948.06 14,963.82 406,648.89 32,333.70 476894.47

Cotabato (North 
Cotabato) 360028 489,119.60 186,177.98 1,148,096.19 436736.6 2620158.37

Sarangani 146130.3 44,524.57 444,984.43 385,964.15 74793.16 1096396.61

South Cotabato 456619.9 324,047.10 170,489.89 511,788.16 33386.63 1496331.68

Sultan Kudarat 243194.63 417,802.23 217,885.15 162,489.10 107544 1148915.11

Agusan Del Norte 14512.2 81,242.98 162,772.50 126,914.94 0.15 385442.77

Agusan Del Sur 89587.14 238,431.57 43,828.62 115,322.20 487169.53

Dinagat Islands 142.34 6,756.41 10,749.34 346.84 2.5 17997.43

Surigao Del Norte 1149.5 61,600.40 210,259.75 12,613.44 1.02 285624.11

Surigao Del Sur 9338.29 95,570.55 408,532.14 194,796.46 0.75 708238.19

Basilan 220.38 3,177.69 142,631.38 37,519.79 14.98 183564.22

Lanao Del Sur 303612.24 174,804.60 180,343.38 178,578.02 79463.94 916802.18

Maguindanao 484727.97 402,539.87 640,922.03 683,998.73 3674.03 2215862.63

Sulu 1132.4 2,541.50 210,658.74 27,064.54 241397.18

Tawi-Tawi 964 541.39 153,738.03 12,820.46 13.25 168077.13

Mindanao 3,829,831.39 4,118,409.77 9,292,944.47 14,531,510.38 4,554,612.42 36,327,308.43
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Appendix B: Average Volume of Biomass Residues in Mindanao,
by Province, in Metric Ton, 2010-2019

Coconut Banana Corn Sugar-
cane

Palay Total

Zamboanga del Norte 283,034.27 34,658.11 1,772.20 13.18 75,416.55 394,894.32

Zamboanga Sibugay 79,809.04 8,349.49 785.94 1.27 121,347.64 210,293.38

Zamboanga del Sur 273,515.79 47,310.08 5,782.98 9.55 259,338.31 585,956.70

Bukidnon 18,457.89 494,312.77 31,274.78 392,785.59 293,869.61 1,230,700.63

Camiguin 38,613.76 1,881.15 20.21 - 1,652.92 42,168.04

Lanao del Norte 218,915.10 104,343.58 9,300.52 - 119,552.13 452,111.32

Misamis Occidental 213,169.46 26,246.70 2,050.96 - 58,018.11 299,485.24

Misamis Oriental 195,461.99 63,390.71 4,112.39 20.07 17,644.65 280,629.81

Davao de Oro 
(Compostela Valley)

86,156.77 627,490.93 2,052.89 9.69 74,171.69 789,881.98

Davao del Norte 275,364.43 222,339.62 869.10 40,222.22 86,796.85 625,592.22

Davao del Sur 96,777.49 97,639.72 3,023.33 - 91,329.27 288,769.82

Davao Occidental 299,196.20 60,885.83 1,544.56 0.51 1,247.00 362,874.10

Davao Oriental 77,005.61 369,522.32 1,840.05 10.41 46,798.18 495,176.56

City of Davao 153,713.28 6,402.07 872.03 - 10,599.27 171,586.65

Cotabato (North Cota-
bato)

70,375.28 227,323.05 13,681.06 49,525.93 346,456.44 707,361.75

Sarangani 168,204.11 76,420.90 5,552.95 8,481.54 31,537.94 290,197.45

South Cotabato 64,445.18 101,334.06 17,351.56 3,786.04 229,531.19 416,448.02

Sultan Kudarat 82,360.59 32,172.84 9,241.40 12,195.49 295,940.44 431,910.76

Agusan del Norte 61,528.01 25,129.16 551.46 0.02 57,546.56 144,755.21

Agusan del Sur 16,567.22 22,833.80 3,404.31 - 168,887.43 211,692.75

Dinagat Islands 4,063.25 68.68 5.41 0.28 4,785.75 8,923.36

Surigao del Norte 79,478.19 2,497.46 43.68 0.12 43,633.20 125,652.65

Surigao del Sur 154,425.15 38,569.70 354.86 0.08 67,695.16 261,044.95

Basilan 53,914.66 7,428.92 8.37 1.70 2,250.84 63,604.49

Lanao del Sur 68,169.80 35,358.45 11,537.27 9,011.21 123,818.75 247,895.47

Maguindanao 242,268.53 135,431.75 18,419.66 416.64 285,129.71 681,666.28

Sulu 79,629.00 5,358.78 43.03 - 1,800.21 86,831.03

Tawi-tawi 58,112.97 2,538.45 36.63 1.50 383.48 61,073.04

Mindanao 3,512,733.01 2,877,239.05 145,533.59 516,493.05 2,917,179.29 9,969,178.00



790Technical Studies in Support of Renewable EnergyChapter 39

Coconut Banana Corn Sugar-
cane

Palay Total

Zamboanga Peninsula 636,359.10 90,317.68 8,341.12 24.00 456,102.50 1,191,144.40

Northern Mindanao 684,618.20 690,174.90 46,758.86 392,805.66 490,737.42 2,305,095.05

Davao Region 988,213.78 1,384,280.50 10,201.95 40,242.83 310,942.26 2,733,881.32

Soccsksargen 385,385.16 437,250.85 45,826.97 73,989.01 903,466.01 1,845,917.98

Caraga Region 316,061.81 89,098.79 4,359.72 0.50 342,548.11 752,068.92

Barmm 502,094.96 186,116.34 30,044.97 9,431.05 413,383.00 1,141,070.32

Mindanao 3,512,733.01 2,877,239.05 145,533.59 516,493.05 2,917,179.29 9,969,178.00

Average Volume of Biomass Residues in Mindanao, by Region, in Metric Ton, 2010-2019
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Appendix C: Crop Production Volume of Banana, by Province, 
in Metric Ton, 2010-2019
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Appendix D: Crop Production Volume of Coconut, by Province, 
in Metric Ton, 2010-2019
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Appendix E: Crop Production Volume of Sugarcane, by Province,
in Metric Ton, 2010-2019
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Appendix F: Crop Production Volume of Palay, by Province,
in Metric Ton, 2010-2019
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Determination of the Potential Heads 
for Hydropower Plants Using Geospatial 
Technology: A Case Study of The 8 Major 
River Basins of Mindanao, Philippines

40

Augustini Ave O. Paduganana, Jefferson R. Vallente Jr.b, Nico Miguel C. Tabanas, 
Rogelio C. Golez Jr.c and Julemer Ann G. Ayingd

aapaduganan@xu.edu.ph, bjvallente@xu.edu.ph, crgolez@xu.edu.ph, djaying@xu.edu.ph

Mindanao in the south is the second largest island in the Philippines and 
consumes	13%	of	the	national	electricity	output.	With	few	Renewable	Energy	
(RE) resources developed in the region so far, hydropower with an abundant 
resource	still	provides	80%	of	its	total	electricity	requirement.	The	Department	
of Energy (DoE) projects that hydropower is expected to still be a major 
source of RE. Thus, adding areas of potential sources is still needed even in 
micro-scale	uses.	Efforts	to	make	it	economic,	flexible	and	less	damaging	to	
the environment is a major factor its construction is still favored in the region. 
In every hydropower development, one parameter that helps to determine 
available hydraulic power inherent in the system is the available elevation 
head. In this study, the focus will be on the measurement of available head 
of	 the	eight	major	 river	basins	 in	Mindanao.	The	available	head	 is	defined	
as the vertical distance where the water should be allowed the maximum 
vertical displacement, and the shortest path to travel. The maximum vertical 
displacement accounts for the high-water head. Large water head accounts 
for	 higher	 power	 potential.	 Hydropower	 projects	 (HPP)	 can	 be	 classified	
in many ways: by size (large, medium, small and micro-scale); by purpose 
(single	or	multi-purpose);	and	by	the	way	incoming	river	flows	are	regulated	
to generate energy. The intention of this study is to locate potential elevation 
head processed from Synthetic Aperture Radar (SAR) data further developed 
in	a	Geographic	Information	System	(GIS)	environment.	With	the	use	of	the	
GIS, a core of practical methodology can be formed that will result in more 
resilient energy source, in less time, which can be used by decision-making 
bodies to assess the impacts of various scenarios. Furthermore, this can be 
used	to	review	cost	and	benefits	of	decisions	for	assessing	HPPs.	It	offers	the	
means for an initial assessment for accessing and interpreting information for 
the purpose of decision making.

Keywords: Hydro potential, Mindanao, Renewable Energy, GIS, Geospatial 
Technology

Abstract
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1 Introduction

Mindanao in the south is the second largest island in the Philippines and 
consumes 13% of NPC’s national electricity output. With few other energy 
resources developed so far, one main source of electricity in Mindanao is 
hydropower which provide 80% of its total electricity requirements (Philippine 
Prospects - International Water Power, 2002). Hydropower is one of the most 
common renewable sources abundantly available in the hilly region. According 
to the Department of Energy (DoE) hydropower accounts for 4% of the 
Philippines’ primary energy mix in 2002. This compares with natural gas which 
is forecasted to account for 7% of primary energy while geothermal power is 
projected at 5%, local oil at 3% and domestic coal at 2% of primary energy 
(Rudnick and Velasquez 2019). Hence, the Department of Energy’s power 
development plan aims to increase energy capacity while simultaneously 
making it more economic, flexible and less polluting especially in Mindanao. 
Finding a suitable location to construct Hydropower has become an obstacle 
to development in some places in Mindanao and this has raised doubts about 
the contribution of this mature storage option to future energy systems.

1.1 Power demand and the need for Renewable Energy

The study area is focused in the eight major river basins of Mindanao, namely: 
Agusan river basin, Buayan-Malungon river basin, Cagayan de Oro river basin, 
Davao RB, Mindanao river basin, Agus river basin, Tagoloan river basin, and 
Tagum-Libuganon river basin (Figure 40.1). These are all identified based off 
of the document of the Department of Environment and Natural Resources 
(DENR). These river basins are located in the southmost part of the Philippines 
which lies within longitudes 125.78°–124.021°E and latitudes   9.129°– 
5.948°N. The major river basins of Mindanao are perennial watersheds; they 
provide important natural resources for the economic development of the 
people in the different provinces.

1.2 Study Area
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Figure 40.1:
Upper left 
shows the eight 
river basins 
in Mindanao, 
lower left shows 
the elevation 
and watershed 
boundary of 
Mindanao river 
basin.
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Watersheds Provinces Area sq.km.

Agusan River Basin

Compostela Valley, Davao Oriental, 
Davao del Norte, Agusan del Sur, 

Agusan del Norte, Surigao del Sur, 
Misamis Oriental, and Bukidnon

11,936.55 sq. km.

Agus River Basin Lanao del Norte, Lanao del Sur 1,987.08 sq. km.

Buayan-Malungon
River Basin

Davao del Sur, Davao Occidental, 
Sarangani, South Cotabato 1,505.09 sq. km.

Cagayan de Oro River 
Basin

Misamis Oriental, Bukidnon, Lanao 
del Norte

1,373.83 sq. km.

Davao River Basin Bukidnon, Davao del Sur 1,759.6 sq. km.

Mindanao River Basin
South Cotabato, Sultan Kudarat, 
Maguindanao, North Cotabato, 

Lanao del Sur,
20,859.41 sq. km.

Tagoloan River Basin Misamis Oriental, Bukidnon 1,373.83 sq. km.

Tagum-Libuganon
River Basin

Davao del Norte, Compostela 
Valley, Agusan del Sur

3,119 sq. km.

Table 40.1:
Shows the 
tabulated list 
of watershed in 
Mindanao.

In every hydropower development, one parameter that helps to determine 
available hydraulic power inherent in the system is the available elevation 
head. In this study, the focus will be on the measurement of available head 
of the eight major river basins in Mindanao. The available head is defined 
as the vertical distance where the water should be allowed the maximum 
vertical displacement and the shortest path to travel. The maximum vertical 
displacement accounts for the high-water head. Large water head accounts 
for higher power produced. Hydropower projects can be classified in many 
ways: by size (large, medium, small and mini-scale); by purpose (single or 
multi-purpose); and by the way incoming river flows are regulated to generate 
energy.

Mini Hydro Power Plant (MHPP) is characterized by river discharge and head 
profile. However, the lack of discharge data and river head information 
becomes barriers in developing MHPP. In this research, GIS approach is used 
to assess MHPP potential by analyzing spatial data. Head calculation was 
conducted using neighborhood statistical method while river discharge was 
approached using the Soil Conservation Service- Curve Number (SCS-CN) 
equation. Potential sites were determined using potential energy formula. 
The results showed that study area has eighteen potential sites from 100 kW 
to 5.2 MW. This method is suitable for initial screening only. Further in-depth 
feasibility study is needed to develop MHPP (Setiawan 2015).
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The objective of the study is to evaluate and identify the potential elevation 
heads for hydropower in the eight major river basins in Mindanao using the 
geospatial technology. The study aims to explore the application of temporal 
and spatial variability of hydropower potential heads as a tool for assessing 
hydropower potential, particularly in the Mindanao river basins namely: Agus 
river basin, Buayan-Malungon river basin, Cagayan de Oro river basin, Davao 
river basin, Mindanao river basin, Tagoloan river basin, and Tagum river basin.

1.3 Objective

GIS is highly compatible with interfacing hydrological models to facilitate the 
processing, management, and interpretation of hydrological data particularly 
in the resource potential which has the ability to describe the topography 
area. The potential elevation heads will be useful to hydrologists, decision-
makers, and planners for quickly identifying areas with the highest potential for 
hydropower development. Through geospatial dataset, watershed modelling 
of climate inputs and geographic information system (GIS), assessment of 
theoretical hydropower is now made possible. (Guiamel and Lee, 2020) The 
study aims to investigate the possibility of the stand-alone hydro for low-cost 
electricity production which can satisfy the energy load for a community due 
to the potential heads generated.

1.4 Significance

The intention of this study through the MindaCELLs project is to detect 
potential elevation head for hydropower electricity by developing methods, 
based on Geographic Information System (GIS) tools. With the use of the 
geospatial technology, it can be used to form the core of a more resilient, 
practical methodology that will require less time, to be used by decision-
making bodies to assess the impacts of various scenarios; allowing them a 
more comprehensive review of the cost and benefits of their assessment of 
hydropower plants. It offers means of entering, accessing and interpreting the 
information for the purpose of decision making, integrating all physical events 
leading to better simulation of the physical world using GIS and hydrological 
modelling. 
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2 Methodology
Delineated	Watersheds	and	River	Networks	

The watersheds in the study area were delineated using the topography 
derived Digital Elevation Model (DEM) as the main input data which process 
through GIS with the aid of GEO-HMS. The DEM for the area of study has been 
extracted from the Interferometric Synthetic Aperture Radar (IFSAR) product 
(15 × 15m). It is used to generate the river network and create watershed 
delineation accessed from the characteristics of the topography.

Head Calculation

Riverhead calculation can be approached using GIS methods. First, DEM 
data which contains elevation information is clipped with the river network 
to generate riverbed topographic profile. Finally, river head is calculated 
using focal statistic through the “neighbourhood” analysis tool in ArcGIS. 
The analysis calculated elevation range between “neighbourhood” pixels in 
riverbed topographic profile. The nearest “neighbor” output data were then 
subtracted from original DEM data using raster calculator to get the drop in 
elevation.

Potential Heads

To assess potential hydraulic head along the river, computations were started 
at the main outlet of the watershed and then proceeded in the upstream 
direction. A location is identified as a potential hydropower site when a head 
of 20m or more is available in a stream and the distance between the current 
location and the site immediately downstream exceeds 500m (Kusre et al. 
2010).
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Figure 40.2:
Process	flow	of	
the study
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3 Resilient Energy Policy
Mindanao, Philippines is abundant with several river basins which are potentially 
useable as source of hydropower in the island. However, the geographical 
location of the island also poses a threat in terms of hydrometeorological 
hazards which requires preparation of action plans for adaptation and resiliency 
against adverse impacts (Lagmay and Baldago 2020). Given this, putting up a 
hydropower plant is also attributed to an increased threat of flooding, despite 
its great advantage in the energy mix of the country. 

In 2013, it was reported that aside from the heaviest rainfall recorded in that 
year, the mismanagement of hydropower plants contributed to the flooding 
in the Himalayan State of Uttarakhand in India which caused thousands of 
deaths and missing persons. Situations such as these were greatly considered 
by the government. Thus, in 2018, the Department of Energy released 
the Department Circular No. DC 2018-01-0001 or the Adoption of Energy 
Resiliency in the Planning and Programming of the Energy Sector to Mitigate 
Potential Impacts of Disaster.

The main aim of the circular is to institutionalize, the development, promotion 
and implementation of a Resilience Compliance Plan (RPC) to strengthen the 
capacity, safety culture and disaster preparedness and response capability of 
the energy sector by ensuring resilient energy infrastructure. With this, the 
four main principles of the circular states that the adoption of the resiliency 
planning and program in the energy industry shall:

1. Strengthen existing infrastructure facilities to adapt and withstand 
adverse conditions and disruptive events;

2. Incorporate mitigation improvements into the reconstruction and 
rehabilitation of damaged infrastructure in accordance with the Build 
Back Better principles;

3. Improve operational and maintenance standards and practices 
to ensure efficient restoration of energy supply in the aftermath of 
disruptive events; and

4. Develop resiliency standards for future construction of energy 
facilities to ensure minimal damage and adoption of measures for 
timely recovery and restoration of energy supply.
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4 Results and Discussion
River head calculation can be approached using GIS methods. First, a 10-m 
DEM was used to identify potential sites in the eight major river basins which 
contain elevation information, clipped with the river network to generate 
riverbed topographic profiles. Finally, river head was calculated using focal 
statistics neighbourhood analysis tool in ArcGIS. The analysis calculated 
elevation range between minimum neighbourhood pixels in riverbed 
topographic profile (Figure 40.3) and then subtracted from original DEM data 
using raster calculator to get the drop in elevation head (Figure 40.4).

Figure 40.3:

Figure 40.4:

The Focal 
Statics: 
”Minimum” 
Neighbourhood 
Analysis

The Mindanao 
Elevation Head
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A head is identified as a potential head when a head of 20m or more is 
available in the stream, with a separation of at least 500m between the two 
sites. The assessment for the potential is carried out from the last selected site 
and the process continued until the stream end; thus, potential heads were 
identified in the following watershed and their locations along with the stream 
network. It needs to be highlighted that, as well as hydrological, many other 
criteria (e.g., geological suitability, vicinity to important places) must be met 
to finalize the site of hydropower projects. The methodology presented here 
is a systematic way to identify potential heads from a topographic angle using 
geospatial analysis. These heads can be further examined using other criteria 
to arrive at a different list. An optimization study can also be carried out by 
varying the norm for the head (20m in the present case) and spacing (500m) 
to develop an optimal basin development plan.

5 Conclusion
One of the common factors in hydropower potential determination is the falling 
height of rivers/streams. Using the geospatial technology, a pour point has 
successfully generated potential sites with good head along the stream, which 
will be further used to calculate power potential. Potential elevation heads is 
one factor to develop an efficient analysis for hydropower development. The 
tool discussed in this study is an automated tool which requires some initial 
data such as DEM, which performed its function efficiently and generated 
potential elevation heads. Since the tool integrates many tools in one master 
tool it significantly reduces effort and time used for such analysis. This research 
also showed that the elevation heads with good value do not always have to 
be considered as potential head due to some factors, particularly if it is not 
along the river streamlines.

The energy industry is now gearing towards mainstreaming disaster risk 
reduction programs into planning and investments to ensure continuous 
delivery, while enhancing existing energy infrastructure. The existence of the 
RPC intends to mainstream both engineering and non-engineering measures 
to ensure infrastructure and human resource disaster preparedness.

The determination of potential head output in the eight major river basins 
along the streamlines show that the identified sites have the capability of 
producing adequate output for power plant development. But further 
consideration of adverse impacts have to be studied for the safety of residents 
living in proximity to potential sites, should dams be built for the purposes 
of HPPs. Higher accuracy of the model and detailed evaluation of potential 
heads can also be achieved by using other data sources like high resolution 
images and up-to-date terrain data.



807Technical Studies in Support of Renewable EnergyChapter 40

Acknowledgements

This project would not be possible without the funding support of the European 
Union Aid Access to Sustainable Energy in the Philippines (ASEP) Project. The 
authors also would like to thank all administrative support from the College of 
Engineering, Xavier University – Ateneo de Cagayan through its MindaCELLs 
project. Further, the authors wish to thank their mentors, students, research 
assistants, staffs and loved ones who made this research possible. And lastly 
to almighty God for everything he has provided to accomplish this Herculean 
task.



808Technical Studies in Support of Renewable EnergyChapter 40

References

‘Embracing a Culture of Resiliency in the Energy Sector’. Department of Energy, 27 January 
2018: 185-198. https://www.doe.gov.ph/sites/default/files/pdf/announcements/a_
plenary_01_embracing_culture_resilience_energy_sector.pdf.

Ghorbani, Narges, Hamed Makian, and Christian Breyer. ‘A GIS-Based Method to Identify 
Potential Sites for Pumped Hydro Energy Storage - Case of Iran’. Energy 169 (February 
2019): 854–67. https://doi.org/10.1016/j.energy.2018.12.073.

Guiamel, Ismail Adal, and Han Soo Lee. ‘Potential Hydropower Estimation for the Mindanao 
River Basin in the Philippines Based on Watershed Modelling Using the Soil and 
Water Assessment Tool’. Energy Reports 6 (November 2020): 1010–28. https://doi.
org/10.1016/j.egyr.2020.04.025.

Kusre, B. C., D. C. Baruah, P. K. Bordoloi, and S. C. Patra. ‘Assessment of Hydropower Potential 
Using GIS and Hydrological Modeling Technique in Kopili River Basin in Assam (India)’. 
Applied Energy 87, no. 1 (1 January 2010): 459-466. https://doi.org/10.1016/j.
apenergy.2009.07.019.

Lagmay, Alfredo Mahar, and Maria Criselda Baldago. A Timeline of Mindanao Disasters. 
Quezon City: University of the Philippines Press, 2020: 22-76.

‘Philippine Prospects - International Water Power’. Accessed 1 September 2021. https://www.
waterpowermagazine.com/features/featurephilippine-prospects/.

Rudnick, Hugh, and Constantin Velasquez. ‘Learning from Developing Country Power Market 
Experiences: The Case of the Philippines’. Working Paper. Washington, DC: World 
Bank, January 2019: 1-3. https://doi.org/10.1596/1813-9450-8721.

Setiawan, Dody. ‘Potential Sites Screening for Mini Hydro Power Plant Development in Kapuas 
Hulu, West Kalimantan: A GIS Approach’. Energy Procedia 65 (2015): 76–82. https://
doi.org/10.1016/j.egypro.2015.01.034.



809Technical Studies in Support of Renewable EnergyChapter 41



810Technical Studies in Support of Renewable EnergyChapter 41

Prediction of Supplementary Off-Grid
Solar Energy Source using Deep Learning 
Long-Short Term Memory

41

Rogelio C. Golez Jr.a, Lolit M. Villanueva, Marjorie Anne A.  Estoque,
Kristoffer O. Flores and Reggie C. Gustilo
argolez@xu.edu.ph

The increasing demand for electrical power is becoming a global problem. 
The production and distribution costs and infrastructures give rise to the 
electrical consumption cost of every household. However, there exists different 
sources of renewable energy such as wind turbine energy, water turbines, and 
solar energy. This research focuses on the prediction of future solar radiant 
energy that can be harvested in eight weather stations in Cagayan de Oro 
City, Philippines. A Long Short Term Memory Deep Learning algorithm was 
used to predict the average daily solar radiant that each station can harvest. 
These solar radiant data were then converted into electrical power data using 
a	 typical	 solar	 panel	 specification.	 The	 electrical	 power	 from	 solar	 panels	
can be used in on-grid and off-grid power sources that can help the local 
government increase the supply of electrical power while minimizing the 
energy	cost.	Results	show	that	each	weather	station	can	significantly	harvest	a	
good amount of electrical power from solar radiant energy. The results of this 
study is used in the planning and development of solar panel infrastructure in 
the local government of Cagayan de Oro City.

Keywords: Solar energy, Radiant energy, renewable energy, LSTM, deep 
learning, forecasting
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Future Wind Energy Forecasting Using 
Radial Basis Function Neural Network

42
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With	 increasing	 demand	 in	 electrical	 power	 all	 throughout	 the	 world,	 one	
alternative is to harvest power from renewable energy sources. Power from 
wind	turbines	can	contribute	to	the	deficiency	of	generated	electrical	power	
that can be used in off-grid local community operations and even supply 
household power requirements. For several years, in Cagayan de Oro City, 
eight weather stations collect wind data and this data is used to forecast future 
wind energy and the electrical power converted from the said wind energy. A 
Radial Basis Function Neural Network (RBFNN) is used to predict the three-
year daily average electrical power that can be harvest from each of the eight 
weather stations. The forecasted electrical power is used in determining which 
weather	stations	are	feasible	for	constructing	wind	turbines.	With	a	threshold	
average daily power of 500 watts, it is seen that only four out of the eight 
stations are recommended for the building of wind turbines on their sites.

Keywords: Radial	Basis	Function,	Neural	Network,	Wind	Energy,	
Forecasting, Renewable Energy

Abstract
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Pollution dispersion and exposure from 
two coal-fired power plants near a coastal 
Philippine city

43

Xzann Garry Vincent M. Topacio*, Katrina Mae D. Kopio, Christine L. Chan, Gabrielle Frances R. Leung,
Aubrey May N. De Francisca, Julie Mae B. Dado, PhD, Faye Abigail T. Cruz, PhD, Kevin C. Henson,
Danica A. Loqueloque, Maria Obiminda L. Cambaliza, PhD, and James Bernard B. Simpas, PhD
*xtopacio@observatory.ph

Like many other developing countries, the Philippine energy sector is heavily 
reliant on coal, despite the markedly increased environmental and health risks 
compared to more sustainable energy sources. In this study, the authors quantify 
hidden	costs	associated	with	coal-fired	power	plants	in	a	coastal	Philippine	city:	
Metro Cagayan de Oro (CDO), one of the country’s fastest growing regions. 
As part of the Access to Sustainable Energy Philippines - Clean Energy Living 
Laboratories (ASEP-CELLS) project, the dispersion of pollutants is characterized 
and	the	risk	associated	with	such	pollution	 is	quantified	based	on	the	hazard-
exposure-vulnerability framework. The California Puff Model (CALPUFF) 
Lagrangian dispersion model was used to simulate the transport of emissions 
from	two	nearby	coal-fired	power	plants	(CFPPs)	over	complex	coastal	terrain,	with	
meteorological	inputs	generated	from	the	Weather	Research	Forecasting	(WRF)	
model from March 2020 to April 2021. Results show that the transport of pollution 
plumes was mainly driven by the diurnal sea-land breeze, with concentrations 
reaching their peak near noon, when the sea breeze is transporting the plume 
inland. In comparison, the seasonal impact of the main synoptic (monsoonal) 
flows	on	the	dispersion	was	rather	limited	due	to	the	location	of	the	power	plants	
at the end of a sheltered bay. Intake fractions (IF) were also computed for different 
times to characterize the emission-to-exposure relationship. The IF was found to 
be highest at noon, the time when the concentrations peak and the winds bring 
in the plume to highly-populated areas. The IF from the two CFPPs was around 
10-5, a similar magnitude to past studies of power plant IFs in countries like 
China.	Ambient	fine	particulate	matter	(PM2.5) samples measured downwind of 
the CFPPs during the modeling period showed much higher PM2.5 concentrations 
than the modeled results, indicating that there were other potential pollution 
sources prevailing in the study area. An increased understanding of dispersion 
in this city will allow for better pollution control and the reduction of population 
exposure to air quality hazards in the future.

Keywords: dispersion	 modeling,	 coal-fired	 power	 plant,	 CALPUFF,	 intake	
fraction, PM2.5

Abstract
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Day-night differences, and source 
apportionment of PM2.5 measurements
near  coal-fired power plants in
Bukidnon, Philippines

44

Grace B. Betito*, Aubrey May N. De Francisca, Xzann Garry Vincent M. Topacio,
Maria Obiminda L. Cambaliza, PhD, and James Bernard B. Simpas, PhD
*gbetito@observatory.ph

Coal-fired	 power	 plants	 are	 known	 to	 emit	 particulate	 pollutants	 in	 the	
atmosphere that could pose harm to the environment and human health. To 
determine	the	composition	and	possible	sources	of	ambient	fine	particulate	
matter (PM2.5)	near	two	coal-fired	power	plants	in	Bukidnon,	PM2.5 monitoring 
was conducted from 25 February 2021 to 05 May 2021. The authors used 
two portable MiniVol samplers to collect PM2.5 samples during daytime (07:00 
a.m.	-	07:00	p.m)	and	nighttime	(07:00	p.m.	-	07:00	a.m.).	A	total	of	138	filter	
samples were collected and analyzed for mass, black carbon (BC), elemental 
species, and water-soluble ions.

On average, the majority of the PM2.5 mass concentrations at the sampling 
site	exceeded	the	WHO	guideline	value	but	are	within	 the	“moderate”	US	
EPA Air Quality Index (AQI) category. The bulk PM2.5 mass was dominated by 
BC, sulfate, ammonium, and crustal-related species. Secondarily produced 
sulfate was more dominant during the daytime, while combustion emitted 
BC	was	higher	at	nighttime.	The	identified	chemical	components	explained	
on	average	33-38%	of	the	total	PM2.5 mass. Overall, excellent correlation was 
observed between the chemically-derived mass and the gravimetric mass (day: 
r2 = 0.92, night: r2	=	0.96).	Positive	matrix	factorization	analysis	revealed	that	
combustion, followed by secondary sulfate, crustal, secondary nitrate, and 
sea salt were the main sources of PM. Results from the conditional probability 
function (CPF) suggested that local emissions were the major contributors to 
PM2.5 pollution in the area.

Keywords: positive matrix factorization, PM2.5, chemical composition,  
coal-fired	power	plant

Abstract







The past 150 years of global economic development have shown with 
alarming clarity how our failure to take into account (or internalize) the total 
costs and risks of development only imperils our collective future on this 
planet. Too often and tritely, we present environment and development as 
mutually exclusive and bipolar concerns. Development that is both inclusive 
and sustainable is possible and need not be opposed. Responding to this 
challenge for well over a decade, the Ateneo de Manila University (ADMU) has 
been guided by the three strategic thrusts of Mission-and-Identity, Nation-
Building, and Environment-and-Development. The third element stems from 
the ethical imperative of building our future with nature.

As part of the Ateneo’s commitment to sustainable and inclusive development, 
we are therefore pleased that ADMU successfully implemented the ASEP-
CELLs project. The goals of the project are closely aligned with Ateneo’s 
strategic thrust of Environment-and-Development. With the Ateneo School 
of Government (ASoG) at the helm, three major outputs were generated by 
ADMU. First, research studies to promote energy security were completed as 
a key part of this anthology. In order to help build the reform constituency, 
research findings were disseminated to government and private sector partners 
and other key stakeholders through the Energy Policy Series of the Ateneo 
Policy Center. Meanwhile, as a second major output, the Energy Transitions 
Track, was launched under ASoG’s flagship graduate degree program, the 
Master in Public Management. The ASoG MPM Energy Transitions track is the 
country’s pioneering course on energy policy; and it aims to equip students 
with the necessary policy skills to steer the country toward more equitable 
energy access, greater energy efficiency, and a more holistic energy policy 
plan. Finally, the Executive Education Program identified and examined the 
competencies essential to local government functionaries in energy policy. 
And based on this analysis, Ateneo and its partners developed and conducted 
a six-part training series on energy leadership. The main objective of the 
training series is to support local government units (LGUs) in crafting their 
individual Local Energy Efficiency and Conservation Plans.

Even beyond its leadership in ASEP-CELLS, ADMU already played a 
leadership role in this area, through several pioneering projects. In 2014, the 
university launched the electric jeepney (e-jeepney) shuttle system within 
its campus, making it the first educational institution in the Philippines to 
introduce an e-jeepney transport system. In 2021, and unfazed by delays due 
to the COVID-19 pandemic, the Ateneo Solar Power Project was initiated. 
Solar panels were installed in many buildings within the campus. Effectively, 
ADMU’s reliance on electricity generated by coal-fired power plants has been 
significantly reduced, with possible knock-on effects in terms of demonstrating 
to other institutions the viability of solar as an energy source, as well as allowing 
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other energy users greater access to the grid energy by beginning to relieve 
pressure from large users like malls and academic institutions. Most recently, 
under its new strategic plan launched in 2021, Lux in Domino 2030 (Light in 
the Lord 2030), Ateneo has started to craft and advance an ambitious goal of 
moving the institution toward carbon neutrality within the decade.

This research anthology dovetails with ADMU’s commitment to sustainable 
development. We are grateful to our partners who contributed to the 
anthology and the project as a whole: Manila Observatory, ICLEI Southeast 
Asia Secretariat (ICLEI SEAS), University of San Carlos, Xavier University, and 
SolarSolutions, Inc. We did not expect to forge these partnerships under the 
pressure of pandemic-driven lockdowns; and we expect to keep building on 
and working with this network of thought-leaders and innovators as our nation 
mounts its recovery from the pandemic. Throughout this project, we greatly 
appreciate the support from the various stakeholders in the energy sector, 
particularly the Department of Energy. We also acknowledge our important 
partnership with the European Union. We look forward to a brighter and 
cleaner future in the Philippines.
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ABOUT ASEP-CELLs

The Access to Sustainable Energy Programme-Clean Energy Living Laboratories (ASEP-
CELLs) is a project funded by the European Union and implemented by the Ateneo School 
of Government in partnership with Manila Observatory, ICLEI-SEAS, Xavier University, and 
University of San Carlos. The project was designed to support the Department of Energy 
in achieving 100 percent rural electrification primarily through renewable energy (RE), thus 
contributing to the increase of RE in the Philippines’ energy mix. At the same time, the project 
advocated for energy efficiency towards sustainable and inclusive economic growth.

From March 2019 to April 2022, ASEP-CELLs carried out activities aligned with its three pillars: 
knowledge management, capacity building, and advocacy. Through the CELLs in Luzon, Visayas, 
and Mindanao, the project produced research studies to enhance energy policy-making and 
program interventions. It also conducted capacity building and training activities to strengthen 
stakeholders’ ability to respond to sustainable low-carbon renewable energy challenges. Policy 
dialogues were also organized to increase public awareness and engagement to sustain political 
support and commitment to a low-carbon renewable energy pathway, energy efficiency, and 
energy access. This book, which is an anthology of the research studies conducted under the 
auspices of ASEP-CELLs, is part of the knowledge management pillar. 

Despite the pandemic and other challenges, ASEP-CELLs completed 100 percent of its planned 
output at a 76-percent fund utilization rate—a testament to the project members’ capability, 
dedication, hard work, and perseverance.

A PERSPECTIVE ON SUSTAINABLE ENERGY

Moving towards cleaner, more efficient, and low-carbon energy sources is a difficult path, 
especially for a nation that has been historically reliant on high-carbon energy.  As our economy 
develops, our energy needs rise, and climate change continues to wreak havoc and threatens 
our very existence.  Shifting towards cleaner energy, therefore, is a necessary path to take. 
This is what the ASEP-CELLs project has been doing for the past three years—helping the 
various sectors and stakeholders involved look for pathways and opportunities for sustainable 
production and consumption of energy. It is also a positive step forward in fulfilling our mission 
to be responsible stewards of God’s creation, of this planet we call home. As we have heard 
numerous times, there is no “Planet B”—Earth is the only one we have.

Roberto C. Yap, SJ
President
Ateneo de Manila University
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