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Abstract

Energy security is a comprehensive concept and pursuing it as a developmental goal entails first
and foremost a clearer understanding of what it means. This study proposes six broad elements in
assessing energy security, namely, sufficiency, reliability, resilience, affordability, accessibility,
and sustainability. In assessing the energy security situation in the Philippines, the study employs
an indicators-based assessment. The method involves defining, based on existing literature,
specific energy security indicators (ESIs) corresponding to the mentioned six broad elements and
then running some calculations and conducting trends analysis using available data. The analyses
of ESI trends over time and comparisons with other countries in Southeast Asia reveal notable
findings, most of which are pointing to the current energy insecurity of the Philippines. The study
then offers recommendations to improve energy security in the country and suggests that each
element of energy security be considered an area of future research. As a demonstration of further
scrutiny of an aspect of energy security, the study also examines energy sufficiency further by
forecasting electric power demand and comparing the forecasts with the government’s outlook on
generating capacity up to 2028. The results highlight the necessity of timely investments on
additional generating capacity and an efficient government permitting system.

Keywords: energy security, energy self-sufficiency, energy reliability, energy system
resilience, energy affordability, access to energy, energy sustainability, electricity demand
forecasting, error correction model, elasticity-based model
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How Energy Secure is the Philippines?

Adoracion M. Navarro, Ma. Kristina P. Ortiz, and Jethro El L. Camara’

1. Introduction

Energy security in the Philippines has been repeatedly expressed as a developmental goal in the
Philippine Development Plan (PDP) and the medium-term energy sector targets presents the
indicators that the government is looking at when assessing whether this goal is being met. But to
be able to achieve energy security, we must first be clear about what we mean by this goal, the
various aspects of it, and the indicators that we can use to measure and target it. Although energy
security is defined in the PDP 2023-2028 as having three aspects, namely, affordability,
accessibility, and reliability, we deem that there is a need for a more nuanced definition and
understanding of the concept. Thus, in this study, we examine the various internationally accepted
definitions of energy security and determine the common elements emerging from such
definitions. We then use an indicators-based assessment method to check how energy secure the
country is. We also employ a forecasting exercise applicable to a major component of final
energy—aggregate electricity demand—to demonstrate the importance of getting the indicators
right in order to minimize information asymmetry and generate appropriate investors' response.

1.1 Objectives

In this study, we aim to evaluate the energy security situation in the country by calculating various
energy security indicators (ESI) based on internationally accepted definitions and latest available
data. We also aim to demonstrate a forecasting model for one component of energy, that is, final
electricity demand, and how the forecasting results can be used to assess one element of energy
security, that is, sufficiency or ensuring that demand can be met by the committed power
generation capacity. We also aim to derive policy insights and recommendations from our
interpretation of the results of the ESI-based assessment and electricity demand forecasting.

1.2 Significance of the study

The significance of this study lies in its potential to address information asymmetry with respect
to energy security. If this study could contribute to demystifying ESIs, it could nudge the energy
bureaucracy to promote the production of a specific public good—an official and regularly updated
set of energy security indicators. The potential impact is improved actions by energy stakeholders,
including the private suppliers of energy products and services and the final consumers, toward
improving our energy security and fueling our economic growth and development.

* Senior Fellow, Supervising Research Specialist, and Research Analyst, respectively, at the Philippine Institute for Development
Studies. Email addresses: anavarro@pids.gov.ph, kortiz@pids.gov.ph, and jcamara@pids.gov.ph.



1.2 Review of related literature

To be able to estimate appropriate ESIs and derive policy implications, we examine what the
literature offers in terms of energy security measurement. We also examine one important aspect
of energy security—that final energy demand and available supply must balance—and check the
literature on final energy use forecasting, which is an important consideration in planning for
supply that must be committed. We also deem it important to have correct assessments of energy
security as well as sources of energy insecurity in order to reduce information asymmetry because
such asymmetry could drive sub-optimal results in government policymaking as well as investor
decision-making. We therefore explain also the applicable literature on reducing information
asymmetry.

On energy security definition and indicators

The International Energy Agency (IEA 2023, par 1) defines energy security as “the uninterrupted
availability of energy sources at an affordable price”. Further, the IEA explains that energy security
as an objective has long-term and short-term objectives: the objective in the long-term is to ensure
that timely investments come in to supply energy for economic development and sustainability
(including environmental) needs, while the objective in the short term is to ensure that the energy
system has the ability to react promptly to sudden supply-demand imbalances (IEA 2023). This
implies that energy security can be measured by looking at medium- to long-term energy supply
indicators vis-a-vis energy demand indicators and short-term energy system reliability indicators
(e.g., instantaneous power grid reliability).

The World Energy Council (WEC), in its measurement of the World Energy Trilemma Index,
considers energy security as reflecting "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" (WEC 2022, p. 5). The United Nations Development Programme (UNDP)
defines it as “the availability of energy at all times in various forms, in sufficient quantities, and at
affordable prices, without unacceptable or irreversible impact on the environment (UNDP 2004,
p. 42)." The WEC definition incorporates sufficiency, reliability and resilience, whereas the UNDP
definition incorporates reliability, sufficiency, affordability, and sustainability.

A 2012 report by the Economic Research Institute for ASEAN and East Asia (ERIA), as finalized
in Kutani et al. (2014), finds that the definition of energy security changes depending on the subject
of (what is being protected), the threat against (against what is it being protected), and the measures
for (who 1s doing what to protect it and with whom) energy security. Nevertheless, for purposes
of the assessment of energy security in selected countries under the ERIA project, Kutani et al.
defined energy security as “the securing of the amount of energy required for people’s lives,
economic, social, and defense activities, among other purposes, at affordable prices” (p. 7, Chapter
2, Kutani et al. 2014). They also calculated ESIs, albeit calling each indicator an energy security
index (which can be misleading as the concept “index” in economics, finance, or development
policy is usually interpreted as composed of component indicators and calculated using a form of
weighted averaging of the components). The approach in Kutani et al. is to list the ESIs by stages
in the energy supply chain, namely, securing resources, securing a domestic supply chain, and
managing demand. The study also added indicators for two additional features of energy



security—preparedness for supply disruptions and environmental sustainability. Given that some
data are not uniformly available for the countries considered by Kutani et al., they had to discard
in the final report some ESIs that were calculated in the 2012 report.

Although there is no attempt to calculate an overall energy security index, Kutani et al. (2014)
presented a country-by-country comparison. The countries compared were Australia, New
Zealand, and selected Asian countries, namely, Brunei Darussalam, Cambodia, China, India,
Indonesia, Japan, Korea, Laos, Malaysia, Myanmar, Philippines, Singapore, Thailand, and
Vietnam. To make the countries comparable, the study plotted five major ESIs, namely, self-
sufficiency (including nuclear), total primary energy supply (TPES) diversity, power generation
diversity, TPES-to-gross domestic product (GDP) ratio, and CO, emissions per GDP level and
with five-year scenarios from 2020 to 2035. The study also cautioned the need for prudence in
interpreting the presented pathways of the ESIs given the many underlying factors that change the
statistics and recommended a periodic reevaluation of the ESIs.

As can be seen from the definitions above, international organizations attach different meanings
to energy security but important elements emerge in their respective definitions. Broadly, these
elements are: energy sufficiency, energy reliability, energy system resilience, energy affordability,
and sustainability of energy production and consumption (where sustainability means without
unacceptable or irreversible environmental impact). The Kutani et al. (2014) method also
demonstrates how aspects of energy security can be measured using specific indicators. This study
therefore contributes to the literature by finding out what ESIs corresponding to the mentioned
broad elements of energy security are available in the Philippines and conducting an indicator-
based assessment of the country’s energy security situation. In addition, since access to energy by
the whole population is still an issue in the Philippines, unlike in many countries where universal
access is no longer a developmental goal, this study includes access by the population as another
element of energy security. Moreover, this study differs from Kutani et al. (2014) in the sense that
it considers other indicators that the latter discarded due to uneven availability of data across
countries. Note that the five ESIs that Kutani et al. ended up using are focused only on the supply
sufficiency and environmental sustainability elements. Given that data on the previously discarded
indicators are available in the Philippines, this study did not ignore them.

On final energy use forecasting techniques

The individual effects of disruptions on energy demand on a long-term basis are difficult to
measure but the aggregate effect is usually simulated in energy research literature using
theoretically and empirically sound forecasting techniques. For instance, Fatai, Oxley and
Scrimgeour (2003) analyzed New Zealand electricity demand based on econometric approaches
such as the cointegration approach and the autoregressive approach, and then selected the model
with the smallest forecasting error. The cointegration approach means examining whether there is
cointegration or long-run relationship among the variables. On the other hand, the autoregressive
approach involves checking if the past values predict future values. The study concluded that the
autoregressive model has better forecasting performance in the New Zealand market than the
cointegration model.



Forecasting electricity demand can also be done by employing a ready-made comprehensive model
that considers all components of the energy sector and then later deriving the electricity demand
component from the results. One such model is the Low Emissions Analysis Platform (LEAP), an
international collaboration software tool developed by the Stockholm Environment Institute. The
tool is being adopted by hundreds of organizations in more than 150 countries. In Raza et al.
(2022), LEAP is used to model Pakistan’s electricity sector demand for 2018-2030. Two electricity
demand scenarios were used—the baseline scenario and the energy conservation scenario—and
compared with the power generation potential. The aim is to support the government in assessing
the required power capacity development and help alleviate potential energy crises.

In the Philippines, the Department of Energy (DOE) has been contributing to the literature on
electricity demand forecasting but only in terms of results rather than techniques. Its forecasts are
detailed in its periodic publications of the Philippine Energy Plan, but the forecasting equations
are not being published. A contribution to the Philippine literature on electricity demand
forecasting techniques is Danao and Ducanes (2018). In Danao and Ducanes, the econometric
regression model used is an error correction model, which involves establishing first a long-run
relationship and then specifying an error correction model that captures short-run dynamics. Using
data for the period 1992-2014, the study shows that a long-run positive and inelastic relationship
exists between the country’s aggregate electricity consumption and income, where income is the
country’s GDP, and that income, electricity price and temperature have significant short-run
effects. However, the study's forecasting model dropped electricity price in the long-run
relationship because the results showed a positive sign for price, which is not consistent with the
economic theory that as price increases, demand decreases. A variant of the Danao and Ducanes
model was re-estimated in Fabella and Ducanes (2019), although the re-estimation is not for
aggregate electricity demand for the country but for Meralco’s franchise areas only.

This study contributes to the literature on electricity demand forecasting by using an error
correction model using updated data and extending the forecasting exercise by projecting also the
anticipated peak demand. Projecting peak demand is an important difference with the Danao and
Ducanes (2018) study because the latter only projected the aggregate electricity demand or
consumption. In planning for what generation capacity to commit, what is more important for the
government and the private sector is actually the anticipated peak demand. The generation capacity
that must be planned for in the future should be equivalent to the peak demand plus some reserves
for contingencies and other technical requirements.

On the need to minimize information asymmetry in assessing energy security

Sources of energy insecurity, such as trade shocks or eruption of conflict in energy production
areas, create uncertainty about future consumption prices and future cost of capital. The
uncertainty, in turn, can cause firms to postpone investment decisions, and this highlights the
importance of correct assessments of sources of energy insecurity. If the government is targeting
a desired firm behavior, it should be able to provide timely country-level outlook. Otherwise,
information asymmetry could drive sub-optimal results.

Information asymmetry exists when at least one party to a transaction possesses the relevant
information while the counterparty is, or the counterparties are, experiencing information gaps.



Consider a scenario wherein a firm wants to invest in renewable energy and the government acts
on permits and is giving the appropriate production support such as feed-in-tariff or priority
dispatch. If the firm has incomplete or inaccurate information about the actions of the government,
it might not make the appropriate investment level.

In economics, there are two basic models of information asymmetry — the adverse selection
(“hidden information”) model and the moral hazard (“hidden action”) model. The classic study of
adverse selection is provided by George Akerlof in his 1970 seminal paper on the “market for
lemons”. The adverse selection problem is present when the information asymmetry is such that
high-risk investors will participate in the market because the state cannot effectively distinguish
between high- and low-risk investors. It can also occur when the party without information is
worried about an unfair trade or transaction and thus will not participate in the market. On the
other hand, moral hazard as a concept dates back to the 17th century and was revived in modern
economics beginning with the 1963 work of Kenneth Arrow on the welfare economics of medical
care. Moral hazard is present when an entity takes action that will increase its exposure to risk
because it does not bear the full costs of that risk. An example is the possibility of over-investment
in power generation capacity with the expectation that future electricity demand will be high, but
the environment is such that a single firm does not have a good view of the aggregate demand
because it is actually the state that can best provide the overall demand outlook.

In dealing with information asymmetry in energy markets, a typical advice is for the government
to “fund the information” in order to minimize such asymmetry. For instance, the Allen Consulting
Group (2004), in its advice to the Australian government regarding energy -efficiency
policymaking, explains that due to the public good characteristics of information and other market
imperfections, information can tend not to be provided at an economically efficient level.
Information failures can also come from lack of available information, the cost of gathering
information, the accuracy of information, and the ability to act upon or use the information.
Governments can therefore help by funding the provision of information directly as this reduces
the costs of information search and information access for individuals and firms. This study
therefore contributes to the literature by establishing the policy relevance of the indicator-based
assessment of energy security and forecasting final energy use because these help minimize
information asymmetry. The study also gives ideas to the government that an indicator-based
assessment of energy security can be included in its activities that aim to "fund the information"
needs of the private sector and thereby minimize information asymmetry.

1.3 Research method

We employ first an indicator-based assessment, which is a method that follows the maxim that
managing something is difficult if we cannot measure it. The most common application of this is
in medical science. A fairly recent example familiar to socioeconomic development specialists is
the assessment of how countries are meeting the 17 Sustainable Development Goals formulated
by the United Nations General Assembly. We selected the indicators used in assessing energy
security based on ERIA (2012) and Kutani et al. (2014). We also supplemented the descriptions
of ESIs from ERIA (2012) and Kutani et al. (2014) with descriptions from the DOE.



In projecting electric power demand, we apply an error correction model to an aggregate electricity
consumption equation then apply data-driven assumptions on plant use, transmission losses and
load factor to project the peak demand forecasts. We then add to the peak demand forecasts the
reserve margin assumed in the Philippine Energy Plan 2020-2040 and compare the sum to the
electricity supply outlook, that was in turn based on the latest committed capacities submitted to
the government. Lastly, we formulate recommendations by assessing the policy implications of
our results and identifying the needed actions from the government and the private sector,
including civil society, to improve energy security.

2. Energy security indicators

The energy security aspects examined in the government’s development plan, the Philippine
Development Plan (PDP) 2023-2028 are affordability, accessibility, and reliability (albeit with no
indicators for affordability in the PDP Results Matrices). We are making a case for a more
comprehensive view of energy security that is beyond what was covered by the PDP and covers
other important aspects. Thus, in this section, we present an assessment of the country’s energy
security based on indicators focusing on six important elements of energy security. These are
sufficiency, reliability, resilience, affordability, accessibility, and sustainability. We present
definitions and calculations of energy security indicators (ESIs) under these six broad categories
and analyze trends to systematically assess the country’s progress in achieving energy security.

2.1 Energy security indicators implicit in the Philippine Development Plan

The PDP 2023-2028 stated that “Affordability, accessibility, and reliability are the three aspects
of energy security” (p. 269, Chapter 12, National Economic and Development Authority (NEDA)
2022). We can also glean aspects of energy security indicators from the medium-term energy
sector targets set in the PDP 2023-2028 Results Matrices. However, the indicators used in the
Results Matrices are related to energy accessibility and reliability only. An affordability indicator
is missing. The specific energy sector indicators, baselines, and targets in the PDP 2023-2028
Results Matrices are:

Table 1. Energy sector results indicators and targets in the PDP 2023-2028 Results Matrices

Baseline Annual Plan Targets
Year Value 2023 2024 2025 2026 2027 2028

Results Indicator

Proportion of households
with access to electricity
increased (% of total
households)

2021 95.41 95.5 TBD TBD TBD TBD TBD

Electricity consumption
per capita increased 2021 804.21 897 945 996 1051 1110 1172
(kwWh)

Share of renewable

. 2021 22.4 24 26 28 30 32 33
energy in the power




Baseline Annual Plan Targets
Year Value | 2023 2024 2025 2026 2027 2028

Results Indicator

generation mix increased
(%)
Power requirements met

(in % available capacity 2022 14297 | 1446 146 149.39 142.21 139.22 140.14
over peak demand)?

Notes: kWh = kilowatt-hour
TBD =To be determined
2The PDP 2023-2028 Results Matrices also emphasized in the “Assumptions and Risks” that these numbers
are assumed based on the DOE Power Development Plan 2020-2040, the implementation of the Grid
Operation and Maintenance Program, the DOE List of Existing Power Plants as of October 31, 2022, and the
timely entry of new power projects as indicated in the DOE List of Private Sector Initiated (Committed) Power
Projects as of October 31, 2022. Off-grid generation and battery energy storage systems are not included.

Source: NEDA (2023).

Nevertheless, the PDP 2023-2028 main document recognized in the assessment part that
affordability of electricity prices is a huge problem and one of the reasons why domestic
manufacturing growth in the country is low. It also explained that the Philippines is highly
sensitive to volatile fuel prices in the international market (NEDA 2022).

The PDP 2023-2028 also stated that accessibility in the form of universal electrification is yet to
be achieved, especially because most of the entities mandated to provide electricity access to
unserved and underserved areas are financially ailing electric cooperatives. In addition, the
reliability of energy supply continues to be hampered by grid congestion, made worse by delays
in transmission capacity expansion such as the Mindanao-Visayas Grid Interconnection Project
(NEDA 2022).

On reliability of energy supply, the PDP 2023-2028 Results Matrices breaks down the baseline
and annual targets for the “power requirement met” result indicator by island group, that is, Luzon,
Visayas, and Mindanao (see Table 2 below).



Table 2. Baseline and targets in meeting the annual power requirement by island group

Baseline Annual Plan Targets
Result Indicator
2022 2023 2024 2025 2026 2027 2028
Luzon
Power requirement met
(in % available capacity 134.19 133.32 139.88 145.14 139.55 137.93 143.41
over peak demand)
Fl\jss)"dab'e Capacity 16,254 17,498.28 19,467.28 21,435.65 21,885.65  21,985.65  25,410.15
(Pl\r/lo\j\'f)cte‘j Peak Demand 12,113 13,125 13,197 14,769 15,683 16,665 17,719
Required Reserve (MW)  1,820.52 1,861 1,892.68 1,926.76 1,963.32 2,002.60 2,004.76
Visayas
Power requirement met
(in % available capacity 149.57 174.96 163.07 166.26 155.16 145.17 135.53
over peak demand)
?&%;dab'e Capacity 3,464 4,708.28 4,714.28 5,172.48 5,182.48 5,204.48 5,204.48
Projected Peak 2,316 2,691 2,891 3,111 3,340 3,585 3,840

Demand (MW)




Baseline Annual Plan Targets
Result Indicator
2022 2023 2024 2025 2026 2027 2028
Required Reserve
(MW) 392.64 407.64 415.64 424 .44 433.6 443.4 453.6
Mindanao
Power requirement met
(in % available capacity 185 172.31 159.85 153.09 141.71 139.29 128.75
over peak demand)
?&%;dab'e Capacity 4,009 4,126.86 4,130.46 4,269.61 4,269.61 4,539.61 4,539.61
Projected Peak
Demand (MW) 2,167 2,395 2,584 2,789 3,013 3,259 3,526
Required Reserve
386.68 395.8 403.36 411.56 420.52 430.36 441.04

(MW)

Note: MW — megawatts

Source: NEDA (2023).



Note from the PDP targets that if the government would be able to maintain its timetable for energy
development activities and the private sector would be able to follow its schedule of committed
power generation projects, the Philippines could be assured of meeting its power requirements
throughout the country until 2028. Luzon would expect to have higher available capacity over peak
demand in the medium term, from 134.19 percent in 2022 to 143.41 percent in 2028. However,
even if existing commitments would be followed, the available capacities over peak demand in
Visayas and Mindanao could be lower by the end of the plan period, that is, from 149.57 percent
in 2022 to 135.53 percent in 2028 in Visayas and from 185 percent in 2022 to 128.75 percent in
2028 in Mindanao. This reinforces the importance of completing the integration of the Luzon-
Visayas grid with the Mindanao grid, the expansion of transmission capacity in congested
corridors, and the modernization of the whole transmission system so that supply in surplus areas
could be delivered to deficit areas.

2.2 Assessment of the latest estimates of energy security indicators for the Philippines

We present below the latest available estimates of ESIs for the Philippines. For some indicators,
we relied on the historical energy statistics gathered from the DOE. For other indicators, we used
data monitored by international organizations and then conducted cross-national comparisons,
particularly in the Southeast Asia region. In most indicators, we used data from 1990 to 2021, but
in other indicators and depending on data availability, we used time series outside that range.

2.2.1 Sufficiency

Energy sufficiency entails ensuring that energy sources are adequate for short- to long-term use.
This is done through supply-side and demand-side measures. On the supply side, domestic
resources need to be developed and when domestic sources are not enough, energy resources must
be imported from overseas while ensuring that import sources are diversified to minimize market
risks. On the demand side, strategies include managing demand through efficiency improvements.

The basic sufficiency indicator is the total primary energy supply (TPES) in the country. Overall,
the Philippines’ TPES is largely dominated by fossil fuels, which has a 66.5 percent share in 2021.
Among fossil fuels, the share of coal has dramatically increased from 5 percent in 1990 to 31.9
percent in 2021, while that of oil decreased from 40 percent in 1990 to 29.8 percent in 2021
(Figure 1). The increase in the share of coal has been more evident starting 2002 and the
succeeding years due to the continued expansion of the coal industry and the installation of new
coal-fired power plants. The growing demand for coal mostly came from industries that switched
to coal due to the high volatility of oil prices in the global market. The share of natural gas
historically remained low, beginning at 0.3 percent in 2001 and ending at 4.8 percent in 2021.
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Figure 1. Total primary energy supply in the Philippines, 1990-2021
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Source: DOE (2020; 2023a).

Some parts of this TPES are sourced from indigenous resources. Figure 2 shows how the
composition of indigenous energy production has changed over the years since the 1990s.
Biomass, geothermal, coal, and natural gas have dominated domestic energy production in recent
years. While renewable energy has increased from 14,780 kilotons of oil equivalent (KTOe) in
1990 to 19,674 KTOe in 2021, the expansion of fossil fuel supply has been at a faster rate, thus
leading to the sudden rise of its share in the last decade. Nevertheless, renewable energy production
remains dominant relative to fossil fuel production. In 2021, the share of renewable energy was 65
percent and that of fossil fuel was at 35 percent. Renewable energy production is led by geothermal
energy production at 30 percent. The other indigenous energy production in 2021 shares were:
biomass, 25 percent; coal, 24 percent; natural gas, 9 percent; hydropower energy, 8 percent; oil, 1
percent; and the remaining 3 percent share is for bioethanol, biodiesel, solar, and wind.
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Figure 2. Indigenous production (% share by source), 1990-2021
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Given indigenous energy production, we can assess a narrower concept of energy sufficiency, that
is, energy self-sufficiency. It pertains to the country’s ability to meet its energy demand through
domestic sources of energy or without relying on external sources. The primary indicator for
measuring it is the energy self-sufficiency ratio, or the share of the locally-produced energy in the
TPES in the country. While the desired self-sufficiency ratio varies from one country to another,
a move toward a higher ratio can lead to several advantages such as less exposure to the volatility
in the prices of international energy sources, improvements in the energy infrastructure resulting
from the expansion of domestic energy production, and reduced trade deficit due to lesser imports.
Aiming for higher self-sufficiency necessitates greater investments in the energy sector,
particularly investments on innovation and infrastructure to facilitate the development of
indigenous resources such as renewable energy.

The Philippines' energy self-sufficiency ratio was at a high of 61 percent in 1990, then went on a
downward trend until 1997. It increased again starting in 1998 and reached its highest point in
2009 at 62 percent, but recently, its trend is generally declining (Figure 3). Such decline is due to
the country’s increasing reliance on both coal and o