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1 Introduction

he Asia and Pacific region is expected to play a crucial role in

tackling climate change as it is responsible for about half of the

current global carbon emissions. Many countries have already
announced contributions toward implementing greenhouse gas mitigation
under the Paris Climate Agreement. Major economies like Japan, the
People’s Republic of China, and the Republic of Korea have recently
announced that they aim to achieve net zero emissions around the middle
of this century, while several other countries in the region are considering
similar targets.

Reducing emissions means transitioning to clean energy, a move that
is also crucial for energy security and sustainable development. Fossil
fuels meet 85% of energy needs in the region, with several countries
heavily dependent on imports, rendering them economically vulnerable.
One-tenth of the region’s population, meanwhile, still lacks access to
electricity, with many more people depending on traditional biomass for
cooking and heating; many urban areas endure serious air pollution.

Huge additional investments and the mobilization of private finance
are required to fund the required rapid shift to clean energy. The global
and regional landscape for energy financing has evolved in recent years,
with emerging new sources of finance, such as climate finance and carbon
markets, alongside new instruments, like green bonds and new innovative
risk mitigation measures. These developments offer opportunities for
energy entrepreneurs, project developers, investors, and financing
institutions. However, investment in clean energy, such as solar, wind,
bioenergy, hydropower, and geothermal, along with energy efficiency
projects, requires an adequate understanding of the risks, uncertainties,
and challenges involved in financing both on the supply and demand
sides. These projects are very different from conventional energy projects.
Risks and challenges can vary not only by type of project but also by
country. It therefore becomes crucially important to select an appropriate
combination of financing instruments, risk mitigation measures, funding
sources, and business models for the effective financing of each clean
energy project. In many cases, innovative financing approaches may be
required to address project-specific barriers and risks.



Financing Clean Energy in Developing Asia—Volume 1

While countries in Asia and the Pacific are at varying levels of maturity
in terms of clean energy development and financing, several examples of
successful clean energy financing can be found in developing countries
of the region. Multilateral development institutions like the Asian
Development Bank (ADB) have also been actively engaged in clean energy
development, and lessons learned can be valuable in helping identify
appropriate financing mechanisms and business models for new project
developments. No publication currently provides such information in the
context of the developing countries in Asia and the Pacific.

This book aims to provide an up-to-date account of the financing
approaches, policies, and business models available for the development of
clean energy resources. These are complemented by appropriate examples
of clean energy projects and programs from developing countries in the
region. A variety of clean energy projects are covered, including distributed
renewable energy systems, hydropower, and those focusing on demand-
side energy efficiency. The book also discusses key barriers to financing
clean energy development and innovative policies and measures adopted to
overcome them in different country and project contexts.

This book is primarily intended to benefit the potential developers of,
and investors in, clean energy projects, as well as financing institutions and
policy makers in the region. The materials may also be useful to interested
readers in academia and the research community.

The book is organized into two volumes. Volume 1 contains four parts
and Volume 2 contains two parts.

Volume 1, Part 1 comprises Chapter 2, which presents an overview
of how renewable energy resources—solar, wind, hydro, solid biomass,
waste-to-energy, and geothermal—in different countries and subregions
of Asia and the Pacific are currently used. It also presents the potential
of renewable energy resources in selected countries, which illustrates
significant prospects for their further development across the region.

It discusses historical trends of overall energy intensity (i.e., energy use
per unit of gross domestic product) of different countries, as well as the
specific energy consumption of major sectors in selected countries. The
chapter presents historical patterns of investment in renewable energy
and discusses prospects for renewable energy development under future
low-carbon development scenarios and their investment implications.
In view of some major countries in the region already setting targets for
net zero emissions by around 2050, and others considering such goals,
this chapter discusses the key implications of meeting these targets.
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Furthermore, the chapter provides an overview of clean energy policies
promoting renewable energy and energy efficiency in various countries.

Part 2, encompassing three chapters, focuses on the role of
multilateral development banks, like ADB, and other public institutions in
leveraging their funds to mobilize private sector finance for clean energy
development. Chapter 3 discusses different initiatives and investments
that ADB has undertaken to assist its developing member countries in clean
energy transitions. It discusses ADB’s financing targets, funding sources,
and financing modalities for clean energy. The chapter also discusses
prospects for clean energy financing with ADB strategies like promoting
clean energy uptake through a multisectoral approach, using appropriate
business models to make clean energy more viable and affordable,
providing modern energy access to all, advancing technology to improve
energy efficiency, and strengthening infrastructures and equipment
for better renewable reliability and resilience. The chapter includes an
interesting discussion on ADB’s financial resources mobilization through
the issuance of green bonds. It also looks at the role played by the bank
in mobilizing private capital to finance clean energy projects through
syndicated loans (or B loans) from commercial banks.

Chapter 4 discusses attracting more private financing in the renewable
energy sector in ADB developing member countries in the Pacific under its
Pacific Renewable Energy Program. It describes the role of the program,
particularly its credit enhancement mechanism, in encouraging private
sector investment in renewable energy power generation projects, and
in hedging against the key risks associated with these projects though
instruments like partial risk guarantees and letters of credit. The chapter
also presents the key barriers to developing renewable energy in these
countries.

Chapter 5 showcases the approach and experience of the Green
Financing Platform (GFP) project initiated by ADB for accelerating air
quality improvement in the Greater Beijing-Tianjin-Hebei Region, one of
the most heavily polluted regions in the People’s Republic of China. The
chapter describes the design and implementation approaches of the GFP
project and highlights lessons learned from the successful implementation
of the project. An innovative aspect of the GFP project involves the use
of public financing instruments, such as cofinancing, guaranties, and
intermediary loans, to leverage private capital into clean energy projects
helping to reduce air pollution and carbon emissions.
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Part 3 comprises four chapters discussing clean energy financing
approaches at selected subregional or country levels.

Chapter 6 looks at clean energy financing in Association of Southeast
Asian Nations (ASEAN) members. It discusses estimated investment needs
to meet the regional group’s targets for renewable energy and energy
intensity by 2025, as well as financing gaps. Furthermore, it describes
prevailing sources of finance and financing schemes. It presents an outlook
for regional cooperation in energy financing, discusses the barriers to
improve clean energy financing in the region, and presents key policy
financing instruments adopted and success stories in ASEAN member
states. It highlights the diversity of members in terms of the maturity
of their clean energy markets and financing. The dominance of public
financing in clean energy investments in ASEAN, and the inadequate
understanding of domestic banks about green investment markets
and credit risks associated with clean energy investments, are further
highlighted in the chapter.

Chapter 7 presents the case of developing Southeast Asia’s first
large-scale national solar park project in Cambodia, through a public-
private partnership (PPP). It discusses the instrumental role played by
ADB, which is providing end-to-end support to the government and
national power utility of Cambodia. ADB provided financial and technical
assistance throughout the development and construction phases of the
project in multiple ways, including helping the utility design and conduct a
competitive tender for procuring the first 60-megawatt solar power plant
from the private sector within the park. It also discusses ADB’s role in the
government’s adoption of an open and transparent competitive bidding
process, which resulted in a low power purchase agreement tariff. In
addition, the chapter presents the key factors behind the successful design
and implementation of the project, and highlights the structure adopted to
allocate risks and accountability among the project’s key stakeholders.

Chapter 8 deals exclusively with distributed renewable energy
systems, which are very important for providing energy access to people
in remote and isolated areas. The chapter initially looks at distributed
renewable energy technologies and the role different systems play in
providing energy access. The major focus of the chapter however is on the
four common types of business models for distributed energy systems that
are typically based on the proponent of the project: (i) community-led,;

(ii) private sector-led; (iii) utility-led; and (iv) a combination of the three,
i.e., a hybrid or multiparty business model that includes a public-private—
people partnership model. The chapter discusses a set of criteria that
provides a basis for choosing and designing an appropriate business model.
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It also examines a practical application of the public-private-people
partnership model in the case of the distributed renewable energy system
in Malalison Island, the Philippines. The Malalison Island case study
highlights the role of ADB grants in catalyzing private sector investment
in providing energy access to people in isolated areas through distributed
renewable energy systems.

Chapter 9 analyzes policies and measures adopted by the People’s
Republic of China to promote clean energy development in different stages
of the country’s development, and their impact on investment. The chapter
discusses the evolution of Chinese clean energy policies, from one based on
government-push (i.e., government-led) before 2016 to the market-oriented
approach thereafter. It assesses the performance of clean energy policies
and discusses the investment implications of clean energy policies, lessons
learned, and ways to meet the challenge of carbon neutrality.

Across two chapters, Part 4 deals with two highly important aspects
of large-scale, low-carbon energy transition: the mobilization of private
sector finance for clean energy and carbon finance. Chapter 10 discusses
the innovative private financial instruments necessary for a low-carbon
transition in ASEAN member countries and East Asia. It identifies barriers
to the upscaling of private investment for a low-carbon transition, based on
a review of recent developments in private financing as well as stakeholder
surveys. A major message of the chapter is that regionally coordinated
policy solutions could unleash the private financing needed to support a
clean energy transition.

Chapter 11 discusses the role of carbon trading in clean energy
financing. It includes reviews of current international carbon markets
as well as existing and emerging domestic carbon markets in Asia and
the Pacific. The critical elements of a carbon market that affect clean
energy investment and financing are also discussed. Furthermore, the
chapter analyzes the indicators of carbon markets related to clean energy
financing—like the number of eligible emissions-reduction projects,
certified emissions reductions, and carbon price—and assesses the impact
of existing carbon markets on clean energy investment and financing. Key
factors that would enhance the role of the carbon market in clean energy
financing are examined.

Volume 2 of the book, which is under preparation, contains Parts 5
and 6.

Part 5 has three chapters dealing with the approaches and practices
of clean energy financing. Chapter 12 focuses on different options for
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financing clean energy in general, and renewable energy in particular.

The chapter reviews the literature on the public sources of finance,
including climate finance, and domestic sources, including private sources.
The chapter also presents alternative and innovative instruments used

for financing clean energy investments. It discusses barriers to clean
energy financing in two categories: barriers associated with the adverse
business environment due to the coronavirus disease (COVID-19), and
those associated with the nature of clean energy investment projects. It
also describes risk mitigation measures. Four cases of energy financing
experiences from developing countries in Asia and the Pacific are included.

Chapter 13 focuses on financing hydropower projects and discusses
the role of hydropower in the context of climate change mitigation.
It describes the evolution of hydropower finance, from public sector
financing, through to PPPs, private sector project financing, and the
new bilateral financing mechanism. Variants of financing models are
presented with examples of relevant hydropower projects from Asia and
the Pacific. The chapter presents an overview of climate financing used for
hydropower and factors behind the relatively low access of hydropower
projects to climate finance at present. It also discusses the opportunities
and challenges for developing hydropower.

Chapter 14 is dedicated to approaches of financing demand-side
energy efficiency projects or programs. It presents a rich discussion
on different mechanisms for financing energy efficiency projects and
their implementation modalities and institutional frameworks at the
conceptual level. It also discusses key factors that need to be considered
for the selection of appropriate financing mechanisms. The chapter
presents specific country-level examples of energy efficiency financing
options and identifies what is needed to achieve energy efficiency market
transformation at scale, highlighting the enhanced relevance of energy
efficiency in a COVID-recovery context.

Part 6 consists of chapters focused on policies and strategies adopted
to develop specific clean energy resources in selected countries of South
Asia. Chapter 15 discusses the innovative policies, financing mechanisms,
and institutional setups that helped the development of solar energy. It
describes the development of large solar parks in India (i.e., Charanka
Solar Park in Gujarat and Bhadla Solar Park in Rajasthan). Also discussed
are innovative policies and financing mechanisms, such as the Partial Risk
Guarantee Fund for Energy Efficiency and the Venture Capital Fund for
Energy Efficiency and Partial Risk Sharing Facility, as well as measures to
mitigate interconnection risks that create enabling conditions for private
sector participation. The successful implementation of several energy
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efficiency projects is discussed, as is the role of institutions like Energy
Efficiency Services Limited in reducing energy efficiency project costs by
taking performance risks and bulk procurements.

Chapter 16 examines solar power financing in Bangladesh. It includes
a review of the status of renewable energy development in the country,
and discusses policies for solar power development, including financial
incentives for renewable energy development. Financial interventions and
mechanisms for solar power development in the country are also discussed,
while the chapter identifies key barriers to the development of renewable
energy and suggests some measures to overcome them.

The book’s final chapter reviews the policies, strategies, and financing
mechanisms adopted by Sri Lanka to develop renewables-based power
generation. It presents the evolution of renewable energy development in
the country and discusses energy sector policies, regulatory/institutional
frameworks, and innovative measures introduced to promote renewable
energy. Furthermore, the chapter discusses sources of financing and risks
associated with the financing of renewable energy projects. Key lessons
learned during the country’s renewable energy development, which could
be useful for other developing countries, are also presented.
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Introduction

role in addressing the global problem of climate change as the

region is responsible for a large share of greenhouse gas (GHG)
emissions. Countries in the region have made declarations on their
Nationally Determined Contributions (NDCs) to reduce GHGs following
the Paris Agreement on climate change. That most countries in the region
depend heavily on fossil fuels for energy supply presents a challenge
to their local and regional environmental sustainability and national
energy security. Further, a significant population in the region (especially
in South Asia) lack access to electricity supply and clean energy for
cooking and heating. As such, governments have set targets to provide
clean energy for all by 2030 as a part of their Sustainable Development
Goals (SDGs). Clean energy provision, therefore, forms a crucial
solution to meet the SDGs, the GHG mitigation targets under the Paris
Agreement, and to address the issues of environmental sustainability and
energy security.

C ountries in the Asia and Pacific region are expected to play a major

This chapter discusses the status of energy utilization and the share of
renewable energy sources in total energy supply, and the possible future
role of renewable energy in the medium and long term. It also discusses
the potential of renewable energy sources and compares them with the
present level of utilization of renewable energy in the countries, with
a view to harnessing this in the future. The chapter also presents the
evolution of energy intensities. It briefly discusses the investment needs
for clean energy development, policies adopted toward such development,
and the prospects for clean energy development.
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Primary Energy Supply and Role
of Renewable Energy

This section discusses how the primary energy supply has changed in
different subregions of Asia and the Pacific during 2000-2018.! The role of
renewable energy during the period is also discussed in terms of their share
in total primary energy supply (TPES). TPES in the Asia and Pacific region
has grown at a compound annual growth rate (CAGR) of almost 4% during

Figure 1: Total Primary Energy Supply Mix of the Asia
and Pacific Region, 2000 and 2018

(%)
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@ Numbers in bar graph represent total primary energy supply in million tons of oil
equivalent (Mtoe).

Source: Author, based on the data in International Energy Agency (IEA). 2020. IEA
Online Database. Paris: IEA (accessed 22 February 2021).

! In this section, the Asia and Pacific region has been divided into subregions as follows:
South Asia: Bangladesh, Nepal, Pakistan, andSri Lanka; Pacific: Australia and New
Zealand; East Asia: Hong Kong, China; Mongolia; the Democratic People’s Republic of
Korea; the Republic of Korea; and Taipei,China; Southeast Asia: Brunei Darussalam,
Cambodia, Indonesia, Lao People’s Democratic Republic, Malaysia, Myanmar, Philippines,
Singapore, Thailand, and Viet Nam; Central Asia: Kazakhstan, Kyrgyz Republic, Tajikistan,
Turkmenistan, and Uzbekistan; West Asia: Armenia, Azerbaijan, and Georgia. The People’s
Republic of China (PRC), India, and Japan are treated individually.
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2000-2018. The growth of TPES varies widely across the countries in the
region: It was declining at the CAGR of 1% in Japan and increasing at 6% in
the People’s Republic of China (PRC).

Figure 1 shows the TPES for the Asia and Pacific region. Except for
Japan, all other countries and subregions experienced a rise in TPES in
2018 compared to that in 2000. In the PRC, TPES increased at CAGR
of 6% during 2000-2017. This was followed by India (4.2%), South Asia
(3.4%), Southeast Asia (3.3%), Central Asia (2.3%), East Asia (1.8%), West
Asia (1.7%), and the Pacific (1.0%). In the case of Japan, TPES decreased by
almost 18% in 2018 compared to 2000. The figure also shows a decreasing
share of renewable energy in TPES during 2000-2018 in the Asia and Pacific
countries and subregions except Japan, the Pacific, and East Asia. There was
an increase in the share of renewable energy from 3% to 7% in Japan, 9% to
12% in the Pacific, and 2% to 3% in East Asia during 2000-2017.

Figure 2 shows the mix in different countries and subregions between
2000 and 2018. It shows a decreasing share of bioenergy in Asia and the
Pacific except Japan (and East Asia) and an increasing share in the use of
solar and wind energies in almost all countries and subregions.

Figure 2: Renewable Energy Supply Mix in Countries and Subregions
of the Asia and Pacific Region, 2000 and 2018 (%)
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@ Numbers in bar graph represent total primary renewable energy supply in million tons
of oil equivalent (Mtoe).

Source: Author, based on the data in International Energy Agency (IEA). 2020. IEA
Online Database. Paris: IEA (accessed 22 February 2021).
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Role of Renewable Energy
and Electricity in Different Sectors

In this section, the role of renewable energy in power generation and final
demand sectors like industry, transport, and buildings are discussed.

Figure 3 shows the changing role of renewables in electricity
generation. The share of renewables in electricity generation had increased
for almost all countries and subregions, except for Central Asia and South
Asia. The share of electricity generation from renewables increased from
17% in 2000 to 26% in 2018 in the PRC, and from 12% to 22% in Japan.

In other countries and subregions, the share increased from 18% to 27% in
the Pacific, 18% to 24% in South East Asia, 24% to 30% in West Asia, 14% to
19% in India, and 5% to 7% in East Asia. In South Asia, the share decreased
from 25% in 2000 to 22% in 2017 mainly due to increased coal consumption
for electricity production in Pakistan and Sri Lanka.

Figure 3: Shares of Electricity Generated by Different Fuels
in Asia and the Pacific, 2000 and 2018
(%)
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* Numbers in bar graph represent total electricity generated in terawatt-hour (TWh).
Source: Author, based on the data in International Energy Agency (IEA). 2020. IEA
Online Database. Paris: IEA (accessed 22 February 2021).
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Table 1 shows the energy mix (expressed in fuel shares) in final
demand sectors of different subregions and countries of the Asia and
Pacific region. In the industry sector, while all the countries or subregions
have experienced an increment in the share of electricity during 2000-
2018, the rate of industry electrification was most rapid in East Asia,
including the PRC. The share of fossil fuels had decreased during the
period in the Asia and Pacific region except for India, South Asia, and
Southeast Asia. The share of other renewables (i.e., solar, wind, and
bioenergy) was negligible or nil in the industry sector in all parts of Asia
and the Pacific.

The transport sector has been increasingly electrified during 2000~
2018 in East Asia, Japan, the PRC, Pacific, and Southeast Asia in that the
share of electricity in the total energy consumption of the sector had
increased in these countries and subregions. The use of biofuels in the
sector, although very small (mostly around 1% of the sector’s total energy
consumption in 2018), seems to be taking place in most subregions of
Asia and the Pacific. The biofuel share was significant (4%) only in
Southeast Asia.

In the buildings sector, the share of electricity had increased during
2000-2018 in all countries and subregions except West Asia, with the share
of electricity in 2018 varying from 13% in South Asia (excluding India)
to 56% in East Asia and 61% in the Pacific. The share of bioenergy (i.e.,
biofuels and waste) had decreased in all parts of the region except in East
Asia and Japan, where the share of biofuels had increased slightly. The
share of other renewables in 2018 was below 2% or negligible in the region
except in the PRC where the share was 8%.

Renewable Energy Resources Potential
and Utilization

To determine the future role of renewable energy, it is important to
understand the potential of available renewable energy resources as

well as the level of their present utilization. To that end, information on
resource potential of different renewable energy sources (i.e., solar, wind,
solid biomass, waste-to-energy resources, hydropower, and geothermal)
are compiled in this section and are compared with the present
utilization of the respective resources in terms of power generation
capacity installed and energy production. There are different notions of
the resource potential, i.e., theoretical, technical, economic, exploitable,

13
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market, etc. However, there is a noticeable gap in the information
available on the potential of different renewable energy resources for
countries in the Asia and Pacific region. Often, different notions of the
potential appear to have been used in various published sources without
a clear definition of the terms. While economic and technical potential
would be more useful notions for the present study, this information

is not uniformly available for all countries. Therefore, the compiled
information on the potential is nonuniform as different types of potential
are included depending on the nature of available data. The discussion
of individual renewable energy resources and their present utilization
follows next.

Solar energy. During 2010-2018, solar electricity production in Asia
registered a very high growth. It increased by fifty-four-fold, i.e., from over
5.3 terawatt-hours (TWh) in 2010 to over 292 TWh in 2018. During the
same period, the global production of solar electricity increased by only
sixteen-fold.? Moreover, Asia accounted for more than half of total solar
electricity production in the world in 2018. The PRC alone contributed
nearly 84% of the installed photovoltaic (PV) capacity and over 60% of
solar PV-based electricity production in Asia in 2018.

Table 2 presents the range of theoretical potential of solar energy
(in TWh) in selected countries that are calculated for the present study
using the information on land area available and global horizontal
irradiance (GHI).? The land area considered for calculating the potential in
the table excludes land with identifiable physical obstacles to utility scale
photovoltaic plants. It also excludes the land that is possibly under

2 International Renewable Energy Agency (IRENA). 2020. Renewable Energy Statistics 2020.
Abu Dhabi: IRENA.

#  Energy Sector Management Assistance Program (ESMAP). 2020. Global Photovoltaic
Power Potential by Country. Washington, DC: World Bank. ESMAP (2020) defines the
“theoretical potential” as the resource potential “characterized by the amount of energy
physically available, without considering any constraints or a particular PV system” and
the “practical (or technical) potential” as the potential “characterized by the annual
average of PV power production, taking into account the theoretical potential, real-
world PV system performance, and configuration, as well as topographic and land-use
constraints.” In Table 2, the theoretical potential with land constraints is calculated as a
product (multiplication) of the area of country’s land available after considering land use
constraints and “global horizontal irradiance” (GHI) (kWh/m?).


https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2020/Jul/IRENA_Renewable_Energy_Statistics_2020.pdf
https://globalsolaratlas.info/global-pv-potential-study
https://globalsolaratlas.info/global-pv-potential-study
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Table 2: Solar Energy Potential and Utilization in Selected Countries

Theoretical
Potential Average
Considering Technical
Land Potential Utilization, TWh
Use Constraints (kwh/ kWp) (2018)
(TWh) (ESMAP, 2020) | (IRENA,2020)
Australia 4,465-7,346 4.71 9.92
Bangladesh 119-136 3.88 0.27
Cambodia 246-301 413 0.04
People’s Republic 7,997-17,481 3.88 178.06
of China
India 3,195-4,363 4.32 30.70
Indonesia 1,767-2,659 3.77 0.12
Japan 177-251 345 62.66
Kazakhstan 3,601-5,325 3.69 0.38
Republic of Korea 71-80 3.82 9.20
Lao People’s 220-291 3.87 0.02
Democratic Republic

Malaysia 305-374 3.74 044
Myanmar 709-891 414 0.07
Nepal 66-98 4.00 0.07
New Zealand 3