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and analysis, policy advisory services, capacity building and
technical assistance, aims to support sustainable and inclu-
sive development in member countries.
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° RENEWABLES NOW

RENZ21 is aninternational policy network dedicated to build-
ing a sustainable energy future with renewables. This means
having a clear vision about the future and what is needed
to make the right decisions. We do this by telling compelling
stories about why we need an energy transition and how
renewables can contribute to this vision. We want to inspire
and mobilise people across all sectors to make renewables
a central part of any energy decision.

REN21's reports and activities are clustered under two main
blocks: knowledge — what's happening now in the energy
sector and what we think will happen; and debates — discuss-
ing a renewable energy future with players both within and
outside the energy sector.
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FOREWOQORD

RENZ21

s the world’s fastest growing region, Asia
Arequires increasing energy supplies to fuel
its rapid pace of economic expansion.
The sheer geographic size of Asia and the Pacific,
its diversity and its varied institutional capacity
offer a huge market potential for renewable energy.
Renewable energy also presents an opportunity for
the region to achieve a globally important position in
the renewables market and to be a leader in the clean
energy transition. But harnessing this momentum
requires a key understanding of what is actually
happening in each country.

The 2019 Asia and the Pacific Renewable Energy Status
Report presents the current status of renewable energy
uptake in the Asia Pacific region by examining the policy
landscape, investment flows and how renewables are
increasing energy access. Formal and informal data and
information are used to reflect real-time developments in

ADB

the region. The data and information collection process uses
a collaborative approach that is the trademark of REN21.

Documenting the continual evolution and uptake of renew-
ables in a timely manner is challenging. We acknowledge
that data gaps exist in this report. Nevertheless, the report
provides a starting point to better understand regional devel-
opments. It also highlights where data are missing and need
to be collected. Given the importance of the region in the
energy transition and the current speed of change, a contin-
ual data and information collection process is key. | hope that
this reportis just the beginning of this process.

On behalf of the REN21 Secretariat, | extend our thanks
to the Asian Development Bank and the United Nations
Economic and Social Commission for Asia and the Pacific
for their collaboration in the development of this report.
Itis my hope that this publication inspires action, discussion
and exchange. REN21 welcomes your feedback and support.

RANA ADIB
Executive Secretary
REN21

0

sustainable and inclusive economic growth.

In 2015, the United Nations declared energy
as part of the 2030 Agenda for Sustainable
Development, advocating access to affordable,
reliable, sustainable and modern energy for all (SDG
7) and urgent action to combat climate change and
its impacts (SDG 13). The Paris Agreement, through
the Nationally Determined Contributions, contracted
all nations to combat climate change and pursue
a sustainable, low-carbon future.

Renewable energy plays a significant role in

The Asian Development Bank’s (ADB) Strategy 2030 envi-
sions a prosperous, inclusive, resilient and sustainable
Asia and the Pacific. ADB has committed USD 80 billion for
2019-2030 to combat climate change, and at least 75% of
ADB’s operations will support climate change mitigation
and adaption by 2030. The Asia and the Pacific Renewa-
ble Energy Status Reportis in line with ADB’s clean energy

development and will inform investment decisions in order
to achieve renewable energy targets in ADB’s developing
member countries.

The Asia and the Pacific Renewable Energy Status Report
covers 18 countries from the five sub-regions, which together
represent 88% of the region’s population and occupy 71%
of its land area. Efforts and milestones in adopting renew-
able energy technologies in power generation, heating and
cooling, and transport are presented. This report serves as
a valuable reference for researchers, policy makers and the
private sector and offers wide-ranging discussions on the
renewable energy industry and market, distributed renew-
ables for energy access, policies, regulations, investment
and financing.

YONGPING ZHAI

Chief of Energy
Sector Group

ADB
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he Asia Pacific region is progressing to a
I low-carbon energy future. Renewable energy
development has gained momentum across
the region and entered the mainstream, particularly
in the power generation sector. Many policy makers
in Asia and the Pacific and beyond have looked
to renewable energy as a means of meeting
multiple goals - diversification of energy resources,
enhancing energy access, climate change mitigation
and reducing air pollution, just to name a few. As the
largest global region by population, GDP and energy
use, the speed that the Asia Pacificregion travels on
its renewable energy journey will influence the rest
of the world.

Capturing the diversity of a region such as Asia and the
Pacificin one report is no easy task. Countries of the region
have highly variable energy endowments and consumption
patterns. By examining 18 countries in detail, drawn from
across Asia and the Pacific’s five sub-regions, the REN21
Asia and the Pacific Renewable Energy Status Report builds
a comprehensive picture of the region’s overall progress.

FOREWORD

Taken together, these countries cover 88% of the region’s
population and are embracing a wide range of renewable
technology applications, from biofuels to wind power.

By examining the progress in areas beyond renewable
energy technologies — such as energy efficiency, finance and
policies — the report paints a detailed picture of the develop-
ments across the region and pinpoints some emerging trends.
It presents a complex picture in a cohesive, engaging and
accessible format, complementing other efforts such as the
multi-agency Asia Pacific Sustainable Energy for All Global
Tracking Framework report and the Asia Pacific Energy Data
Portal operated by ESCAP.

This inaugural report will provide stakeholders with valu-
able and up-to-date information from across this diverse
region and supports the further development of the renew-
able energy sector towards achieving the 2030 Agenda for
Sustainable Development.

HONGPENG LIU
Director, Energy Division

UN ESCAP
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EXECUTIVE SUMMARY

his inaugural Asia and the Pacific
I Renewable Energy Status Report provides
a comprehensive overview of renewable
energy developments in selected countries of the
region. Asia and the Pacific plays a large role in the
world, covering a vast territory and contributing a
majority of world population and population growth.
The region’s economic transformation, accompanied
by an energy transition, is fundamental to the success
of global efforts to achieve sustainable development
goals and decarbonisation objectives.

This report covers 18 selected countries representing five
key sub-regions, as follows: Northeast Asia (China, Japan,
Mongolia, the Republic of Korea); Central Asia (Georgia,
Kazakhstan, Uzbekistan); South Asia (Bangladesh, India,
Pakistan, Sri Lanka); Southeast Asia (Indonesia, Myanmar,
the Philippines, Thailand, Viet Nam) and The Pacific (Fiji,
Tonga). The countries are drawn from where networks and
data sources were the strongest.

Although the Asia Pacificregion is a renewable energy leader
worldwide, the deployment of renewables continues to lag
behind that of traditional energy sources in supplying the
region’s rapidly increasing energy needs. Continuing growth
in energy demand in the power, heating and cooling, and
transport sectors opens a multi-faceted renewable energy
opportunity in the region. Some of the largest countries in
size and renewable energy potential still have relatively low
shares of renewables in their total final energy consumption
(TFEC). For example, India had a less than 40% renewable
energy share in its TFEC in 2016, while China’s share was
below 20% that same year.

Overall, the region’s renewable energy share is still focused
heavily on hydropower (especially large-scale hydropower)
and bioenergy (biomass, biogas and liquid biofuels for heat-
ing, cooking and electricity). Modern renewable energy, such
as solar photovoltaics (PV) and wind, has considerable room
to grow. The regionis innovating, and new technologies are
being implemented in the market. Floating solar PV gained
tractionin 2018 and is attracting interestin a few countries,
particularly those with limited available land.

Renewable energy for heating and cooling is still
mostly underdeveloped in the region, except in China.
Transport offers another possible avenue for renewable
energy development. Electrification has started in the region’s
energy mix for transport, and although electromobility is
not directly linked to renewables, it offers a step away from

traditional fuels and an opportunity to develop renewable
energy for transport uses.

Renewable energy for power generation is growing the most
aggressively, on the back of technology improvements in
solar PV and wind power technologies. China, India, Japan
and Bangladesh are at the forefront of renewable energy
developments in the region’s power sector.

Distributed energy offers another opportunity for renew-
able energy in the region providing both access to electricity
as well as access to clean cooking. Distributed renewable
energy is pushing the boundaries for the introduction of inno-
vative solutions such as pay-as-you-go, combining expertise
from mobile providers and energy companies.

Governments in the region are catching up with the latest
market developments, and some are pro-actively looking to
build an investment pipeline in renewable energy. Feed-in
tariffs (FITs), the most common support mechanisms, are
progressively giving way to auctions that will nurture renew-
able energy opportunities. Net metering is present, but it still
needs to develop and to offer stable conditions and trans-
parency that may lead to increases in investment flows
compared to today.

Cities and local authorities are building their own mandates
and are going green with renewable energy, offering an

immediate opportunity for renewables in power, heating and
cooling, and transport.




REGIONAL
OVERVIEW

The 18 countries covered in this report are fundamental to the
clean energy transition. They account for 52% of the world’s
population, represent 88% of the people living in the Asia
Pacificregion and accountfor 39% of the global primary energy
supply. China and India dominate the landscape of this region:
as the world’s most populous countries, they account for
28% of global primary energy supply.

The region has developed considerable renewable energy
capacity across a number of technologies including solar
PV, wind power, hydropower, bioenergy and geother-
mal, as detailed in the Market and Industry chapter.
Discussions about increasing the ambition of targets are
ongoing, and the Policy Landscape chapter of the report
provides information on both country targets and progress.
Renewable energy also plays a role in addressing the issue
of energy access - both for power and heating and for cook-
ing purposes —in many countries in the region, as discussed
in the Distributed Renewables chapter.

The world’s megacities are disproportionately concentrated
in Asia, and the countries covered in this report are home
to 27 of the world’s 50 largest cities. A top priority for the
region is creating functioning megacities that can grapple
with congestion and effective mobility, create effective elec-
tricity distribution networks and efficiently improve access
to clean forms of heating and cooling. Few countries in the
Asia Pacific region demonstrate self-sufficiency in energy,
with the majority importing at least some of their primary

energy supply.

As a complement to efforts and commitments to increase
renewables, energy efficiency has become more common
practice, and overall energy intensity in many of the countries
covered is either flat or falling steadily. Widespread chal-
lenges remain in adopting renewable energy and energy-
efficient practices, including in financing, the transition
to more sophisticated government support for renew-
ables, changing industry dynamics in response to
rapidly growing demand, climate change constraints
and growing urbanisation.

The development of renewables also addresses energy
security, another key challenge for the region. As energy
demand increases and as domestic resources dwindle, self-
sufficiency is expected to decline in the coming decades.
In many countries, the rapid growth in energy demand has
fuelled the expanded use of both fossil fuels (especially coal
and natural gas for electricity generation and oil for trans-
port) and renewable energy (including large hydropower and
geothermal for power generation). Still, most of the world’s

planned, under construction or operating coal-fired power
plants are in Asia.

Various forms of regional co-operation in energy exist across
the five sub-regions, and some of these efforts have been
effective in improving clean energy practices and energy
security through cross-border power trading, notably in
Southeast Asia. Examples of organisations and initiatives
that are promoting further development of renewable energy
and energy efficiency in the region include the United Nations
Economic and Social Commission for Asia and the Pacific
(UN ESCAP), the Asia-Pacifc Economic Cooperation (APEC)
Energy Working Group, the South Asian Association for
Regional Cooperation (SAARC) Energy Centre, the Central
Asia Regional Economic Cooperation (CAREC) programme,
the Association of Southeast Asian Nations (ASEAN) Centre
for Energy and the Pacific Centre for Renewable Energy and
Energy Efficiency (PCREEE).

RENEVWABLE ENERGY
MARKET AND INDUSTRY
OVERVIEW

The Asia Pacific region has a leading role in the continued
push for renewable energy on the global stage, and the
18 countries covered in this report have demonstrated
considerable progress as well as strong potential for
future developments. The countries with the highest
shares of renewables in total final energy consumption are
Myanmar (68%), Sri Lanka (51.3%), the Philippines (47.5%)
and Indonesia (47%), driven by hydropower and bioenergy.

The overall picture of renewables in the region requires
contrasting renewable energy development against the
background of energy supply dynamics. Although the
deployment of renewable power is increasing, this is occur-
ring at a slower rate than that of conventional fossil fuels
such as natural gas and coal.

The sub-regions with the highest penetrations of renewables
in the energy mix are Southeast Asia (45.7% on average)
and South Asia (42% on average), in contrast to sub-regions
where renewable energy comprises a smaller share of the
total (Central Asia, at 16.2% on average, and Northeast Asia,
at11.7% on average). Across the region, traditional biomass,
the most widely used renewable energy source, has been
gradually replaced by cleaner fuels, although most of these
fuels are non-renewable in origin. Overall, 5 of the 18 coun-
tries—China, India, Japan, the Republic of Korea and Thailand
—use significant shares of renewables for heating and cooling,
specifically solar thermal, with a combined capacity in 2017
of 362 gigawatts-thermal (GW4,), 97% of it located in China.

EXECUTIVE SUMMARY
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Many Asian countries have vast geothermal resources.
Some, like Indonesia and the Philippines, use geothermal
for power generation, while direct use of geothermal heatis
more popular in other countries. The combined geothermal
heating capacity of the 18 countries at the end of 2017 was
22.4 GWy,. Bioenergy, especially traditional biomass such
as fuelwood, is used for heating in many remote regions,
although data on this use remain limited.

Nine countries in the region produce biofuels for trans-
port, with the largest contributions from China, Indonesia,
Thailand and India, which are also among the world’s top
biofuels producers. Production in the region totalled 12 million
tonnes in 2018, an increase of 2.5 million tonnes from the
previous year. Fuel ethanol production accounts for around
45% of this production, and the remaining 55% is fatty
acid methyl esters (FAME) biodiesel. Electrification of road
transportis also gaining ground in the region. Although elec-
tromobility is not directly tied to the uptake of renewables, as
itsimpact on emissions depends on how “green” the energy
mix of a country is, it can represent a step away from fossil
fuel consumption.

Renewable energy capacity in the power sector has
grown steadily in the 18 countries. In 2000, hydropower
(including large-scale hydropower) accounted for 95% of
the renewable capacity, and geothermal, bioenergy and
wind power were also in the mix. Over the ensuing years,
the renewable capacity grew six-fold, reaching 988.9 giga-
watts (GW) in 2018 as a result of the accelerated deployment
of wind and solar PV technologies. Although hydropower
still had the largest share, at 46%, the shares of solar PV
and wind power reached 28% and 23%, respectively.
Bioenergy was around 3%, and geothermal (in China, Indo-
nesia, Japan and the Philippines) accounted for 0.45%. The
Republic of Korea and China had ocean power capacities of
255 megawatts (MW) and 4.3 MW, respectively.

Chinais primarily responsible for the large scale of renewa-
ble energy additions in the region, due to strong progress on
the country’s 13th Five-Year Plan, which included capacity
targets for renewables to 2020. Driven largely by additions
of solar PV, China’s renewable power generation capacity
grew from 480 GW in 2015 to just under 700 GW in 2018.

?/ RENZ21 ASIA AND THE PACIFIC RENEWABLE ENERGY STATUS REPORT

DISTRIBUTED
RENEWABLES FOR
ENERGY ACCESS

Regionally, the vast majority of the renewable generation
capacity in the 18 countries — 92% — is concentrated in just
three countries: China, which accounts for 71% of the capac-
ity, India (12%) and Japan (9%).

Renewable energy resources can play a pivotal role in
achieving universal access to modern energy. Small-scale
solar, wind and hydropower technologies, as well as inter-
nal combustion plants using biomass or biogas, can provide
areliable source of electricity in remote locations.

Across the Asia Pacific region, several countries report that
the majority of their populations are now fully electrified,
including in Central Asia (Georgia, Kazakhstan, Uzbeki-
stan), most of Northeast Asia (China, Japan, the Republic
of Korea) as well as in Sri Lanka, Thailand and Viet Nam.
However, other countries have along way to go. In Mongolia,
Indonesia, the Philippines and the Pacific (Fiji and Tonga),
the remaining few percent of the population still needs to be
connected as last-mile customers. Power reliability continues
to be a challenge in many places.

Although countries in Asia and the Pacific have made signif-
icant progress in connecting their populations —the region is
home to three-quarters of the 570 million people worldwide
who gained electricity access between 2011 and 2017 —an
estimated 350 million people still lack access across devel-
oping Asia. The remaining work towards electrification is
challenging, and is exacerbated by the fact that many of the
households without access are located in very remote areas
including mountains, islands or isolated hamlets and villages.

Half of the population in Asia and the Pacific — just under
2 billion people — relies on traditional biomass, coal and
kerosene for cooking and heating. Reducing indoor air
pollution and improving the health of rural residents are
among the main objectives of clean cooking programmes in
many countries. With the exception of several countries that
have a strong institutional focus on access to clean cooking
and fuels, difficulties persist in bringing these technologies
—such as liquefied petroleum gas (LPG), biogas, electric-
ity, advanced biomass cook stoves and solar cooking —
to consumers in the region. Underinvestment in the sector
will likely cause Asia and the Pacific to fall short of the target
for universal access to clean cooking by 2030 set out in the
United Nations’ Sustainable Development Goal 7.

Rural electrification plans introduced by national govern-
ments are multi-dimensional and often include extension of
the existing grid as well as the promotion of decentralised
solutions, including mini-grids and stand-alone systems.



Energy access companies, working in partnership with
development actors and local governments, provide a vari-
ety of technologies to power the needs of residential and
commercial customers.

As the Asia Pacific region has experienced a boom in tele-
communications infrastructure and the price of smartphones
has dropped, integrating mobile and wireless network infra-
structure into decentralised business models has become
paramountin efforts to provide energy access. For example,
pay-as-you-go (PAYG) solar enables lower-income custom-
ers to buy solar products through their mobile devices, either
on credit or instalment plans or by paying a small fee for
continuous use. Positive results are being seen from the
ongoing focus on eliminating market barriers for private
companies to increase access to modern energy services
and to build the commercial viability of initiatives.

POLICY
LANDSCAPE

The variation in policy support for renewables in the region
reflects the diversity in countries’ income levels, gross domes-
tic product (GDP) growth and economic development levels.
For example, high-income countries in Northeast Asia, such
as Japan and the Republic of Korea, have adopted a range of
targets to increase the share of renewables in the electricity
generation mix and to improve energy efficiency.

Considerable policy attention has been given to renewa-
ble energy and energy efficiency in most countries of the
region, recognising the need for improved energy security,
environmental quality (particularly reducing air pollution),
industry competitiveness, and the provision of cost-effective
electrification solutions to populations that lack access to
electricity in remote regions or islands. In countries with
rapidly growing industries — such as China, India, the Phil-
ippines and Thailand - policies are aimed at reducing the
carbon intensity of economic development. The need is
urgent: although per capita greenhouse gas emissions in
Asia and the Pacific remain below the global average, five
countries in the region— China, Japan, the Republic of Korea,
India and Indonesia — are among the world’s largest emit-
ters, together accounting for nearly 40% of the global total.

Renewable energy support policies and targets were pres-
ent in all of the 18 countries in the Asia Pacific region as
of mid-2019, at various levels of government. In most of
the countries, they are combined with energy efficiency
targets. FITs are the most common support mechanisms
in these countries, followed by renewable energy auctions,
or tenders. Quotas or mandated targets are less common.

Net metering is present in all countries except three.
With regard to fiscal incentives and public financing, coun-
tries have in place capital subsidies or grants, investment
tax credits and customs duty exemptions, as well as public
loans and grants. Energy production payments are the least
common supports and are presentin only three countries.

In some cases, countries have taken a regional approach to
renewable energy policy. ASEAN has set a renewable energy
target aimed at achieving an ambitious 23% renewables
share in the energy mix of member countries by 2025 and
reducing energy intensity 30% by 2025.

Most countries of the Asia Pacific region have given consid-
erable attention to renewable power. Specific country
approaches include integrating renewable power into
the overall energy system (China) and into grid planning
(Japan, Myanmar); the ongoing liberalisation and unbun-
dling of electricity markets (the Philippines); and inter-
faces between renewables and energy efficiency (Japan).
Despite the energy intensity of the heating and cooling
sectors, only a few countries in the region — such as India
and Thailand - have introduced targets and/or supportive
frameworks for the use of renewables in these sectors.

Biofuel mandates are a popular policy instrument to incentiv-
ise domestic production of biofuels and diversify the fuel mix.
Several countries in the Asia Pacific region have introduced
targets for the share of biofuels in the transport sector, as
well as national and/or provincial biofuel blending mandates
for ethanol and biodiesel. These include China (E10), Indo-
nesia (B20), the Philippines (E10, B2), the Republic of Korea
(B2-B3), Thailand (B7) and Viet Nam (E5).

Northeast Asia leads in efforts to promote the domestic
manufacturing and export of electric vehicles (EVs), both to
neighbouring countries and farther afield. To reduce air pollu-
tion from the transport sector, several countries in Southeast
Asia also have established policies and government initia-
tives across the EV value chain — from promoting consumer
demand, to electrifying public infrastructure and passen-
ger vehicles, to setting up safety guidelines for electric auto
rikshaws (tuk tuks) to support electric mobility and incentiv-
ise the transition to an electric-power automotive industry.

Fiscal incentives for the renewables sector are becoming
more common across the Asia Pacificregion. Inrecent years,
FITs — the instrument traditionally used to support renew-
able energy development in the region — have been either
discontinued (the Philippines), revised (Indonesia), kept too
low (Viet Nam) or replaced by auctions to reflect recent
declines in solar PV costs and to prevent over-subsidisa-
tion in markets where renewables can compete with tradi-
tional power sources. The region has seen a few successful
examples of reverse auctions for renewable energy projects,
resulting in competitive costs for solar and wind generation
at grid parity levels. Successful auctions have been held in
Northeast Asia (China, the Republic of Korea), Central Asia
(Kazakhstan), South Asia (India, Pakistan) and Southeast
Asia (Indonesia, the Philippines, Thailand, Viet Nam).

EXECUTIVE SUMMARY
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Net metering is still a nascent support mechanism in the
region, with fewer countries running successful net meter-
ing schemes than having in place FITs. India and Pakistan
both operate net metering schemes at the national and state
levels, and Indonesia recently launched a long-awaited net
metering programme. Viet Nam, meanwhile, decided to
cease its net metering scheme.

Several countries in the region are using carbon pricing or
carbon tax measures to regulate their carbon emissions,
including China, Japan and the Republic of Korea in North-
east Asia, and Kazakhstan in Central Asia. A few countries
in Southeast Asia, such as Thailand and Viet Nam, also are
considering carbon pricing initiatives.

Sub-national and municipal policies to promote sustainable
energy through localised innovations are being developed
in the region. For example, the regional Cities Development
Initiative for Asia aims to promote sustainable and equitable
urban development that would lead to improved environ-
mental and living conditions for residents of medium-sized
cities in Asia and the Pacific. Some cities have ambitious
plans to “go green,” including Ulaanbataar in Mongolia,
Tokyo in Japan and East Kalimantan in Indonesia.

Overall, the policy landscape in Asia is dynamic and contin-
ues to develop at a variety of jurisdictional levels, reflecting
growing supportfor renewable energy and energy efficiency
as well as diverse efforts to directly address carbon foot-
prints in the region.
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INVESTMENT
FLOWS

An estimated USD 288.9 billion was invested in renewa-
ble energy worldwide in 2018. China, the global renewa-
ble energy leader, saw renewables investment in 2017 of
USD 145.9 billion —its highest level ever — accounting for 45%
of the global total.

Renewable energy investment trends in the Asia Pacific
region are mixed, reflecting the changing economic circum-
stances and fluctuating policy conditions in the countries
under review. At the macro level, Asia accounted for 52%
of new investment in the renewables sector worldwide in
2018, with China, Japan and India among the top 10 desti-
nations of renewable energy investment globally, and Viet
Nam and the Republic of Korea ranking among the top 20.
Renewable energy investment is driven by a range of
circumstances, including a country’s economic strength,
the existing energy infrastructure, the policy and regula-
tory environment, political support and the favourability of
investment conditions.

China dominates the picture given its size. Renewables
investment in China dropped to USD 91.5 billion in 2018
(32% of the global total), due in large part to a significant
change in the country’s FIT policy mid-year, to the rapidly
declining capital costs of solar PV, as well as to timing
differences in investment decisions. Investment in solar
power in China fell by half, from USD 89 billion in 2017 to
USD 40.2 billionin 2018, whereas investment in wind power
declined 6% to USD 50.1 billion.

Climate finance funds have continued to provide opportu-
nities for financing renewable energy and energy efficiency
projects in the Asia Pacific region. The largest funds by over-
all investment volume are the Clean Technology Fund, the
Green Climate Fund and the Global Environment Facility
(GEF). The GEF administers by far the largest number of
projects, with 168 projects active as of February 2019, while
other funds aim for impact via larger infrastructure invest-
ments. Just three countries — India, Indonesia and China -
received 53% of climate funds invested in the Asia Pacific
region for the period 2003-2017, indicating the relative size
and dominance of their economies and energy markets.

This report gives an updated view of where Asia and
the Pacific stands in renewable energy development.
Greater penetration of renewable energy sources presents
an opportunity for the region to achieve a globally important
position in the renewables market and to be a leader in the
clean energy transition.
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REGIONAL OVERVIEW

INTRODUCTION TO THE REGION AND SCOPE
OF THIS REPORT

Energy Status Report provides a comprehensive

overview of renewable energy and energy
efficiency developments in the world’s largest and
fastest growing region. Asia and the Pacific covers
a vast territory and contributes a majority of world
population and population growth. The region’s
economic transformation, and the accompanying
speed of transition towards cleaner energy sources,
is fundamental to the success of global efforts to
reduce greenhouse gas emissions.

This inaugural Asia and the Pacific Renewable

Introduction to the Region

The Asia Pacific region is diverse, being home to some of
the largest countries by both area and population as well as
to some of the smallest and most remote nations on Earth.
At the same time, the region is a global engine of economic
growth, with rapidly increasing energy demand. Given this
breadth and the presence of more than 60 countries in the
region, this report takes a pragmatic approach to consider
only 18 representative countries across five key sub-regions,
as follows:

China, Japan, Mongolia,
the Republic of Korea

Northeast Asia

Georgia, Kazakhstan,
Uzbekistan

Central Asia

Bangladesh, India, Pakistan,
Sri Lanka

South Asia

Indonesia, Myanmairr,
the Philippines, Thailand,
Viet Nam

Southeast Asia

The Pacific Fiji, Tonga

These 18 countries have
differing energy circum-
stances and vary in their
potential for, and progress
on, renewable energy and
energy efficiency, including
developments in markets
and industry as well as
policy. The countries have
been selected to provide
a significant proportion of the Asia Pacific picture, and

China and India
together make

up 36% of world

population and

16% of world
economic activity.

are drawn from where networks and data sources were
the strongest.

Key parameters for the selected countries demonstrate the
relevance of their choice for the report. The 18 countries
account for nearly 90% of the population of Asia and the
Pacific, for 80% of the region’s population growth and for
70% of its land area (= see Table 1).*In global terms, these
countries represent more than half of the world’s popula-
tion and around one-third of its economic activity, includ-
ing providing 31% of the total primary energy supply.?
Information on these countries provides insight into
wider regional trends, and, in some cases, neighbouring
countries face similar geographic, resource endowment and
cultural circumstances, particularly at the sub-regional level.
The conclusions drawn in this report are thus valid for assess-
ing the status and progress of renewable energy and energy
efficiency developments in Asia and the Pacific as a whole.

Deserving special mention are the two Asian giants, China
and India, which together make up 36% of world popu-
lation and 16% of world economic activity and exercise
a substantive influence over regional trends (= see Figure 1).3
However, a number of other countries covered by this report
also have large populations and economies. In addition to
China and India, 6 of the 18 countries have populations in
excess of 100 million people and together provide another
1 billion in population, representing a further 13% of the
world’s people; meanwhile, Japan, the Republic of Korea and
Indonesia are the world’s third, twelfth and sixteenth largest
economies, respectively.*



TABLE 1. Summary Overview of the Selected Asia Pacific Countries
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% of Asia
and the
Pacific

covered by

this report

18 countries
covered by
this report

Asia and the

Pacific

% of world
covered by
this report

Populationin 2019
(millions)

7,714.6 4,584.8 88%

4,018.9

Land area
(million km?)

148.9 31.0 221 71%

Netincrease
in population 81.8
(millions)

31.7 80%

GDP
(constant 2010 USD
billions)

80,095.0 N/A 23,163.7

Note: N/A = data not available

FIGURE 1. Overview of the Selected Asia Pacific Countries, 2017
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Source: See endnote 1 for this chapter.
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At the other end of the
population spectrum, the
Pacific countries are among
the smallest (by both area
and population) and most

The countries
covered in this
report are home

to 27 of the 50

largest cities
worldwide.

remote nations on Earth
and face a very different set
of energy and development

challenges. Their immedi-
ate energy sector priorities
typically focus on improved access to services, including
clean and affordable energy, for small remote communities,
often in difficult geographic circumstances. Pacific Island
countries also seek to secure adequate indigenous energy
supplies at least cost to remove reliance on expensive fossil
fuel imports.®

While Asia and the Pacific as a whole is less urbanised than
the global average, the world’s megacities — urban areas
with populations exceeding 10 million people — are dispro-
portionately concentrated in Asia.® The countries covered
in this report are home to 27 of the 50 largest cities and to
13 of the 20 largest cities worldwide.” A top priority for the
region is supporting functioning megacities that can improve
air quality while grappling with congestion and effective
mobility; can develop clean, effective and reliable electricity
distribution networks; and can efficiently improve access to
low-carbon heating and cooling.

The economies of these countries are extremely varied in
both size and complexity. China is the dominant economic
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force, and Northeast Asia is by far the dominant sub-region,
with the three economies of China, Japan and the Republic
of Korea accounting for around 76% of the combined GDP of
the 18 countries.® In terms of GDP per capita and overall
prosperity levels for Asia’s citizens, the picture is more mixed:
Japan and the Republic of Korea are the most developed
nations of those studied, at a level comparable to or above
many Western nations, while those countries with lower per
capitaincomes are classified as “lower-middle income” coun-
tries, alongside less-developed nations worldwide.®

Along with wide variations across Asia and the Pacificin the
level of development, there is variation in income distribution
and equality, with clearimplications for access to energy and
energy consumption. Compared globally, most Asian coun-
tries fall within a moderate band of income distribution; of the
18 selected countries, Kazakhstan has the greatest income
equality, whereas the Philippines has the least.*®

REGIONAL ENERGY OVERVIEW AND TRENDS

In line with its overall demography, the Asia Pacific region
is a dominant player in energy markets, with substan-
tial and rising energy demand (- see Table 2).** The total
primary energy supply (TPES)' of the 18 selected countries
was 4,232,919 kilotonnes of oil equivalent (ktoe) in 2016
(> see Table 3), or approximately 31% of the energy supplied
globally.'? Asia as a whole accounted for around 49% of
world TPES that year, up from 30% in 1990.13

i Primary energy is animperfect metric for measuring the share of renewable energy in the energy sector, as it requires consideration of conversion losses for thermal

generation technologies (e.g., coal, nuclear, bioenergy) that overstate their contributions to final energy use. Adoption of non-thermal renewable energy sources can

help reduce primary energy intensity. See Glossary for more information.

X\

Asia accounted
for around 49%
of global total
primary energy
supply in 2016, up
from 30% in 1990.
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TABLE 2. Energy Overview of the Selected Asia Pacific Countries

Electrification
rate
(% of
population)

Energy use
per capita
(MJ)/capita)

Energy
subsidies as
% of GDP

Net energy imports

Country (% of energy use)

2014 2014 2017 2017

Northeast Asia

China 15% 2,237 100% 0.3% §
oc

Japan* 93% 3,429 100% N/A %
3

Mongolia -168% 1,838 86% N/A %:

Republic of Korea* 81% 5,413 100% N/A E

Central Asia

Georgia 69% 1,178 100% N/A

Kazakhstan -117% 4,435 100% 3.0%

Uzbekistan N/A N/A 100% 10.9%

Bangladesh 17% 222 88% 0.6%

India 34% 637 93% 0.6%

Pakistan 24% 484 71% 0.7%

Sri Lanka 50% 516 98% 0.2%

Indonesia -103% 884 98% 1.7%

Myanmar -33% 372 70% N/A

Philippines N/A N/A 93% N/A

Thailand 42% 1,970 100% 0.2%

Viet Nam N/A N/A 100% 0.1%

Fiji N/A N/A 96% N/A

Tonga N/A N/A 98% N/A

*For Japan and the Republic of Korea, data on energy imports and energy use per capita are from 2015.

Note: Energy subsidies refer to any measures by governments to keep prices for consumers below market levels or for producers above market levels, or to reduce costs for
consumers and producers. N/A = data not available.

Source: See endnote 11 for this chapter.
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TABLE 3. Energy Mix in the Selected Asia Pacific Countries, 2016

Non-renewable Renewable A

Country Total TPES TPES TPES share of total
TPES
thousand tonnes of oil equivalent percent
Northeast Asia
China 2,959,101 2,687,521 271,580 9%
Japan* 425,616 397,533 28,082 7%
Mongolia 4,961 4,677 162 3%
Republic of Korea* 282,411 274,785 7.574 3%
Central Asia
Georgia 4,793 3,590 1,209 25%
Kazakhstan 81,643 80,613 1,137 1%
Uzbekistan 37,586 36,692 1,021 3%
Bangladesh 39,555 30,057 9,498 24%
India 862,483 653,265 209,218 24%
Pakistan 95,701 58,685 36,975 39%
SriLanka 11,702 6,619 5,083 43%
Indonesia 230,151 152,633 77,518 34%
Myanmar 19,306 8,310 10,995 57%
Philippines 53,189 33,502 19,687 37%
Thailand 138,525 107,801 29,138 21%
Viet Nam 80,995 59,609 21,215 26%
Fiji N/A N/A N/A N/A
Tonga

Note: Viewing renewable energy generation as a percentage of total primary energy supply (TPES) tends to underrate the impact of renewables in a country’s energy mix;
renewable energy supply as a percentage of total final energy consumption is a metric more reflective of the extent to which renewables are actually being used; however,
consistent and comparable data for total final energy consumption were not available. N/A = data not available.

Source: See endnote 12 for this chapter.



China dominates energy requirements in the region, account-
ing for 70% of the TPES of the 18 selected countries.'*
For perspective, India, with nearly the same population, has
less than a third of China’s TPES, and the large developed
economies of Japan and the Republic of Korea have TPES
shares of around 14% and 10%, respectively.!> Action in
China is critical to the clean energy transition both region-
ally and globally. During the period from 1973 to 2015,
China alone accounted for 34% of the growth in the world’s

energy supply.®

Asia and the Pacific has seen a tremendous increase
in its energy demand, alongside rapid economic growth.
Although some decoupling of economic growth and energy
demand has occurred, with resultant reductions in energy
intensity, in general the pace and scale of growth in energy
demand has outstripped the speed at which countries have
been able to transition quickly to decarbonised energy gener-
ation.'” This has implications for the needed uptake of clean
energy solutions, as well as for energy security. Fossil fuel
subsidies still exist in most countries in the region, notably in
Indonesia and in Central Asia, while Asia remains the largest
region globally for planned, under construction or operating
coal-fired power plants.®

Few of the 18 selected countries demonstrate a clear
self-sufficiency in energy, with the majority importing atleast
some of their primary energy supply. Notable exceptions
include Indonesia, which is the world’s largest coal exporter;
Kazakhstan, the world’s tenth biggest net oil exporter; and
Mongolia, the world’s ninth largest coal exporter.’® Japan, the
Republic of Korea, Georgia, Sri Lanka and the Pacificisland
countries all rely on imported energy for more than half of
their energy demand requirements.?° (- See Market and
Industry chapter for more on specific countries.)

Even before the landmark Paris Agreement and its
Nationally Determined Contributions (NDCs) towards miti-
gating greenhouse gas emissions were agreed, countries
in the Asia Pacific region showed a rising commitment to
developing both renewable energy and energy efficiency,
including through importantinnovations in tariffs, increased
use of independent power producers (IPPs) to meet growing
electricity demand, and new legislation to incentivise mini-
grids and distributed energy generally. But improvement
has not been uniform: several countries have encountered
technical, financial and political barriers to the continued
expansion of renewables, and the development of non-
renewable energy sources such as coal continues as
countries struggle to meet rapidly rising electricity demand.

The region has developed considerable renewable energy
capacity across a variety of technologies, including solar,
wind, hydropower, bioenergy and geothermal (- see
Market and Industry chapter). China and India, the world’s
most populous countries, have led and appear poised to
continue to lead the recent renewables push. India plans
to achieve 175 GW of renewable electricity generation
by 2022, and China has overarching goals for a 20%
share of non-fossil fuels in its primary energy consump-
tion by 2030, and a more than 50% share by 2050.%!
Discussions about increasing the ambition of targets are
ongoing. (- See Policy Landscape chapter for more on coun-
try targets and progress.)

As a complement to efforts and commitments to increase
renewable energy, energy efficiency has become more
common practice, with overall energy intensity' in many
of the selected countries either flat or falling steadily
(- see Figure 2).22

i Inmacro-level analyses, energy intensity typically is used as a proxy for energy efficiency.
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FIGURE 2. Primary Energy Intensity in the Selected Asia Pacific Countries, 2013-2015

Primary Energy Intensity (megajoules per USD PPP)
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Note: Data for 2015 are the latest available for the region.

Changes in energy intensity across the region result from
many varied factors. In some cases, they reflect ongoing
structural shifts in the composition of economies, and in
others, fluctuating levels of economic growth among sectors
of different energy intensity. Adopting technologies that
improve final energy efficiency in the end-use sectors — such
as EVs and heat pumps — may both improve overall energy
intensity and aid in the effective integration of variable
renewable energy sources such as wind and solar.?3

Source: See endnote 22 for this chapter.

Many effective energy efficiency policies and programmes
have emerged both from governments in the region and from
private institutions that view energy efficiency as a cost-
effective means to combat rising business costs while
meeting environmental commitments. Regional programmes
for energy efficiency also have been highly effective in
some cases.



REGIONAL RENEWABLE ENERGY
CHALLENGES

Financing

The financing of renewable energy infrastructure in Asia has
faced difficulties in keeping pace with the rate of transition
thatis needed to meetinternational and national targets for
both emissions reductions and energy sector decarbonisa-
tion, set by governments through the United Nations Frame-
work Convention on Climate Change (UNFCCC) process and
numerous national policy commitments. While the deploy-
ment of renewables is relatively rapid in many countries and
a number of innovative financing schemes are in operation,
the volume of activity remains below that required by these
targets. Financing has been driven by the private sector,
including numerous large financial institutions, energy
companies and utilities that have been willing to underwrite
utility-scale renewable energy.

Accelerating financing for small to medium-sized renewable
energy projects (between 0.5 MW and 30 MW), which
have proliferated in the region in recent years, has been
particularly challenging (= see Market and Industry chap-
ter). The renewables market remains served by a small
number of specialised investors who have developed the
requisite investment knowledge and know-how but who
tend to focus on larger renewable energy projects, given
the transaction costs. Achieving greater deployment of
renewables will require “upskilling” the large tier of potential
small to medium project investors that exists.

Investment decisions require considerable data, documen-
tation and analysis that need to be supported to spur better
investment uptake and increase project confidence. A lack
of reliable, comparable datasets on resource availability,
capital and operating expenditures, and energy prices at
the local level prevents access to renewable and energy
efficiency finance'. For emerging markets, sovereign risk
and the absence of local currency financing can present
issues as well.

Funding from public climate investments and from global
and regional support programmes has had a significant
and growing effect on the adoption of renewable energy
and energy efficiency technologies in the Asia Pacific region.
Reinforcing this trend is a concerted phase-out of interna-
tional donor support for oil and coal-based power generation.
Countries are progressively making commitments to greater
decarbonisation of their energy sectors, and companies are
looking to reduce their exposure to climate-related risks.

Member countries of
ASEAN, for example, have
set a target for a 23%
renewables share in the
region’s primary energy mix
by 2025.%* In India, mean-
while, supportive policy
conditions have contributed
in large part to the 40 GW
increase in the country’s
renewable power generation capacity since 2015, to reach
117.8 GW at the end of 2018.%°> (- See Investment Flows
chapter for more on programmes and financing for renewa-
ble energy and energy efficiency projects.)

India has
increased its
renewable power
generation

capacity by
40 Gw
since 2015.

System Reliability and the Changing Role of Utilities

Rapid changes have occurred in the cost competitiveness
and performance of renewable energy technologies that
can be deployed in smaller and decentralised applications.
This is changing the shape of renewables investment, driving
a shift in private and public investor behaviour away from
large, centralised fossil fuel generation infrastructure and
towards smaller, distributed solar and wind assets (between
0.5MW and 30 MW). This is redefining the role of utilities, the
value and role of their transmission and distribution assets,
and their need to engage with new grid conditions and
control systems.

In China alone, a record 19 GW of small and medium-sized
renewable energy projects was installed in 2017, represent-
ing an investment of USD 19 billion and nearly 35% of all
solarinvestments made in the country.? The most common
types of projects associated with distributed generation are
commercial and industrial rooftop solar projects, community
solar projects and floating PV, as well as local energy stor-
age, micro and mini-grids, small wind power, biomass and
small-scale hydropower (= see Market and Industry chapter).
New digital technologies — in the form of advanced meter-
ing, control and dispatch systems — are further enabling
this shift.?’

Smart grid technology is especially important for island
nations in Southeast Asia and The Pacific, using decen-
tralised electricity systems to improve the grid network’s
reliability and resilience to natural disasters (- see Sidebar 1).28
State utilities and energy departments are working to inte-
grate smart grid technologies into energy planning. India and
the countries in Northeast Asia have recently invested in the
development of smart grids, with the main drivers being to
improve system efficiency and reliability (China and India)
as well as to reduce greenhouse gas emissions, improve
efficiency and increase the renewable energy share (Japan
and the Republic of Korea).

i Forexample, this report encountered challenges in gathering reliable cross-country data on financing.
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SIDEBAR 1. The Role of Smart Grids in Decentralised Energy Access

A smart grid is an electricity network that uses digital
technology to monitor and manage the movement of electric-
ity from generation to various demand loads in the service
area. Smart grids with remote monitoring can be a poten-
tial game-changer for rural and remote regions and hard-
to-accessislands in Asia and the Pacific. The technology can
incorporate energy storage technologies (batteries) to store
variable power generated by solar or wind for night- or peak-
time use, and the operational data from these smart meters
guide electricity supply planning and load management.
Inrural areas with grid access, elements of a smart grid can
be programmed to improve the grid’s reliability, integrate
and balance volatile renewables with baseload generation
through fossil fuel, and monitor/reduce energy consumption.

State Grid Corporation of China initiated a smart grid
roadmap with a focus on building a smart ultra-high-
voltage transmission system alongside urban and rural
distribution grids co-ordinated at various levels, as part of
the power development expansion programme, with public
sector funding. Pilot projects include integration of clean
energy, energy storage and microgrid technologies; super-
conducting transmission; smart sub-stations; distribution
automation; electricity quality monitoring; customised power
service; power consumption information systems; smart

communities/buildings; EV charging and battery-switching
facilities; smart streetlamp monitoring systems; interac-
tive service centres; smart demand management and fault
management systems.

The Philippines Department of Energy has drafted a policy
and roadmap to support the adoption of smart grid tech-
nologies on the country’s numerous islands, titled Providing
a National Smart Grid Policy Framework for the Philip-
pine Electric Power Industry and Roadmap for Distribution
Utilities, which opened for public comment in July 2019.
The country’s largest distribution utility, Meralco, with more
than 5 million customers, also plans to integrate an advanced
smart grid platform for consumers to better manage their
electricity consumption, with prepaid smart metering as one
of its first services.

In Indonesia, the state-owned utility company PLN part-
nered with a French non-profit organisation, Think Smart
Grid, to develop smart microgrids in West Nusa Tenggara
province and on Sulawesi Island as well as a plan for renew-
able energy grid integration for Sulawesi in the coming years.

Source: See endnote 28 for this chapter.
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Greenhouse Gas Emissions and Climate Change

The Asia Pacific region is a major contributor to global green-
house gas emissions, and a large gap remains between
the ambition of climate change mitigation and the pace of
actions to reduce emissions. In addition, more countries are
factoringinlocal concerns related to climate change and the
environmental impacts of energy systems, leading them on
a path towards increasing the share of renewables in the
energy mix and improving energy efficiency.

Sustainable Cities and Mobility

Much of the burgeoning growth in Asia is centred in cities,
and the region is home to a majority of the world’s large
urban agglomerations. As such, the region faces signifi-
cant challenges in addressing pollution and poor air quality:
based on concentrations of particulate matter 2.5 measured
between 2009 and 2017, Asia housed 93 of the top 100 most
polluted cities in the world.?° Fifty-six of these cities were in
China and 17 were in India, including 9 of the top 10 most
polluted cities.°

Cities are an important
engine for economic growth
and socio-economic devel-
opment. Over half of the
global population currently
livesin cities, and the urban
share is projected to reach
around 60% (nearly 5 billion
people) by 2030, resulting
in rising energy require-
ments to power growth and expand basic infrastructure.3!
Increasingly, cities are being recognised as an influential tier
of decision making in the global clean energy transition that
is now under way.3?

Asia is home to
93 of the top 100

most polluted
cities in the
world.

With the largest share of world population, Asia also faces
an enormous challenge in moving both people and goods.
Theregion by far has the world’s largest number and volume
of public transport and metro systems globally, but pressure
remains on long-term sustainable urban development.33



Energy Access

As in many developing regions worldwide, an ongoing chal-
lenge for governments in Asia and the Pacific is ensuring
access to sustainable and modern forms of energy. In recent
years, many governments in the 18 selected countries have
made progress in improving energy access. Some countries
—including Kazakhstan, Thailand and Viet Nam — achieved
full electrification between 2014 and 2017, and many others
are following close behind.3*

However, an estimated 205 million people in the selected
countries still lack access to electricity.*> Around 94% of the
population without electricity access is in just four coun-
tries: India (48%), Pakistan (28%), Bangladesh (10%) and
Myanmar (8%).3¢ Myanmar and Pakistan face the greatest
challenges in terms of overall percentages, with electrifi-
cation rates of only 70% and 71%, respectively; aside from
these countries, only Bangladesh (88%) and Mongolia (86%)
have electrification rates below 90%.37 (- See Distributed
Renewables chapter for a discussion of efforts to improve
electricity access.)

Expanding access to clean cooking also is a stated priority of
governments in the Asia Pacific region, but this has proven
harder to address than electrification. On average, less than
60% of the region’s population had access to clean fuels and
technologies for cooking in 2016, although this share falls
as low as 19% in specific countries, such as Bangladesh
and Myanmar.3® (= See Distributed Renewables chapter for
examples of replacing traditional cooking techniques with
clean technologies.)

Energy Security

Many countries in the region are experiencing strong
economic growth, giving rise to potential security of supply
issues if countries are unable to meet their energy needs
using available resources and infrastructure. Ensuring secure
energy supplies to meet rising energy demand is a primary
concern among policy makers, given the importance of
access to clean and reliable energy in maintaining compet-
itiveness, supporting economic growth and improving the
livelihoods of citizens.

As energy demand increases and as domestic resources

diminish, energy self-sufficiency is expected to decline in the

coming decades. In many countries, the rapid growth in energy
demand has fuelled the expanded use of fossil fuels (especially
coal and natural gas for electricity generation and oil for trans-
port) as well as renewable energy (including large hydropower
and geothermal for power generation). At the same time, rapid

improvements in the cost effectiveness of both utility-scale

and smaller, decentralised renewable energy systems have

improved the economic utility of renewables as an option for
addressing energy security in many countries, in terms of both

cost and overall system resilience.

With recent changes in the cost profiles for renewable energy
technologies, as well as new enabling technologies for load

control and grid management, significant new opportunities
exist to address security of supply issues through renewa-
ble sources.

Further system efficiency improvements and renewables
penetration may be achieved by interconnecting national
electricity systems, taking advantage of the resource diver-
sity and rising deployment of renewable energy in some
regions. In Central Asia and Southeast Asia, significant
regional co-operation is under way to try to achieve this.
Enabling supra-national power exchange and planning can
reduce system-wide costs by tapping into the rich renewable
energy resources of some countries, and can help manage
shortages that may occur as a result of the rising penetra-
tion of variable renewables, the variations in hydropower
production during dry seasons, and the interruptions and
price fluctuations in coal and natural gas imports.

PLATFORMS FOR REGIONAL ENERGY
CO-OPERATION

Because of the region’s economic, climatic and geographic
diversity, Pan-Asian co-operation on energy has proven chal-
lenging. Some exceptions exist: the United Nations Economic
and Social Commission for Asia and the Pacific (UN ESCAP)
promotes regional co-operation by providing a platform for
dialogue and by hosting workshops and expert group meet-
ings designed to delineate and address the principal barriers to
energy connectivity from national, sub-regional and regional
perspectives.?® Additionally, the Asia-Pacific Economic
Cooperation (APEC) Energy Working Group offers a platform
for collaboration among APEC member states in East and
Southeast Asia, supporting the growth of renewables and
reductions in energy intensity across those economies.*°
APEC also has initiatives on promoting female participation
in renewable energy in the region (= see Sidebar 2).4

Aside from this, most energy co-operation in Asia and
the Pacific has occurred at the sub-regional level, where
a number of long-standing platforms have worked to share
knowledge and to improve efficiency in an effort to speed
the renewable energy transition.

Northeast Asia

Regional platforms for energy co-operation are not
prevalent in Northeast Asia, given the large econo-
mies of this sub-region and their complex and inter-
twined socio-political histories. Notable engagements
and involvements have occurred in other areas of shared
interest, however. For example, the Trilateral Cooperation
Secretariat, established in 2011, aims to promote peace and
common prosperity among China, Japan and the Republic of
Korea. The Secretariat convenes a number of collaborative
programmes and research initiatives on economic, trade
and environmentissues, all of which intersect with issues of
energy security and decarbonisation.*? The Council on East
Asian Community (CEAC) also has made sporadic attempts
to promote energy co-operation in Northeast Asia.*®
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SIDEBAR 2. \Women in Renewable Energy
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Promoting women'’s participation in renewable energy devel-
opment is critical, as greater gender diversity in the indus-
try can result in substantial co-benefits. For example, the
International Renewable Energy Agency (IRENA) suggests
that women bring new perspectives to the workplace, while
increasing the number of qualified females in an organisa-
tion’s leadership. Further, promoting women’s engagement
as active agents for the deployment of off-grid renewa-
ble energy solutions increases sustainability and gender
outcomes. Currently, the global share of women in full-time
employmentin the renewable energy workforce is 32%, and
women'’s participation is considerably lower in STEM jobs
than in administrative jobs. In the Asia Pacific Accredita-
tion Cooperation’s (APAC) energy sector, only 9% of senior
management are women.

In the Asia Pacificregion, several initiatives have been intro-
duced to promote female participation in the renewable
energy sector, including the APEC initiative on Empower-
ing Women as Managers of the Renewable Energy Sector.
The initiative has worked with women across the region in
renewable energy careers, offering six months of online
training, mentoring and a workshop. From this, 14 finalists
(including participants from Indonesia, the Philippines, Thai-
land and Viet Nam) were selected to further their business
plan development for a renewable energy project and to
pitch their business ideas before an evaluation committee
with senior experts and key stakeholders at the workshop.

In Indonesia, Kopernik’s Wonder Women programme aims
to economically empower women by encouraging them to
use solar-powered lighting and environmentally friendly

stoves as well as training them on how to sell these clean
and efficient technologies through micro-social enterprises,
helping to boost household incomes. Also in the region, the
women-led Women Entrepreneurs Finance Initiative (We-fi)
aims to promote female entrepreneurship by ensuring that
more women-led businesses have access to finance, train-
ing and mentorship opportunities. The initiative provided
USD 20.2 million for an Asian Development Bank (ADB)
projectin Viet Nam and the Pacificin 2019 and also funded
a USD 12.6 million ADB projectin Sri Lanka in 2018.

Women-led institutions and organisations are actively
working in the Asia Pacific region. For example, Yisha He
is a co-founder and the chairwoman of Women in Renew-
ables Asia (WiRA), the first women’s non-governmental
organisation (NGO) in the region’s renewable energy indus-
try; she also is the chairwoman of Unisun Energy Group,
aworld-leading renewable energy provider in China. In India,
the NGO Swayam Shikshan Prayog (SSP), based in Mahar-
ashtra, helps women in the villages of Marashtra and Bihar
run successful businesses by selling solar appliances to rural
households. SSP has developed a network of rural women
entrepreneurs who are marketing renewable and solar
energy products in their communities. These women have
placed the issue of clean energy at the centre of community
development by motivating and converting all households
across six districts in Maharashtra and four districts in Bihar
into clean energy users.

Women in energy in Asia and the Pacific play an active role
that can be leveraged in the future to deliver a more balanced
approach to managing the region’s valuable resources.

Source: See endnote 41 for this chapter.
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Central Asia

A number of energy co-operation platforms exist across
Central Asia, emanating in part from European Union (EU)
support for initiatives for the region. Key platforms are
described as follows.

e The International Energy Charter is a declaration of politi-
cal intention aimed at strengthening energy co-operation
among the signatory states, which include EU member
states and most of the countries in Central Asia. The Charter
promotes mutually beneficial energy co-operation among
countries for the sake of energy security and sustainability.*4

e EU4Energy is a regionally focused programme concen-
trated onthe 11 countries in the Caucasus, Eastern Europe
and Central Asia. Implemented by the International Energy
Agency (IEA) and the EU, along with the Energy Commu-
nity and the Energy Charter, the programme is designed
to support the goals of the focus countries to implement
renewable energy and energy efficiency policies and
foster co-operative energy sector development at the
regional level.*®

e The United Nations Economic Commission for Europe’s
(UNECE) Sustainable Energy Division promotes sub-
programme works to encourage member states across
Central Asia to create aregional sustainable energy develop-
ment strategy. It supports sustained access to high-quality
energy services; security of energy supplies; the introduc-
tion of renewable energy sources to reduce health and envi-
ronmental impacts resulting from the production, transport
and use of energy; regional co-operation to create well-
balanced energy network systems; and sustained improve-
ments in energy efficiency. In the context of post-EU
enlargement, the Division supports integrating energy
restructuring; legal, regulatory and energy pricing reforms;
and the social dimension into energy policy making.®

The Central Asia Regional Economic Cooperation (CAREC)
programme is a partnership of 11 countries (Afghani-
stan, Azerbaijan, China, Georgia, Kazakhstan, the Kyrgyz
Republic, Mongolia, Pakistan, Tajikistan, Turkmenistan
and Uzbekistan), supported by six multilateral institu-
tions, working together to promote development through
co-operation, leading to accelerated economic growth and
poverty reduction. CAREC emphasises regional energy



co-operation through the integration of energy markets
to overcome the impact of uneven distribution of energy
resources, optimising existing energy interrelationships
and developing least-cost solutions to energy constraints.
As of September 2018, CAREC had invested around
USD 7.1 billion in 47 projects, aimed mostly at expanding
bilateral electricity trade and improving the regional power
network to support growth in ongoing trade.*

Among the many other discussions and initiatives link-
ing energy and electricity markets in Central Asia are the
Energy Council of the former Commonwealth of Independ-
ent States (CIS) countries, the Eurasian Economic Union
Cooperation Framework and the CASA-1000 transmission
project between Afghanistan, the Kyrgyz Republic, Pakistan
and Tajikistan.*®

South Asia

The South Asian Association for Regional Cooperation
(SAARC) Energy Centre was created in 2006 with an energy
co-operation programme aimed at converting energy chal-
lenges into opportunities for development. The platform
involves officials, experts, academia, environmentalists and
NGOs to tap co-operation potential across areas including
the development of hydropower, other renewables and alter-
native energy. The Energy Centre also promotes technology
transfer, energy trade, energy conservation and efficiency
improvements in the region, enabling stakeholders to come
together to meet the energy challenges faced by SAARC
member states.*

In 2000, the US Agency for International Development
(USAID) launched the South Asia Regional Initiative for
Energy Integration (SARI/EI) programme, covering the
eight countries of Afghanistan, Bangladesh, Bhutan, India,
The Maldives, Nepal, Pakistan and Sri Lanka. The first three
phases of the programme focused on cross-border energy
trade, energy market formation and regional clean energy
development, while the most recent phase focuses largely
on advancing regional market integration.®°

Southeast Asia

ASEAN has sought to foster energy collaboration among the
10 Southeast Asian economies' that form its membership.
The ASEAN Centre for Energy was established in 1999 as
an intergovernmental organisation to accelerate the inte-
gration of energy strategies within ASEAN by providing rele-
vantinformation and expertise to ensure that the necessary
energy policies and programmes are in harmony with the
economic growth and environmental sustainability of the
region.® An ASEAN Plan of Action for Energy Cooperation
2016-2025 was adopted in October 2015 and contains a
range of initiatives for co-operation in achieving a transition
to clean and affordable energy systems across the region.>?

Many other bilateral and sub-regional groupings exist in
Southeast Asia for energy co-operation, including subsets

of ASEAN countries and island nations such as Indonesia
and the Philippines that have similar needs related to grid
connectivity and decentralisation of energy management.
For example, the five countries that comprise the Greater
Mekong Subregion — Cambodia, Lao People’s Democratic
Republic (PDR), Myanmar, Thailand and Viet Nam — have
a significant collaboration on energy in partnership with
southern China, much of which is based on co-operation and
power trade from the hydroelectric potential available and
used along the Mekong River.*?

The Pacific

The Secretariat of the Pacific Community is the princi-
pal platform for cross-sectoral regional development co-
operation in the Pacific and is a founding member of the
Council of Regional Organisations of the Pacific, chaired
by the Pacific Islands Forum Secretariat. The Secretariat’s
objectives are to strengthen engagement and collaboration,
share technical and scientific knowledge and expertise, and
enhance the capabilities of Pacific governments, systems
and processes.? Its Geo-resources and Energy programme
is committed to understanding and leveraging the use of
energy resources in the Pacific to ensure sustainability and
reduction of environmental impact.®® The programme is
committed to reducing the carbon impact of existing energy
networks and usage, and focuses on governance, technical
assessment and capacity development. In conjunction with
the government of Tonga, the Secretariat also co-hosts the
recently inaugurated Pacific Centre for Renewable Energy
and Energy Efficiency (PCREEE).5¢

Among other initiatives in the sub-region, the Pacific Power
Association is an inter-governmental agency that promotes
the direct co-operation of Pacific island power utilities
in technical training, exchange of information, sharing of
senior management and engineering expertise, and other
activities of benefit to the members.5” In addition, the Univer-
sity of the South Pacific, a regional university owned by
12 member countries, is responsible for providing higher
education and sustainability research for the Pacific region
and has a number of activities that support renewable
energy expansion.>®

i ASEAN member economies include Brunei Darussalam, Cambodia, Indonesia, Lao PDR, Malaysia, Myanmar, the Philippines, Singapore, Thailand and Viet Nam.
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RENEWABLE ENERGY
MARKET AND
INDUSTRY OVERVIEW

considerable progress in deploying renewable

energy capacity in recent years and shows
strong potential for future developments. Of the 18
selected countries, 5 had renewable shares in total
final energy consumption (TFEC) exceeding 45% in
2016, driven mainly by hydropower and bioenergy.!
However, the overall picture of renewables requires
considering renewable energy deployment against
the background of energy supply dynamics. TFEC
continues to grow sharply in the region, and
although the total installed capacity of renewables is
increasing, this is occurring at a slower rate than for
fossil fuels such as natural gas and coal. In addition,
there is large untapped potential to use renewable
energy in the heating, cooling and transport sectors.

The Asia Pacific region has demonstrated

FINAL ENERGY CONSUMPTION

The share of renewables in total final energy consumption
varies widely across the selected countries, with the aver-
age share (including traditional biomass) reaching 28.8%
of TFEC in 2016 (- see Figure 3).? The countries with the
highest shares of renewables in TFEC were Myanmar (68%),
Sri Lanka (51.3%), the Philippines (47.5%), Indonesia (47 %)
and Pakistan (45.8%), whereas shares in Uzbekistan and
Tonga were below 5%.3 By sub-region, the highest shares
of renewables in TFEC on average were in Southeast Asia
(45.7%) and South Asia (42%), compared to much lower
shares in Central Asia (16.2%), The Pacific (13.2%) and
Northeast Asia (11.7%).




FIGURE 3. Renewable Share in Total Final Energy Consumption in the Selected Asia Pacific
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Source: See endnote 2 for this chapter.

Hydropower (including large-scale hydropower) and bioen-
ergy (biomass, biogas and liquid biofuels for heating, cooking
and electricity) account for the largest share of renewable
energy use in the selected countries. The contribution and
uptake of modern renewables, such as solar PV and onshore
wind power, are growing exponentially but remain small
compared to fossil-based energy sources. In 2016, the indus-
trial sector accounted for 46% of total TFEC in the 18 selected
countries, but the renewable share of TFEC in industry was
only 8.6%.* Overall, renewable energy deployment in the
region remains low.

Although absolute TFEC rose sharply in the region between
1990 and 2016, the share of renewables decreased.®
This occurred in part because the use of traditional biomass' -
the most common renewable energy source at the beginning
of the period — was gradually replaced by non-renewable
energy sources such as coal, oil and natural gas.

RENEWABLE ENERGY CAPACITY
Power Generation

In recent decades, the renewable power generation capac-
ity in the 18 selected countries has grown steadily, and the
range of technologies has diversified (= see Figure 4).¢ Most
of the renewable power capacity in the region in 2018 -
92% — was concentrated in just three countries: China had
the bulk of the capacity at 71%, followed by India (12%) and
Japan (9%) (- see Figure 5).7

In 2000, hydropower (primarily large-scale) accounted for
95% of the combined 157 GW of renewable power capac-
ity in the region, with the rest dominated by geother-
mal, bioenergy and wind power.2 By 2018, the renewable
power capacity had grown six-fold, to 988.9 GW, due to
accelerated deployment of wind and solar technologies.®
Although hydropower still held the largest capacity share,
at 46%, the shares of solar PV and wind power reached
28% and 23%, respectively.’® Bioenergy was around 3%,
and geothermal (mainly in China, Indonesia, Japan and the
Philippines) accounted for 0.45%.%* The Republic of Korea
and China had small ocean power capacities of 265 MW and
4.3 MW, respectively.t?

i Inthe push toimprove access to clean fuels, efforts are being made to reduce the use of traditional biomass sources such as fuel wood, charcoal, agricultural and forest
residues, and animal dung, which can have negative effects on local air quality and people’s health, and the supply of which is often unsustainable.
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FIGURE 4. Renewable Power Generation Capacity in the Selected Asia Pacific Countries,
by Technology, 2000 and 2008-2018
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FIGURE 5. Renewable Power Generation Capacity in the Selected Asia Pacific Countries,
2008, 2015 and 2018
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Countriesin Northeast Asia account for much of the renew-
able power capacity. Of the 300 GW of capacity additions in
the Asia Pacific region between 2015 and 2018, the highest
share (28%) occurred in China, due to strong progress on
the country’s 13th Five-Year Plan, which included targets
for increasing domestic renewable capacity by 2020.13
China’s total power generation capacity (renewable and non-
renewable) grew from 480 GW in 2015 to just under 700 GW
in 2018 —anincrease of 217 GW —driven largely by solar PV
additions until the country shifted its PV policy in May 2018.*

Japan’s renewable power capacity grew 22.5 GW during
2015-2018 to reach 90 GW, with solar PV accounting for
nearly all of the additions.'® This includes both utility and
rooftop installations as the country diversifies its energy mix
away from nuclear power. Renewable power capacity in the
Republic of Korea nearly doubled during 2015-2018, from
6.8 GW to 12.2 GW.* Mongolia’s capacity was stagnant for
four years between 2013 and 2017, at 84.6 MW, before it
jumpedin 2017 and 2018 to reach 247.74 MW atyear's end.'’

In Central Asia, Kazakhstan’s renewable power capac-
ity exceeded 3 GW at the end of 2018.18 Most of this
(2.25 GW) was large-scale hydropower, and of the remain-
ing 830 MW of capacity, 500 MW was small-scale hydro-
power projects.!® The country’s solar PV installed capacity
reached 209 MW following completion of the 100 MW
SES Saran plant and the 50 MW Burnoye plant in 2018.2°
Onshore wind power capacity totalled 121 MW after comple-
tion of the 9 MW Sarybulak plant.?t Georgia added a total of
365 MW of renewable power capacity during 2015-2018,
exceeding 3 GW atthe end of 2018.22 Uzbekistan did not add
any capacity in 2018, ending the year at 1.85 GW.23

South Asiais also a stronghold of renewables deploymentin
the region. In India, the government’s efforts to putin place
supportive policy conditions in recent years were a major
factor contributing to the 40 GW increase in the country’s
renewable power capacity between 2015 and 2018, to
117.8 GW.?* Half of the additions were from solar PV, and
30% were from onshore wind power.2®

Tonga's renewable
power capacity

nearly doubled to
reach 6.45 MW

in the last 3 years.
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In Bangladesh, the installed renewable power capacity at
the end of 2018 was 579 MW, including both on-grid and
off-grid installations.?® Of this total, solar PV accounted for
59.5%, small-scale hydropower constituted 39.7%, and the
remaining capacity was bioenergy, specifically biomass and
biogas for electricity.?”

Sri Lanka had more than 2 GW of renewable power
capacity in 2018.28 Large-scale hydropower accounted for
65% of this (1,350 MW), and small-scale hydro totalled
some 400 MW.2° The country also had 159 MW of solar PV
capacity, 146 MW of wind capacity (with an additional
100 MW under construction at the Mannar Island wind park,
slated for completion in 2020) and 42.5 MW of bioenergy
capacity (29.5 MW of biomass, 13 MW of agricultural waste
and 0.08 MW of biogas).° Pakistan ended 2018 with 13 GW,
having added 3.7 GW that year —the most capacity added in
the country compared to the period 2010-2017.3¢

In Southeast Asia, Viet Nam had 19.1 GW of renewable
power capacity at the end of 2018.32 Most of this
(18.5 GW) was in large- and medium-scale hydropower
facilities.® Of the remaining 570 MW of capacity, 240 MW
(43%) was wind power, 227 MW (41%) was biomass-to-elec-
tricity and 106 MW was solar PV, as a newly inaugurated
100 MW cluster of solar plants came into operation.3*
Thailand added 2.6 GW of renewable power capacity
between 2015 and 2018, reaching the 1 GW mark at the
end of 2018.3° The Philippines had 7.1 GW of capacity in
2018, having added negligible capacity (45 MW) that year.3¢
Indonesia’s capacity grew by nearly 1 GW and Myanmar’s
grew by 225 MW during 2015-2018, to reach 2018 totals of
9.5 GW and 3.3 GW, respectively.?’

Countries in The Pacific also have seen growth in renew-
able generation. Fiji's renewable power capacity totalled
245 MW in 2018, more than half of which was hydropower.*®
The remainder includes 87 MW of bioenergy used for elec-
tricity, 9 MW of off-grid solar capacity and a 10 MW wind
farm on Viti Levu island.?® Tonga’s renewable generation
capacity nearly doubled from 3.3 MW in 2016 to 6.45 MW
in 2018, butincreased only minimally (up 45 kW) from 2017
t0 2018.4°

In addition to utility-scale power plants, distributed
renewable energy generation is increasing in the region.
Distributed renewables, combined with the deployment of
smart meters and demand-response management technolo-
gies, can play a substantial role in ensuring reliable electricity
supply, allowing autonomy from national grids as well as
grid reinforcement when surplus electricity from distributed
sources can be fed to the network.



Distributed renewables can be particularly valuable in
the industry sector: in 2017, the manufacturing sectors
and rapid industrial development in Asia and the Pacific
overall attracted 39% of global foreign direct investment
and created significant opportunities for economic growth,
underscoring the need for reliable and competitively priced
electricity supply.** The main target markets for decentral-
ised energy technologies are countries in South Asia and
Southeast Asia, while Northeast Asia has invested in manu-
facturing facilities and technology improvements to drive
down costs and improve efficiency.

Heating and Cooling

Renewables can play an important role in the heating and
cooling sector, including through direct use of biomass
(modern and traditional), direct use of geothermal and solar
thermal, and the use of electricity generated from renewable
sources.*? In most Asia Pacific countries with warm climates,
air conditioning units are powered by electricity. The use of
renewables for heating and cooling differs widely among the
selected countries, ranging from advanced markets such as
China to those with very limited renewables use in the sector,
including island nations like Fiji.

The direct use of renewables for heating and cooling occurs
mainly in China, where solar thermal and bioenergy are used
to heat and cool buildings. As of 2015, more than 9% of the
country’s heat consumption in buildings came from renew-
ables, and the solar thermal capacity installed on Chinese
buildings increased more than 200% between 2008 and
2015.%3 Four other Asia Pacific countries — India, Japan, the
Republic of Korea and Thailand — also use solar thermal for
heating and cooling.**

In India, the bulk of the country’s large renewable heat-
ing capacity is from bioenergy use in the industry sector.*®
Renewable heat is used in particular for industrial
heat production in the sugar industry, with bagasse as
the feedstock.*®

Many Asian countries have vast geothermal resources,
which have been applied in the heating and cooling sectors.
The direct use of geothermal occurs mainly in China, India,
Japan and the Republic of Korea, while Indonesia, Japan
and the Philippines also use geothermal energy for power
generation. The combined geothermal heating capacity in
the selected countries was 22.4 GWy,in 2017.47

In China, the use of district heating systems is growing due
to rapid urbanisation and the potential of district energy
to provide cost-efficient heating services, especially to
new urban development. China’s district heating network,
supplied from central locations, is the world’s largest,
but only around 1% of the heat supply is from renewable
sources (biomass and geothermal).*® Increasingly, China
is turning to wind power from the wind-rich west to supply
its district heating systems: the excess power generated by
wind turbines is sold directly to the district heating utility
through retrofitted heating networks.*® Given that China
faces curtailed renewable energy generation, leading to
wasted production, conversion of electricity to district heat-
ing offers a scalable solution.

Transport

Biofuels for transport are produced in 9 of the 18 coun-
tries,with the largest contributions from China, Indonesia,
Thailand, India, the Republic of Korea and the Philippines
(= see Figure 6).%° The four leading producers in the region
—China, Indonesia, Thailand and India — are also among the
world’s top biofuel-producing countries.>! Production in the
nine countries totalled 12 million tonnes in 2018, up 25% from
the previous year.®? Fuel ethanol accounts for around 45% of
this production, and the remaining 55% is FAME biodiesel'.3

i Fatty acid methyl ester (FAME) biodieselis produced by the transesterification of vegetable oils. In principle, biodiesel is suitable for the operation of diesel engines.
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FIGURE 6. Biofuels Production in the Selected Asia Pacific Countries, 2008-2018
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Source: See endnote 50 for this chapter.

Electrification of road transport is gaining ground in the
region. Although electromobility is not directly linked to the
uptake of renewables, it represents a step away from fossil
fuel consumption. The overall impact on emissions depends
on how large the renewable share is in a country’s electric-
ity supply mix.
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In the Northeast Asia sub-region, China is a world leader
in the adoption of EVs, with an estimated 2.3 million EVs
on the roads in 2018, or around 45% of the global fleet.5*
EV sales in China increased 80% in 2018 compared to
the previous year, and sales volumes for the year totalled
1,161,000 plug-in passenger vehicles and 119,000
plug-in medium and heavy vehicles (= see Sidebar 3).5°
In Japan, more than 52,000 EVs were sold in 2018, bring-
ing the domestic fleet to 246,390 vehicles.*® In the Republic
of Korea, new EV sales reached 32,000, for a total of
57,400 EVs by the end of the year.®’



SIDEBAR 3. China: An Electric Vehicle Market Leader for the Next Two Decades

China is a global leader in EV deployment. The coun-
try’s EV fleet has expanded rapidly in recent years, and
in 2018 around 2.3 million of the more than 5.1 million
passenger EVs worldwide (around 45%) were in China.
Another 5 million vehicles in the country were so-called
low-speed EVs, which are smaller than passenger cars and
have less stringent approval and registration requirements.
Low-speed EVs, along with China’s more than 300 million
two- and three-wheelers, are popularin larger cities such as
Beijing, Chengdu, Guangdong and Shanghai, where vehi-
cle ownership is approaching saturation. In general, cars in
China are used mostly for urban commuting, whereas planes
and high-speed trains are used for longer-distance travel.

China also has the world’s largest fleet of electric buses,
and since 2009 the government has prioritised the electri-
fication of public transport in an attempt to deal with rapid
urbanisation and rising oil imports. Of the nearly 425,000
e-buses globally in 2018, an estimated 421,000 were in China.
Almost one-fifth of the country’s bus fleet was electrified by
the end of 2018, and the planis to electrify all buses in regional
municipalities, provincial capitals and selected cities by 2020.

Charging infrastructure for EVs has evolved at a similar pace,
with 777,000 publicly accessible chargers available in 2018.
The IEA estimates that the electricity required to power EVs
of all categories —two- and three-wheelers, passenger and
light commercial vehicles as well as buses —in China totalled
47 terawatt-hours in 2018, around 80% of global EV power
consumption. Although the renewable share of power gener-
ation is only around 12.5% in China, the IEA estimates that
the country’s EV fleet avoided around 30 megatonnes of
carbon dioxide-equivalent emissions that year.

Development and innovation in China’s EV industry has been
influenced largely by government policies, including national
mandates for zero-emission vehicles, fuel economy stand-
ards, manufacturer subsidies and other fiscal incentives.
As a result, the industry has grown rapidly, with some 240
companies now building EVs, components or electric motors,
and 190 battery companies listed in a catalogue of recom-
mended models of new energy vehicles maintained by the
Ministry of Industry and Information Technology. BYD, BAIC,
SAIC, Geely, Roewe and Chery are some of the most popu-
lar automakers in China, while BYD, Yutong and CATL are
popular battery manufacturers.

In an attempt to consolidate the auto industry, the Chinese
government has instituted a variety of changes, including
restricting investmentin new manufacturing plants for inter-
nal combustion engine vehicles and a proposal to tighten fuel
economy standards in 2025. The new incentive scheme for
auto manufacturers — in the form of a credit system — sets
a threshold for sales of new energy vehicles at 10% in 2019
and 12% in 2020. If this quota is missed, the manufacturer
must purchase a credit from another manufacturer who is
in a surplus. With changes to the sale subsidies for zero-
emission vehicles in 2018, the range threshold for receiving
subsidies increased to 250 kilometres in July 2019, and vehi-
cles with longer range had their subsidies cut by 40-50%.

In addition, the incentives now favour fuel cell EVs rather
than fully battery EVs. At the end of 2018, China was home
to nearly 2,000 mostly commercial fuel cell vehicles (13%
of the global fleet), including more than 400 buses and over
400 trucks. Fifteen refuelling stations were supplying hydro-
gen to these vehicles as of 2018.

Source: See endnote 55 for this chapter.
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In Central Asia, Georgia is prioritising the promotion
of low-emission transport and was home to more than
3,000 EVs and around 150 charging stations by the end of
2018.%8 The cities of Tbilisi and Batumi aim to use munici-
pal electric buses starting in 2020, and an EV factory being
built in the western city of Kutaisi is slated to begin vehicle
production both for the local market and for exportin 2020.5°
The Georgian government has ambitious plans to replace the
country’s entire vehicle fleet with electric cars in 10 years.°
Kazakhstan is manufacturing both EVs and electric buses
and was home to an estimated 200 electric cars in 2018.5!
In addition, 700 electric buses have been deployed in the
country to date and the capital city plans to introduce its first
fleet of 100 electric buses by the end of 2020.6?

In South Asia, there is a big push to increase electric mobility
across India, although the conversation on battery charg-
ing infrastructure is still in its infancy.®® Installing charging
infrastructure is part of Phase Il of the government’s Faster
Adoption and Manufacturing of Electric Vehicles programme,
targeted at electric mobility promotion.®* Recent announce-
ments from the state government of Punjab and power
companies such as Magenta Power and Fortum include plans
to build solar charging stations in the country, further linking
EVs to renewable electricity.®
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Bangladesh’s Rural Electrification Board is building solar
charging stations for battery-assisted EVs (Auto Rickshaw,
Easy Bike), with an average capacity of 20 kilowatts-peak
and funding from the Sustainable Energy Development
Authority.®¢ The country was preparing Electric Vehicle
Registration and Operation Guidelines as of 2018.5”

With increasing urbanisation and urban density, countries
of Southeast Asia are increasingly supportive of EVs, recog-
nising the large societal, economic and environmental bene-
fits. Five major automobile-producing countries —Indonesia,
the Philippines, Thailand and Viet Nam — account for more
than 4 million vehicles (of all types) in production, and the
region represents the largest global market for cars after
China and India.®® However, production of EVs at scale has
not yet picked up.

Thailand, where the automobile industry contributes 10-11%
of GDP, is considered one of Southeast Asia’s more mature
auto markets, but the EV share is only 2%.%° Pilot initiatives
have resulted in the installation of public charging stations,
and the country provides electric buses for public transport
as part of its nationwide plan for EV use.”® Japanese auto-
makers such as Honda and Toyota are looking to expand
the EV marketin Southeast Asia, starting with plans to build
plug-in and hybrid offerings in Thailand.”* Mazda, Mitsubi-
shi and Nissan also plan to produce EV components and to
assemble hybrid vehicles.”2 Meanwhile, Viet Nam’s first car
manufacturer, Vinfast, aims to produce 250,000 electric
scooters a year and plans to release its own electric car in
the coming years.”?

In The Pacific, after the government of Fiji reduced and/or
removed duties on hybrid vehicles, the number of alternative
fuel vehicles in the country increased.”™

RENEWABLE ENERGY TECHNOLOGIES

"] BIOENERGY

Bioenergy'—in the form of solid fuels (biomass), liquids (biofu-
els) or gases (biogas or biomethane) —can be used to produce
electricity as well as to generate heat for cooking and for
space and water heating in the residential sector, either in
traditional stoves orin modern appliances such as pellet-fed
central heating boilers. Liquid biofuels such as ethanol and
biodiesel are used as transport fuels.

Bioenergy for Heating, Cooling and Cooking

Many countries in the Asia Pacific region use biomass,
primarily traditional biomass, as a principal heating source.
In India, household energy use accounts for 40% of the
country’s primary energy demand and is met mainly with
traditional biomass sources, resulting in harmful levels of
indoor air pollution.”® Only 0.4% of rural Indian households
use biogas as a cooking fuel, and nearly 5 million biogas
digesters have been installed.”® The National Biogas and
Manure Management Programme provides subsidies for
family biogas plants to encourage the uptake of biogas for
cooking and lighting.””

In Sri Lanka, biomass is used for 72% of industrial heating,
and in Indonesia biomass fuel (wood chips and briquettes)
is used for heating, for domestic cooking and for some tradi-
tional large-scale food processing.”® Viet Nam has around
126 MW of biomass capacity for heat production.”® In the
country’s south, low-cost technology based on flexible
balloon digesters has supported successful biogas uptake;
the digesters have a lower upfront cost than fixed-dome
plants and are well suited to the pig manure that dominates
the rural feedstock supply.&°

i Obtaining accurate data on the bioenergy sector, especially on biomass for traditional use, is difficult because a sizeable amount of bioenergy is used informally

and not reported.



In China, the use of biomass for heating is seen as a way
to reduce local pollution by replacing coal in heating
applications and to provide heat in the country’s colder
northern regions during periods of natural gas shortage.
China is a global leader in the direct use of biogas for heat,
accounting for 90% of biogas installations worldwide; by
the end of 2016, the country had installed an estimated
42.6 million units.®!

The use of biogas for cooking has continued to increase in
South Asian countries, such as Bangladesh, as well as in
Southeast Asian countries like Indonesia. In Bangladesh,
Infrastructure Development Company Limited (IDCOL) runs
a biogas programme that supports the construction of
biogas plants to provide cooking gas as well as organic fertil-
iser for crops and fish ponds, and IDCOL has financed the
construction of more than 48,500 brick cement-based plants
and fibreglass biodigester-based plants.®?

Traditional biomass is the main energy source for cooking
in Myanmar, particularly in rural areas. The country’s 2014
census, the first conducted in decades, showed that 86.2% of
rural households relied on fuelwood for cooking food, in addi-
tion to feedstocks such as sugarcane bagasse, palm leaves,
cotton and sesame stalk, rice husk, sawdust and bamboo.&
Although biomass use in Myanmar has likely declined due to
increased electrification and a switch to kerosene and LPG,
itis stilla major fuel source for local people.

In Georgia, where no central heating/cooling infrastructure is
in place, people burn fuelwood for heating, and only a small
percentage of the population has switched to using biomass
briquettes or pallets.®* In The Pacific, more than 80% of Fijian
households used LPG, kerosene and open fires (fuelwood)
for cooking in 2017; electric cookstoves accounted for 15%,
while penetration of biogas for cooking was minimal.&

Bio-power

Significant bio-power capacity additions have occurred
in the Asia Pacific region, with 11.3 GW added in the
18 selected countries between 2015 and 2018 for a total
capacity of 33.4 GW by the end of 2018.8¢ Solid biomass —
such as fuelwood, agricultural and forestry residues, and
animal dung - accounts for 31.6 GW of this capacity, or 95%
of the total.®” The largest use of solid biomass for electricity
generation occurs in China, which added 5 GW of capacity
during 2015-2018 for a total of 12.6 GW, and in India, which
added 4.5 GW for a total of 10.1 GW.58

10 of the 18

countries generate

electricity from
biogas.

During the three-year period, Chinese solid biomass capac-
ity rose by around 1.7 GW annually on average, while India
added the bulk (3.4 GW) of its capacity in 2015, with subse-
quentyears increasing by 0.5 GW and 0.6 GW, respectively.®®
Further additions of 0.6 GW came from the Republic of Korea
in 2016 and 2018, and Thailand and Japan added 340 MW
and 220 MW, respectively, in 2017.°° By the end of 2018,
Thailand had 3.3 GW of solid biomass capacity, Japan had
2.1 GW, and Indonesia had 1.8 GW.*!

In Myanmar, companies are experimenting with generating
electricity from rice husk, with the local firm MAPCO open-
ing a 0.5 MW, USD 4.7 million facility with a foreign partner
in May 2018.°2 In Fiji, 87 MW of biomass capacity is used
for electricity.®® The 12 MW Nabou Biomass Plant, commis-
sioned in July 2017, has faced operational challenges due
to a lack of feedstock and has been closed since December
2018.%* The government plans to add 70 MW of biopower
capacity by building a 24 MW wood pellet plant and four
more biomass power plants with a combined capacity
of 46 MW.®®

In addition, 10 of the 18 Asia Pacific countries generate elec-
tricity from biogas, and their combined biogas generation
capacity increased from 900 MW in 2015 to 1,384 MW in
2018.%¢ China added 176 MW of biogas capacity in 2018,
for a total of 630 MW, and had the largest capacity share at
45.5%.%” Thailand had the second largest share, at 36.1%,
and the country’s biogas capacity reached 500 MW in 2018,
with progressive growth since 2003 and accelerated growth
between 2015 and 2018.%¢

The Republic of Korea's biogas capacity has increased
gradually since 2001, adding 7 MW in 2018 for a 10% share
of the regional total.®® The country also uses liquid biofu-
els for power generation and had 360 MW of capacity at
the end of 2018 (largely unchanged since 2014 when it
started operations).10°

Bio-power capacity in Bangladesh includes 0.4 MW
of biomass and 0.68 MW of biogas.°* As of mid-2019,
IDCOL had financed nine biogas-based power plants in
the country.10?

Liquid Biofuels

Biofuel production in the selected Asia Pacific countries
increased in 2018 to around 5.8 million tonnes of etha-
nol and 6.4 million tonnes of biodiesel.1*®* China and India
produce a substantial amount of biofuels, primarily ethanol,
and Indonesia has been a significant biodiesel producer.
In 2018, China’s ethanol production increased 24% to
3.2 million tonnes, and Indonesia’s biodiesel production
rose to 3.6 million tonnes.** The Philippines (biodiesel) and
Thailand and Viet Nam (ethanol) also have increased their
biofuel production, although the scale remains modest.
Several countries have established mandates or targets for
biofuel use inrecentyears (- see Policy Landscape chapter).
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In Thailand, liquid biofuels accounted for almost 17% of total
transport fuels in 2016.1°° Thailand is aiming for 4.1 billion
litres of ethanol consumption by 2036 (up from 1.18 billion
litres in 2015), and 5.1 billion litres of biodiesel consumption
by 2036.106

In Fiji, the main feedstocks for biofuel production are coco-
nut oil, pongamia, jatropha, palm oil and molasses.'%”
The government has established nine renewable diesel
plants on the islands of Koro, Cicia, Rotuma, Gau, Lakeba,
Vanuabalavu and Rabi, with a total capacity of 2 million litres
per year.2%® Fiji's Sugar Corporation plans to build an ethanol
plant at its Rarawai Mill sugarcane facility with a potential
for 20 million litres of capacity.1®®

The use of biofuels to meet growing energy demand in
the Asia Pacific region and elsewhere has been criticised
because of concerns about the wider impacts of feedstock
production. Most current biofuel production is based on
first-generation biomass derived from feedstocks such as
maize and wheat, which can cause increases in the price of
grain and put pressure on land and resources, leaving less
available for food and crops.!t° Indonesia’s state oil company,
Pertamina, plans to test-start the processing of crude palm
oil to produce green diesel, aiming for an 80% blend and
eventually 100% bio-based fuel.!** However, the clearing of
tropical forests for palm oil plantations is the biggest driver
behind deforestation in Indonesia.!?
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HYDROPOWER

Hydropower capacity in the selected Asia Pacific countries
totalled 451.5 GW at the end of 2018 (excluding 61.6 GW of
pumped storage).!*? China accounted for 70% of this capac-
ity, with 323 GW, while India had 10% (45 GW) and Japan
had 6% (28 GW).1** Between 2015 and 2018, hydropower
capacity in the region increased by 35.3 GW.1%°

In Northeast Asia, China added 26.4 GW during
2015-2018, and additions of 10.2 GW in 2018 brought the
country’s total hydropower capacity above 351 GW, including
28.5 GW of pumped storage.’'® Pumped storage is impor-
tant for countries to provide flexibility to the power system.
Newly commissioned pumped storage plants in China
in 2018 included the 1.2 GW Shenzhen station and the
600 MW Qiongzhong station, and construction began on the
1,200 MW Fu Kang, 1,800 MW Jurong and 1,200 MW Yong-
tai plants.'*” Numerous conventional hydropower projects
also entered into operation in 2018 —including the 1,900 MW
Huangdeng, 348 MW Sha Ping Il, 920 MW Dahuagiao and
420 MW Li Di stations — and progress was made at China
Three Gorges Corporation’s 16 GW Baihetan project.!!®

Hydropower capacity in Japan totalled 28.2 GW in 2018
(plus an additonal 21.9 GW of pumped storage) and has not
changed significantly since 2016.12° This includes 3.3 GW of
small and medium-sized hydropower, which has increased




by 360 MW since 2012.12° The Republic of Korea installed
1 MW of new capacity in 2018, to reach around 6.5 GW at
year’s end.*?! Mongolia had 23 MW of total installed capac-
ity in 2018.122

In Central Asia, Kazakhstan had 2,750 MW of hydropower
capacity as of 2018, most of it in the form of large-scale
hydropower (2,250 MW) but also including around 500 MW
of small-scale hydro plants.??® The country completed
the 28.5 MW Korinskaya Hydropower Plant in 2018.124
Uzbekistan had 1.7 GW of total installed capacity in 2018,
with no reported pumped storage.*?®

Hydropower capacity in Georgia increased to 3.2 GW in
2018, with 340 MW of this coming online since 2016.12%
The additions were mostly from small-scale projects but
also from the 27 MW Kirnati and 21 MW Old Energy hydro-
power stations.'?” Modernisation is under way at the ageing
1,300 MW Enguri dam.'?® The Georgian Energy Develop-
ment Fund, set up by the government to facilitate investment
in renewables and to identify potential hydropower sites,
is developing several projects jointly funded with private
investors.'?° Project development has been driven not only
by domestic demand, but also by the prospect of electricity
exports to Turkey.!3¢

In South Asia, India’s hydropower capacity increased by
3 GW during 2015-2018.13t More than 1.9 GW of this was
added in 2017, including from the commissioning of the
1.2 GW project on the Teesta River.'32 A further 0.5 GW of
hydropower capacity was installed in 2018, bringing India’s
total hydropower capacity to 45.3 GW (not including the
4.8 GW of pumped storage, which remained unchanged).'33
Hydropower in India receved a boost after the government
included large-scale hydropower projects in its Renewable
Purchase Obligations scheme.34

Pakistan’s hydropower capacity was 9.9 GW at the end
of 2018.13° The country increased its capacity by 2.7 GW
during 2015-2018, with the completion of smaller projects
such as the 147 MW Patrind Plant in 2017 and the entry
into operation of three larger projects in 2018 with a
combined capacity of 2.5 GW.13¢ The development of another
800 MW through the Mohamand Dam was foreseenin 2019.%37
Sri Lanka added 66 MW of hydropower capacity in 2018.1%8

Southeast Asia has seen strong growth in hydropower.
Viet Nam’s installed hydropower capacity increased 2.1 GW
during 2015-2018 to reach 18.6 GW.13° Half of the additions
cameonlinein 2016, and a further 0.7 GW was completed in
2017 —including the World Bank-funded 260 MW Trung Son
Plant - followed by 0.2 GW in 2018.14° Viet Nam has a large
number of hydropower projects under construction, including
143 large to mid-sized projects with a total installed capacity
of 1.8 GW, and 290 small-scale hydropower projects with
a total installed capacity of 2.8 GW.!

Thailand added 28.5 MW of hydropower capacity in 2018.142
Indonesia added 61 MW of capacity (including pumped stor-
age) in 2018 and produces in total around 5.45 GW of power
from hydropower plants including mini- and micro-hydro

plants.**3 Myanmar and the
Philippines had 3.3 GW and
4.3 GW, respectively, of
installed hydropower capac-
ity at the end of 2018.244

Solar power
generation
capacityin

theregion

tripled from
2015 to 2018.

In The Pacific, Fiji had
125 MW of hydropower
installed capacity (includ-
ing pumped storage) as of
2019, and Hydro Fiji Ltd. has a 30 MW hydropower plantin
the pipeline.’*® Half of the country’s power is supplied by the
83 MW Monasavu Hydro Scheme, which was commissioned
in 1983 and is still operational today.**¢ Tonga is reported to
have no hydropower capacity to date.**’

SOLAR ENERGY

Solar technology has become very popular in the selected
Asia Pacific countries and is used as a power source
for homes, irrigation systems and lighting as well as for
heating and cooling. In the power sector, countries are install-
ing utility-scale solar PV systems connected to the grid as
well as smaller, distributed systems such as rooftop solar
that can feed energy into the grid when needed. A variety
of off-grid solar systems also are being installed to extend
energy access to unelectrified populations (- see Distributed
Renewables chapter).

Solar Power

Solar power generation capacity in the 18 countries more
than tripled during the three-year period 2015-2018,
increasing from 88.3 GW to 271.7 GW.%*8 Almost all of this
capacity was solar PV (271.5 GW), although concentrating
solar power (CSP) installations accounted for 248 MW.14°
In 2018 alone, the 18 countries added a combined 64.2 GW
of solar PV capacity.t®°

Solar PV capacity in Northeast Asia is growing rapidly.
Chinainstalled some 132 GW during 2015-2018, increasing
its capacity from 43 GW to 175 GW.**! The country had the
largest solar PV addition in the regionin 2018, at 44.4 GW.1%2
Japan added 21 GW during the three-year period and had
the third largest addition in 2018 (6.5 GW).*>3 The Republic of
Korea added 2.8 GW of capacity in 2018, driven by a govern-
ment support that aims to reach 10 GW of solar PV capac-
ity by 2020.15* Mongolia’s installed solar PV capacity grew
rapidly during 2018-2019, bringing total installed capacity
to around 63 MW.1%% At least four new plants were brought
online, including a 16.4 MW project financed by the ADB
and the Leading Asia’s Private Sector Infrastructure Fund.*%¢

In Central Asia, Kazakhstan’s solar PV installed capac-
ity rose to 209 MW in 2018 after adding 150 MW from the
newly completed 100 MW SES Saran plant and the 50 MW
Burnoe plant.'®” Georgia’s first solar farm, Udabno, with
aplanned capacity of 5 MW, is in the construction stage, but
off-grid solar PVis already in use in the country.**® Small solar
rooftop systems have been installed in Georgia with devel-
opment assistance from the EU and the Japan International
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Cooperation Agency (JICA),anda2016NetMeteringRegulation
encourages small-scale renewable energy systems (wind,
solar, biomass and hydropower) with a capacity of up
to 100 kW.1*° The country’s largest rooftop installation so
far, a 316 kW system at Thilisi airport, generates 40% of the
airport’s consumption.t®In general, however, the growth of
renewables in Central Asia is slow, as countries rely on their
large fossil fuel reserves.

In South Asia, India added 21 GW of utility-scale solar
PV during 2015-2018 and had the region’s second larg-
est capacity addition in 2018, at 9.2 GW.¢! The country is
focused on installing solar rooftop systems to achieve its
ambitious solar PV targets. Rooftop solar was India’s fast-
est growing renewable energy market in the 2018-19 fiscal
year, adding arecord 1.8 GW for a total capacity of more than
4 MW across the commercial, industrial and public sectors
and residential projects, or 14% of the cumulative solar
installation in India.'®? Commercial and industrial custom-
ers have driven the growth —increasing 116% between 2012
and 2018 - incentivised by the decline in the levelised cost
of electricity for rooftop solar and by favourable policies and
corporate social responsibility programmes.*63

Bangladesh has an estimated 1.14 GW of solar PV potential,
and as of mid-2019 the country had some 345 MW of installed
capacity and a further 557 MW under construction.t*
Only 15% of the existing capacity — around 51 MW -
is connected to the grid.*** Net metering regulations support
20 MW of this on-grid capacity, in the form of rooftop solar,
and the government plans to install rooftop systems on all
educational institutions to feed additional solar power to
the grid.1%¢

The rest of Bangladesh’s solar PV capacity is off-grid, with
an estimated 233 MW of this in the form of solar home
systems (5.5 million units).'®” Between 2003 and January
2019, IDCOLs solar home systems programme installed
4.13 million systems, resulting in more than 200 MW of
off-grid rooftop solar capacity and supplying energy to
18 million people or 12% of the population.'®® By 2021, the
number of solar home systems is projected to reach 6 million,
with an estimated installed capacity of 220 MW.16°

Solar PV also is used to pump irrigation water in rural areas
of Bangladesh (a total of 28.27 MW or 1,337 units).?’®
These mostly off-grid solar pumps bring irrigation to areas
with difficult access to electricity and replace diesel pumps,
lowering the costs of farming and helping to reduce poverty
and increase quality of life.'”* Further uses of solar PV in
Bangladesh are for drinking water systems (1.55 MW or
152 units) and to power an estimated 1,933 telecom towers
(8.1 MW) and more than 100,000 street lamps.’2

Pakistan added 0.8 GW of solar PV capacity in 2018.%73
Sri Lanka had over 100 MW of installed capacity in
2017, motivated in part by the accelerated solar rooftop
programme, started in 2016.174
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In Southeast Asia, solar PV capacity in the Philippines
grew from 165 MW in 2015 to 896 MW in 2018.Y° With a
significant pipeline of projects approved or under develop-
ment, the use of solar PV in the country is expected to grow
significantly, and an estimated 3 GW of installed capacity is
projected by 2022.77¢ Viet Nam added 100 MW of solar PV in
2018.*7 Indonesia’s installed solar PV capacity was around
80 MW at the end of 2018, lagging behind other Southeast
Asian countries.’®

With support from a public company, Myanmar added
30 MW of solar PV capacity in Minbu Township, Magway,
in 2018, for a total of 55 MW.'7® There are plans to build two
150 MW solar PV plants near Mandalay.'®® An increase in the
grid electricity tariff has made distributed generation more
financially attractive in Myanmar, particularly for commer-
cial and industrial customers, but so far only around 2 MW
of rooftop solar projects, ranging between 60 kilowatts (kW)
and 500 kW, has been installed in the country, by a local
company with an 80% market share.'®! This is only a fraction
of the rooftop solar capacity in other countries in the sub-
region, such as Thailand (2.6 GW) and Viet Nam (4.5 GW).182

The Pacific countries have smaller levels of solar PV capacity,
with Fiji adding 9.5 MW and Tonga adding 6.2 MW
in 2018.%83 Fiji is home to 9 MW of off-grid solar PV, most of it
solar home systems installed under a Department of Energy
programme starting in 2000.1%4In Tonga, the ADBis financ-
ing the installation of a new solar mini-grid on the coun-
try’s most remote island, Niuatoputapu, as part of a project
to build nine solar PV plants with a combined capacity of
1.25 MW in remote island areas.’®> Some of the plants will
feature storage systems to power households and public and
medical facilities.*8®

CSP capacity in the selected Asia Pacific countries has
remained unchanged since 2014, when India’s capacity rose
to 229 MW following the entry into operation of the 125 MW
Dhursarlinear Fresnel plant and the 50 MW Megha parabolic
trough plant.*®” Five more CSP plants with nearly 300 MW of
combined capacity are under construction in the country.1&
China had 14 MW of CSP capacity in 2018, and the country’s
first utlity-scale CSP plant —the 50 MW Delinha plant built
with financing from the ADB - became operational in early
2019, bringing the total to 64 MW.*8 Thailand’s 5 MW para-
bolic trough CSP plant has been operational since 2012.1%°

Asia also is a global leader in floating solar PV (FPV)
projects, and China, Japan and the Republic of Korea are
the top three countries globally for FPV capacity additions.¢*
Indonesia’s IPP, a subsidiary company of the national utility
PLN, is developing a large FPV system, the 200 MW peak
Cirata project, and in Sri Lanka a 100 MW FPV project is
planned to be installed in the Maduru Oya Reservoir.1*?
Bangladesh serves as a testing ground for FPV innovations:
in November 2018, the ADB approved USD 2.34 million in
technical assistance to develop a 50 MW FPV power plant
on Kaptai Lake, and a demonstration project funded by the
Global Environment Facility (GEF) is testing a fleet of solar
boats in the country to replace fossil fuel use in vessels.1%



Solar Thermal Heating and Cooling

Solar thermal heating and cooling capacity in the
18 selected countries was 362.2 GWy, at the end of 2017.194
Around 97% of this capacity was in China, with the rest mainly
inIndia, Japan, the Republic of Korea and Thailand.**>In 2017,
11.8 GWy, of capacity was added in the region, although
installations decreased from the previous year; most of the
newly installed collecters were evacuated tube collectors.®¢

China has the world’s largest solar thermal market, with
334.5 GWy, of capacity at the end of 2017, or 74.4% of
the global total.’®” The country has made numerous high-
profile commitments to replace coal as a primary source
for heating, including instituting a coal ban in 28 cities,
promoting the enhanced role of renewables and establish-
ing several renewable heating-related targets in the 13th
Five-Year Plan.’*® China also is home to one of the world’s two
largest solar district heating plants, a 52.5 megawatt-ther-
mal (MWg,) parabolic trough collector system that started
operation in 2016 and heats 500,000 square metres (m?) of
living and commercial space in the town of Baotou.*° In addi-
tion, the world’s largest new solar thermal heating system for
industrial heating was completed in China in 2017.2%©

India has the second largest installed solar thermal capacity,
and additions in 2017 were up 26% from the previous year
for atotal installed capacity of 8.0 GW4, (11.43 million m?).20
In 2017, the country installed 36 new industrial solar
process heat systems with a total collector area of
15,313 m2.22 The solar thermal capacities of Japan and
the Republic of Korea grew only marginally in 2017, to
2.9 GWy, and 1.3 GW4y, respectively, while Thailand’s
remained unchanged at 0.1 GW,,.2%

Elsewhere in the Asia Pacific region, solar thermal
water heaters were introduced in Bangladesh in 2017.204
SriLanka has no district cooling or heating facilities, but solar
thermal projects under construction amount to 20 MW of
capacity by 2020.2% Indonesia uses some solar water heat-
ing systems in homes, Myanmar uses some solar thermal for
industrial heat, and some homes in Fiji use solar water heat-
ing systems, but no clear data are available.2°¢

Solar thermal air conditioning and cooling remained a niche
market in 2017. The Asia Pacific region was the largest
market for thermally driven chillers, and solar thermal cool-
ing installations were commissioned in China and India.2*”
India’s first solar thermal air conditioning system (1,575 m?)
in a public building was completed in 2017, and China has set
ambitious targets for solar cooling with solar thermal energy
to cover 2% of the cooling load in buildings by 2020.208
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PN WIND POWER

Wind power has strong potential in the Asia Pacific region,
as confirmed by a variety of new project developments.
Almost all of the wind energy potential (98%) is from onshore
wind.2% In the 18 selected countries, the combined capac-
ity of onshore and offshore wind power totalled 228.1 GW
in 2018, up 66.4 GW from 161.7 GW in 2015.%!° During the
three-year period, the countries added 62.5 GW of onshore
wind capacity, increasing by around 20 GW annually for
a total of 223.5 GW by the end of 2018.2!* Offshore wind
capacity was 4.8 GW in 2018, with most of this in China,
followed by Viet Nam, Japan and the Republic of Korea.?!?

Offshore wind development in the region has been slow in
comparison to European countries due to technological chal-
lenges, particularly in Japan where deep-water coastal areas
and geographic and climaticrisks (i.e., earthquakes, extreme
weather and river delta seabed sediments) have limited the
available areas for installing fixed turbines.?*3Cost concerns,
legal uncertainties and grid availability also impede devel-
opments in the region.?!* Floating wind technology offers the
potential to expand the areas where offshore wind power
is viable and economically attractive, and could alleviate
some of the logistical and environmental difficulties associ-
ated with fixed foundations. However, floating technology
has yet to be fully proven, and several technical challenges
need to be resolved.

In Northeast Asia, China had 184.7 GW of installed wind
power capacity at the end of 2018, of which 180.1 GW was
onshore and 4.6 GW was offshore.?!®* The country dominates
onshore wind power installations in the Asia Pacific region,
accounting for 79% of the additions in the 18 countries over
the 2015-2018 period.?*¢ For offshore wind, China added
4 GW of capacity during this period, including 1.8 GW in
2018 alone.?’” The country has a target to install 10 GW of
offshore wind by 2020.%'8 The 300 MW Huaneng Rudong
offshore wind project, China’s largest, became operational
in 2017.2*° The following year, construction began on the
400 MW Yangjiang offshore wind farm off the coast of
Guangdong province, with completion expected in 2020.22°
Jiangsu province has approved 24 offshore wind projects
with a total capacity of 6.7 GW, which were expected to
come online before 2021.22

Japan had 3.65 GW of wind power capacity in 2018, with
65 MW installed offshore; the country has gradu-
ally increased its offshore wind capacity since 2005.222
The Republic of Korea had 1.27 GW of onshore wind power
capacity and 45.5 MW of offshore capacity in 2018, follow-
ing construction of its offshore wind farm in 2016.223

Japan and the Republic of Korea also are home to 3 of the
13 initial floating offshore wind projects announced glob-
ally.??* The Japan Wind Power Association has ambitious
plans to increase the country’s wind power capacity to
36 GW by 2030, with 4 GW from floating offshore wind.??®
The Fukushima floating offshore wind farm demonstra-
tion project, commissioned in 2015, included three floating
offshore turbines with capacities of 2 MW, 5 MW and 7 MW.2%6
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In addition, the 3 MW Hibiki offshore wind turbine, being
built off the coast of Kitakyushu, has the objective of validat-
ing the floating technology with a view towards equipping
future commercial floating wind farms in Japan by 2030.%%”
The Republic of Korea is exploring floating offshore wind
and plans to develop a commercial 200 MW project off the
coast of Ulsan City.?28

Mongolia’s wind power capacity increased by 50 MW in both
2017 and 2018, for a total of 156 MW at the end of 2018.22°
The 51 MW Salkhit wind farm, near the capital Ulaanbaatar,
was the country’s first wind energy project and was builtin
2009 with financing of USD 47.5 million each from the Euro-
pean Bank for Reconstruction and Development (EBRD) and
the Dutch development bank, FMO.23° A second 50 MW wind
farm (Tsetsii) in the country’s south, also financed by the
EBRD, became operational in 2017.23! A third EBRD-financed
project, the 55 MW Sainshnd Mongolei wind parkin the Gobi,
reportedly entered commercial operation in 2019. 232

In Central Asia, wind power capacity in Kazakhstan rose
to 121 MW in 2018 after completion of the 2 x 4.5 MW
Sarybulak power plant.?*3 Additional wind farms under
constructioninclude the 49.4 MW Badamsha farm in Aktobe
and the 50 MW Shelek farm in Almaty.?3* Georgia’s first wind
power plant, with 20.7 MW of capacity in Kartli, became
operational in 2016.23%

Uzbekistan’s wind power potential is estimated at 520 GW.23¢
Plans exist for at least two new wind farms: the Turkish
company Etko Co Enerji A.S is building a 600 MW plant in
the Surkhandarya region, which is expected to be commis-
sioned in 2020, and Germany’s Siemens aims to build
a 100 MW plantin the Zarafshan district of the Navoi region
via a public-private partnership.2”

Wind power in South Asia is growing rapidly. India’s installed
capacity increased by 2.2 GW in 2018 to reach 35.1 GW,
the world’s fourth largest installed wind power capacity.?38
During the 2015-2018 period, India increased its onshore
wind capacity by 10 GW.%3° Several new projects were
expected to add a further 1.6 GW of capacity in 2019.24°
In total, 9.2 GW of wind power projects were in the pipeline
in India but were facing obstacles and delays.?** The country
also has an offshore wind policy, and a call for expression of
interest to develop a 1 GW offshore project near the coast
of Gujarat in the Gulf of Khambhat received responses from
more than 35 companies.?*? Another tender is planned for
a 1 GW offshore wind plant near the coast of Tamil Nadu
in the Gulf of Mannar.43

In Pakistan, an additional 396.6 MW of wind power projects
entered commercial operations in 2018, bringing the total
installed capacity to nearly 1.2 GW.?** Four large wind power
projects contributed 300 MW as part of the China Pakistan
Economic Corridor scheme: the Dawood project (50 MW), the
Sachal Energy wind farm (50 MW), the Three Gorges second
wind farm project (100 MW) and the UEP wind farm project
(100 MW).245 Three wind power projects added 20 MW of
capacity in 2017, and six projects with a combined capacity
of 285 MW became operational in 2016.246



Wind power capacity in Bangladesh was 3.18 MW in 2018.247
A mapping study of the country’s wind energy potential,
conducted by the US National Renewable Energy Labora-
tory (NREL) and financed by USAID, concluded that “for wind
speeds of 5.75-7.75 m/s, there are more than 20,000 km?
of land with a gross wind potential of over 30,000 MW”.248
No further wind projects are planned, however, as the coun-
try focuses on developing solar power.

In Southeast Asia, Indonesia’s first and only operating wind
power project—the 75 MW Sidrap wind farm located in South
Sulawesi — entered into operation in July 2018.24° A second
wind farm, with 72 MW of capacity, is under construction in
Jeneponto.?*° Indonesia’s total wind potential is estimated
at 9.29 GW, and the government is aiming for 1.8 GW of
installed wind capacity by 2025.25 In Myanmar, the Ministry
of Electricity and Energy and China’s Three Gorges Corpora-
tion signed a memorandum of understanding for the coun-
try’s first wind power project in March 2016; the 30 MW
projectis now under construction in the Chaung Tha area of
the Ayeyarwady region.?5?

The installed wind power capacity in the Philippines was
427 MW in 2018, but no new installations have occurred
since 2016.253 Although the country has an estimated wind
power potential of 76 GW, the government has set a target
for only 2.3 GW by 2030.254 Luzon accounts for most of the
installed capacity, at 337 MW, and the Visayas account
for the remaining 90 MW.25% The country’s first wind farm,
Banguiin the northern province of llocos Norte in Luzon, was
built in 2006 with 33 MW of capacity and then expanded
in 2014 to 51 MW.2%¢ The country’s largest wind farm, the
150 MW Burgos project in Luzon, received USD 20 million
in funding from the ADB and was builtin 2015.25” Two addi-
tional wind farms built in Luzon that year added a further
135 MW.258

Thailand’s wind power capacity was 648 MW in 2018.25°
Projects totalling 425 MW of capacity entered into oper-
ation during 2016 and 2017.25° Viet Nam had 237 MW
of installed wind capacity at the end of 2018, including
138 MW onshore and 99 MW offshore.?! As of the end
of 2018, new wind power capacity of 263 MW was under
construction and another 412 MW was in the process of
appraisal and approval.?6?
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Viet Nam'’s Bac Lieu offshore wind project, often referred
to as a near-shore or intertidal wind farm, has been built
in phases in the Mekong Delta region, with 16 MW opera-
tional since September 2013 and 83.2 MW commissioned
in December 2015.25% A further 142 MW of capacity is in
the final stages of construction, and another 158 MW is
planned.?“In 2019, Enterprize Energy received a licence
from the government to explore the options for a new
600 MW offshore wind farm, the first project in a planned
large offshore wind complex off Binh Thuan and Ba Ria-Vung
Tau provinces.?5°

In The Pacific, Fiji's 10 MW Butoni wind farm is located on
Viti Levu island.?%® Tonga’s first wind power project, in
Niutoua Village, has a capacity of 1.3 MW and was commis-
sioned in 2019.2¢”

GEOTHERMAL

Geothermal energy can be used directly for heating (for
example, in district heating applications) and also can be
used for power generation. The geothermal direct use capac-
ity in the 18 selected countries was 22.4 GWy, in 2017 and
increased only slightly in 2018.258 For power generation,
the geothermal capacity increased from 3.9 GW in 2015 to
4.4 GW in 2018.%¢° Geothermal power generation is concen-
trated in Indonesia and the Philippines, whereas the direct
use of geothermal heat occurs mainly in China, India, Japan
and the Republic of Korea.
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Geothermal Heating

Of the 18 selected countries, China has the largest geother-
mal resources for direct use, with a total heating capac-
ity of 17.9 GW,.2’° Half of this is used for bathing and
swimming, and the remainder is used for district heating,
agricultural drying, fish farming, greenhouse heating and
industrial process heat.?”! Japan uses 2.19 GW4, of geother-
mal heat directly, mainly for bathing, although around 10%
is allocated to heat pumps, which are used for heating and
cooling, domestic hot water and snow melting.?’? India and
the Republic of Korea each have around 1.0 GW4, of geother-
mal direct use capacity, which is used mostly for bathing and
balneological purposes.?’3

Relatively small geothermal resources for heating also are
used in Georgia, Mongolia, Pakistan, Thailand and Viet Nam.
Mongolia is home to some 43 geothermal areas with a total
capacity of 20 MW, much of which is used for heating, bath-
ing and medicinal purposes.?’4 In Viet Nam, 31.2 MWy, of
capacity is used as industrial process heat and for bathing
and swimming, while Thailand’s 129 MW, is used mostly for
crop drying and public bathing.?’®

Geothermal Power
For geothermal power generation, large plants of 1.9 GW
capacity each were installed in Indonesia and the Philippines

in 2018, and capacity also existed in India (536 MW), China
(25.8 MW) and Thailand (0.3 MW).%76
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Indonesia is second in the world for installed geothermal
power generation.?’”” Of the country’s total geothermal
capacity of 1,948 MW in 2018, 99.8% was used for elec-
tricity generation, while direct use for heating comprised
only 0.2% (2.3 MW).?78 Around 61% (1,194 MW) of Indo-
nesia’s geothermal power capacity is based in West Java,
where seven geothermal power plants are in operation,
and the Cibuni plant is expected add 30 MW when it comes
online.?”® The ADB has financed some of the country’s
geothermal projects.?8°

The Philippines has the world’s third largest installed
geothermal power capacity, but geothermal development
has been slow in recent years. Aside from one small new
geothermal power plant (30 MW Nasulo) in 2014, two other
plants were rehabilitated or slightly expanded (10 MW
Bacman, 12 MW Maibarara), there was no significant devel-
opment since the enactment of the 2008 Renewable Energy
Law. The country’s geothermal power capacity totalled
1,918 MW as of June 2018.%8*

OCEAN POWER

Ocean power accounts for the smallest share of renewa-
ble energy capacity in the selected Asia Pacific countries,
totalling 259 MW at the end of 2018.%82 This capacity has
remained unchanged since 2011. In 2016, the installations
produced an estimated 507 gigawatt-hours of electricity.?83

The region’s ocean power capacity includes the 254 MW
Sihwa tidal barrage plant in the Republic of Korea, which
generates power from incoming tides and was completed
in August 2011. Located 20 kilometres south of Incheon, the

plant is the first and only of six large power plants planned
by the government in 2008 to harness the ocean’s energy;
construction of the other five plants was halted for environ-
mental reasons and never resumed.?®* The country’s 1 MW
Uldolmok Tidal Power Station was commissioned in 2009
and is still in operation.?8

Of the remaining ocean power capacity, 4.3 MW comes from
two projects in China. The 4.1 MW Jiangxia Tidal Power
Station, commissioned in 1980, is a tidal barrage facility with
bulb-type tubular turbines located in Yueqing Bay in the East
China Sea, near the city of Wenling.?#¢ Also still operating is
the older and smaller 0.25 MW Haishan Tidal Power Plant
near Maoyan Island in Zhejiang Province, commissioned in
1975.%7 In addition, the 3.4 MW LHD Tidal Current Energy
Demonstration Project is under development near Xiushan
island in Zhejiang province, and the first two of seven turbines
(400 kW and 600 kW) are already operational.?8®

In Japan, a 100 kW ocean thermal energy conversion
plant near Okinawa has been operational since 2013.%8°
In addition, several tests of small pilot ocean energy plants
have been carried out in the region since 2015. In Indone-
sia, a 2 kW tidal power system was tested near the island
of Flores, and a 20 kW wave power system was tested
near the island of Madura.?°® The status of a planned 500
MW tidal project in the San Bernardino Strait is unclear.?°*
A 100 kW wave-powered navigational buoy is being built
near Chennai in India.???
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DISTRIBUTED
RENEWABLES FOR
ENERGY ACCESS

ccess to affordable, reliable and sufficient

modern energy is a crucial enabler of socio-

economic development. The Asia Pacific
region has made important strides in expanding
access to electricity, with the average electrification
rate rising from 80% in early 2000 to 92% in 2017.%
Clean cooking solutions, however, have progressed
more slowly, and only 60% of the region’s population
had access to clean cooking as of 2016.2

Traditional centralised approaches to electrification are
being disrupted as distributed renewable energy technol-
ogies become more cost competitive, reliable and efficient.
Distributed renewables, coupled with innovations in delivery
and financing models, will play a critical role in any solution
to achieve universal access to modern energy by 2030.

Expanding the central electricity grid to rural areas of devel-
oping countries is often economically prohibitive and may
take decades to materialise. Even after remote communi-
ties are connected, the electricity supply may not be relia-
ble because of insufficient centralised generation and weak
transmission and distribution networks, resulting in high
losses. Moreover, grid connectivity does not guarantee the
resolution of another important energy challenge: access

to sustainable heating and cooking. For rural, remote and
isolated communities, distributed renewables for energy
access (DREA) systems (- see Box 1) offer an alternative
opportunity to access modern energy services.?

DREA technologies include small-scale electricity genera-
tion systems and mini-grids for lighting, battery charging,
communications, water pumping and a variety of processing
and other productive uses. In addition to improving access
to affordable and reliable electricity service for households,
DREA systems can provide sustainable alternatives for
household heating, cooling and clean cooking as well as
energy provision in the public sector — including electrify-
ing schools and health clinics - largely because itis cheaper
and more convenient than diesel generators. Other DREA
applications include powering telecommunications towers
in remote areas and community micro- and mini-grids.

Innovative, modular and locally relevant DREA solutions can
be designed to adapt more quickly to the changing energy
needs of individuals and communities, while also increas-
ing energy security, lowering fuel-related costs, easing the
burden of collecting fuelwood, and reducing indoor air pollu-
tion from kerosene lamps and inefficient stoves.

The average
electrification
rate in the Asia

». Pacific region rose

to 92% by 2017. >)



BOX 1. Distributed Renewables for Energy Access, as Defined by REN21

In the absence of an industry-unified definition of decen-
tralised energy access, REN21, in its Renewables 2014
Global Status Report, defined this sector as distrib-
uted renewables for energy access (DREA) systems.
These are “renewable-based systems (stand-alone and
off-grid systems as well as mini-grids) that generate
and distribute energy independently of a centralised
electricity grid”. The energy access services provided by
DREA systems range from lighting and the use of appli-
ances to cooking, heating and cooling, in both urban and
rural areas of the developing world.

DREA systems represented around 6% of new electricity
connections worldwide between 2012 and 2016, mainly
in rural areas. In places where the national electricity
network does not reach or is unreliable, DREA technol-
ogies can provide viable, cost-attractive solutions for

generating electricity and mechanical power, heating
water and space, electric cooking, baking and enabling
productive use activities. DREA systems providing rural
electrification in Asia have more than doubled from
3 GW in 2008 to more than 6 GW in 2018, benefiting
95 million people or 2% of the region’s population.

REN21 defines clean cooking using the methodol-
ogy of the Clean Cooking Alliance, encompassing as
indicators the health and environmental impacts of
cooking, regardless of the type of stoves or fuels being
used. LPG, for example, is counted alongside modern
renewable fuels, and LPG stoves continue to make up
the majority of clean cook stoves on the market.

Source: See endnote 3 for this chapter.

STATUS AND TRENDS IN ENERGY ACCESS

Worldwide, 840 million people lived without access to
electricity in 2017.# Although countries in Asia and the
Pacific have made significant progress in connecting their
populations — the region is home to three-quarters of the
570 million people worldwide who gained electricity access
between 2011 and 2017 — an estimated 350 million people
across developing Asia' still lack access.® One of the greatest
successes has been India, which announced complete elec-
trification of its villages in 2018; however, this does not guar-
antee that 100% of households in the country are connected
(- see Sidebar 5).

Of the 18 countries covered in this analysis, several report
that the majority of their populations are now fully electri-
fied, including countries in Central Asia (Georgia, Kazakh-
stan, Uzbekistan), most of Northeast Asia (China, Japan,
the Republic of Korea) as well as Sri Lanka, Thailand and
Viet Nam (- see Figure 7). However, other countries have a
long way to go. In Mongolia, Indonesia, the Philippines and
The Pacific (Fiji and Tonga), the remaining few percent of the
population still needs to be connected as last-mile customers,
according to official statistics.”

Power reliability continues
to be a challenge in many
places, and people may
remain unconnected even
when the national elec-
tricity network reaches
their village. For exam-
ple, India still faces issues
with blackouts in places
where the national grid
has arrived, while many households remain off the grid.?
Pakistan, Bangladesh and Myanmar, which have the lowest
electrification rates in the South Asia and Southeast Asia
sub-regions, face considerable challenges in providing
20-50% of their populations with access to modern elec-
tricity services.®

India announced
the complete
electrification

of its villages
in 2018 but still
faces issues with
blackouts.

i Asdefined by the IEA, “developing Asia” includes China, India, Indonesia, other Southeast Asia (Brunei, Cambodia, Lao PDR, Malaysia, Myanmar, the Philippines,
Singapore, Thailand, Viet Nam), other developing Asia (Bangladesh, Korea DPR, Mongolia, Nepal, Pakistan, Sri Lanka) and other Asia (unspecified).
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FIGURE 7. Electricity Access in the Selected Asia Pacific Countries, 2000 and 2017
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Note: The 64% figure for Sri Lanka is as of 2001; the 43% figure for Myanmar is as of October 2018.

Source: See endnote 6 for this chapter.

Meanwhile, developing Asia is home to 65% of the global
population that lacks access to clean cooking facilities.'®
Cooking with polluting fuels — wood or cow dung —is a
major global health issue, causing indoor air pollution that
claims 92 premature deaths per 100,000 people worldwide
and more than 125 premature deaths per 100,000 people
in India.'* Most of the 1.8 billion people in develop-
ing Asia who rely on traditional biomass for cooking —
40% of the population-live in five countries: China (more than
570 million people), India (more than 780 million), Indonesia
and Pakistan (around 110 million each) and Bangladesh (more
than 130 million).*? In the past decade, significant progress

Mongolia, with
its dispersed
nomadic
population, is the
only countryin =

Northeast Asia b4
without 100% -
electrification.

has been made to provide clean cooking access to more than
400 million people —primarily in India and China —as a result
of programmes to promote the use of LPG as well as policies
to support clean air.*®

In the 18 selected countries, half of the population — or just
under 2 billion people - still relies on traditional biomass,
coal and kerosene for cooking (= see Figure 8).* The highest
access to clean cooking fuels and technologies is in Japan,
the Republic of Korea, and the Central Asian countries of
Kazakhstan and Uzbekistan, whereas the lowest access is
in Bangladesh, Myanmar and Sri Lanka.®




03

FIGURE 8. Access to Clean Cooking Fuels and Technologies in the Selected Asia Pacific
Countries, 2016
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Progress in Electricity Access

Thanks to strong institutional support and rural electrifica-
tion policies, several countries in Northeast Asia (China, Japan,
the Republic of Korea) and in South Asia and Southeast Asia
(Sri Lanka, Thailand, Viet Nam) progressed rapidly towards
100% household electricity access in the last 10-15 years.®
Mongolia, withits dispersed nomadic population, is the only coun-
try in Northeast Asia without 100% electrification, although
it is inching towards this target by 2020 (- see Sidebar 4).
The Central Asian countries (Georgia, Kazakhstan, Uzbekistan)
were fully electrified as early as 1990.Y

In China, it took 13 years to electrify the last 4.6 million
households, primarily in remote areas of the western prov-
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inces, which was achieved in 2015.28 China’s power sector
has undergone major reforms in recent decades, including
large public investments in rural electrification. The Town-
ship Electrification Programme (2001-2005) and the Village
Electrification Programme (2005-2010) both focused on
remote villages, emphasising the use of distributed genera-
tion from renewable sources such as solar PV-battery and
small-scale hydropower mini-grids.t® Electrification of the
remaining population was a priority during the 12th Five-
Year Plan (2011-2015), and in the last three years of that
period, the National Energy Administration led collective
efforts to connect 2.7 million people through grid exten-
sion and solar PV stand-alone systems, totalling 583
projects and CNY 29.4 billion (USD 4.2 billion) in investment
(= see Sidebar 4).2°
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SIDEBAR 4. Advancing Rural Energy Access: Good Practices from the Asia Pacific Region

China's Electricity for All Plan

In 2015, China announced that it had achieved full
electrification of its population of 1.4 billion, even in the
most remote villages. Erdaogiao, in the rural mountains
of south-west China, was the last village to receive power
under nationwide electrification, which has brought elec-
tricity to 90% of the country (nearly 900 million people)
since the founding of the People’s Republic in 1949.
China tackled rural electrification in two waves. The first wave
provided electricity to 97% of the population by the late 1990s
through a combination of grid extension to around 80% of
rural Chinese and small hydropower and small coal-fired
power plants (up to 50 MW) integrated into local micro-grids
where resources were available.

To electrify the final 3% of the population, China focused on
extending and renovating rural grids to improve supply reli-
ability and reduce losses. In places where the grid could not
reach everyone cost effectively, the government used off-grid
renewables and in 2012 issued a Three-Year Action Plan for
Comprehensively Solving Electric Usage Problems for Rural
Residents (2013-2015) to connect the final 2.7 million people.
The programme was successful due to strong policy lead-
ership and investment, with local authorities playing a key
role in co-ordinating highly decentralised electricity systems.
The central government provided investment support rang-
ing from 20% to 80% (in the poorest regions). In very remote
areas, where grid expansion would cost an estimated
USD 16,000 per household, depending on the terrain and
distance to the sub-station, distributed and individual solar
PV systems were provided.

In areas that were prohibitive to serve with any system,
the government relocated people to more hospitable
terrain. China embedded electrification in its poverty
eradication strategy, mainly through the Infrastructure to
Every Village Project, which covered power, roads, water
and telecommunications. This process was hastened by

policies such as China’s “home appliances to the coun-
tryside” programme, which subsidised purchases of
televisions, washing machines and mobile phones for rural
customers. To fund the ongoing maintenance of off-grid
systems and close the funding gap created by soaring renew-
able generation, China collects 1.9 RMB cents (0.3 US cents)
per kWh in the nationwide renewable energy fund.

Viet Nam's Rural Electrification Programme

Rural electrification in Viet Nam occurred as a result of the
country’s dedicated grid extension strategy, which boosted
the household electrification rate from 2.5% in 1975 t0 96.3%
in 2009, increasing access for more than 80 million people.
A number of development partners supported the government,
with the World Bank releasing more than USD 700 million
under its First and Second Rural Energy Projects (including
extension) and Rural Distribution Project. Rural electrification
prioritised rice production areas, bringing modern irrigation
and industrial processes to support local rice farmers and
small rural industries, the effects of which can be felt today as
Viet Nam has become the world's second largest rice producer.

In the late 1990s, electrification targets and priori-
ties shifted from agricultural areas and businesses
towards poor households, remote communes and villages.
Viet Nam’s programme for economic renovation,
Doi Moi, initiated in 1986, issued tax exemptions for farm-
ers, allowing them to use their financial resources to build
rural electricity networks. Tariff reform in 2009 introduced
uniform tariffs throughout the country, and network rehabil-
itation enabled reliable energy access for all rural and urban
customers. Continued -



South Asia has made remarkable progress in electricity
access in the last two decades. In Bangladesh, electric-
ity reached 88% of the population in 2017, up from only
20% in 2000.% This can be attributed to a steep rise in grid
connections: since 2015, the country has added on average
3.5 million new rural connections annually, with a view
towards achieving universal access by 2021.22 Around 12%
of the population relies on individual solar home systems,
with around 4.2 million systems deployed providing service
at Tier 1 and above', according to the IDCOL database
(- see Sidebar 4).23

InIndia, rapid growth in electricity access has been propelled
by the country’s USD 2.5 billion electrification scheme, Saub-
hagya, which aimed to connect the last 40 million households
and achieve universal electrification by December 2018.%*
The Indian government announced on Twitter that all Indian
villages were connected as of April 2018; however, house-
hold electrification is ongoing (= see Sidebar 5).2

i The Multi-Tier Approach was introduced in the 2013 Global Tracking Framework to classify energy access and services in tiers. Tier 0 implies no service, while Tier 5

means full service. See endnote 60 for this chapter.
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Viet Nam'’s rural electrification success is based on three
key factors: 1) strong commitment by the central and local
governments as well as the state-owned utility companies
to provide electricity access; 2) sharing roles and responsibil-
ities, including the costs of electrification, by all stakeholders,
supported by development institutions; and 3) the introduc-
tion of unified national technical standards for electricity
networks. Starting in 2000, the use of off-grid systems, such
as small-scale hydropower, increased in rural areas, and the
government continues to work towards its target of 100%
electrification of rural households in mountainous areas
by 2025. According to statistics, Viet Nam invested
VND 48.3 trillion (around USD 2 billion) in developing and
improving the rural power grid between 2000 and 2015.

Bangladesh's Solar Home System Programme by IDCOL

Bangladesh’s experience illustrates the importance of
institutional capacity and government accountability in
accelerating energy access in rural and remote areas.
The country is home to the world’s largest domestic solar
power programme, covering 12% of the population as of
mid-2019. In partnership with the World Bank, the govern-
ment of Bangladesh set up IDCOL in 1997 to provide funding
and technical assistance to private companies and consum-
ers of renewable energy infrastructure projects, including
distributed generation. As of mid-2019 IDCOL's total invest-
ment in these efforts neared USD 700 million, including
grants and loans to 56 partner organisations.

IDCOL launched its solar home system programme in 2003 to
provide electricity to remote villages with no grid infrastruc-
ture.In 2009, IDCOL added solar irrigation pumps, and a year
later it began supporting private entrepreneurs in setting up
solar mini-grids in remote locations. In 2012, improved cook
stoves were added to reduce indoor pollution and the use of
cooking fuels.

As of mid-2019, IDCOL had installed 4.2 million solar home
systems benefiting 18 million people. These systems have
mostly replaced kerosene for lighting, and IDCOL esti-
mates that the programme has prevented the consump-
tion of 1.14 million tonnes of kerosene. In addition to this,
IDCOL has installed 1,000 solar irrigation pumps, 13 mini-
grids and 1 million cook stoves, together with 46,000
biogas plants to provide clean cooking solutions to more
than 200,000 people. IDCOL aims to add another 50,000
solar pumps (1.25 GW capacity), 6 million solar home
systems (200 MW estimated capacity) and 50 mini-grids
for continuous improvements in electricity access by 2025,
and to replace every traditional cook stove in the country
by 2030.

Mongolia's Nomads Champion Distributed Solar

Around 800,000 of Mongolia’s 2.8 million people still live a
traditional nomadic lifestyle that has remained unchanged
for generations. Nomads, who along with other remotely
located inhabitants total around 27% of the population, are
still not connected to electricity. To power their portable
homes, they rely on candles, coal and yak dung, as well as
motorcycle batteries and diesel generators in some affluent
families. In a country with an abundant solar resource in
the range of 5.5 to 6.0 kWh per m? per day (more than 250
sunny days a year), the government launched the National
100,000 Solar Ger Electrification Program in 2000 to improve
energy access through distributed solar PV technology.
In 2013, with USD 12 million in funding from the World Bank’s
International Development Association and the government
of the Netherlands, the programme distributed more than
100,000 portable solar PV systems to almost 7% of Mongo-
lia’s nomadic population, enabling the use of televisions
and phones.

Source: See endnote 20 for this chapter.

DISTRIBUTED RENEWABLES
FOR ENERGY ACCESS

57




SIDEBARS. India's Last Village Electrified

?/ REN21 ASIA AND THE PACIFIC RENEWABLE ENERGY STATUS REPORT

The Indian government considers a village to be fully electri-
fied if basic power infrastructure, such as a transformer and
distribution line, is provided to the locality and at least 10% of
its households and public buildings (schools, health centres,
government offices, village councils and community centres)
are connected to the national grid. Based on this definition,
in April 2018 Prime Minister Narendra Modi tweeted that
every single village in India had received access to electricity.
However, not all households in the country are fully electrified.

While most of India’s villages (96%) had electricity access
before Modi took office, in 2015 his government launched an
initiative to electrify some 18,000 villages still off the grid.
According to official data from census villages, all 597,464
have now been electrified. The rural electrification initia-
tive, Deen Dayal Upadhyaya Gram Jyoti Yojana, was later
supported by the USD 2.5 billion (INR 16 billion) Saubhagya
scheme, launched in 2017 to fund electrification of every
remaining rural household — nearly 40 million — by March
2019. According to the Saubhagya website, as of June 2019
only 18,737 households in four districts of Chhattisgarh had
yet to be electrified.

The Indian government’s electrification target is to ensure
an uninterrupted and reliable electric supply to all electrified
households, which is particularly challenging in rural areas.
Even in villages connected to the national grid, the supply
is erratic, and reliability remains an issue: only 6 out of 29
states receive a 24-hour electricity supply, and just under half
of villages have more than 12 hours of domestic electricity a
day and one-third receive between 8 and 12 hours, accord-
ing to government data. Densely populated states receive
between one and four hours of electricity a day, correspond-
ing to the lowest tiers of energy access.

In 2018, news outlets reported that Leisang, in the
north-eastern state of Manipur, was the last Indian village
officially electrified. However, a year after receiving electric-
ity, the power came on for only 5-6 hours daily (on a good
day), and issues took days to fix. On one occasion, the village
was disconnected for three months because of difficulties
accessing the village.

Source: See endnote 25 for this chapter.
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In Pakistan, the formal grid connection rate is 82.4%,
although other sources estimate electrification at 71%.%¢
The government’s focus is on expanding electricity access
through utility-scale projects, and 95% of new connections
since 2000 have occurred via the grid.?” However, provincial
governments have spearheaded local rural electrification
initiatives with renewable energy, using public finance (such
as the Pakistan Poverty Alleviation Fund) as well as support
from development partners.? Sri Lanka reported achieving
universal electricity access in December 2016 through a
combination of grid expansion and rural electrification initi-
atives using small-scale hydropower.?°

Southeast Asia also has made significant progress
towards universal electrification. Indonesia reached 98.3%
electricity access in 2018, up from only 50% in 2000,
reducing the population without access by 75 million.3¢
Most of the villages without electricity are concentrated in
East and Central Java, East Nusa Tenggara and Papua, with
significant differences in population densities and economic
status.?! The government plans to bring basic electricity
access to unserved villages through off-grid solutions while
also working to provide electricity infrastructure that would
stimulate economic developmentin the medium to long term,
with the aim of achieving 99.9% village electrification by the
end of 2019.%?

Myanmar’s official grid connection rate in May 2019 was
43%, and of the remaining off-grid population, around 30%
relies on decentralised energy solutions such as solar elec-
tricity, diesel generators, micro-hydropower and biomass/
biogas.3? The Philippines aims to achieve universal electrifi-
cation by 2022, up from 88.3% in 2017.3* Alongside interna-
tional donor funding for solar home systems in unelectrified
areas, the government is offering grants to electric co-opera-
tives to supportrural electrification projects and incentivising
private developers to provide renewable energy solutionsin
partnership with local communities.?®

In The Pacific, the remaining unelectrified population gener-
ally lives in remote regions and outer islands. Fiji's Department
of Energy plans to electrify the 4% of the population with-
out electricity access through 15,000 solar home systems,
at a total cost of USD 25 million.*¢ Tonga’s off-grid rural elec-
trification plan focuses on providing electricity to communities
outside the grid network using solar PV technology (mini-
grids and solar home systems); however, an assessment from
the Energy Planning Office revealed that less than half of
these systems provide reliable electricity supply.3”



The Challenge of Last-mile Electrification

The work towards electrifying the “last mile” is challeng-
ing for countries in the Asia Pacific region, as most of the
remaining households without electricity access are located
in very remote areas such as mountains, islands or isolated
hamlets or villages. For these locations, individual house-
hold solar PV solutions and decentralised systems are often
the most efficient means of electrification. The right mix of
decentralised electrification solutions based on solar, wind,
biomass or hydropower will depend on local resource avail-
ability, demand for electricity services and willingness to
pay in these regions.

Even countries with officially reported 100% electrification
rates are still working to connect their most remote regions.
In 2014, the World Bank recognised Viet Nam as the devel-
oping country with the highest rural electrification rate in
the world, and in 2017 the national grid reached a reported
99.98% of countryside communes and 98.83% of total
households, which is very close to universal electrification.38
However, the effort to fully electrify the country continues.
To ensure that the remaining households in rural, island, and
remote or mountainous areas have access to light and power
by 2020, the government has launched a countryside electri-
fication programme for the period 2013-2020.3°

The costs associated with rural household connections are
often prohibitively expensive, particularly in remote regions
with no existing grid infrastructure. The estimated cost for
connecting a household to a national grid line in island coun-
tries ranges from around USD 900 in Fiji to an estimated
USD 300to USD 1,760 in Indonesia.*® In some regions, alter-
native electricity provision in rural areas using diesel power
generation and other fossil fuels sets the electricity price
below the actual cost, with the difference subsidised by the
national utility.

Under the Philippines’ national “missionary electrification”
policy, the National Power Corporation (NPC) is mandated
to supply island areas outside the main grids through its
Small Power Utilities Group. To subsidise this off-grid power
supply, the country’s grid-connected electricity consum-
ers are required to pay a universal charge for missionary
electrification of PHP 0.0025 (USD 0.00005) per kWh.4
The Department of Energy recently announced an increase
in the total annual missionary electrification require-
ment from PHP 7,784 billion (USD 153 million) in 2011 to
PHP 28,373 billion (USD 550 million) by the end of 2021.42
To provide power to rural customers in Palawan,
a 1.4 MW peak solar microgrid with a 1.2 MW back-up diesel
system and a 2.4 MWh lithium-ion battery energy stor-
age system was planned to enter operation in mid-2019.43
Households and businesses in Palawan have traditionally
relied on diesel gensets to provide electricity at a high cost
of USD 0.6 to USD 1.0 per kWh.**

In Myanmar, rural commu-
nities have borne the cost For very remote
areas, household

solar PV solutions

of last-mile electrification.
The government provides
no financial support, so
communities must raise

are often the
most cost-
effective means
of electrification.

their own funds to connect
to the main transmission
line, using the self-reliant
electrification approach

“Ko Htu Ko Hta Mee Lin Yae”.#* This has led to the devel-

opment of more than 5,600 micro- and mini-hydropower
units with capacities below 1 MW and over 10,000 biomass
gasifiers powering rice mills and rural villages.*¢ Under the
National Electrification Plan (NEP), the cost of connection
for each household is estimated at USD 700 to USD 1,700,
depending on the location.#” As aresult, a large share of the
population remains without electricity access even within
villages connected to the national grid.

Under the off-grid component of Myanmar’s NEP, house-
holds in villages with recently installed solar mini-grids
must pay average one-time connection fees of USD 200.48
The mini-grid programme, managed by the Department
of Rural Development and financially supported by the
World Bank with technical assistance from Germany's GIZ,
supported 37 mini-grids in 45 rural villages as of mid-2019,
providing a 60% subsidy to private developers with the
remaining 40% coming proportionally from the develop-
ers and the communities.*® The community contribution is
collected in the form of household connection fees as well as
in-kind contributions of labour or land. Locally based organi-
sations, such as Smart Power Myanmar, have provided inter-
est-free loans to households unable to pay upfront, enabling
full electrification in a number of villages.*°

TECHNOLOGIES AND MARKETS

The market for DREA systems is growing rapidly in Asia and
the Pacific, and a wide range of technology options are avail-
able. This section focuses on the use of off-grid renewable
energy technologies for rural electrification as well as on
clean cooking opportunities, renewable heating and cool-
ing technologies, and innovative business models linked to
mobile payments.

Electricity Access

With large pockets of the population unelectrified in the Asia
Pacific region, the market for decentralised energy access
technologies —including solar lanterns, solar home systems,
and micro- and mini-grids —is substantial. In 2018, the newly
installed capacity of small-scale, off-grid solar systems (solar
lanterns and solar home systems) in the region exceeded
20 MW.5 Local commercial markets are driven largely by
component-based sales, although more-efficient off-grid
packaged systems are also emerging. The largest DREA
technology category sold in the Asia Pacific region in 2018
was portable solar lanterns, with the highest growth being
in sales of lanterns with mobile charging capabilities.>?
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The market for off-grid solar has not been homogeneous,
stagnating in some sub-regions while growing in others.
South Asia has seen particularly strong growth, with
more than 1.2 million off-grid solar lighting products sold
in the second quarter of 2018, mainly in India and Bang-
ladesh.> However, uncertainty around India’s new safe-
guard duty for solar cells imported from China and Malaysia
contributed to an overall 23% decline in the volume of
off-grid solar product sales in the country between 2016
and 2018.%* In Southeast Asia, the largest markets for
off-grid solar are Myanmar and the Philippines, with
30,000 to 40,000 units sold in the second half of 2019.%
In the island market of Fiji, sales totalled around 40,000,
mainly in lighting products with mobile charging.®

In Myanmar, government procurement has driven signif-
icant sales of off-grid solar products, resulting in the
distribution of nearly 230,000 units with capacities of
30to 100 watts peak.5” Pay-as-you-go multi-light systems'
have made progress in the country, and several companies
secured investment to scale up their operations, distributing
more than 30,000 such systems as of mid-2019.58 A key chal-
lenge in the country, however, is competition from low-quality
products available atlocal markets at lower cost with limited
warranty or after-sale service, as customers are highly
price sensitive.
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Compared with stand-alone off-grid solutions, micro- and
mini-grids are perceived to be a more viable solution for
providing electricity in off-grid areas that have high popu-
lation densities and large energy demand. In recent years,
government agencies, donors and local communities have
widely deployed renewable energy-based mini-grids
(hybrid systems with small-scale hydropower and solar PV).
Overall, Asia and the Pacific countries are home to more
than 16,000 installed mini-grids (both renewable and diesel-
based), or 85% of the global total, with the highest numbers
in Afghanistan (not covered in this report; 4,980 mini-grids),
followed by Myanmar (3,988), India (2,800), China (1,184), the
Philippines (896) and Indonesia (583), benefiting more than
15 million people in the latter five countries.®®

An increasing number of energy access companies
are partnering with development agencies and local
governments to provide innovative business models and
technologies to meet the power needs of rural customers.
Their offerings range from distributing small portable solar
kits for individual household use to operating village-scale
microgrids that can supply electricity to larger businesses
and cellular infrastructure (= see Table 4).5° Many of these
efforts are backed by large investors at the global scale
(= see Investment and Financing section on page 66).

i Multi-light systems are stand-alone solar PV systems supplying several lighting and mobile charging points, with module capacity typically under 11 watts,

asindicated by GOGLA.

TABLE 4. Innovative Business Models and Technologies for Electricity Access in the Asia

Pacific Region

Business

model / Description P
customers
Technology
d.light (India),
Households Greenlight Planet
Portable solar Portable solar kits, solar lanterns and charging stations that —very low (Myanmar),
products provide basic lighting and phone charging. consumption, Omnivoltaic
Tier1 (Bangladesh, India),
EcoEnergy (Pakistan)
Individual solar home systems, sold with a financing plan, that SolarHome
Pay-as-you-go use programmed technology to switch the system off in case of Households (Myanmar) — serving
solar non-payment; consumers often pay for the service via mobile —Tier2-3 30,000 rural
money. customers
Peer-to-peer SolShare
electricity Technology connecting individual solar home systems where Communities (Bangladesh),
marketplace people can sell excess electricity to consumers on the network. —Tier 2-3 Mero Gao (India) —
direct current systems
Husk Power
Mi Micro and mini-grids providing direct current coupled power or (India), Electric

icroand . S : .

L. . alternating current power, ranging in size from 100 watts to a few Vine Industries
mini-grids hundred kW. Community-scale power systems are often builtand ~ Communities (Indonesia), Okra
(community- operated by start-ups, which supply electricity through a local —Tier 2-4 Solar (Cambodia,
scale) distribution network. Consumers pay for the amount of electricity Philippines),

they use, often through prepaid models. Mandalay Yoma
(Myanmar)
Continued >



Micro and mini-
grids (anchor

tenant) network to a nearby community.

Microgrids and mini-grids providing power to an anchor tenant,
often a telecom tower, with an opportunity to extend the grid

03

Anchor tenant OMC (India),
+ communities Yoma Micropower
(Myanmar)

Mobile or stationary kiosks, powered by solar or other renewable

Charging kiosks

batteries.

Distribution companies boost legal electricity connections and
revenue collection in informal urban areas through targeted

Grid extension
outreach or financing plans.

Note: For an explanation of the tiers of energy access, see endnote 60.

Clean Cooking

Reducing indoor air pollution and improving the health of
rural residents are among the main objectives of clean cook-
ing programmes in the Asia Pacific region. However, with the
exception of several countries that have a strong institutional
focus on access to improved cook stoves and fuels, difficul-
ties persist in bringing clean cooking technologies — such as
LPG, biogas, electric, advanced biomass cook stoves and
solar cooking —to consumers. In general, countries across the
region need to step up their efforts to prioritise clean cooking
initiatives and investments. Underinvestment in the sector
will likely cause the region to fall short of the target for univer-
sal access to clean cooking fuels and technologies by 2030 set
outinthe United Nations’ Sustainable Development Goal 7.

resources, where customers can charge their phones or portable

Individuals

Tata Power Delhi

Households (India)

Source: See endnote 60 for this chapter.

The Asia Pacific region has several successful examples of
replacing traditional wood or fossil fuel-based cooking tech-
niques with clean cooking technology. These include IDCOL's
work in Bangladesh (- see Sidebar 4) and Indonesia’s LPG
Megaproject, which has helped to replace kerosene with
LPGin 72% of the country’s households (= see Sidebar 6).52
In India, the Ujjwala scheme has provided LPG connec-
tion to more than 70 million rural households since 2016.%2
The scheme, which originally targeted rural women — the
segment of the population most affected by indoor air pollu-
tion and the drudgery of fuelwood collection —was extended
in 2018 to provide LPG access to all poor households, with
the goal of covering 100% of the population.5*

SIDEBAR 6. Indonesia's LPG Megaproject
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In 2001, the government of Indonesia launched the LPG
Megaproject, a large-scale clean cooking initiative to replace
kerosene and other traditional fuels with LPG to reduce
indoor air pollution. Households were offered a free initial
package, the government reduced subsidies for kerosene,
and new LPG terminals were constructed as distribution
centres. In just two years, from 2007 to 2009, the number of
LPG stoves increased from 3 million to more than 43 million,
extending clean cooking practices to nearly 70% of the popu-
lation. The programme outperformed its target of converting
42 million households and micro businesses, reaching more
than 50 million households by 2012. This reduced kerosene
use from 36.6% in 2007 to only 3.8% in 2016, and increasing
LPG use from 10.6% in 2007 to 72.4% in 2016.

As of 2016, LPG had effectively replaced kerosene as the
main cooking fuel for 72% of Indonesian households across
many regions of the country. However, the rest, nearly 18
million households (70 million people), still use traditional
cooking fuels including fuelwood, kerosene and charcoal.

Because most of these households are in rural and remote
areas, establishing the appropriate supply chain infrastruc-
ture is challenging.

The LPG programme relies on government subsidies, with
an average of USD 2.3 billion spent annually between 2013
and 2016. The subsidies for residential LPG use — compris-
ing 14% (in 2016) of the total government subsidy — have
been instrumental in improving clean cooking access in Indo-
nesia. However, the continuous pressure on the budget —
which has increased the national deficit from 1.1% of GDP
in 2011 to 2.5% of GDP in 2016 - raises concerns. Moreo-
ver, the subsidy scheme, originally designed for poor citi-
zens, allows the wealthy to purchase subsidised LPG easily.
The government plans to replace the indirect subsidy with
adirect subsidy scheme to ensure that the subsidies end up
only in the hands of eligible beneficiaries.

Source: See endnote 62 for this chapter.
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In some cases, locally based NGOs are overseeing initia-
tives to increase access to improved cook stoves, with
support from international donors. In Myanmar, where
most of the population relies on fuelwood for energy and
livesinrural areas close to bioenergy resources, GERES and
Mercy Corps have worked with the government to develop
improved cookstove standards and to support local manu-
facturers in improving the designs of traditional stoves.
Both organisations provide mentoring to manufacturers
and sales agents and organise awareness campaigns to
increase the rural dissemination of fuel-efficient stoves.
A Mercy Corps campaign that resulted in sales of 22,000
cook stoves in Myanmar will continue until 2021 under the
auspices of the Ministry of Natural Resources and Environ-
mental Conservation.®®

The use of biogas for cooking has expanded in several
of the Asia Pacific countries, including Bangladesh,
Indonesia and Viet Nam.¢ Although biogas production for
cooking has decreased in China and India, large numbers of
people in these two countries still cook with biogas (more
than 111 million in China and nearly 10 million in India).®”

Indonesia’s Domestic Biogas Programme supports the
deployment of biogas digesters in rural island regions that
engage in livestock farming. Alongside traditional devel-
opment finance assistance, the programme uses market-
based solutions to help local farmers access private credit to
install the digesters.®® The costs are covered in part through a
public subsidy of 30%, as well as funding from local financial
institutions.®® As of 2016, the programme had supported the
installation of more than 20,000 biogas digesters in rural
areas and had partnered with 46 credit providers to help
8,500 farmers gain access to credit.”®

The biogas programme in Viet Nam, with funding from
several development agencies, has facilitated the construc-
tion of around 250,000 biogas digesters since 2003, address-
ing the waste management challenge of the country’s
growing livestock population and improving living condi-
tions for more than 1.2 million people.”* A flat-rate subsidy
of VND 1.2 million (around USD 52) per digester was offered
initially to minimise the upfront cost for households, which
was replaced by a results-based financing (RBF)' mechanism
in mid-2016 to incentivise suppliers to take additional risks
and execute extra tasks and responsibilities in supplying the
market.”?RBF resulted in 16,500 biodigesters constructed in
the first year. The biogas programme, which recently entered
its final phase to 2020, has contributed to the emergence
of a commercial domestic biogas sector. The programme
was initiated by the Dutch government and the Vietnam-
ese Ministry of Agricultural and Rural Development in part-
nership with SNV Netherlands Development Organisation
and has been managed by Energising Development (EnDev)
since 2013.73
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Heating and Cooling

Countries in Central Asia as well as parts of Northeast Asia
witness among the coldest winters in the world. In remote
and less-developed towns in western Mongolia, where
temperatures fall below minus 50 degrees Celsius and much
of the population relies on costly and carbon-intensive elec-
tricity imports, a new development initiative will build a
40.5 MW distributed renewable energy system using solar
PV and wind power with advanced battery storage technol-
ogy to provide clean and reliable electricity for power and
heating.”* The project, approved in late 2018, was co-
financed with USD 60 millioninloans and grants fromthe ADB,
the Strategic Climate Fund and the Japan Fund for the Joint
Crediting Mechanism.”®

In the hot and humid climates of South Asia and Southeast
Asia, demand for cooling technologies, such as refrigeration
and air conditioning, is high, particularly as temperatures
increase with climate change. Off-grid solar fans are the
most attractive consumer demand productin Bangladesh.”®
Solar refrigeration helps many households, small stores
and farmer collectives across the region manage the
temperature of perishable products from farm to table.
In India, where the dairy industry is dominated by small
farmers that depend on the cold chain, several milk
chiller pilot projects, which use thermal energy battery
packs that charge on solar power or grid electricity, are
being deployed.””

Mobile Payments More than

half of the

With the increasing global world's mobile

penetration of mobile
devices and networks, more
than half of the world’s
mobile subscribers live
in the Asia Pacific region,
mostly in China and India.”®
The construction of telecommunications infrastructure, along

subscribers live
in the Asia Pacific
region.

with declining smartphone prices, has made integrating
mobile and wireless network infrastructure into decen-
tralised business models paramount in efforts to provide
energy access.

A key way that mobile technology enables electricity access
is through PAYG solar, which allows low-income customers
to purchase solar products through their mobile devices,
either via credit or instalment plans or by paying a small
fee for continuous use.”® Unlike in Africa, the PAYG market
in the Asia Pacificregion is still in its infancy. However, with
the region’s large unelectrified populations, as well as the
rising accessibility of off-grid solutions, there is an untapped
market for integrating energy access technologies with
mobile money.

South Asia has seen the most progress with PAYG in the
region, despite being dominated by largely cash-based econ-
omies. Simpa Energy, a leader in providing affordable solar
power in India, was a pioneer in PAYG pricing for rooftop

i Financing for which disbursement of funds is contingent on the delivery of pre-determined results.



solar with its patented SmartPanel technology, providing
clean energy access to more than 250,000 people across
three Indian states by November 2018.° In Bangladesh,
the rise of solar home systems through IDCOL's initiatives
enabled the company SolShare to develop a peer-to-peer
solar energy trading platform, integrating mobile money
payment, data analytics and grid management services.®!
The International Finance Corporation’s (IFC’s) Lighting Asia
programme — active in Bangladesh, India and Pakistan as
well as in Myanmar - focuses on eliminating market barriers
for private companies in order to provide access to modern
energy services utilising PAYG technologies in rural markets.®2

Community-based Approaches to Extend
Electricity Access

Many local governments, international NGOs, civil society
organisations and community development organisations
work with communities on self-electrification as an integral
part of rural development, building on communities’ cohesion
and ownership. The success of community-based energy
access programmes depends on a number of factors, includ-
ing having existing networks in the local area to work closely
with the communities; addressing financial barriers, such
as the upfront cost of acquiring technologies, which typi-
cally prevent aspiring entrepreneurs from starting; and the
provision of training in technology, business skills/financial
management, sales, marketing and leadership.

Bangladesh’s rural electrification offers a successful exam-
ple of how community co-operatives played an important
role in South Asia. In 1980, when only 13,000 people in
the country had access to electricity, the Bangladesh Rural
Electrification Board, with assistance from the US National
Rural Electric Cooperative Association, established rural co-
operatives called palli bidyut samitis (PBSs) with the authority
to sell electricity to member customers, set tariffs, provide sub-
station maintenance and handle customers’ complaints.®
Today, 80 PBSs serve 100 million customers (70% of the
population) across Bangladesh, covering 6.2 GW of peak
demand.®* During the start-up period, PBSs with losses
receive subsidies for up to six years and benefit from a revolv-
ing fund. Distribution losses within PBS areas are around half
those of the national utilities, and the collection efficiency
rate is over 95%.%°

For more than 20 years in Sri Lanka, voluntary community
organisations called Electricity Consumer Societies (ECSs)
have provided rural households with access to electricity in
villages not yet connected to the main grid. With financial
support from the government and the World Bank, ECSs
have built, owned and managed more than 260 pico- and
micro- individual, run-of-the-river hydropower projects
ranging from 3 kW to 55 kW, each supplying electricity to
20-150 rural households within a three-kilometre radius.®®
Over the two-decade period, ECSs have installed an esti-
mated 4 MW of total generating capacity and provided
electricity to around 10,000 rural households.®” As the main
grid progressed to these villages, however, these isolated
mini-grids were abandoned and the national utility, the
Ceylon Electricity Board (CEB), became the new electricity
supplier. Only three community-owned mini grids converted

to grid-connected small power producers (SPPs), with signif-
icant technical support from NGOs. These SPPs no longer
provide retail service to customers; their sole source of reve-
nue comes from bulk sales of electricity to the CEB.%8

In Southeast Asia, Kopernik’s Ibu Inspirasi (Wonder Women)
economic empowerment initiative in western Indonesia has
supported women to become successful micro-entrepre-
neurs, selling solar lanterns, water filters and fuel-efficient
cook stoves in their communities. Kopernik, a non-profit
organisation, works with women to reach very remote
communities that are unserved by traditional supply chains.
Since 2011, more than 600 women entrepreneurs have sold
over 27,000 clean energy technologies to more than 120,000
people in the poorest remote provinces who lack access to
electricity, clean water and modern cooking methods.®°

Another community-based energy access initiative in Indo-
nesia, the Sumba Iconic Island project, invested more than
IDR 135 billion (USD 9.5 million) in renewable energy,
provided more than 4,000 households with access to elec-
tricity, developed numerous training programmes and
created more than 30 renewable energy research and devel-
opment projects.®® During the initiative, launched by the
international NGO Hivos in partnership with 40 to 50 differ-
ent international and local stakeholders, the electrification
rate on Sumba increased from 24.5% in 2010 to 42.67% in
2015, with nearly 17% of the power generated by renew-
ables.®! The goal is to increase the electrification rate to at
least 95%, with all of the electricity produced from renewa-
ble resources by 2025.92

POLICIES, REGULATIONS AND TARGETS

Strong policy leadership and supportis necessary to create
partnerships at the regional, national and community levels
and to facilitate greater access to low-cost financing for
distributed renewables, while also addressing the commer-
cial viability of developing a strong pipeline of bankable

projects. Up to an estimated USD 52 billion per year will be
required globally to achieve universal electricity access for all,
depending on the level (or tier) of energy access that govern-
ments aspire to in their national electrification strategies.®®

Despite putting significant efforts into improving rural
energy access (- see Table 5), many Asia Pacific countries
are hampered in their progress towards 100% electrification
due to weak policy and institutional mechanisms as well as
insufficient national budgets.® Rural electrification plans
are multi-dimensional and often include extension of the
existing grid as well as the promotion of micro-hydropower
and off-grid solar technologies, in addition to solar-diesel
hybrid and isolated diesel generators.

In the area of clean cooking, neither quantifiable targets
nor specific policies have been widely adopted in the region.
Only Bangladesh, through its national Improved Cook Stove
programme, has set a target to increase access to improved
cook stoves, which it exceeded by 50%, distributing
1.6 million cook stoves as of mid-2019.%
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TABLE 5. Rural Electrification Rates, Targets and Plans in the Selected Asia Pacific Countries

(Countries with Less Than 100% Electrification)

Share
of total
population
electrified

Share
of rural
population
electrified

Target
vear for
universal

access

Country lacking

Northeast Asia

Population

electricity

Rural electrification plan

National Renewable Energy

Mongolia 2020 86% 56% 1.32 milli
& ° ° mition Program (2005-2020)
Bangladesh Rural Electrification
Bangladesh 2021 88% 81% 31.3 million Board’s 100% Electrification
Program
March 2019
. D Dayal Upadh G
India (reportedly 93% 89% 93.7 million eenbayal “padhyayabram
. Jyoti Yojana
achieved)
Pakistan N/A 71% 63% 57 million N/A
Southeast Asia
RUPTL 2019-2028
Indonesia 2020 98% 96% 5.3 million Rural Electrification Program
(LisDes)
43%
Myanmar 2030 (October 40% 16 million National Electrification Plan
2018)
Philippine Development Plan
e 2017-2022
Philippines 2022 88.3% 83% 12.3 million
Missionary Energy Development
Plan (2016-2022)
Rural Electrification Plan
Decision 428: Approval of
the Revised National Power
Development Master Plan for
Viet Nam 2020 98% 98% 1.9 million the 2011-2020 Period with the
Vision to 2030; Decision No.
2081 QD-TTg on the Approval
of Electricity Supply Programme
for Rural, Mountains area and
the Islands, Period 2013-2020
The Pacific
. Fiji National Energy Policy
Fiji 2020 96% 91% 0.03 mill
’ ° ° miton (2013-2020)
Tonga 98% 98% 0.02 million

Total for 10

Asia Pacific
Countries

--

Note: Data provided are for 2017 unless indicated otherwise. N/A = data not available.

219 million

Source: See endnote 94 for this chapter.



In South Asia, India, Sri Lanka and Bangladesh are lead-
ers in improving energy access, with an innovative mix of
strategies and an effective combination of grid extension
and off-grid electrification programmes. Light-handed
regulations at the national and/or sub-national levels in
these countries attempt to streamline private investments
in small to medium-scale renewable energy-based rural
electrification projects. This enables electricity providers
to set retail tariffs for micro/mini-grids without government
review and approval, providing space for developers and
electricity distributors to design cost-recovery tariffs and
lower revenue risks.®® However, policy makers need to estab-
lish a clear policy framework for developing and potentially
integrating on- and off-grid energy access solutions, to safe-
guard mini-grids and related investments as the central grids
expand to remote areas.

The Indian government, while committed to extending the
central grid to every household, has realised that a combina-
tion of grid extension and off-grid solutions is critical in order
to achieve universal access to reliable, affordable electricity.
Therecently approved third phase of the country’s Off-grid
and Decentralised Solar PV Application Programme
targets an additional 118 MW of off-grid solar PV capac-
ity by 2020, at an estimated total cost of INR 18.95 billion
(USD 283 million).?” Central Finance Assistance will provide
INR 6.37 billion (USD 90 million) for solar streetlights, solar
study lamps and an aggregate 100 MW of solar PV capac-
ity, with up to 25 kWp for individual public installations in
areas without grid access or reliable power.8 This compo-
nent is aimed mainly at providing electricity to schools,
hostels, village councils, police stations and other public
service institutions.®®

In February 2019, the Indian government also approved
financial support of more than USD 6.48 billion by 2022 for
aresidential solar scheme aimed at farmers, group housing
societies and resident welfare associations.’?® The scheme
will subsidise 40% of the cost of rooftop solar systems up to
3 kW, and 20% for larger systems up to 10 kW.1° In addition,
the Ministry of New and Renewable Energy (MNRE) provides
financial assistance to private solar developers under the
Grid-Connected Rooftop and Small Solar Power Projects
Program. In Tamil Nadu, a subsidy of up to 30% is helping
the Ministry achieve its target of 3,500 MW of rooftop solar
in the region by 2022.102

In the area of mini-grids, India’s MNRE, under its Draft
National Mini-Grid Policy, has set a target for the installa-
tion of 10,000 renewable energy-based mini-grid systems
(average size of 50 kW), with a total capacity of 500 MW by
2021 and an estimated capital investment of USD 350-400
million.1°® The Indian state of Uttar Pradesh adopted a
mini-grid policy in 2016 that supports private developersin
setting up mini-grid power projects smaller than 500 kW.104
The policy guarantees the developers either an agreed
tariff for the electricity generated from the plant by distri-
bution companies or, based on the cost-benefit analysis of
the installed project, the project might be transferred to the
distribution company at a cost determined mutually by the
distribution company and the developer.

In some South Asian countries, legal challenges hinder private
participation in the energy sector. In Pakistan, where distrib-
uted generation could close the gap for the 20 million people
who lack access to electricity, it is illegal for private parties
to sell electricity directly to private individuals.’®® The current
policy for renewable power development, as well as the 2015
regulation for distributed generation using alternative and
renewable energy, allow distributed generation from renew-
ables under 1 MW to be set up for self-consumption, or for
purchase/sale to the power utility through net metering.1%¢
Similarly, in Sri Lanka, the provisions of the Electricity Act
give monopoly status to the Ceylon Electricity Board in power
generation and thus make itillegal to develop distributed grids
except under special approval of the Public Utilities Commis-
sion (for example, for very small, remote micro grids unlikely to
be connected to the central grid in the near future).1%”

In Southeast Asia, where the public utility is the main
electricity provider, the degree to which private players are
able to participate in power generation varies by country.
Thailand was one of the first countries in the sub-region
to cover its rising electricity demand by adopting effec-
tive regulatory frameworks that allow the private sector
to sell electricity directly to industrial and/or residential
customers not served by the national utility. The Small
Power Producer (SPP) Program adopted in 1992 enabled
private companies to supply provincial and metropolitan
authorities through distributed generation with capacity
below 90 MW.1%8 As transmission and distribution infra-
structure progressed, the Very Small Power Producer
(VSSP) Program, introduced in 2002, enabled distributed
renewable energy generation (below 10 MW) to sell power
back to the national grid.’*® The programmes have proven
successful in reinforcing the national electricity system as
well as in providing power in hard-to-reach areas —deep
forest, remote mountainous villages and islands. SPP
power generation capacity accounted for 20% (9.6 GW)
and VSSP for 9% (4 GW) of Thailand’s total installed
capacity in 2019.11°

The government of the Philippines allows private sector
participation in rural electrification in missionary areas
through two schemes: 1) the Qualified Third Party Program
in which private sector companies, accredited by the Depart-
ment of Energy based on financial and technical criteria,
provide small-scale electricity supply in rural areas that have
been waived by the distribution utility, and 2) the New Private
Power Provider Program, which allows private companies
to take over the power generation assets of the state util-
ity, NPC, through a competitive process.!'! In the mission-
ary electrification areas, electricity is also served by the
Small Power Utilities Group managed by NPC (NPC-SPUG).
As of mid-2019, there were more than 270 off-grid gener-
ation units operated by NPC-SPUG and over 40 non-NPC
small power plants, with total installed capacity of
530 MW (dependable capacity of 417.5 MW), representing
2% of the installed capacity in the Luzon, Visayas and
Mindanao regions.t!2
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In Myanmar, according to the National Electricity Plan,
off-grid solutions are considered as “pre-electrification” of
remote and hard-to-reach areas before the national grid
reaches these areas. A framework regulating the inte-
gration of mini-grids upon the arrival of the national grid
is in the draft stage. The government encourages private
developers to build mini-grids at a distance greater than
16 kilometres from the existing network on a build-own-
operate-transfer basis, offering a subsidy of up to 60% of
the project cost.!** National electrification plans, however,
need to reflect the changing nature of the sector, including
technology development, cost reductions, regional devel-
opment and discrepancies between the projected demand
and reality to successfully integrate both centralised and
decentralised initiatives.

In Indonesia, in the past, favourable ministerial regula-
tions promoted small and medium-scale distributed renew-
able energy projects (below 10 MW) in remote locations
by setting higher cost-recovery ceiling tariffs, and allowed
them to sell their power production or surplus power to
the local grid (if readily accessible).t** However, the newer
Ministerial Regulation No. 50 of 2017, on the use of renew-
able energy for power supply, is seen as disincentivising.'*®
It does not differentiate energy sources and allows the maxi-
mum price ceiling to be set at only 85% of the area’s basic
cost of electricity generation, which is set annually based on
recommendation from the state utility, PLN.1*¢ Investors also
must transfer their renewable energy projects to PLN at the
end of their power purchase agreements.

InIndonesia’s latest 10-year Electricity Supply Business Plan
(2019-2028 RUPTL), renewable energy and gas develop-
ers with projects below 10 MW can propose directly to PLN
without beingincluded in the annual RUPTL to enable rapid
additions of small-scale capacity.'?” The 2018 regulation
from the Ministry of Energy and Mineral Resources governs
the general requirements and procedures for the installation
of rooftop PV systems by PLN customers.'*®

INVESTMENT AND FINANCING
FOR ENERGY ACCESS

According to IEA estimates, achieving universal access to
electricity worldwide by 2030 will require investments of
up to USD 52 billion annually, depending on governments’
commitments, while universal access to clean cooking fuels
and technologies may require USD 3 billion annually.t®
The current investment in these sectors in the Asia Pacific
region is below whatis needed. However, ascertaining accu-
rate levels of investment in off-grid energy access remains
challenging: aside from the larger investments reported
in the region, financial reporting is inadequate because
of limited information from national budgets and private
sources, and because energy access programmes are wide
ranging and are often integrated with other priority areas.

Global investment in off-grid solutions, including
mini-grid technologies, increased from an estimated
USD 210 million in 2013-2014 to USD 380 million in 2015-
2016.12° However, this accounts for only a tiny fraction (1.3%)
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of the total energy investment worldwide.*?* More than half
of the global investment in off-grid solutions in 2013-2014
went to three countries in the Asia Pacific region: Bang-
ladesh, India and the Philippines.'?? In India, of the total
USD 10 billion in electricity-related investments in 2015-
2016, only 2% —or around USD 200 million — went to off-grid
solutions.'?3 Nearly all of the financing for mini-grids and
off-grid solutions in the region has come from international
sources, mainly bilateral and multilateral development
financial institutions, private equity investments and
venture capitalists.*?*

Although a combination of
public and private finance
is addressing the gap in
financing for decentralised
energy projects, financing
for end-users remains a
challenge in the Asia Pacific
region. Because of the
resource-intensive nature
of DREA projects, solutions
often remain in the hands of non-profit organisations and
social enterprises. In South Asia, the non-profit Grameen
Shakti has promoted solar home systems in Bangladesh
through a rural network of microfinance branches and has
developed a sales strategy to boost consumer access to
finance with a low interest rate.!?® In India, the private social
enterprise SELCO has used a “lease-to-own” approach to
promote solar home systems in the south.

Global investment
in off-grid
solutions

accounts for only

a tiny fraction
(1.3%) of total
energy investment
worldwide.

In Bangladesh, China, Indonesia and Mongolia, the World
Bank has piloted result-based financing to help private
companies enter clean cookstove markets, advancing
technologies, performance levels and delivery models for
high-quality improved stoves.'?® The four-phase Indonesia
Clean Stove Initiative, a collaboration between the World
Bank and the government of Indonesia, was launched in
2014 to incentivise market-based solutions for clean cooking,
and targets and rewards market aggregators that demon-
strate successful delivery of these solutions. Between 2014
and 2016, the initiative attracted 10 private businesses to
participate in the pilot and was successful in stimulating
innovation in technology and business models for delivering
clean cooking solutions at the local level.*?”

In Myanmar, the IFC’s Lighting Global initiative is in
the process of introducing RBF to promote quality-
verified off-grid solar products, with initial funding of
USD 3.45 million, aiming to replace the highly subsidised
distribution of solar products under the existing govern-
ment off-grid programme.'?® The country’s solar market is
attracting private companies — such as SolarHome, Green-
light Planet, Niwa, ovSolar and d.light — that need support
in reaching out to remote rural customers.!?°



The Asia Pacific region also has attracted investments in
rural electrification from large energy players and corpo-
rations, many of which enter the market by providing
venture and impact equity investment in energy start-ups
(= see Table 6).13° For example, Shell and Engie, along with
Swedfund, have invested in India-based Husk Power, and
Engie also recently backed a private company, Manda-
lay Yoma, installing commercial solar rooftop projects
and community-based mini-grids in Myanmar.*3! Schnei-
der Electric’s Access to Energy programme, in addition to
facilitating investment transactions, partners with compa-
nies in India, Myanmar and the Philippines to develop local
mini-grid markets through technology solutions and
skills development.32

In the state of Jharkhand
in India, Azure Power, one
of the largest develop-
ers and operators of util-
ity-scale solar assets in
India with a market capi-
talisation of just under
USD 400 million, joined
large corporations (Mitsui,
Engie and E.ON) in enter-
ing the mini-grid market.'*3 Azure, under its M-Power

Current
investment
levels are below

what is needed to

achieve universal

electricity access
in Asia by 2030.

programme, was awarded its first mini-grid project by
Jharkhand Renewable Energy Development Agency to elec-
trify 320 households across 11 villages in the state, where
3 million households still lack access to electricity.*3*

TABLE 6. Key Investments in Off-grid/Mini-grid Companies in the Selected Asia Pacific Countries

Company

Investment Raised

ME SolShare (Bangladesh)

Azure Power (India)

USD 1.66 million

USD 1 million

USD 135 million

USD 30.5 million

USD 20 million
Husk Power (India) UsD 20 million
USD 5 million
USD 2.5 million
Mera Gao (India) USD 500,000
UsSD 300,000
OMC Power (India) USD 9 million
USD 2 million
Simpa Energy (India) USD 968,000
Undisclosed (2018)
Mandalay Yoma (Myanmar) Undisclosed
USD 10 million
Solar Home (Myanmar) USD 4.2 million
USD 1 million
Yoma Micropower (Myanmar)  USD 28 million

Source: See endnote 130 for this chapter.

Innogy New Ventures LLC, Energias de Portugal and Singapore’s [IX
Asia Growth Fund

UN DESA Award, 2018

IFC, Dutch development bank FMO, Société de Promotion et de
Participation pour la Coopération Economique (Proparco), and
Oesterreichische Entwicklungsbank AG (OeEB), 2018

FMO, 2017

US Overseas Private Investment Corporation, 2016

Royal Dutch Shell, Engie and Swedfund International, 2018

Bamboo Finance, Acumen Fund and LGT Venture Philanthropy, 2012
ElectriFl, Engie Rassembleurs d’Energies and Insitor, 2017
Interchurch Cooperative for Development Cooperation, 2015

Seed funding (USAID Development Innovation Ventures (DIV), 2011
Mitsui & Co, 2017

Equity (ADB, 2013)

USAID DIV (2013)

90% acquired by Engie and subsequent investment

Estimated investment size in realm of USD 2-5 million (Engie)

In debt (Crowdcredit, Trine, 2018)

In convertible note funding (TRIREC, Insitor Impact Asia, Beenextand a

group of Singapore-based family offices, 2018)
Equity funding (TRIREC, 2019)
Equity and debt (IFC, Norfund, Canada and Yoma Strategic Holdings)
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Public Financing and Development Assistance

Public capital can play a key role in providing early start-up
financing to off-grid energy access projects to reduce the
risks and barriers to enable private commercial capital to
enter the energy access market at scale.

In South Asia, the Indian government has created vari-
ous instruments for accelerating energy access, including
the recently introduced scheme Kisan Urja Suraksha evam
Utthaan Mahabhiyan (KUSUM) for farmers to harness solar
energy for better financial and water security. With a budget
of INR 344 billion (USD 5 billion), the scheme plans to install
decentralised grid-connected renewable power plants as
well as off-grid and on-grid solar water irrigation pumps, for
atotal solar capacity of 25.75 GW by 2022.335 Under KUSUM,
farmers and agricultural collectives can set up solar power
plants ranging from 500 kW to 2 MW on barren or cultivable
land and sell power to distribution companies at feed-in tariff
rates determined by the respective State Electricity Regula-
tory Commission. The scheme is designed to provide stable
and continuous income for rural landowners, while distribu-
tion companies will receive performance-based incentives of
INR 0.40 (USD 0.056) per unit for five years.13¢

Administered by MNRE, the Indian Renewable Energy Devel-
opment Agency (IREDA) provides financing to renewable
project developers, funded by the Indian government with
financial and technical support from the German develop-
ment bank KfW, the French development bank AFD, the
Nordic Investment Bank, the European Investment Bank,
JICA, the World Bank, the ADB and other international finan-
cial institutions, agencies and investors. Eligible renewable
energy and energy efficiency project developers have access
to the following financial programmes: concessional loans
up to 70% of the project costs of energy-efficient equip-
ment; 0.5% to 1% interest rate rebates on renewable energy
projects; financial assistance through a 50% discount on the
initial costs of projectimplementation, including processing,
inspection, legal and front-end fees related to renewable
energy installations; credit lines from IREDA to eligible inter-
mediaries to lend and/or lease energy-saving equipment; and
various tax benefits.*¥’

Countries in Southeast Asia are recognising that govern-
ment support is critical for deploying DREA systems.
Thailand has established several financial programmes to
encourage energy efficiency and renewable energy-related
projects in the public and private sectors. The country’s
Energy Conservation Fund (ENCON Fund) supports energy
conservation-related programmes and activities, including
energy efficiency improvement, renewable and alternative
energy development, research and development projects,
human resources development, and public awareness and
education campaigns.**® It also funds tax incentives, the
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Energy Service Company Fund and the Energy Efficiency
Revolving Fund. The ENCON Fund has engaged commercial
banks to develop and streamline procedures for appraising
and financing energy efficiency projects — helping to unlock
a bottleneck in energy efficiency financing — by providing
them with a creditline with 0% interest and seven-year final
maturity as anincentive to lend for energy efficiency projects
at a maximum interest rate of 4%.13°

In 2018, the Department of Energy of the Philippines issued
guidelines for the operationalisation of a Renewable Energy
Trust Fund for research, development and promotion of
renewable energy sources.!*? The funds will be obtained from
various sources, including emission fees, grants, contribu-
tions and donations. With some of the highest tariff electric-
ity rates in the region, combined with government incentives
for off-grid electrification, the Philippines’ off-grid market is
particularly attractive for private investment.*#

In The Pacific, the ADB is supporting Tonga in its ambitious
transition to a cleaner and more sustainable energy mix.
Tonga plans to develop wind and biomass generation sources
and to integrate these with multiple units of battery energy
storage under the Tonga Renewable Energy Project.}*?
Through a USD 12.2 million grant, together with grants from
the Green Climate Fund (CGF) (USD 29.9 million) and the
government of Australia (USD 2.5 million), the country aims
to reduce its dependency on imported diesel.**3

Barriers to Financing Off-Grid Energy Access

The primary reason for the
lack of private sector inter-
est in building electricity
generation and distribution
systems in remote areas
with challenging terrain
and low energy demand
is the high capital cost.
In the Philippines, for exam-
ple, despite high electricity
tariffs and government incentives for rural electrification,
private companies are not showing strong interestin energy
access initiatives. In some cases, complicated permitting
processes and the associated costs and time required for
permitting dampen private sector interest in investing
in electrification.#4

Countries are
recognising
the need for
government

support to foster
off-grid energy
access projects.

Although off-grid solar markets are active globally, a major
issue is the absence of an appropriate investor class, which
can support the sector by propelling the growth phase of
the existing off-grid players. In addition, there is a lack of
early-stage equity investors that could support the emerg-
ing off-grid players. Table 7 lists the key barriers that off-grid
providers face in accessing capital.14°
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TABLE 7. Key Barriers for Off-grid Solar Providers in Accessing Capital

Barrier Description

e High cost of debt financing due to rural customers being off-takers with low levels
of income and uncertain levels of demand
High off-taker credit risk ) ) ) )
e Lack of financial performance data for credit evaluation

e Assets are not being accepted as collateral

e High cost for feasibility studies borne by the providers
Lack of project finance

e Off-grid, small-scale systems are difficult to finance

. e Providers lack the capacity and resources to access grants or concessional finance
Lack of capacity

e Lack of capacity on the investors’ side to identify suitable projects
Scale of investments e Small ticket sizes of the projects lead to high transaction cost

e Uncertainty in long-term commercial viability due to lack of long-term operational
Exit options/liquidity and performance data and subsequent phasing out of public capital

e No standard exit options for equity investors

e Concerns about long-term sustainability of off-grid systems, especially mini-grids
as the main grid expands

Policy/Regulatory risks e Lack of dedicated policies and regulations on long-term integration of off-grid

infrastructure, especially risks associated with licensing provision, tariff setting,
main grid arrival and design of public financial support for mini-grids

e Lack of tools in predicting demand and end-user financing, resulting in uncertainty
of realised output of the off-grid business models
Other commercial/market

barriers o Excessive market volatility due to longer investment horizons for off-grid provision

o Lack of mature mobile money market for advancement of innovative
end-user financing

FOR ENERGY ACCESS

Source: See endnote 145 for this chapter.
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POLICY LANDSCAPE

and the Pacific is diverse because of the

wide-ranging income levels, GDP growth
and economic development across countries. Policy
makers have the opportunity to design an effective
mix of support policies tailored to their respective
jurisdictions, which would evolve as the costs of
renewable technologies decline, particularly due
to rapid development in countries such as China
and India.

P olicy support for renewable energy in Asia

National renewable energy policy frameworks vary
greatly in scope and comprehensiveness, with some
linked to countries’ decarbonisation commitments and
climate policies. Regionally, ASEAN member states jointly
outlined in the Plan of Action for Energy Cooperation
(2016-2025) aspirational targets to achieve a share of 23%
renewables inthe ASEAN energy mix by 2025 and to reduce
energy intensity 20% by 2020 based on 2005 levels.t

High-income countries in Northeast Asia — Japan and the
Republic of Korea — have adopted targets to increase the
share of renewables in the electricity generation mix and to
improve energy efficiency. In countries with rapidly grow-
ing industries — such as China, India, the Philippines and
Thailand - policies are aimed at reducing the carbon inten-
sity of economic development. Other countries across the

In 2016 ASEAN
member states
pledged to achieve
a target of 23%
- renewables in the
ASEAN energy mix
by 2025.

Yisg
|

region have adopted some degree of supportive policies,
regulations orfiscal incentives to boost the renewable energy
sector. Countries in Central Asia and The Pacific that have
rich fossil fuel resources or dependencies —as well as outliers
like Myanmar that have weak support for renewables from
policy makers — have seen more limited progress, and the
sector continues to struggle.

OVERVIEW OF POLICIES AND TARGETS

Renewable energy support policies and targets were present
atvarious levels of governmentin all 18 selected countries in
the Asia Pacificregion as of mid-2019. In most countries, they
are combined with energy efficiency targets. FITs are the
most common support mechanisms in these countries but are
gradually being phased out or replaced with renewa-
ble energy auctions. Quotas or mandated targets are less
common, and net metering has been introduced in some
countries. With regard to fiscal incentives and publicfinancing,
countries have in place capital subsidies or grants, invest-
ment tax credits and customs duty exemptions, as well as
public loans and grants. Energy production payments remain
the least common policy support tool.

A detailed overview of policy support and incentives for
renewables in the region is provided in Table 8.2




TABLE 8. Overview of Policy Support and Incentives for Renewables in the Selected Asia
Pacific Countries

Fiscal Incentives and
Public Financing

Country Regulatory Policies
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Legend: % = New; ¥ = Revised; D = Drafted Renewable Energy Targets: P = Power; H = Heating;

BF = Biofuel mandates

Policies: @ = Existing national policy or tender framework
(could include sub-national); €= Existing sub-national policy

or tender framework (but no national)
T =Transport; | = Industry

Source: See endnote 2 for this chapter.

Energy Efficiency Targets: B = Building standards;
A = Appliance standards; H = Heating; C = Cooling;
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POWER SECTOR

AlL18

countries
currently have

Most countries of the Asia Pacific region have given
considerable attention to renewable power as a means to

improve energy security, reduce air pollution and provide
renewable energy

policies and
targetsin place.

cost-effective electricity access (= see Distributed Renewa-
bles chapter). This section provides an overview of adopted
policies and renewable energy targets for the power sector,

highlighting countries’ specific plans and roadmaps for
achieving them. See also Table 9 for an overview of national
targets and plans.®

TABLE 9. Overview of Renewable Energy Plans and Targets in the Power Sector in the
Selected Asia Pacific Countries

Plans related to achieving

Country Renewable energy targets the targets

Northeast Asia

o 13th Electricity Development

e 15% non-fossil fuel-based primary energy Five Year Plan (2016-2020)
consumption by 2020, including installed capacity
. of: 210 GW wind, 110 GW solar, 340 GW hydro, o Strategic Energy Action Plan (2014-2020)
China 15 GW biomass, 0.55 GW other renewables

e Renewable Portfolio Standard plan (draft)
© 20% non-fossil fuel-based primary energy

consumption by 2030 e 13th Renewable Energy Development

Five-Year Plan (2016-2020)

Japan ® 22-24% renewables in the energy mix o Strategic Energy Plan
by 2030 (authorised by Cabinetin 2018)
Mongolia * 20% renewable generation by 2023; o State Policy on Energy, 2015-2030
30% by 2030
* 20% renewable generation by 2030, with o 3rd National Energy Basic Plan (2019)
Republic of Korea 58.5 GW of installed capacity (mainly solar and . -
wind); 35% by 2040, with 103 GW to 129 GW e 8th Basic Plan for Long-Term Electricity

of installed capacity (proposed revision) Supply and Demand (2017)

. . o First National Renewable Energy Action Plan (draft)
Georgia e 30% renewable generation by 2020 (proposed)

e New Energy Policy (2015)

e 3% renewable generation by 2020

« New installed capacity of 1,700 MW by 2020 o Strategy Kazakhstan 2050: A New Political Course
including 933 MW wind, 467 MW solar, of the Established State
Kazakhstan 290 MW hydro, 10 MW biogas » Concept for the Republic of Kazakhstan'’s

e 10% renewable generation by 2030, including Transition to a Green Economy (2013)

5 GW wind and 500 MW solar
* 50% renewables in the energy mix by 2050

* 21% renewables in power generation by 2031,

including atleast 4 GW solar PV e Action Program on Renewable Energy

Uzbekistan
Development for 2017-2021

e More than 1 trillion kWh electricity generated
from wind by 2030
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Plans related to achieving

Countr Renewable energy targets
y gytarg the targets
Bangladesh * 10% renewable generation by 2020 » Power System Master Plan 2016
(2.47 GW capacity)
* 40% of installed power generation capacity from e Announcements in line with country’s Intended
clean energy sources by 2030 Nationally Determined Contribution
India e 175 GW by 2022, including 100 GW solar, o MNRE Year End Review 2018

60 GW wind, 10 GW bio-power,
5 GW small-scale hydro

e 25% of generation capacity from alternative
and renewable energy technologies by 2025
(including solar, wind, geothermal, biomass,
biogas, syngas, waste-to-energy, storage

q systems, ocean/tidal and hybrids
Pakistan J v ) « Renewable Energy Policy 2019 (draft)

* 30% from alternative and renewable energy
technologies by 2030

* 30% large-scale hydro (more than 50 MW)
in total generation

Sri Lanka © 20% from non-conventional renewables e Long Term Electricity Generation Plan 2018-2037

(except large-scale hydro) by 2020; 50% by 2030 (draft)

Southeast Asia
Indonesia ¢ 23% renewable electricity by 2025 o Electricity Supply Business Plan 2019
Myanmar « No target adopted e Myanmar Energy Master Plan
(December 2015)
* 50% renewable-based capacity by 2030, from
5.4 GW to 15.3 GW by 2030 (update expected e Renewable Energy Roadmap

Philippines in late 2019
) o National Renewable Energy Program

e 81 MW of geothermal power capacity by 2021

. i e Power Development Plan (PDP, 2018-2037)
* 20% renewables in power generation by 2037,

Thailand adding 20.766 GW of new capacity e 2015 Alternative Energy Development Plan

. . (AEDP, revision expected in late 2019)
e 3 GW of wind power capacity by 2036

e New Energy Reform 2018-2022

© 9.9% installed renewable energy capacity by 2020
. (800 MW wind, 850 MW solar); 21% by 2030 o National Power Development Master Plan
Viet Nam (6 GW wind, 12 GW solar) (“PDP VII”) for the 2011-2020 Period with the vision

« 7% renewable generation by 2020; for 2030 (seventh revision, 2016)

above 10% by 2030

The Pacific

e 5-Year & 20-Year National Development Plan

POLICY LANDSCAPE

Fiji « 80% renewable generation and 18% renewablesin ~ ® National Energy Policy 2013-2020
total energy consumption by 2020; 100% by 2030 « 10 Year Power Development Plan 2017-2026

o Fiji NDC Implementation Roadmap 2017-2030

Tonga * 50% renewable generation by 2020, 70% by 2030 e Tonga Energy Road Map 2010-2020

Source: See endnote 3 for this chapter.
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Countries in Northeast
Asia are diversifying their
energy mixes to reduce
dependence on fossil fuels.
China, Japan and the
Republic of Korea all have
adopted mechanisms and
policies and provide vari-
ous renewable energy
incentives towards the low-

Despite policies
to encourage
investments, the
totalinstalled

renewable

energy share
in Bangladesh
remains at 1.5%.

carbon transition (= see Sidebars 7, 8 and 9 for details).*

Central Asia shifted its attention to renewable energy devel-
opment more strongly after 2015, focusing on wind and
solar power with assistance from development institutions
and banks. Mongolia amended its 2007 Renewable Energy
Law in 2015 to replace unsuccessful fixed payment FITs with

?/ RENZ21 ASIA AND THE PACIFIC RENEWABLE ENERGY STATUS REPORT

feed-in premiums that are added on top of the market energy
price. A second amendment was proposed to the Mongolian
parliament for discussion and approval in October 2018
to cap the tariffs for renewables and introduce auctions.®
The government also improved regulation for power purchase
agreements (PPAs) and developed several projects with
assistance from the ADB and Japan. Georgia is developing its
National Renewable Energy Action Plan in compliance with
EU directives to set national targets for the renewable energy
share and grid standards for the integration of renewables
into the national power system.®

In South Asia, national and (in the case of India) sub-
national policies exist to promote increased shares of renew-
ables in power generation. In 2008, both Bangladesh and
Sri Lanka adopted policies to encourage investments in
renewable energy projects, and Sri Lanka plans to install
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SIDEBAR 7. Selected Countries in Transition to Renewable Energy

Pakistan's Updated Renewable Energy Policy to Be
Approved

Pakistan is updating its 2006 Renewable Energy Policy, with
the outcome expected later in 2019. The revised policy aims
to increase the renewable share in power generation from
the current 4% to a target of 25% of total installed capacity
from “alternative and renewable energy technologies” by
2025 and 30% by 2030. The country holds huge renewable
energy potential, particularly for wind and solar.

The technologies included in the updated policy include
solar PV, wind, geothermal and biomass, as well as biogas,
syngas, waste-to-energy, storage systems, ocean/tidal
power and various hybrids. Large-scale hydropower is not
included in the targets and is expected to account for 30%
of the 2030 power generation capacity (up from 25% today).
While the 2006 policy provided multiple incentives for the
private sector to develop renewable energy projects, itis not
clear what mechanisms and action plans will be putin place
underthe new policy to create a favourable environment for co-
ordination among various departments dealing with the
renewables sector.

Indonesia to Increase Its Renewable Generation Share

Although Indonesia’s generation mix still relies heavily on
fossil fuels to meet the country’s energy needs, the national
Electricity Supply Business Plan 2019 (RUPTL 2019-2028)
promotes the use of renewable energy sources. The renew-
able share in the power mix is less than 15%, mainly from
hydropower plants (around 8%) and geothermal plants (5%).
Solar PV accounted for only 0.16% and wind for 0.13%, with
installed capacities of 105.8 MW and 85.1 MW, respec-
tively. Under the RUPTL, the country targets a 23% (5 GW)
renewable share in 2025, with hydropower accounting for
10.4%, geothermal for 10.6% and other renewables for 2%.

The additional installed capacity requiredis 16.7 GW, includ-
ing 9.5 GW of large-scale hydropower, 4.6 GW of geothermal
power and 2.6 GW of other renewables. Mini-hydro is fore-
casted to grow rapidly from a low base, with a 90% increase
compared to the allocation in the previous RUPTL, adding
1.5 GW of capacity.

The RUPTL also calls for more independent power produc-
tion, which will be able to feed electricity to the public grid
managed by PLN, supporting the addition of 3.2 GW of roof-
top solar PV capacity, as presented in the plan.

The Republic of Korea's Roadmap to Renewables

The Republic of Korea, Asia’s fourth largest economy, relies
on coal and nuclear energy to produce around 70% of its
electricity, powering the growth of the country’s energy-
intensive industries. Historically, energy policy in the country
was directed at supporting its industrial and economic poli-
cies; however, worsening air pollution and ambitious carbon
emission targets have led it to diversify its generation mix.

In the Renewable Energy 3020 Implementation Plan, the
Korean government revealed an ambitious roadmap to
achieve 20% renewable energy production by 2030, up from
the current 7%. In April 2019, the Ministry of Trade, Indus-
try and Energy pledged to raise the renewable share of the
country’s power output to as much as 35% by 2040 to reduce
dependence on coal and nuclear. The country’s general prin-
ciples and frameworks for energy development are renewed
every five years in National Energy Master Plans outlining
20-year goals, while specific targets are mentioned in Basic
Plans of Electricity Supply and Demand, published every
two years.

Source: See endnote 4 for this chapter.



atotal of 200 MW of solar PV projects by 2020, and 1 GW by
2025.7 However, the total installed renewable energy shares
in these countries are still low, at 1.5% and 15% (excluding
hydropower), respectively.®

In Southeast Asia, Viet Nam has prioritised renewable
energy in the seventh revision of its Power Master Plan.®
In May 2018, the government issued a new decree on
public-private partnership (PPP) investments, aimed at
removing common difficulties and obstacles in the imple-
mentation of PPP projects.!® Recent regulations on renew-
able energy (solar PV, including rooftop installations, and
wind) have generated rising interest from foreign inves-
tors and potential sponsors.t! In Indonesia, despite the
large potential for renewables, tariffs for renewable energy
projects are capped at 85% of the utility generation cost,
which is unfavourable for the IPPs whose costs of supply
differ according to the location and resource available.*?
In December 2017, the Department of Energy of the Philip-
pines adopted renewable portfolio standards (RPS) aimed at
increasing the renewable generation share to 35% by 2030,
with 2019 as the transition year to allow mandated partici-
pants to prepare for full RPS compliance starting in 2020.3

Governments in The Pacific, driven by their dependence on
imported fossil fuels, are setting targets to achieve 100%
renewable energy generation in the power mix. Fiji's commit-
ment to increasing renewable energy generation, as stated
inthe National Energy Policy of 2014 and the 10-year Power
Development Plan for 2017-2026, will require FJD 2.4 billion
(USD 1.1 billion) for power generation, transmission and
distribution assets, for which the country plans to attract
investments from the private sector as IPPs.*

Liberalisation and Deregulation to Enable Renewables
in the Power Sector

Deregulation of utilities in the Asia Pacific region in favour of
renewables is essential to enable power producers to utilise
energy resources efficiently using cost-reflective tariffs
within a competitive market, encouraging foreign direct
investment in the development of new and smart energy
infrastructure.'® The Fukushima nuclear disaster in 2011
prompted Japan to accelerate the adoption of electricity
retail competition, deregulation and renewables to ensure
energy security. These measures have resulted in around
600 players entering the Japanese energy marketin the past
three years, including new domestic companies as well as
foreign companies (= see Sidebar 8).16

Utilities in Southeast Asia have yet to be unbundled.
In the Philippines, the Electric Power Industry Reform Act of
2001 (Republic Act 9136) was enacted to institute reforms
in the energy industry, mainly to privatise the generation
assets of the National Power Corporation.t” The privatisa-
tion, facilitated by the Power Sector Assets and Liabilities
Management Corporation, benefited consumers in the coun-
try’s urban centres, resulting in fully liberated markets.*®
However, providing competitive services to rural markets
remains a challenge.

Thailand, as a part of International Monetary Fund and
World Bank recommendations, unbundled the assets of the
Electricity Generating Authority (EGAT) and introduced laws
for market deregulation.?® The country’s National Power
Development Plan for 2018-37 emphasises greater partic-
ipation from private companies in power generation.?°
The plan is expected to take effectin 2019, after which four
interrelated plans — on oil management, natural gas supply,
alternative energy development, and energy savings and
efficiency — would be drawn up and integrated under the
country’s energy reform plan.?! Part of the planistoincrease
interconnections with neighbouring countries.

In The Pacific, the main generator and distributor of grid-
based power in Fiji, state-owned Energy Fiji Limited, which
supplies an estimated 90% of the population with installed
capacity of 316 MW, has been partially privatised.??
The country’s 5-Year & 20-Year Development Plan encour-
ages further private sector participation in the electricity
sector by developing an IPP framework.?*> Some IPPs, such
as Tropik Wood Industries Limited, Fiji Sugar Corporation
and Nabou Green, already operate generation plants with a
combined capacity of 44 MW.2?* Hydro Fiji Ltd. has a 30 MW
hydropower plantin the pipeline.?
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SIDEBAR 8. Electricity Reforms in Japan, Post-Fukushima

Following the closure of the damaged Fukushima nuclear
power plantin 2011, Japan experienced an energy crisis that
resulted in skyrocketing electricity prices in the country. The

government has since focused on diversifying its energy mix
and increasing energy self-sufficiency by deregulating the

energy market. This process, initiated in 2016, has turned

Japaninto one of the largest deregulated electricity markets

globally, allowing private sector participation in the genera-
tion and retail business.

As a step towards greater diversification of the energy
market, the government established a non-fossil value trad-
ing market, where the non-fossil value of renewable power is
separated and certified by the government. Electricity retail-
ers can purchase non-fossil certificates, and 44% or more of
their sales are required to be non-fossil by 2030.

In July 2018, the administration of Prime Minister Shinzo Abe
approved the 5th Strategic Energy Plan as a basic direction of
Japan’s energy policy to 2030. The plan focuses on strength-
ening energy security; implementing energy conservation
and renewable energy policies; and balancing publicinterest
issues with market liberalisation and growing competition.

Among the most ambitious goals is to raise Japan’'s energy
self-sufficiency from around 8% in 2016 to 24% by 2030.
However, the plan also revokes the previous government’s
policy of phasing out nuclear power and aims to restore
nuclear as a key baseload electricity source, raising its
share to 20-22%. Renewable energy is planned to be the
major power source, comprising 22-24% of the 2030 power
supply (up from less than 10% in 2016), but no clean energy
roadmap isin place. The next phase of power sector reforms
will come into effect in 2020, unbundling 10 major utility
companies and potentially helping to boost the growth of
the renewables sector.

Source: See endnote 16 for this chapter.
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Grid Integration of Renewables

Several countries in the region are taking direct steps to ease
the integration of renewable energy — particularly variable
renewables such as wind and solar — into electricity grids.
In addition to its ongoing efforts in this area, India’s MNRE
recently allowed off-grid solar plants to be connected to the
grid with net metering capabilities, in cases where an exist-
ing off-grid solar plant was installed at a location where grid
supply became available at a later date.?® The Ministry’s goal
is to ensure optimal use of assets; however, conversions like
this will be subject to applicable regulatory provisions, and
the cost will be borne by state governments.?”

In Myanmar, the government has been reluctant to increase
the share of variable renewables (solar and wind) due to a
weak transmission network. However, market research and
industry experts familiar with the country’s grid network
suggest that 10-19% integration of renewables is possi-
ble without significant grid issues.?® Policy makers and
the industry will closely observe the country’s first grid-
connected solar PV plant — with 170 MW of capacity, of
which the first 40 MW came online in June 2019 - as it
could create a precedent for developing grid integration
guidelines for renewables.?®

In line with improving its
existing legislative frame-
work in compliance with
EU directives, Georgia
must harmonise its energy
market with the EU stand-
ard — creating a grid code
for integrating renewables
into the national power
system — as well as finalise
its National Renewable Energy Action Plan. China, mean-
while, is facing challenges balancing its renewable energy
generation with its fossil fuel power capacity, resulting in
curtailment of renewables alongside overproduction from
fossil fuels (= see Sidebar 9).30

Japanisone
of the largest
deregulated

electricity markets
globally.




SIDEBAR 9. China Curtails Renewables While Struggling with Overproduction from Fossil Fuels

China’s 13th Five-Year Plan for Energy Development (2016-
2020) includes strategies for a clean energy transition, in
line with the country’s commitment to low-carbon develop-
ment. China plans to reduce its energy consumption by 15%
per unit of GDP compared to 2015 levels and to increase the
renewable share in its coal-heavy power generation to 15%,
up from 11.4 % in 2015. Besides increasing renewable energy
capacity, the plan also supports the interconnection of wind,
solar and biomass energy, one of China’s biggest challenges
inrenewable energy development.

As aresult of economic downturn and scaling down energy-
intensive industries, in 2016 China saw its lowest use of
existing power generation capacities since 1978. However, in
2018 coal mining and coal power generation increased in the
country —and the world experienced record high coal emis-
sions—as Chinese provinces, encouraged by economic stimu-
lus measures, turned back to smokestack industries to boost
local economies in rust-belt regions. The country’s prioriti-
sation of traditional fossil fuel power plants in combination
with transmission bottlenecks and curtailment of renewable
energy, particularly wind and solar in the western regions,
prevents renewable electricity from reaching the grid.

Following record curtailment of wind power in 2016, when
17% of China’s wind energy was wasted, the situation has
improved as a result of new regulations capping curtailment
levels as well as policies to expand electrification, encourage
directtrade in renewables among large consumers and build
new transmission lines. In April 2019, the National Energy
Administration lifted the ban on building coal power plants
in 11 provinces that previously had been prevented from new
construction due to overcapacity concerns.

The current 13-Five Year Plan for Energy focuses on abating
curtailment; shutting down inefficient coal-fired boilers;
investing in new hydropower, energy storage and nuclear
power projects; and increasing the network of smart grids
and ultra-high-voltage power transmission. In late 2018,
China re-emphasised its aim to keep wind curtailment below
10% in 2019 and 5% in 2020, and in May 2019 it released its
renewable energy obligation policy to guide the mandatory
quota for renewable electricity use required from different
market players.

Source: See endnote 30 for this chapter.
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Energy Efficiency Policies and Targets

Energy efficiency targets in the Asia Pacific region often exist
as a result of political aspirations or international commit-
ments, yet many countries lack the policies and laws neces-
sary to realise concrete improvements in energy efficiency.
However, some countries have integrated their energy effi-
ciency strategies and enforcement mechanisms into sectoral
programmes and regulatory processes.

Because the region is one of the world’s most energy intense,
national governments are determined to decouple GDP
growth and energy consumption through strong demand-
and supply-side improvements backed by policy incentives.
Unlocking the region’s energy efficiency potential across all
sectors will require technology leapfrogging and investments
in advanced energy systems, power grid upgrades and retro-
fitting existing plants, as well as incentivising purchases of
energy-efficient equipment and appliances.

In the context of rapid economic growth, countries are
focused on reducing the energy intensity of majorindustries.
Japan’s longstanding commitment to improving energy effi-
ciency focuses on energy conservation in the residential and
industrial uses of electricity. The Ministry of Economy, Trade
and Industry prepared a roadmap for a Net Zero Emissions
House, where annual net consumption of primary energy
is zero.?? Viet Nam scores the highest in energy efficiency
among all developing countries, thanks to the successful
implementation of load-shedding incentives to avoid a short-
age of electrical capacity, in collaboration with the public
utility as well as large consumers.*?

Feed-In Tariffs and Auctions

Traditionally, the most common mechanism in place to
support renewable energy development in the Asia Pacific
region has been FITs (- see Table 10).3*However, several
countries have revised or discontinued their FITs in recent
years in response to evolving market trends. In some cases,
FITs were replaced by auctions to reflect recent declines
in solar PV costs and to prevent over-subsidisation in
markets where renewables can compete with traditional
power sources.
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Table 10. Selected Feed-in Tariff Schemes in the Asia Pacific Region as of 2019

Ground

mounted R

Differentiated solar FITs
according to the location

were updatedin Apri 2019 804559
and effective starting 0.078)
July 2019. Village-level
. . PV plants

A new wind FIT released in for poverty
May 2019 will change from alleviation:
afixed FIT to a bidding FIT RMB 0.65-

. L 0.85 (USD
with the upper limit set by 0.092-0.12)

the Chinese government
as the guidance price.

Northeast Asia: China

ﬂ Wind (per kWh)

Other Onshore Offshore

Commercial ]
and industrial 2019 guidance
distributed price: RMB ;
2019 guidance

PV power 0.34-0.52 . g

: price:RMB 0.8
generotlon: (USD 0.049- (USDO 12)
RMB 0.1* 0.076) '
(USD 0.014)
Residential . 2020 guidance
(self- 20_20.GU|dcmce price: RMB

. Price: RMB

consumption 5 47 0.75 (USD
plus excess 008953'042 0.11)
feed-in/100% | oeo) 8
feed-in): RMB ’
0.18 (USD
0.025)

Central Asia: Kazakhstan

Solar PV* installations: KZT 34.61 (USD 0.1)

FITs approved by government

decree No. 645 of 2014 KZT 70 (USD 0.21)

Solar PV installations using Kazakhstan silicon:

Small-scale
hydropower:
KZT 16.71
(USD 0.05)

Biogas: KZT
32.23 (USD
0.097)

KZT 22.68 (USD 0.068)

Southeast Asia: Viet Nam

Standardised FITs for solar
to be replaced by

VND 1,803-
differentiated FITs based on ~ YND 1,525- 2,486 (7.89-
. , . . 2,102 (6.67-9.2 10.87 US
the regions' solarirradiance, jg cents) celilts)

installation type and
commercial operation date.

Biomass:
VND 1,928 VND 2,223 5.8 US cents
i (8.5UScents) (9.8 US cents)
Floating: (if commercial  (if commercial ~ YVaste-to-
VND 1,665- operationdate operation date enSergy: 10.05
2,281 (7.24- is reached is reached US cents
9.98US cents) * Pefore before Landfill gas:
1stNovember 1stNovember 7535 cents
2021) 2021)

Note: In China, commercial and industrial distributed solar PV projects for 100% feed-in will be subject to the same FiTs applied for ground-mounted systems. In Viet Nam, the
proposed tariffs are exclusive of value-added tax and are subject to adjustments based on the fluctuation of USD (in US cents/kWh) in accordance with the central exchange
rate between USD and VND as announced by the State Bank of Viet Nam on the last day of the previous year to calculate the power payment for the following year.

Source: See endnote 34 for this chapter.

Countries in Northeast Asia have used FIT schemes to
support renewable energy development. In May 2019, the
Price Bureau of China’s National Development and Reform
Commission published its revised FIT policy for solar PV
and wind, which was lower than the previous year.?®
The government also published a list of the first batch
of subsidy-free solar and wind pilot projects, with a total
capacity of 20.76 GW in 16 provinces.3® The grid compa-
nies are required to sign long-term contracts of more than
20 years, with subsidy-free projects at a price equal to the

local coal power benchmark tariff (grid parity price), as the
country prepares for subsidy-free wind and solar generation
from 2021 inlight of the declining cost of renewable energy.*”
Removing subsidies also aims to re-stabilise China’s Renew-
able Energy Development Fund — managed by the central
government — which reached a deficit of more than
RMB 100 billion (USD 14.5 billion) by the end of 2018.38



After the Fukushima nuclear accident in 2011, Japan intro-
duced FITs for solar and wind energy to promote a higher
share of renewables in the electricity mix. The country has
put in place a plan for auctions, increasing the burden on
the national budget, with the three auctions held by the
governmentresultingin around 500 MW of auctioned capac-
ity for solar projects and a relatively high average price of
JPY 15.01 (USD 0.136) per kWh.3®

The Japanese government also approved a new national
framework for commercial offshore wind development in
areas outside ports and harbours. The Act for the Promotion
of Use of Marine Areas for Development of Marine Renewable
Energy Generation Facilities came into force on 1 April 2019,
and, by mid-2019, 11 offshore wind areas were identified to
conduct further surveys before officially designating these
zones for wind power development. Following this process,
the first offshore wind auctions are expected in spring 2020.4°

With these measures in place, Japanis aiming at 2030 targets
of JPY 7 (6.3 US cents) per kWh for utility-scale solar PV and
JPY 8-9 (7-8 US cents) per kWh for onshore wind power.*
However, Japan abruptly decided to cut the FIT for large-scale
solar PV projects approved between 2012 and 2014 that did
not reach completion by September 2019.4

Central Asian countries are piloting auctions to boost
renewable energy capacity at cost-reflective tariffs.
After a 2014 tender was awarded to a Chinese company in
2016, Uzbekistan announced a second solar tender in Febru-
ary 2019 for 100 MW of capacity in the country’s south-west.*3
Twenty major energy companies and international financial
organisations expressed interest in public-private partner-
ship solar power projects in the country.* The government
of Uzbekistan tasked the EBRD with providing support for
development of the country’s first wind energy auction.*®

In Kazakhstan, renewable FITs approved in 2014 were the
ceiling prices for the first auction in 2018, with the ceiling
prices for subsequent auctions to be determined at the level of
the maximum price of the previous auction winner.*¢ Four solar
projects, with a total of 170 MW of capacity, were tendered
in October 2018 by the power market operator KOREM.#
This was the first tender under a series of auctions that the
government has planned for renewable power, with the
goal of assigning 1 GW of renewable generation capacity,
comprising 290 MW of solar, 620 MW of wind, 75 MW of
hydropower and 12 MW of biomass projects.*®

In South Asia, India is using auctions to approve large-scale
renewable energy projects in an effort to reach its goal of
100 GW of solar and 60 GW of wind energy installed by
2022.49Until 2017, capacity additions to wind genera-
tion in the country occurred through the FIT mechanism.
The country has since shifted to competitive bidding, and
six reverse auctions for solar projects and seven for wind
have been completed, auctioning 9.5 GW of solar capacity
and more than 12 GW of wind capacity as of mid-2019.5°
The auctions resulted in the lowest-ever solar tariffs of INR
2.44 (USD 0.037) per kWh, a remarkable reduction from INR
18 (USD 25) per kWh in 2010.%* The lowest-ever wind bid of

INR 2.43 (USD 0.038) per kWh was quoted in the 500 MW
Gujarat Urja Vikas Nigam Ltd. (GUVNL) auction.®?

India’s first grid-connected wind energy projects were
commissioned in August 2018, and the government has
outlined a trajectory of bidding 30 GW of solar capacity
and 10 GW of wind capacity every year to achieve a total
renewable capacity of 500 GW by 2028, in line with the
country’s plan to generate 40% electricity from non-fossil
fuels by 2030.53 Industry players, however, have expressed
concerns about low-set tariff ceilings, a 25% safeguard
duty on imported solar products and India’s unclear tax
environment, after several auctions in 2018 resulted in
either no bids or cancellations.>*

In Southeast Asia, Indonesia’s Ministry of Energy and
Mineral Resources replaced the favourable FIT mechanism
with a new incentive scheme, setting a maximum ceiling
price benchmarked against the local and national genera-
tion cost of electricity. The regulation sets the tariffs below
the national supply cost of electricity (commonly referred to
as the national BPP), or, where the local BPP is higher than
the national level, the tariffs may be set at no more than 85%
of the local BPP, which ranges from USD 0.048 to USD 0.144
per kWh, depending on the region.>®

In the Philippines, the FITs for hydro, wind, solar, ocean and
biomass energy, guided by the Energy Regulatory Commission
(ERC), are based on the levelised cost of electricity, guaranteed
for 20 years and adjusted annually. As of September 2018,
52 projects —solar, wind, run-of-river hydro and biomass —had
signed renewable energy payment agreements.*® The FITs
are financed through a uniform FIT allowance (FiT-All) charge
that all grid-connected electricity consumers pay to cover
payments to renewable energy developers receiving incen-
tives in the country. Distribution utilities, the National Grid
Corporation and retail electricity suppliers serve as collecting
agents, and all proceeds go to the FIT-All Fund, administered
by the National Transmission Corp (TransCo).

In March 2019, the ERC approved a reduced FiT-All of PHP
0.2226 (USD 0.0042), which is calculated annually based on
the suggested charge proposed by TransCo.%” The Philippines
is moving from FITs to auctions to support the build-out of
large-scale solar to provide around-the-clock power supply
with lower electricity tariffs, receiving the region’s lowest bid
of PHP 2.34 (USD 0.044) for a 50 MW solar plantin 2018.58

Viet Nam’s Ministry of Trade and Industry will provide its
FIT for solar power projects through 30 June 2021; however,
the Ministry is required to submit a policy introducing an
auction process and tariffs for new wind power from 2021
onwards.%® Unlike the previous tariff set at 9.35 US cents for
all solar projects indiscriminately, the new tariffs for projects
achieving commercial operation before the end of June 2021
will range from 6.67 US cents to 10.87 US cents per kWh.®°
The calculations will be based on location (i.e., differentiating
regions with different solar radiance) and on the type of solar
technology (floating, ground-mounted, rooftop and solar with
integrated energy storage).®*
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In The Pacific, to address energy challenges in Tonga and
lower the cost of producing power on the island, Tonga Power
Limited (TPL) signed a PPA with Sunergise New Zealand
Limited to finance, build and operate a 6 MW solar plant —
the second in the Pacific and the largest in the region — for
25 years for a very competitive FIT (undisclosed).®? It is the
second project that TPL has established with an IPP, follow-
ing a 2 MW solar project with a Chinese company in 2016.53
The plant will produce 15 GWh of electricity, or 15% of the
anticipated demand in 2020, to help Tonga achieve its goals
of 50% renewable energy by 2020 and 70% by 2030.54

Overall, the Asia Pacific region has seen several successful
examples of reverse auctions' for renewable energy projects,
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resulting in competitive costs for solar and wind generation
at grid parity levels. In reverse auctions, governments invite
developers to submit non-negotiable bids for a certain capac-
ity of renewable energy generation, with predetermined
requirements, with the lowest price per unit of electricity to
win the contract. Successful utility-scale auctions have been
held in Northeast Asia (China, the Republic of Korea), South-
east Asia (Indonesia, the Philippines, Thailand, Viet Nam),
South Asia (India, Pakistan) and Central Asia (Kazakhstan)
(= see Figure 9).%° Thailand is shifting to auctions as part of
its new 20-year national strategy, Thailand 4.0, which aims
to strengthen and grow the economy (= see Sidebar 10).%¢

i Type of auction in which the roles of buyer and seller are reversed. See Glossary for more information.

82

SIDEBAR 10. Renewable Energy as a Building Block of Thailand 4.0

The decision to shift to auctions for renewable energy devel-
opment, along with the introduction of a variety of support
mechanisms, is part of Thailand’s new 20-year national
strategy, Thailand 4.0. The aimis to strengthen and grow the
economy and to build the country’s competitiveness while
attaining sustainable development. The Thai government
initially introduced a feed-in premium/adder programme,
which was later replaced by a FIT scheme and then a shift
to competitive bidding in 2017. The FIT served as the ceil-
ing price to allow the market to determine real prices and
to minimise the risk of over-subsidisation of renewable
energy projects.

In the last auction in 2017, 17 out of 85 proposals were
awarded for a total capacity of 300 MW at an average price
of 7.39 US cents. This was below the ceiling bidding price
of 11.09 US cents, out of which 5.48 US cents is fixed and
5.61 US cents will be adjusted annually by core inflation.
Fourteen of the projects ranging from 10 to 50 MW were
biomass, and the remaining three were hybrid projects
(biogas plus solar, biomass plus solar and solar plus stor-
age), with 20-year PPAs that were expected to be signed
by December 2019.

In 2019, a fourth round of bidding for a combined capacity of
8,300 MW was expected to open for IPPs, including renew-
able energy. Thailand was also preparing for peer-to-peer
trading of renewable power, with two pilot projects ongoing.
Policy makers plan to provide licences to private companies
to develop solar rooftops — with a combined capacity of 100
MW —that will be able to sell electricity to the national utility.

Under the six focus areas of the Thailand 4.0 strategy, green
growth is being supported through “Energy 4.0”, the Minis-
try of Energy’s policy platform for integrating the efficient
use of new and renewable energy, smart grids, energy stor-
age technology, SPPs, hybrid firms and EVs for Thailand’s
future growth and investment opportunities. An example
is the plan to develop a smart grid in the Eastern Economic

Corridor by the state-owned utility EGAT and the Provincial
Electricity Authority in a bid to lower power fees and draw
new investment flows. Thailand’s energy strategy is guided
by the National Energy Policy 2008 along with five inter-
connected energy plans known as the Thailand Integrated
Energy Blueprint to achieve the country’s top policy objec-
tives: energy security, economic affordability and environ-
mental sustainability.

Renewable energy is further covered by the Alternative
Development Plan and the 2018-2037 Power Development
Plan (PDP). After approval by the Cabinet, the new PDP
was expected to take effect in the second quarter of 2019,
presenting numerous opportunities for renewable energy
development, which is encouraging for private investments.
The share of renewables in the domestic power supply is
expected to increase from the current 10% to 30% by 2037,
with 10% of this coming from off-grid renewables.

Besides providing a FIT to support the growth of renewables,
other support mechanisms will allow private owners of small
solar installations to sell surplus energy back to EGAT or to
other consumers through peer-to-peer electricity trading.
Off-grid installations other than solar also are encouraged,
creating an opportunity for innovative business models for
electricity supply. The share of power generated by EGAT will
be reduced from 35% to 24%, encouraging the involvement
of IPPs through the auction mechanism.

The PDP supports power capacity additions of 56,431 MW
by 2037, which, in combination with 25,310 MW of retired
capacity, will lead to a final generation capacity (including
non-renewable capacity) of 77,211 MW by 2037. After new
additions, including pumped storage and energy conser-
vation measures, non-fossil fuel generation will represent
around 45% of new capacity, while coal-fired power plants
will be reduced to 12% by 2037.

Source: See endnote 66 for this chapter.



FIGURE 9. Recent Utility-scale Renewable Energy Auctions in Selected Asia Pacific Countries

Uzbekistan

2019:

100 MW solar, lowest
price: USD 0.027/kWh

India

National solar auctions for
7.4 GW (2.4 GW annulled
to date), lowest price:
USD 0.035/kWh; latest,
4th auction price range:
~USD 0.037/kWh;
onshore wind 12.2 GW,
with the latest announced
inJune 2019 with
maximum tariff allowed
of USD 0.0414/kWh;

1GW offshore wind
(planned in Gujarat),
utility will reportedly buy
for the planned energy
tariff of USD 0.051/kWh

Kazakhstan

2018:

270 MW solar, lowest price:
USD 0.0485/kWh,

500 MW wind, price:

USD 0.047/kWh to

USD 0.053/kWh,

over 80 MW hydropower,
price: USD 0.0345/kWh,
biomass-fired generation,
0.0867/kWh

Thailand

2014:

5.95 MW biogas (liquid,
solid waste), price range:
USD 0.117 - USD 0.132/kWh
(Year1-8),USD 0102 -
USD 0.117 (Year 9-20);

36 MW biomass, price
range: USD 0.939 - USD
0.103/kWh (Year 1-8); USD
0.848 - USD 0.945/kWh
(Year 9-20);

300 MW hybrid in 2017,
average price USD
0.739/kWh

China

2019:

22.78 GW solar, price ranging
from USD 0.0407/kWh

to USD 0.08/kWh;

December 2018: 1.9 GW wind,
average price:
USD 0.065/kWh

Indonesia

172.5 MW solar in 2013
(unsuccessful); 168 MW
solarin 2016
(pre-qualification);

255 MW geothermalin
September 2017 (status
unknown) and a plan for
725 MW geothermal
(planned July 2019),
waste-to-energy
(planned for end 2019)

Viet Nam
50 MW pilot auction
(planned), price unknown

Japan

2017:

141 MW solar in 2017,
price: USD 0.153/kWh

Philippines
2018:

50 MW, price
USD 0.044/kWh

Note: Information is not available for Mongolia, Republic of Korea, Georgia, Bangladesh, Pakistan, Sri Lanka, Myanmar, Fiji and Tonga.

Source: See endnote 65 for this chapter.
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Net Metering

Net metering
allows customers
to feed power

Net metering is still a
nascent support mech-
anism in the Asia Pacific
region, with fewer coun-
tries running successful
net metering schemes than
havingin place FITs.

back to the grid
and reduce their
electricity bills.

In South Asia, Pakistan and India have adopted net metering
at the national and state levels. Pakistan’s National Electric
Power Regulatory Authority (NEPRA) adopted a net meter-
ing regulationin 2015 to enable customers with small-scale
renewable energy installations (1 kW to 1 MW) to feed power
back to the distribution network and reduce their electric-
ity bills.®” To simplify the process of gaining net metering
connections, NEPRA digitalised the application process,
allowing processing of all net metering applications online
in less than a month.®®

India’s rooftop solar segment has grown at a brisk pace,
with cumulative installed capacity reaching 4,375 MW as of
March 2019.5° To meet the country’s 2022 target of 40 GW of
installed solar rooftop capacity, however, such projects need

to receive more attractive financing.”® Policy implementation

for rooftop solar net metering is robustin some states (Hary-
ana, Punjab and Rajasthan), but developers face challenges

in other states (Goa, Gujarat, Himachal Pradesh, Tamil Nadu

and Uttar Pradesh) and in the Delhi National Capital Region

despite existing regulations.”*

Several markets in Southeast Asia have introduced regu-
lations for rooftop solar. In Thailand, most solar rooftops
to date have been installed as a captive power source for
self-consumption, as producers have not been allowed to
sell their surplus output to the grid. However, new regula-
tions presented by the Energy Regulatory Commission in
2019 will enable the grid to buy power from solar rooftop
installations, offering a FIT of THB 1.68 (5.3 US cents) per
kWh for 10-year contracts.”?

Viet Namis replacing net metering with the direct consump-
tion/supply method.”® The government recently released the
third draft of its mechanism for encouraging the develop-
ment of solar power, including solar rooftops applicable from
1 July 2019.7* The draft defines four models of rooftop solar
systems: 1) the power consumption model for self-consump-
tion and selling excess output to the national grid; 2) the
excess power sale model to sell parts of the output to the
national grid or other consumers; 3) the entire power sale
model to sell the entire output to the national grid or other
consumers; and 4) direct power sale and purchase to sell to
other consumers (not the utility) without directly using the
national grid system. As a general guiding principle, the
national utility (EVN) or the power purchaser is obligated to
buy the power output sold from rooftop solar systems to the
grid, consistent with the regulations and technical standards
of the national electrical power industry.”®
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In Indonesia, in contrast, the solar PV framework for rooftop
installations aims to protect the utility PLN from losing revenue
as more consumers use rooftop systems. The long-awaited
guidelines for rooftop solar, released in November 2018 under
Regulation No. 49, established a net metering scheme for
utility customers (residential, commercial and industrial).”®
Under the scheme, rooftop solar installations that produce
excess power can sellit to the grid; however, PLN’s obligation
is to compensate for the electricity generated by rooftop solar
at a value of up to 85% of the applicable tariff.””

HEATING AND COOLING SECTOR

Despite the energy intensity of the heating and cooling sector,
only a few of the selected countries in the Asia Pacificregion
have introduced specific targets and/or supportive frame-
works for the use of renewables in this sector. Such policies
are often part of overall energy efficiency targets to reduce
energy consumption, alongside the use of efficient lighting
and appliances.

Examples of policies to support low-carbon heating tech-
nologies in industry can be found in economies with rapid
economic growth. For example, in its development plan
the Thai government set production targets for bioenergy,
municipal solid waste and biogas for industrial heating.
According to the plan, renewables for heating are expected
to account for 37% of the country’s total heating demand by
2036, more than double the share in 2015.78

Chinaincludes the development of district heating systems in
several of its Five-Year Plans, including specific measures to
reduce air pollution from coal-fired boilers during the harsh
winters in the country’s north and to transition to clean heat-
ing technologies and support investments in geothermal
heat.”® China and the Republic of Korea both have adopted
renewable heat obligations, which require new buildings
to obtain a certain share of heat energy from renewable
sources.® In the Republic of Korea, new buildings with more
than 10,000 m? of total floor space, except for residential and
public buildings, must meet 10% of their heat energy demand
using renewables.?!

In December 2017, China introduced two new policies,
including guidance on clean heating in winter in northern
China (for the period 2017-2021) and guidelines to promote
and support the development of biomass-to-heat.®?
The effort is supported by the China Biomass-to-Heat Stra-
tegic Research project, initiated by the China Energy Conser-
vation and Environmental Protection Group and supported
by the National Energy Administration and the ADB.53
The aimis to scale up and commercialise biomass-to-heatin
China as a means to reduce the air pollution caused by the
wintertime heat supply in northern China and to improve the
policies and mechanisms to facilitate the commercialisation
of biomass-to-heat.®*

With large biomass resources available across the Asia
Pacific region, governments are exploring the use of biomass
heat generation and the co-generation of power and heat.



Viet Nam introduced incentives and targets for increased use
of biomass for heat generation and for combined heat and
power (CHP) projects to encourage co-generation.® In India,
projects using co-generation with biomass (i.e., sugarcane
bagasse) canreceive renewable energy certificates, linked to
states’ renewable purchase obligations.®® The city of Chan-
digarh has introduced mandatory use of solar water heating
in industries, hotels, hospitals, prisons, canteens, housing
complexes, and government and residential buildings.®”

TRANSPORT SECTOR

To date, most policy interventions to increase the share of
renewables in the transport sector have been related to
biofuels. However, policies aimed at developing the elec-
tric-powered transport market — focused on the electrifi-
cation of vehicles and public transport and their related
infrastructures — have begun to emerge to tackle air pollu-
tion in major cities and in response to the EV manufacturing
boom. EVs can play an important role in increasing the use
of renewables in transport and in reducing global carbon
emissions, particularly when powered with rising shares of
renewable electricity.®® However, most efforts to scale up the
production and use of EVs today are not specifically linked
to the use of renewable power and do not ensure that EVs
support the integration of renewables into energy supplies.

Biofuel Blending Mandates

Biofuel blending mandates are a popular policy instrument
to shift the transport sector away from petroleum-based
products and towards a fuel mix that incentivises domes-
tic production of biofuels. Globally, biofuel mandates are
expected to more than double the use of bioenergy in the
transport sector by 2040.8° Several of the selected Asia
Pacific countries have introduced national and/or provin-
cial blending mandates for biofuels, including China, India,
Indonesia, the Philippines, the Republic of Korea, Thailand,
Viet Nam and Fiji.

Nine Chinese provinces already require an E10 ethanol blend
(10% ethanol in petrol), and the country has a nationwide
target for E10 by 2020.°° India set a target of E20 and B5 (5%
biodiesel and 95% petroleum diesel) by 2030. It removed the
excise duty levied on ethanol for blending with petrol tariffs
in 2015, and in September 2019 raised prices of ethanol
extracted from sugarcane to blend with petrol.°*In 2008,
Thailand introduced the option of B2, which it increased to
B7 in 2014, and the government is now considering a B10
mandate as part of an ambitious target to increase the share
of renewables in transport by 2036, with biofuels (biodiesel,
ethanol) accounting for two-thirds of the total renewable
sources for the transport sector.%?

In 2018, Indonesia, the world’s largest producer of
crude palm oil, increased its mandatory biodiesel blend-
ing mandate to B20 nationwide, with a target of B30 by
January 2020.%% The country began testing B30 biodiesel in
passenger vehicles and trucks as well as in trains, ships and
agricultural machinery; however, ship owners have opposed

the higher blend due to increased operating costs and poor
performance in engines.®* In the Philippines, the existing E10
ethanol mandate is expected to increase to E20 by 2020,
and the B2 biodiesel mandate is expected to increase to
B10 by 2020 and B20 by 2030.°° Viet Nam has encouraged
biofuel production and use by introducing an E5 ethanol
mandate and B5 biodiesel mandate in 2018.°¢ However, in
2019 private companies requested that the Ministries of
Industry and Trade and Finance review the policies due to
declining retail sales of E5.%” Fiji has approved voluntary B5
and E10 standards that it plans to implement as part of its
efforts to promote the use of renewables in transport.®®

Policies for Promoting Electric Vehicles

To support electric mobility, countries in Asia and the
Pacific have established policies and initiatives across the
value chain of EVs, from promoting consumer demand to
electrifying public infrastructure and passenger vehicles
(including setting safety guidelines for electric auto rikshaws,
or tuk-tuks). However, while these EV policies promote
reduced carbon emissions, in most cases they are not directly
linked to the use of renewable electricity. Although supportive
policies for electric mobility can increase the opportunities for
integrating variable renewable energy resources in the trans-
port sector, few examples exist of direct policy measures to
increase the use of renewables by EVs to replace fossil fuels.

Sustainable transport has been identified as a strategic
area under ASEAN’s Kuala Lumpur Transport Strategic
Plan 2016-2025, with the goal of formulating a regional
policy framework to supportlow-carbon modes of transport,
energy efficiency and user-friendly transport initiatives.%©
Countries in the Asia Pacific region are incentivising the
transition to an electric-powered transport sector through
a range of fiscal incentives, public infrastructure projects
and EV pilots.

Northeast Asia leads in efforts to promote the domestic
manufacturing and export of EVs, both to neighbouring
countries and farther afield. In some instances, the efforts
to encourage electric mobility are combined with the use
of renewable energy. China plans to develop a market-
oriented EV programme to increase the share of domestically
produced EVs globally and to place two Chinese companies
among the world’s top 10 for EV sales, advancing EV devel-
opment in the entire auto industry.’®* China also requires
automakers to manufacture EVs and provides consumers
with direct financial support to offset as much as a third of
the selling price of an EV.1°2With 225,100 EVs on the coun-
try’sroads, China already buys more than half as many EVs
as the rest of the world (at 184,700).1%3

To boost the use of EVsin Japan, the government set a target
to reduce greenhouse gas emissions from passenger vehi-
cles 90% by 2050 (from 2010 levels), with all new cars sold
to be electric or hybrid as of 2018.1%4 Japanese auto manu-
facturers Nissan and Toyota are leaders in the domestic EV
market, and Toyota recently partnered with Panasonic to
create a joint venture for making car batteries, including for
EVs, by the end of 2020.105
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In Central Asia, Georgia’s policy on Eco-friendly Transport,
launchedin 2018, aims to develop “environmentally friendly”
transport options.°® The prime minister announced that
90% of Georgia’s vehicle fleet will be replaced by electric
cars within the next decade.'®” Since 2016, import taxes on
hybrid cars have been around 60% lower than for petrol-
or diesel-powered cars, and EVs imports are tax-free.!%®
In addition to a plan to import 2,000 electric cars in 2019,
the government aims to promote the production of EVs
in Georgia.%®

Countries in South Asia also are embracing EVs. Bangladesh
plans to legalise the existing passenger EVs on its roads that
previously were not allowed in a country that faces power
shortages; these include motorcycles, three-wheelers, and
light, medium and heavy vehicles.*® The country’s Road
Transport and Highway Division has been reviewing the 2018
Electric Vehicle Registration and Operation Guidelines.!*!
India has a 30% target for electric passenger cars by 2030
and announced tax cuts on EV purchases from 12% to
5% in the national budget for 2019-20.1*2 In Sri Lanka, the
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government aims to tax a range of petrol and hybrid vehicles
while exempting full EVs, with the aim of phasing out fossil
fuel-powered vehicles.*'3

In Southeast Asia, the Philippines adopted a national energy
policy and regulatory framework with various incentives
for increasing the use of electric and hybrid vehicles among
passenger cars and public transport, modernising jeepneys
(a mode of public transport) and building charging stations
nationwide.!* In Indonesia, in support of the government’s
plan to develop the domestic EV industry, the state utility PLN
is developing a national standard for EV charging specifica-
tions and is preparing a roadmap for EV charging stations.!*®
(= See Sidebar 11 for more on Southeast Asia’s EV
revolution.!6)

In The Pacific, after the government of Fiji reduced and/or
removed its duties on hybrid vehicles, the number of alterna-
tive fuel vehicles in the country increased.!'’” In addition, the
government enacted income tax exemptions for EV charging
stations with capital investment above a certain threshold.**®
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SIDEBAR 11. Southeast Asia's Electric Vehicle Revolution

Countries in Southeast Asia have seen some of the world’s
worst air pollution due to traffic congestion and industrial
activities. Most vehicles in the region run on petrol or diesel,
contributing greatly to the worsening air quality in major
cities. In several countries, governments have set targets
and plans for promoting EVs. While the estimated size of the
market is significant and the region could see some 59 million
electric two- or three-wheelers and 8.9 million electric four-
wheel vehicles by 2025, there is no explicit intention to source
the electricity for EVs from renewable sources.

Thailand approved a roadmap for EV development, the Elec-
tric Vehicle Promotion Plan, under its Alternative Energy
Development Plan 2012-2021 and created the Electric Vehi-
cle Association of Thailand to build infrastructure (charging
stations) for both public transport and personal vehicles
and to scale up the use of EVs (including hybrid cars and
e-bikes) for personal use. In parallel, EVs are incorporated in
the draft National Energy Efficiency Action Plan as a means
of reducing the use of petroleum-based transport fuels.
As a result, Thailand went from having 60,000 hybrid
passenger cars and 8,000 battery-electric motorcycles in
2014 to a total of 102,308 hybrid cars and 1,394 battery
EVs in 2018. For public transport, the focus is on replacing
conventional two- and three-wheelers (tuk-tuks) with e-mo-
torcycles, not only to address environmental concerns, but
also to avoid increasing the market share of four-wheelers.

In 2016, Thailand’s Energy Policy and Planning Office
(EPPO) set up a subsidised scheme to establish 100 charg-
ing stations nationwide for infrastructure readiness and to
increase public awareness of EVs. EPPO plans to replace

22,000 conventional tuk-tuks with electric tuk-tuks within
five years. The first 100 electric tuk-tuks will be piloted with
the support of the Energy Conservation Fund (ENCON Fund).
The Thai government offered generous tax incentives to
automakers producing plug-in hybrids and EVs in the coun-
try for applications submitted by the end of 2018.

The Philippines set a target in 2014 to have 1 million EVs on
the roads by 2020. The Philippine Department of Energy also
has collaborated with the ADB to introduce electric tricy-
cles (e-trikes) powered by lithium-ion batteries. The initia-
tive aims to reduce the transport sector’s annual petroleum
consumption by 2.8% and to reduce CO, emissions by some
259,008 tonnes annually by shifting to 100,000 e-trikes.
Indonesia, meanwhile, released in early 2019 a national
roadmap for developing its automotive industry andis targeting
2.1 million two-wheeler EVs, such as electric motorcycles and
scooters, and 2,200 four-wheeled EVs by 2025.

Despite their potential for electric transport, Viet Nam and
Myanmar lag behind other countries in the region and have
not adopted supportive policies in this area. Petrol- and
diesel-powered Chinese-make motorcycles and Japanese
cars are still the most common passenger vehicles on Myan-
mar’s roads. However, the largest city, Yangon, has seen a
surge in assembled battery-assisted bicycles, despite a ban
on two-wheelers in the city. The government plans to install
charging stations for electric cars along the country’s long-
est highway, allowing the private sector to build and operate
these stations.

Sources: See endnote 116 for this chapter.



Fiscal Incentives and Public Financing

Developing countries in Asia and the Pacific are responsible
for an estimated one-third of the world’s fossil energy subsi-
dies,and in 2012 Asia was home to 10 of the top 25 countries
in the world subsidising fossil fuel consumption.*'°In contrast,
the region’s renewable energy sector receives only a small
fraction of direct public financing. Although the Group of
Twenty and APEC committed themselves in 2009 to phas-
ing out inefficient fossil fuel subsidies, there has been little
progress in this regard.??° The ADB concluded that “energy
subsidy reform has emerged as one of the most impor-
tant policy challenges for developing Asian economies”.*?!
The continuation of fossil fuel subsidies impedes both clean
energy development and climate action.

Countries of Central Asia incur a large cost of energy
subsidies for fossil fuel generation — ranging from 5% of
GDP in Georgia to more than 25% of GDP in Uzbekistan
— while only limited support goes towards renewables.??
In 2019, however, the Uzbeki president signed a Renewa-
ble Energy Bill into law entitling the producers of renewable
power to supply local grids and to enjoy tax benefits; the
tariffs for renewably generated electricity are to be set by
competitive bidding.??3

Fiscal incentives for the renewable energy sector are becom-
ing more common in the region. In South Asia, India’s
renewable targets have been supported in the last few
years by fiscal instruments such as generation-based incen-
tives, capital and interest direct public financing, viability
gap funding, concessional finance and fiscal incentives.'
Government support for renewables has increased sharply,
from INR 2,608 crore (USD 431 million) in FY2014 to
INR 15,040 crore (USD 2.2 billion) in FY2017.12> This initial
support from public finance and government polices
has ensured an effective transition to private sector-
led renewable energy deployment. In 2010, India also
introduced a support scheme for new CSP technologies.
The scheme, which targets industrial process heat as well as
community cooking and space heating/cooling applications,
was recently extended to 2020 and aims to install 90,000 m?
of solar collectors between 2017 and 2020.126

Pakistan’s government recently proposed a five-year tax
exemption for companies manufacturing solar and wind
energy equipmentin the country, in an effort to boost domes-
tic production and use of renewable power and to overcome
power shortages.'?” However, companies in the region would
still likely struggle to compete with tax-free, low-priced
imports of foreign-built solar panels and other renewa-
ble energy equipment, 95% of which comes from China.?8
Industry players have called for import duties on finished
products and for cuts to existing duties on the import of
components or certification systems for renewable energy
products to help boost the domestic production of solar and
other renewable technologies.t?®

In Southeast Asia, fossil fuel subsidies are common in several
countries and represent significant budget expenditures.
Indonesia spent close to 2% of its GDP in 2017 on fossil fuel
subsidies, amounting to more than USD 17.5 billion, primarily
for oil, while Thailand and Viet Nam spent USD 800 million
and USD 260 million, respectively — approximately 0.1% to
0.2% of their GDPs —on fossil fuel subsidies, with oil and coal
receiving the largest share.t3°

In The Pacific, fiscal incentives in Fiji are aimed at invest-
mentsin renewable energy technologies, biofuel production
and renewable energy projects and power co-generation.t3!
Meanwhile, Tonga periodically reviews its regulatory frame-
work with a view towards promoting the use of renewables,
including fiscal measures such as duties and taxes.*2

DECARBONISATION AND CLIMATE
CHANGE POLICIES

Although per capita green-
house gas emissions in
Asia and the Pacific remain
below the global average,
five countries in the region
—China, Japan, the Republic
of Korea, India and Indone-
sia—are among the world’s
largest emitters, together
accounting for nearly 40%
of the global total.’*3 Due to rapid industrialisation, economic
growth and electrification, the 18 countries covered in this
report alone contributed more than 45% of the world’s
carbon emissions related to the combustion of oil, gas and
coalin 2017.33*India’s fossil fuel-related emissions increased
rapidly in 2018, by 6.3%, a rate three times higher than the
previous year.'3®

China, Japan,
the Republic
of Korea, India
and Indonesia

account for nearly

40% of global
emissions.

Incentivising low-carbon technologies through decarbonisa-
tion and climate change policies is closely linked to the adop-
tion of renewable energy technologies. Several countries in
the region are using carbon pricing or carbon tax measures
to regulate carbon emissions; these can be imposed either
as a tax or via emission trading schemes, which let markets
set the price of carbon allowances'.*36

Although fossil fuels remain the primary energy sources in
Northeast Asia, countries in the sub-region have begun
strengthening their decarbonisation and climate change
policies and targets. In China, coal consumption rose for a
second yearinarow in 2018, and coal continues to generate
nearly 60% of the country’s electricity.!*” Despite that, the
country managed to exceed its 2020 low-carbon energy and
decarbonisation targets and has made its targets for 2030
even more ambitious.**® China plans to greatly reduce the
volume of emissions produced relative to GDP.13°

i Carbon pricing can take various forms. Cap-and-trade systems set caps for carbon emissions that are usually revised every year. An alternative is a carbon tax where
aregulating agency sets a price per unit of carbon dioxide (a tax) that all emitters pay. In the most progressive policies, governments spend their carbon tax revenues
to provide more effective solutions to energy poverty and to help vulnerable populations prepare for, avoid, adapt to or recover from the impacts of climate change.
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The world’s third largest economy, Japan, has implemented
a carbon tax since 2012 and pledged to reduce its green-
house gas emissions 26% below 2013 levels by 2030.14°
China, Japan and the Republic of Korea all have launched
emission trading schemes at the national level as well as at
the sub-national level in cities and provinces.'** The manda-
tory Korean Emissions Trading System commenced in Janu-
ary 2015 and was the first of its kind in the sub-region.'#?
The scheme covers more than 500 businesses that together
account for around two-thirds of the country’s emissions,
and the targetis to reduce emissions to 37% below business
as usual by 2030.143

In Central Asia, Kazakhstan relaunched its emission trading
scheme in January 2018 after a two-year suspension, with
new trading procedures and allocation methods.*#

A few countries in Southeast Asia are considering future
carbon pricing initiatives, such as emission trading systems
or carbon taxes. Thailand has introduced an emission-based
tax structure for motorcycles aimed at reducing emissions
and promoting cleaner vehicles, which is expected to come
into effectin January 2020.14° Viet Nam is preparing to pilot
marketinstruments, such as a carbon credit trading scheme
for the waste, steel and power sectors, in 2020, and Indo-
nesia is considering a market-based carbon pricing policy
for the power and industry sectors.!#¢ Other countries in the
region have not yet introduced carbon pricing or emission
trading strategies.*¥’

Island countries of The Pacific are among the most vulner-
able to damages from climate change, as they are prone to
natural disasters and to increased extreme weather patterns
and coastal erosion.'#® They also rely heavily on imported
fuels that are susceptible to fluctuating oil prices, posing a
burden on most sectors of the economy and on the national
budget. Awareness of the implications of climate change
for island development resulted in the formulation of a
regional Framework for Resilient Development in the Pacific
to encourage integrated and cost-effective approaches to
climate change adaptation and disaster risk reduction.'4®

This Pacificisland framework complements national strate-
gies and plans. Tonga'’s Joint National Action Plan for Disas-
ter Risk Management and Climate Change Adaptation, as
well as the country’s Energy Road Map (2010-2020), lay out
the least-cost approach and implementation plan to reduce
the country’s vulnerability to oil price shocks and to boost
access to modern energy services in an economical and envi-
ronmentally sustainable manner.t%°

In general, the climate goals and commitments to interna-
tional climate agreements in most Asia Pacific countries are

ambitious, given the existing energy mix that relies on fossil

fuels.'® The regulatory changes required at the national level

to fulfil these obligations are currently inadequate, and these

countries will likely fail to reach their targets.
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CITY AND LOCAL GOVERNMENT POLICIES

Sub-national and municipal
policies to promote sustain-
able energy through local-
ised innovations are being
developed across the Asia
Pacific region. For exam-
ple, the Cities Develop-
ment Initiative for Asia is
a regional platform that
aims to promote sustaina-

Tokyo became
the first city in
the world with

an urban rail
network powered
entirely by
renewable energy.

ble and equitable urban development that would lead to
improved environmental and living conditions for residents
of medium-sized cities.'®? Other initiatives to “green” the
region’s cities include the ASEAN Smart City Network as well
as efforts to promote low-carbon buildings and transport
systems in specific cities (- see Sidebar 12).153

Overall, the policy landscape in Asia and the Pacific is
dynamic and continues to develop at a variety of jurisdic-
tional levels, reflecting growing support for renewable
energy and energy efficiency as well as diverse efforts to
directly address carbon footprints in the region. Rapid urban-
isation coupled with population growth has led to rising
energy demand and CO; concentration in many cities.

Several cities have initiated actions to reduce their environ-
mental footprint and improve the living standards for their
residents, by eliminating sources of air pollution, increas-
ing the share of EVs powered by renewables and introduc-
ing energy efficiency measures in highly energy-intensive
sectors. While still in the inception phases, these initiatives
will be importantin ensuring sustainable urban growth and
supporting the transition to renewable energy supply in cities.

With the goal of mapping out the
current trends and developments in
renewable energy in cities, REN21is
releasing the first edition of its new
report series — the Renewables in
Cities Global Status Report - in late

2019.%“The report series spotlights the
key role that cities play in the energy
transition and will be a powerful tool
for accelerating renewable energy
deployment, supporting city-level
commitments and inspiring innovations
in policy, financing and technology.



SIDEBAR 12. Renewable Energy Initiatives in Cities

ASEAN Smart City Network — This regional initiative by
ASEAN member states aims to synergise efforts for smart
and sustainable urban development. The network of 26 pilot
cities will work to improve the lives of ASEAN citizens by
sharing best practices, facilitating bankable projects with
the private sector, and securing funding and support from
ASEAN'’s external partners, such as the World Bank, the ADB
and the Asian Infrastructure Investment Bank (AlIB).

Tokyo’s renewable urban rail network - Tokyo, Japan recently
became the first city in the world with an urban rail network
powered entirely by renewable energy. The five-kilometre train
service, connecting Tokyo’s Sangenjaya and Shimotakaido
stations, transports 57,000 passengers a day and is powered
by geothermal power and hydropower supplied to the railway
company, Tokyu Corporation, by Tohoku Electric Power Co.
The rail service used 2,200 MWh of electricity in 2018, and the
switch to renewable power is projected to reduce CO, emis-
sions by an estimated 1,263 metric tonnes per year. For Tokyu
Corporation, the shift to renewables is in line with its goal of
promoting sustainable urban development.

Ulaanbaatar’'s commitment to “greening” — Ulaan-
baatar, Mongolia has committed to becoming a “green”
city with inclusive economic growth, active public partic-
ipation, and a safe and healthy environment for its citi-
zens. Through a consultative process involving residents
and experts, the municipality identified key challenges
to green development in the city and prepared its Green
Development Strategic Action Plan for 2020. The use
of renewable energy and energy efficiency in buildings
is a key imperative for achieving the city’s clean air goal.
Additionally, the city is undertaking efforts to transform
urban ger areas — the traditional tent dwellings where a
third of Mongolia’s population live — into affordable, low-
carbon and climate-resilient eco-districts. The project
— which plans to build 10,000 homes in 20 eco-districts

by 2027 and improve sanitation, waste management
and water supply — is supported by a USD 53 million
grant from the GCF and the High-Level Technology Fund
as well as by ADB and GCF loans of USD 80 million and
USD 95 million, respectively.

India’s 100% renewable city — Diu, located at the eastern
end of Diu Island in Gujarat state, is one of the participating
cities in Prime Minister Narendra Modi’s Smart Cities initia-
tive. Diuimported most of its energy from the state until 2017
but has since become the first city in India to run on 100%
renewable energy during the daytime. The city has devel-
oped a 9 MW solar park and installed solar panels on the
roofs of government buildings. It also provides subsidies to
its residents to install small-scale rooftop solar PV, which has
resulted in a 10-15% reduction in residential electricity tariffs.

A smart and clean capital for Indonesia — The Indonesian
government plans to build a new “smart and clean” capi-
tal city that relies on renewable energy for its electricity
needs. In August 2019, the government announced a plan
to relocate the country’s capital from Jakarta to the prov-
ince of East Kalimantan on the island of Borneo as a way to
resolve the constraints of rapid urbanisation and overpop-
ulation of the current capital. An environmental assessment
to ensure that the new city does not entail the destruction of
rainforests is expected to be completed in late 2019.
Building renewable energy infrastructure as envisioned in
the plan presents opportunities for investments in renew-
ables. However, Kalimantan currently relies on fossil
fuels including diesel and coal: the country’s coal and oil
hubs are located in east Kalimantan, and Kutai Kartane-
gara, the site for the new capital, is Indonesia’s biggest
coal producer.

Source: See endnote 153 for this chapter.
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OVERVIEW

its long-term upward trajectory, with an

estimated USD 288.9 billion invested in
renewables worldwide in 2018.! This was 2%
lower than in 2016 and below the record level of
USD 326.3 billion in 2017, but it represents the ninth
year in a row that global investment in renewables
exceeded USD 230 billion. Notably, annual investment
in renewable power capacity is now three times the
amount invested in fossil fuel generating capacity.?

Renewqble energy investment has continued

To some extent, this figure underestimates the level of invest-
ment and interest in the renewable energy and energy
efficiency sectors. Many other types of investments that
could be classified instead as forms of infrastructure also
comprise elements of renewable and efficiency investments.
For example, investments in smart cities, which regularly
involve digital technologies for electricity control and meter-
ing, may not be included in the renewable energy investment
figure. However, they enable greater efficiencies as well as
higher penetration of renewables in existing energy markets.

Similarly, numerous investments in buildings and transport,
while not explicitly seen as energy investments, may have
a significant enabling role for renewable energy. For exam-
ple, investments in e-mobility and increasing electrification
of vehicle fleets is more amenable to the increased use of
renewables for electricity. Investments in public transport
such as bus rapid transit systems improve overall systems
efficiency, and many programmes aimed at future-proof-
ing and improving the performance of buildings and urban
spaces include a combination of energy, climate adaptation
and amenity components.

The downturn in the value of renewable energy invest-
ment in 2018 also reflects the rapid decline in the costs of
most renewable energy technologies, as the capital cost
and investment requirement per installed MW of gener-
ation has decreased drastically. The average capital cost
for solar PV projects starting construction in 2016 was
13% lower than in 2015, while for onshore wind power the
drop was 11.5% and for offshore wind power it was 10%.3
The expansion in renewable energy capacity is there-
fore greater than the investment figures might suggest
atfirst glance.*

Renewable energy invest-
ment trends in the Asia
Pacific region are mixed,
reflecting the changing
economic circumstances
and fluctuating policy
conditions in the 18 coun-
tries being analysed. At the
macro level, Asia accounted
for 52% of new investment

In 2018, an
estimated

usD 150.2 billion

was invested in

renewables in

the Asia Pacific
region.

in the renewables sector worldwide in 2018, with China,
Japan and India among the top 10 destinations of renewable
energy investment globally and Viet Nam and the Republic of
Korea also ranking in the top 20.5 Renewable energy invest-
mentis driven by a range of circumstances, including a coun-
try’s economic strength, the existing energy infrastructure,
the policy and regulatory environment, political support and
the favourability of investment conditions.

China, the global renewable energy leader, saw renewables
investmentin 2017 of USD 145.9 billion —its highest level ever
—accounting for 45% of the global total. Investment in China
subsequently dropped to USD 91.5 billion in 2018 (32% of
the global total), which is attributed to a mid-year change
in the country’s feed-in tariff policy, to the rapidly declining
capital costs of solar PV as well as to timing differences in
investment decisions. Investment in solar power in China
fell by half, from USD 89 billion in 2017 to USD 40.2 billion
in 2018, while investment in wind power declined 6% to
USD 50.1 billion.

At an aggregate level, the importance of the Asia Pacific
region to global renewable energy investmentis highlighted
in Figure 10, whichiillustrates the size of renewables markets
in China, India, Asia and Oceania relative to other markets.®



Renewable energy investment in India fell 16% to
USD 15.4 billion in 2018, although this was the country’s
second highest annual total to date. The investment decline
reflected uncertainty and changes in tax regimes, import
tariffs and exchange rates. Investment in wind power in India
was similar to the country’s 2016 record, at USD 7.2 billion,
butinvestmentin solar power declined 27% to USD 8.2 billion.
India remained the world’s fifth largest clean energy invest-
ment market in 2018.

Outside of China and India, the rest of the Asia region experi-
enced mixed fortunes, although overall investmentincreased
6% to USD 44.2 billion in 2018 (also including Oceania), the
highest level in three years. Notably, investment in Viet
Nam reached USD 4.1 billion, up seven-fold from 2017 with
the emergence of a multibillion-dollar market for solar PV.
In Japan, renewable energy investment was down 19% to
USD 18.3 billion, hampered by uncertainties related to grid
connection and to a shift in policy from a generous FIT to a
tendering regime for projects larger than 2 MW.

Downturns in other investment destinations included Thai-
land (down 65% to USD 535 million) and the Philippines
(down 77% to USD 300 million), although these results reflect
short-term policy uncertainty and starting from a small base,
rather than being symptomatic of any concerted trend.”
Meanwhile, both Indonesia and Pakistan registered large
investmentincreasesin 2017, up 67% to USD 1.0 billion and
up 42% to USD 700 million, respectively.

BloombergNEF’s Climatescope'’ tool provides valuable
insight into the fundamentals of renewable energy invest-
ment markets in the Asia Pacific region and globally, as well
as into the opportunities for future investment. Figure 11
provides a snapshot of the relative attractiveness of invest-
ment locations around the region.® According to the survey,
the bestinvestment opportunities can be found in Myanmar,
Kazakhstan, China and India. In all cases, a country’s attrac-
tiveness as an overall investment location is tempered by the
scale of investment need, by the perceived sovereign risk of
the country (which can be influenced by a range of factors)
and increasingly by the emergence of favourable policies that
encourage inward investment.

i Climatescope is a unique country-by-country assessment, interactive report and index that evaluates the investment conditions for clean energy in emerging markets.
It profiles 103 markets worldwide and evaluates their ability to attract capital for low-carbon energy sources while building a greener economy.

]

Renewable energy
investmentin
Viet Nam
increased

seven-fold
in 2018.

05

INVESTMENT FLOWS

93




?/ REN21 ASIA AND THE PACIFIC RENEWABLE ENERGY STATUS REPORT

FIGURE 10. Regional Trends in Renewable Energy Investment

Note: Data are in 2018 USD and include government and corporate research and development. Figure for Asia and Oceania includes USD 9.5 billion of investmentin
Australia in 2018, as well as amounts from other countries in Asia and the Oceania region, which are outside the scope of this report. This figure has been reproduced from
REN21's Renewables 2019 Global Status Report; based on data from BloombergNEF. Source: See endnote 6 for this chapter.
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FIGURE 11. Renewable Energy Attractiveness and Investment Opportunities in Selected Asia
Pacific Countries, 2018

Overall Climatescope

Investment Opportunities Score Attractiveness Rankings*
China
India
Philippines
Thailand

o

0.5 1.0 15 25

2.0
Top 10 . Top 30 . Below 30

Note: Climatescope's data presented here cover two concepts: one is a multi-criteria assessment of investment opportunities, the other is an overall ranking of a country's
investment "attractiveness" weighted between fundamentals 50%, opportunities 25% and experience 25%. This provides two different perspectives on each investment
location. A lower ranking indicates greater attractiveness and vice versa. Climatescope calculates the future investment opportunities score by taking into account
multiple indicators including a country's current and future electricity demand, energy consumption, CO2 emissions from the power sector, overall price attractiveness,
existing electrification rates, etc., to achieve an overall market opportunities assessment.

* Japan, Republic of Korea, Fiji and Tonga were not included in Climatescope's 2018 ranking.

Source: See endnote 8 for this chapter.




Although sub-regional trends are difficult to generalise, the
following observations can be made:

Northeast Asia: China dominates the investmentlandscape
in East Asia and globally, with a long-term trend of increas-
ing solar deployment. Mostinvestmentin the Chinese renew-
ables sector comes from domestic commercial banks and
from government concessional/development lenders. In the
Republic of Korea, which plans to boost its renewable gener-
ation share to 35% by 2040, there isincreased interest from
institutional investors due to a guaranteed revenue stream
based on 20-year long-term off-take contracts with the obli-
gors of the Renewable Portfolio Standard scheme; many
of these are the generation subsidiary companies of the
monopoly utility, Korea Electric Power Corporation.®

Energy sector investmentin Japan is still heavily influenced
by the move away from nuclear power following the Fuku-
shima disaster in 2011. Japan’s annual new investment in
renewable energy capacity, which was already picking up
before Fukushima, rose from USD 7.3 billion in 2010 to a peak
of USD 37.3 billionin 2014. Since then, investment has slowed
somewhat but still totalled USD 18.3 billion in 2018, behind
only China and the United States. The renewables sector in
Mongolia, although starting from a low base, is expanding
rapidly, with the vast majority of investment coming from
international development banks such as the EBRD.

Central Asia: Many of the countries of Central Asia have
limited investment in renewables. This is due to a combi-
nation of cheap and/or subsidised fossil fuel supplies, poor
indigenous renewable energy resources and unfavoura-
ble investment environments for international financiers.
Exceptions exist, however: in Uzbekistan, the private
company SkyPower Global is developing a 1 GW solar PV
plantat a cost of around USD 1.3 billion, and the government
is allocating further fundsin an attempt to “crowd in” private
sector clean energy investment.’® Additionally, Kazakhstan
introduced FITs in 2009 and has seen steady growth in wind
and solarinvestment, although local financing costs remain
anissue.

i Cambodia, Lao PDR and Malaysia are not covered by this report.

South Asia: In South Asia,
the investment trend leans
heavily towards small-
er-scale mini-grid and
rooftop solar projects,
as a means to avoid
frequent power shut-
downs and to reduce over-
all electricity infrastructure
costs (= see Box 2).1t
Multilateral development banks are active in pushing energy

Renewables
investmentin
Japan slowed in
2018 but

still totalled
USD 18.3 billion,
behind only China

and the US

access as well as in promoting initiatives such as smart
metering. In the area of energy efficiency, the Indian govern-
ment-backed Energy Efficiency Services Limited (EESL) has
provided a leading model based on the mass procurement
and deployment of efficient lighting and other appliances,
which has seen very rapid uptake of the specific energy effi-
ciency technologies supported.?

While India dominates the sub-region in renewables
deployment, Pakistan’s total installed capacity of solar,
wind and biomass crossed 2,000 MW by the end of 2018.%3
Bangladesh is active in developing off-grid solar, with IDCOL
being the largest facilitator of renewable energy financing.*4
Most projects in South Asia still rely on some form of conces-
sional financing, and many projects are funded by domestic
lenders thatin turn have access to credit lines from develop-
ment banks and other donors.

Southeast Asia: Renewable energy investment trends
are uneven across the sub-region, reflecting the different
resource endowments, demographic circumstances and
economic priority given to renewables. In countries with
abundant hydroelectric resources, such as Cambodia and
Lao PDR], international investment funds have been chan-
nelled into hydropower development. In Indonesia, on the
other hand, investmentin geothermal accounted for around
90% of the USD 800 million raised in 2017, far surpassing
investments in solar and wind power. Malaysial, Thailand
and Viet Nam have large and active renewables investment
markets, driven by long-standing policies and financing
schemes to promote inward investment. Among the tech-
nology sectors, solar PV and solar thermal are taking a grow-
ing share of investment interest.

BOX 2. Government Financing for Rooftop and Farmland Solar in India

India’s installed capacity of 1.5 GW of solar roof-
tops in 2018 is falling short of the country’s ambitious
target to develop 40 GW of rooftop solar PV by 2022.
However, the Indian government has approved around
USD 6.5 billion in financial support to promote the use
of rooftop solar among farmers, group housing socie-
ties and resident welfare associations. The residential
solar scheme will subsidise 40% of the cost of rooftop

systems up to 3 kW, and 20% for larger systems up to
10 kW. MNRE also provides central financial assistance
to private developers under the Grid-Connected Roof-
top and Small Solar Power Projects Program. A subsidy
of up to 30% is helping the Ministry achieve its target
of 3,500 MW of rooftop solar in Tamil Nadu by 2022.

Source: See endnote 11 for this chapter.
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Access to finance for large-scale renewable energy invest-
ments remains a key issue in Southeast Asian markets.
Challenges range from permitting requirements and owner-
ship restrictions in the Philippines, to inadequate infra-
structure for grid stability in Myanmar, to a lack of robust
financial institutions in the lower-income countries of the sub-
region. At present, only a limited number of domestic banks
and other financial institutions in Southeast Asia, such as
national, regional and global development financial institu-
tions, have the ability to support renewable energy projects,
and further capacity building is required. Although local
commercial banks generally are interested in participating
inthe renewables market, their involvement has been limited
both because of their own capacity and because of the lack
of investment-grade utility-scale projects that can meet their
hurdle rate requirements.

The Pacific: As in other sub-regions, the Pacific is seeing
an upswing in investor interest in small off-grid and micro/
mini-grid solar applications, which are well suited to the
remote communities that they serve in the Pacific Island
countries. These systems are increasingly cost competi-
tive as replacements for diesel generation and can help to
improve indigenous energy security. The ADB is a major
funder of renewable projects in the region, including through
the Pacific Renewable Energy Program, a financing structure
that provides up to USD 100 million in support for the power
payment obligations of power utilities, where governments
are unable to guarantee a utility’s offtake obligations under
PPAs due to fiscal constraints.!®> The ADB also has supported
the long-standing Promoting Energy Efficiency in the Pacific
initiative, which has catalysed energy efficiency investments
in many Pacific countries.*®

REGIONAL AND INTERNATIONAL
FINANCING SOURCES

A wide range of funding

The World Bank

and ADB are the

top international
financial

sources exist for renewable
energy investment, includ-
ing public funds allocated
through domestic energy
sector budgeting, bilateral

institutions for
renewable energy
investments
in Asia.

and multilateral official
development assistance,
and a range of specialist

multilateral and private
sector clean energy-related funds. In many cases investors
have used a “blended” approach to financing, as a way of
sharing renewable energy investment risk with other inves-
tors. Such blended investments may include direct equity
investments, loans (debt), mezzanine financing (for example,
through preferred shares or debt convertible to shares), cata-
lytic funding (grants or loans intended to stimulate further
investment) and concessional loans. The role of banks,
including both private and development banks, has been to
package a combination of loans and equity financing, plus
concessional financing if necessary, to ensure that the risk
profile of the deal is acceptable.
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A range of global investment assistance programmes with
specific renewable energy and energy efficiency objec-
tives are active across Asia. They include the GCF, the
GEF, the Global Climate Partnership Fund and the Global
Green Growth Initiative, which has a model of embedded
country-level assistance.’” These funds and assistance
programmes are well established to support project devel-
opment and investment.

As a general observation, many of these funds target larger
projects and appear to struggle with pipeline development

and the transaction costs associated with smaller, disaggre-
gated projects that may be present in the renewables and

energy efficiency sectors. This can be a significant barrier
for countries across the region that have smaller and less

mature investment markets, including in the Pacificand some

countries of Central Asia. There is a strong need for invest-
ment facilitation services that allow profitable and beneficial

projects to be able to qualify for these funds and thereby to

accelerate the uptake of available funding.

Developmentfinance institutions were the most active inves-
tors in the early phase of renewable energy deployment
across the region. More recently, the emergence of bankable
utility-scale solar and wind projects has meant increasing
uptake of private sector funding since 2010 as renewa-
bles transition to a mainstream infrastructure investment.
Development finance institutions continue to play a critical
role in capacity and awareness building, technology transfer
programmes, feasibility studies and technical co-operation
with other donor-funded public agencies.

The World Bank and the ADB are the largest interna-
tional financial institutions for renewable energy invest-
ments in the region, particularly for large-scale hydropower
investments in South Asia (- see Table 11).2® In Southeast
Asia, development banks cumulatively invested around
USD 6 billion between 2009 and 2016, with the World Bank,
the ADB and Japan Bank for International Cooperation (JBIC)
contributing the largest amounts (more than USD 1 billion
each), mainly in the form of loans (73%), concessional loans
(10%) and equity investments (3%).1° Other major develop-
ment financiers in the region include the EBRD in western
Asia, the Islamic Development Bank and the recently estab-
lished Asian Infrastructure Investment Bank (AlIB), which so
far has focused its renewable energy investments mostly on
large-scale hydropower projects.
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TABLE 11. Selected Ongoing Renewable Energy Projects Financed by the World Bank, the ADB
and Other Development Institutions

Northeast Asia

ountry

GEF'": Distributed
Renewable Energy
Scale-Up Project,

6 active projects, o
USD 7.3 million;

China total commitment 25 active projects

USD 321 million Developing Market-based

Energy Efficiency Program
in China, USD 17.8 million

Second Energy Sector

Mongolia Project, USD 42 million

Upscaling Renewable Energy Sector Project, USD 61 million

Central Asia

Promoting Low-Carbon Development in Central Asia Regional

Georgia i j
g No active projects Economic Cooperation Program Cities, USD 4 million

Kazakhstan Energy

Kazakhstan Efficiency Project, 4 active projects
USD 22 million
Uzbekistan  No active projects 8 active projects

Improving Institutional Capacity on Preparing Energy
Efficiency Investments, USD 2 million

6 active projects, total Promoting and Scaling Up Solar Photovoltaic Power Through ~ GEF: Sustainable

Bangladesh commitmentofaround  Knowledge Management and Pilot Testing, USD 2 million Renewable Energy
USD 459 milli Power Generation project
mittion Capacity Development for Renewable Energy Investment (SREPGen), USD 4 million

Programming and Implementation, USD 2 million
Deploying Solar Systems at Scale, USD 2 million

. 6 active projects, total
India commitment of around 39 active projects
USD 1,398 million

. 7 active projects, total 6 active projects including the USD 67 million Foundation
Pakistan commitment of around Wind Energy | and Il Projects and the USD 37 million Zorlu
USD 2,452 million Enerji Power Project
SriLanka No active projects Improving Institutional Capacity on Preparing Energy

Efficiency Investments, USD 2 million

Southeast Asia

. Geothermal Upstream
Indonesia Industry Development, 14 active projects
USD 55 million

GEF: USD 5 million,

Off-grid component .
implemented by UNDP

of the National
Electrification Plan, USD Rockefeller Foundation:

80 million USD 5 million
Access to Sustainable

Philippines  Energy Project,
USD 23 million

Myanmar USD 2 million (completed)

Market Transformation Through Introduction of Energy-
Efficient Electric Vehicles Project, USD 405 million

Thailand No active projects Provincial Solar Power Project, USD 795 million

. 4 active projects, total
Viet Nam commitment of around ~ Municipal Waste-to-Energy Project, USD 100 million
USD 355 million

The Pacific

Fiji No active projects Pacific Renewable Energy Program (regional)

Pacific Renewable Energy Program (regional)

INVESTMENT FLOWS

Tonga Energy Roadmap,

Tonga USD 12 million Outer Island Renewable Energy Project, USD 26 million

Renewable Energy Project, USD 44.6 million

i GEF: Global Environment Facility Source: See endnote 18 for this chapter.
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Funding from development finance institutions is supported
with different types of technical assistance funds, includ-
ing those for project preparation as well as special purpose
technical assistance to improve the enabling condi-
tions in countries to ensure that the investments succeed.
Development banks also have private sector operations
alongside their sovereign lending operations, which aim to
crowd in private finance and retain an imperative to design
and work on projects that are in line with national develop-
ment objectives.

The vast majority of investment in renewable energy and
energy efficiency is spent in the same country in which itis
sourced: during 2015-2016, 81% of finance was raised in the
same country in which it was spent.?® Potential local sources
of finance for renewable energy and energy efficiency across
the Asia Pacific region are discussed below.

» Private sector banks and other private financiers (for
example, pension funds): These are large possible sources
of finance, and many invest directly in businesses in devel-
oping countries. Many potential sources exist for this kind
of funding, which channels both private sector and blended
funds towards private investments in target countries.
Renewable energy and energy efficiency investments can
present an increasingly attractive investment proposition
to create returns for shareholders while reducing environ-
mental impacts and promoting sustainable development.

Bond market initiatives: Bonds are a significant source
of private sector capital as well. The global “green bond”
market has grown rapidly as more renewable energy
companies in the United States, Europe and China issue
instruments to finance plant development. For the rest of
Asia, however, green bonds are still in a nascent stage.?*

Private equity and capital markets: As the costs of key
renewable energy technologies (especially wind and solar
power) decline, equity investors have shown increasing
interestin the renewables sector. Private equity funds and
venture capitalists have become more active in recent years
as the technologies reach grid parity with conventional
energy sources.?? Since its inception, the Private Financ-
ing Advisory Network Asia (PFAN-Asia) — a network
of more than 200 investors and financiers that secures
renewable energy and energy efficiency investments for
both the private sector and governments — has assisted
112 clean energy projects globally by securing more than
USD 1.46 billion from private investors.?® In 2018, PFAN
leveraged more than USD 200 million in finance in Asia,
including for four projects in Southeast Asia and six in South
Asia.?* Globally, private sources accounted for around 87%
of total renewable energy finance between 2013 and 2016,
averaging USD 223 billion annually during 2013-2014 and
USD 270 billion annually during 2015-2016, peaking at
nearly USD 300 billion in 2015.%°
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» Power utilities: Seeking to maximise returns, utilities are
increasingly looking to energy efficiency investments as
a cheaper way to acquire new system capacity than by
upgrading supply infrastructure. At the same time, self-
financed utility investments in clean generation are gaining
pace as a cost-effective way for utilities to reduce their own
emissions and exposure to carbon constraints.

In some cases, innovative business models and financing
are being used to accelerate renewable energy deployment.
For example, crowdfunding is becoming an increasingly
popular means for closing the financing gap experienced by
businesses and non-profits that provide renewable energy
products and services to off-grid communities. However, the
ticket sizes in the Asia Pacific region are smaller compared to
the African market. Kiva (the dominant crowdfunding plat-
form globally) and Lendahand have raised funding for projects
in India and the Philippines, with a total of USD 250,000
in energy access financing.?®

Large off-grid populations across the Asia Pacificregion, as
well as the increase in off-grid solutions, also provide oppor-
tunities to integrate energy access technologies with mobile
money, including through the use of innovative pay-as-
you-go approaches (= see Distributed Renewables chapter).

CLIMATE FINANCE PATHWAYS
AND FUTURE POTENTIAL

Globally, climate finance flows reached a record high of
USD 472 billion in 2015, driven primarily by rising private
investment in renewables.?” This was followed by a drop in
2016 to USD 455 billion, attributed to declining renewable
energy technology costs and to fewer renewable capacity
additions in some countries.?®

Climate finance funds have continued to provide opportu-
nities for financing renewable energy and energy efficiency
projects in the Asia Pacific region. Table 12 provides data on
the recipient countries of climate finance from major multi-
lateral climate change funds as of February 2019.2°
The largest funds by overall investment volume are the Clean
Technology Fund, the GCF and the GEF. The GEF administers
by far the largest number of projects, with 168 projects active
as of February 2019, while other funds, including the Scal-
ing Up Renewable Energy Program (SREP), aim for impact
via larger infrastructure investments.3° Just three countries
—India, Indonesia and China —received 53% of climate funds
invested in all countries in Asia and the Pacific during 2003-
2017, reflecting the relative size and dominance of their econ-
omies and energy markets.3!

Notably, extracting renewable energy investment figures from
climate data is difficult, as many climate-financed interven-
tions have multiple objectives and may include some clean
energy objectives although the principal project focus is else-
where. Table 12 therefore likely underestimates the scale of
climate finance for renewable energy and energy efficiency, as
it captures only projects with a specific and articulated clean
energy focus, rather than those with multiple objectives.3?
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TABLE 12. Country Recipients of Climate Funds for Sustainable Energy Projects in the Selected
Asia Pacific Countries

Amount approved Number of projects :
Country (USD) Largest funder

Northeast Asia
China 222 million 24 GEF
Mongolia 73 million 9 GCF
Central Asia
Georgia 14 million 2 GEF
Kazakhstan 281 million 12 GCF,CTF
Uzbekistan 9 million 2 GEF

Bangladesh 79 million 5 SREP
India 1,077 million 34 CTF
Pakistan 10 million 6 GEF
Srilanka 6 million 2 GEF
Indonesia 538 million 22 CTF
Myanmar 14 million 4 GEF
Philippines 104 million 8 CTF
Thailand 125 million 9 CTF
Viet Nam 136 million 12 GCF

The Pacific
Fiji 1 million 1 GEF

Tonga 33 million 2 GCF

Regional Projects

1,212 million 45

Other Asia Pacific Countries®

415 million 60

4,349 million 259

Note: The Republic of Korea and Japan are excluded from being recipients of climate funds for development.
i GEF = Global Environment Facility, GCF = Green Climate Fund, CTF = Clean Technology Fund, SREP = Scaling Up Renewable Energy Program in Low Income Countries
i Includes all remaining countries from the region, not covered in this report.

Source: See endnote 29 for this chapter.

INVESTMENT FLOWS
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LIST OF ABBREVIATIONS

ADB
APEC
ASEAN
CAREC
CHP
Co,
CcspP
CTF
DREA
ERC
ERBD

EV

FAME

FIT

GCF

GDP

GEF
GW/GWh
GW,
IDCOL

IEA
IFC
IPP
IREDA

IRENA
JICA
ktoe
kW/kWh

Asian Development Bank

Asia- Pacific Economic Cooperation
Association of Southeast Asian Nations
Central Asia Regional Economic Cooperation
Combined heat and power

Carbon dioxide

Concentrating solar thermal power
Clean Technology Fund

Distributed renewables for energy access
Energy Regulatory Commission
European Bank for Reconstruction and
Development

Electric vehicle

Fatty acid methylester

Feed-in tariff

Green Climate Fund

Gross domestic product

Global Environment Facility
Gigawatt/gigawatt-hour
Gigawatt-thermal

Infrastructure Development Company
Limited

International Energy Agency
International Finance Corporation
Independent power producer

Indian Renewable Energy

Development Agency

International Renewable Energy Agency
Japan International Cooperation Agency
Kilotonnes of oil equivalent
Kilowatt/kilowatt-hour

LPG

mZ

MJ

MNRE
MwW/MWh
MW,

NDC

NGO

PAYG
PCREEE

PPA
PPP
PV
RBF
REC
REN21

RPS

SDG

SPP

TFEC
TPES
TW/TWh
UN

UN ESCAP

UNFCCC

usD
W/Wh

Liquefied petroleum gas

Square metre

Megajoule

Ministry of New and Renewable Energy
Megawatt/megawatt-hour
Megawatt-thermal

Nationally Determined Contribution
Non-governmental organisation
Pay-as-you-go

Pacific Centre for Renewable Energy and
Energy Efficiency

Power purchase agreement
Purchasing power parity
Photovoltaic/photovoltaics
Results-based financing

Renewable electricity certificate
Renewable Energy Policy Network for the
21st Century

Renewable portfolio standard
Sustainable Development Goal

Small power producer

Total final energy consumption

Total primary energy supply
Terawatt/terawatt-hour

United Nations

United Nations Economic and Social
Commission for Asia and the Pacific
United Nations Framework Convention on
Climate Change

United States dollar

Watt/watt-hour
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Auction. See Tendering.

Biodiesel. A fuel produced from oilseed crops such as soy,
rapeseed (canola) and palm oil, and from other oil sources
such as waste cooking oil and animal fats. Biodiesel is used in
diesel engines installedin cars, trucks, buses and other vehi-
cles, as well as in stationary heat and power applications.
Most biodiesel is made by chemically treating vegetable oils
and fats (such as palm, soy and canola oils, and some animal
fats) to produce fatty acid methyl esters (FAME).

Bioenergy. Energy derived from any form of biomass
(solid, liquid or gaseous) for heat, power and transport.
(Also see Biofuel.)

Biofuel. A liquid or gaseous fuel derived from biomass,
primarily ethanol, biodiesel and biogas. Biofuels can be
combusted in vehicle engines as transport fuels and in
stationary engines for heat and electricity generation.
They also can be used for domestic heating and cooking
(for example, as ethanol gels). Conventional biofuels are
principally ethanol produced by fermentation of sugar or
starch crops (such as wheat and corn), and FAME biodiesel
produced from oil crops such as palm oil and canola and from
waste oils and fats. Advanced biofuels are made from feed-
stocks derived from the lignocellulosic fractions of biomass
sources or from algae. They are made using biochemical and
thermochemical conversion processes, some of which are
stillunder development.

Biogas/Biomethane. Biogas is a gaseous mixture consist-
ing mainly of methane and carbon dioxide produced by the
anaerobic digestion of organic matter (broken down by
microorganisms in the absence of oxygen). Organic mate-
rial and/or waste is converted into biogas in a digester.
Suitable feedstocks include agricultural residues, animal
wastes, food industry wastes, sewage sludge, purpose-
grown green crops and the organic components of munici-
pal solid wastes. Raw biogas can be combusted to produce
heat and/or power; it alsocan be transformed into biome-
thane through a process known as scrubbing that removes
impurities including carbon dioxide, siloxanes and hydro-
gen sulphides, followed by compression. Biomethane can
be injected directly into natural gas networks and used as
a substitute for natural gas in internal combustion engines
without risk of corrosion.

Biomass. Any material of biological origin, excluding fossil
fuels or peat, that contains a chemical store of energy
(originally received from the sun) and that is available for
conversion to a wide range of convenient energy carriers.

Biomass, traditional (use of). Solid biomass (including fuel
wood, charcoal, agricultural and forest residues, and animal
dung), that is used in rural areas of developing countries
with traditional technologies such as open fires and ovens
for cooking and residential heating. Often the traditional use
of biomass leads to high pollution levels, forest degradation
and deforestation.

Biomass energy, modern. Energy derived from combus-
tion of solid, liquid and gaseous biomass fuels in high-
efficiency conversion systems, which range from small
domestic appliances to large-scale industrial conversion
plants. Modern applications include heat and electricity
generation, combined heat and power (CHP) and transport.

Capacity. The rated power of a heat or electricity generat-
ing plant, which refers to the potential instantaneous heat
or electricity output, or the aggregate potential output of a
collection of such units (such as a wind farm or a set of solar
panels). Installed capacity describes equipment that has
been constructed, although it may or may not be operational
(e.g., delivering electricity to the grid, providing useful heat
or producing biofuels).

Capital subsidy. A subsidy that covers a share of the upfront
capital cost of an asset (such as a solar water heater).
These include, for example, consumer grants, rebates or
one-time payments by a utility, government agency or
government-owned bank.

Combined heat and power (CHP). CHP facilities produce
both heat and power from the combustion of fossil and/or
biomass fuels, as well as from geothermal and solar ther-
mal resources. The term also is applied to plants that recover
“waste heat” from thermal power generation processes.

Community energy. An approach to renewable energy
development that involves a community initiating, devel-
oping, operating, owning, investing and/or benefiting
from a project. Communities vary in size and shape (e g.,
schools, neighbourhoods, partnering city governments, etc.);
similarly, projects vary in technology, size, structure, govern-
ance, funding and motivation.

Competitive bidding. See Tendering.
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Concentrating solar thermal power (CSP) (also called
solar thermal electricity, STE). Technology that uses
mirrors to focus sunlight into an intense solar beam that
heats a working fluid in a solar receiver, which then drives
a turbine or heat engine/generator to produce electricity.
The mirrors can be arranged in a variety of ways, but they all
deliver the solar beam to the receiver. There are four types of
commercial CSP systems: parabolic troughs, linear Fresnel,
power towers and dish/engines. The first two technologies
are line-focus systems, capable of concentrating the sun’s
energy to produce temperatures of 400°C, while the latter
two are point- focus systems that can produce temperatures
of 800°C or higher.

Curtailment. A reduction in the output of a generator, typi-
cally on an involuntary basis, from what it could produce
otherwise given the resources available. Curtailment of
electricity generation has long been a normal occurrence
in the electric power industry and can occur for a variety of
reasons, including a lack of transmission access or trans-
mission congestion.

Demand-side management. The application of economic
incentives and technology in the pursuit of cost-
effective energy efficiency measures and load-shifting
on the customer side, to achieve least-cost overall energy
system optimisation.

Demand response. The use of market signals such as
time-of-use pricing, incentive payments or penalties to
influence end-user electricity consumption behaviours.
Demand response is usually used to balance electrical supply
and demand within a power system.

Distributed generation. Generation of electricity from
dispersed, generally small-scale systems that are close to
the point of consumption.

Distributed renewable energy. Energy systems are consid-
ered to be distributed if 1) the systems are connected to the
distribution network rather than the transmission network,
which implies that they are relatively small and dispersed
(such as small-scale solar PV on rooftops) rather than rela-
tively large and centralised; or 2) generation and distribution
occurindependently from a centralised network. Specifically
for the purpose of the chapter on Distributed Renewables
for Energy Access, “distributed renewable energy” meets
both conditions. It includes energy services for electrifica-
tion, cooking, heating and cooling that are generated and
distributed independent of any centralised system, in urban
and rural areas of the developing world.

Distribution grid. The portion of the electrical network that
takes power off the high-voltage transmission network via
substations (at varying stepped-down voltages) and distrib-
utes electricity to customers.
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Electric vehicle (EV). A vehicle that uses one or more electric
motors for propulsion. A battery electric vehicle is a type of
EV thatuses chemical energy stored in rechargeable battery
packs. A plug-in hybrid EV can be recharged by an external
source of electric power. Fuel cell vehicles are EVs that use
pure hydrogen (or gaseous hydrocarbons before reformation)
as the energy storage medium.

Energy. The ability to do work, which comes in a number of
forms including thermal, radiant, kinetic, chemical, poten-
tial and electrical. Primary energy is the energy embodied in
(energy potential of) natural resources, such as coal, natu-
ral gas and renewable sources. Final energy is the energy
delivered for end-use (such as electricity at an electrical
outlet). Conversion losses occur whenever primary energy
needs to be transformed for final energy use, such as
combustion of fossil fuels for electricity generation.

Energy conservation. Any change in behaviour of an
energy consuming entity for the specific purpose of affect-
ing an energy demand reduction. Energy conservation is
distinct from energy efficiency in that it is predicated on the
assumption that an otherwise preferred behaviour of greater
energy intensity is abandoned. See Energy efficiency and
Energy intensity.

Energy efficiency. The measure that accounts for deliver-
ing more services for the same energy input, or the same
amount of services for less energy input. Conceptually, this
is the reduction of losses from the conversion of primary
source fuels through final energy use, as well as other
active or passive measures to reduce energy demand with-
out diminishing the quality of energy services delivered.
Energy efficiency is technology-specific and distinct from
energy conservation, which pertains to behavioural change.
Both energy efficiency and energy conservation can contrib-
ute to energy demand reduction.

Energy intensity. Primary energy consumption per unit
of economic output. Energy intensity is a broader concept
than energy efficiency in thatitis also determined by
non-efficiency variables, such as the composition of
economic activity. Energy intensity typically is used as a
proxy for energy efficiency in macro-level analyses due to
the lack of an internationally agreed upon high-level indi-
cator for measuring energy efficiency.

Energy subsidy. A government measure that artificially
reduces the price that consumers pay for energy or that
reduces the energy production cost.

Ethanol (fuel). A liquid fuel made from biomass (typically
corn, sugar cane or small cereals/grains) that can replace
petrolin modest percentages for use in ordinary spark-igni-
tion engines (stationary or in vehicles), or that can be used
athigher blend levels (usually up to 85% ethanol, or 100% in
Brazil) in slightly modified engines, such as those provided
in “flex-fuel” vehicles. Ethanol also is used in the chemical
and beverage industries. Fatty acid methyl esters (FAME).
See Biodiesel.



Fatty acid methyl esters (FAME). See Biodiesel.

Feed-in policy (feed-in tariff or feed-in premium). A policy
that typically guarantees renewable generators specified
payments per unit (e.g., USD per kWh) over a fixed period.
Feed-in tariff (FIT) policies also may establish regulations by
which generators can interconnect and sell power to the grid.
Numerous options exist for defining the level of incentive,
such as whether the paymentis structured as a guaranteed
minimum price (e.g., a FIT), or whether the payment floats on
top of the wholesale electricity price (e.g., a feed-in premium).

Finalenergy. The part of primary energy, after deduction of
losses from conversion, transmission and distribution, that
reaches the consumer and is available to provide heating,
hot water, lighting and other services. Final energy forms
include, among others, electricity, district heating, mechan-
ical energy, liquid hydrocarbons such as kerosene or fuel
oil, and various gaseous fuels such as natural gas, biogas
and hydrogen.

(Total) Final energy consumption (TFEC). Energy that is
supplied to the consumer for all final energy services such as
transport, cooling and lighting, building or industrial heating
or mechanical work. TFEC differs from total final consumption
(TFC), whichincludes all energy use in end-use sectors (TFEC)
as well as energy use for non-energy applications, mainly
various industrial uses, such as feedstocks for petrochemi-
cal manufacturing.

Fiscal incentive. An incentive that provides individuals,
households or companies with a reduction in their contribu-
tion to the public treasury via income or other taxes.

Generation. The process of converting energy into electric-
ity and/or useful heat from a primary energy source such
as wind, solar radiation, natural gas, biomass, etc.

Geothermal energy. Heat energy emitted from within the
Earth's crust, usually in the form of hot water and steam.
It can be used to generate electricity in a thermal power plant
or to provide heat directly at various temperatures.

Green bond. A bond issued by a bank or company, the
proceeds of which will go entirely into renewable energy
and other environmentally friendly projects. The issuer will
normally label it as a green bond. There is no internation-
ally recognised standard for what constitutes a green bond.

Heat pump. A device that transfers heat from a heat source
to a heat sink using a refrigeration cycle that is driven by
external electric or thermal energy. It can use the ground
(geothermal/ ground-source), the surrounding air (aerother-
mal/air-source) or a body of water (hydrothermal/water-
source) as a heat source in heating mode, and as a heat sink
in cooling mode. A heat pump’s final energy output can be
several multiples of the energy input, depending on its inher-
ent efficiency and operating condition. The output of a heat
pump is at least partially renewable on a final energy basis.
However, the renewable component can be much lower on
a primary energy basis, depending on the composition and
derivation of the input energy; in the case of electricity, this
includes the efficiency of the power generation process.
The output of a heat pump can be fully renewable energy if
the input energy is also fully renewable.

Hydropower. Electricity derived from the potential energy
of water captured when moving from higher to lower
elevations. Categories of hydropower projects include run-
of-river, reservoir based capacity and low-head in-stream
technology (the leastdeveloped). Hydropower covers a contin-
uum in project scale from large (usually defined as more than
10 MW of installed capacity, but the definition varies by
country) to small, mini, micro and pico.

Investment. Purchase of an item of value with an expecta-
tion of favourable future returns. In this report, new invest-
mentin renewable energy refers to investmentin: technology
research and development, commercialisation, construction
of manufacturing facilities and project development (includ-
ing the construction of wind farms and the purchase and
installation of solar PV systems). Total investment refers to
new investment plus merger and acquisition (M&A) activity
(the refinancing and sale of companies and projects).

Investment tax credit. A fiscal incentive that allows invest-
ments in renewable energy to be fully or partially credited
against the tax obligations orincome of a project developer,
industry, building owner, etc.

Joule. Ajoule () is a unit of work or energy equal to the work
done by a force equal to one newton acting over a distance
of one metre. One joule is equal to one watt-second (the
power of one watt exerted over the period of one second).
The potential chemical energy stored in one barrel of oil and
released when combusted is approximately 6 gigajoules (G));
a tonne of oven-dry wood contains around 20 GJ of energy.

Levelised cost of energy/electricity (LCOE). The cost per
unit of energy from an energy generating asset thatis based
on the present value of its total construction and lifetime
operating costs, divided by total energy output expected
from that asset over its lifetime.

Long-term strategic plan. Strategy to achieve energy
savings over a specified period of time (i.e., several years),
including specific goals and actions to improve energy
efficiency, typically spanning all major sectors.
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Mandate/Obligation. A measure that requires designated
parties (consumers, suppliers, generators) to meet a mini-
mum —and often gradually increasing — standard for renewa-
ble energy (or energy efficiency), such as a percentage of total
supply, a stated amount of capacity, or the required use of a
specified renewable technology. Costs generally are borne
by consumers. Mandates can include renewable portfolio
standards (RPS); building codes or obligations that require
the installation of renewable heat or power technologies
(often in combination with energy efficiency investments);
renewable heat purchase requirements; and requirements
for blending specified shares of biofuels (biodiesel or etha-
nol) into transport fuel.

Mini-grid/Micro-grid. For distributed renewable energy
systems for energy access, a mini-grid/micro-grid typi-
cally refers to an independent grid network operating on
a scale of less than 10 MW (with most at very small scale)
thatdistributes electricity to a limited number of customers.
Mini-/micro-grids also can refer to much larger networks
(e.g., for corporate or university campuses) that can
operate independently of, or in conjunction with, the main
power grid. However, there is no universal definition differ-
entiating mini- and micro-grids.

Monitoring. Energy use is monitored to establish a basis
for energy management and to provide information on
deviations from established patterns.

Municipal solid waste. Waste materials generated by
households and similar waste produced by commercial,
industrial or institutional entities. The wastes are a mixture
of renewable plant and fossil-based materials, with the
proportions varying depending on local circumstances.
Adefault value that assumes that at least 50% of the mate-
rial is “renewable” is often applied.

Net metering/Net billing. A regulated arrangement in
which utility customers with on-site electricity genera-
tors can receive credits for excess generation, which can
be applied to offset consumption in other billing periods.
Under net metering, customers typically receive credit at the
level of the retail electricity price. Under net billing, custom-
ers typically receive credit for excess power at a rate that is
lower than the retail electricity price. Different jurisdictions
may apply these terms in different ways, however.

Ocean power. Refers to technologies used to generate elec-
tricity by harnessing from the ocean the energy potential of
ocean waves, tidal range (rise and fall), tidal streams, ocean
(permanent) currents, temperature gradients (ocean thermal
energy conversion) and salinity gradients. The definition of
ocean power used in this report does not include offshore
wind power or marine biomass energy.
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Off-take agreement. An agreement between a producer
of energy and a buyer of energy to purchase/sell portions
of the producer’s future production. An off-take agreement
normally is negotiated prior to the construction of a renew-
able energy project or installation of renewable energy
equipment in order to secure a market for the future output
(e.g., electricity, heat). Examples of this type of agreement
include power purchase agreements and feed-in tariffs.

Off-taker. The purchaser of the energy from a renewable
energy project or installation (e.g., a utility company) follow-
ing an off-take agreement. (See Off-take agreement.)

Pay-as-you-go (PAYG). A business model that gives custom-
ers (mainly in areas without access to the electricity grid)
the possibility to purchase small-scale energy-producing
products, such as solar home systems, by paying in small
instalments over time.

Pico solar devices/pico solar systems. Small solar systems
such as solar lanterns that are designed to provide only
a limited amount of electricity service, usually lighting and
in some cases mobile phone charging. Such systems are
deployed mainly in areas that have no or poor access to
electricity. The systems usually have a power output of 1-10
watts and a voltage of up to 12 volts.

Power. The rate at which energy is converted into work,
expressed in watts (joules/second).

Power purchase agreement (PPA). A contract between two
parties, one that generates electricity (the seller) and one
thatis looking to purchase electricity (the buyer).

Primary energy. The theoretically available energy content
of a naturally occurring energy source (such as coal, oil, natu-
ral gas, uranium ore, geothermal and biomass energy, etc.)
before it undergoes conversion to useful final energy deliv-
ered to the end-user. Conversion of primary energy into other
forms of useful final energy (such as electricity and fuels)
entails losses. Some primary energy is consumed at the
end-user level as final energy without any prior conversion.

Primary energy consumption. The direct use of energy at
the source, or supplying users with unprocessed fuel.

Product and sectoral standards. Rules specifying the
minimum standards for certain products (e.g., appli-
ances) or sectors (industry, transport, etc.) for increasing
energy efficiency.

Production tax credit. A tax incentive that provides the
investor or owner of a qualifying property or facility with
a tax credit based on the amount of renewable energy
(electricity, heat or biofuel) generated by that facility.

Public financing. A type of financial support mechanism
whereby governments provide assistance, often in the form
of grants or loans, to support the development or deployment
of renewable energy technologies.



Pumped storage. Plants that pump water from a lower
reservoir to a higher storage basin using surplus elec-
tricity, and that reverse the flow to generate electricity
when needed. They are not energy sources but means of
energy storage and can have overall system efficiencies of
around 80-90%.

Regulatory policy. A rule to guide or control the conduct of
those to whom it applies. In the renewable energy context,
examples include mandates or quotas such as renewable
portfolio standards, feed-in tariffs and technology/fuel
specific obligations.

Renewable energy certificate (REC). A certificate awarded
to certify the generation of one unit of renewable energy
(typically 1 MWh of electricity but also less commonly of
heat). In systems based on RECs, certificates can be accumu-
lated to meet renewable energy obligations and also provide
a tool for trading among consumers and/or producers.
They also are a means of enabling purchases of voluntary
green energy.

Renewable portfolio standard (RPS). An obligation placed
by a government on a utility company, group of companies
or consumers to provide or use a predetermined minimum
targeted renewable share of installed capacity, or of elec-
tricity or heat generated or sold. A penalty may or may not
exist for non-compliance. These policies also are known as

“renewable electricity standards”, “renewable obligations”
and “mandated market shares”, depending on the jurisdiction.

Reverse auction. See Tendering.

Smart grid technology. Advanced information and control
technology thatis required forimproved systems integration
and resource optimisation on the grid.

Solar collector. A device used for converting solar energy
to thermal energy (heat), typically used for domestic water
heating but also used for space heating, for industrial process
heat or to drive thermal cooling machines. Evacuated tube
and flat plate collectors that operate with water or a water/
glycol mixture as the heat-transfer medium are the most
common solar thermal collectors used worldwide. These are
referred to as glazed water collectors because irradiation
from the sun first hits a glazing (for thermal insulation) before
the energy is converted to heat and transported away by
the heat transfer medium. Unglazed water collectors, often
referred to as swimming pool absorbers, are simple collectors
made of plastics and used for lower temperature applica-
tions. Unglazed and glazed air collectors use air rather than
water as the heat-transfer medium to heatindoor spaces or
to pre-heat drying air or combustion air for agriculture and
industry purposes.

Solar home system. A stand-alone system composed of
a relatively low-power photovoltaic module, a battery and
sometimes a charge controller that can provide modest
amounts of electricity for home lighting, communications
and appliances, usually in rural or remote regions that are
not connected to the electricity grid. The term solar home
system kit is also used to define systems that usually are
branded and have components that are easy for users to
install and use.

Solar photovoltaics (PV). A technology used for converting
light directly into electricity. Solar PV cells are constructed
from semiconducting materials that use sunlight to sepa-
rate electrons from atoms to create an electric current.
Modules are formed by interconnecting individual cells.

Target. An official commitment, plan or goal set by a govern-
ment (at the local, state, national or regional level) to achieve
a certain amount of renewable energy or energy efficiency
by a future date. Targets may be backed by specific compli-
ance mechanisms or policy support measures. Some targets
are legislated, while others are set by regulatory agencies,
ministries or public officials.

Tender (also called auction / reverse auction or tender).
A procurement mechanism by which renewable energy
supply or capacity is competitively solicited from sellers,
who offer bids at the lowest price that they would be will-
ing to accept. Bids may be evaluated on both price and
non-price factors.

Transmission grid. The portion of the electrical supply distri-
bution network that carries bulk electricity from power plants
to substations, where voltage is stepped down for further
distribution. High-voltage transmission lines can carry
electricity between regional grids in order to balance supply
and demand.

Variable renewable energy. A renewable energy source
that fluctuates within a relatively short time frame, such
as wind and solar energy, which vary within daily, hourly
and even sub-hourly time frames. By contrast, resources
and technologies that are variable on an annual or seasonal
basis due to environmental changes, such as hydropower
(due to changes in rainfall) and thermal power plants (due
to changes in temperature of ambient air and cooling water),
do not fall into this category.

Vehicle fuel standard. Rule specifying the minimum fuel
economy of automobiles.
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METHODOLOGICAL NOTE

The Asia and the Pacific Renewable Energy Status Report,
in keeping with the objectives of previous REN21 regional
reports, provides an overview of the renewable energy
status of each selected country. The 18 countries and five
sub-regions analysed in this report cover a vast territory that
is extremely rich in natural resources, including those suita-
ble for almost any type of renewable energy technology. The
report highlights the fronts on which progress is being made
and attempts, through newly gathered data and information,
to provide the knowledge that is needed to identify specific
obstacles and to highlight possible opportunities to greatly
increase renewable energy uptake in the region.

The report draws from thousands of published and unpub-
lished references, including: official government sources;
reports from international organisations and industry asso-
ciations; inputfrom the REN21 community via questionnaires
submitted by country, sub-regional and technology contrib-
utors as well as feedback from several rounds of formal and
informal reviews; additional personal communications with
several international experts; and a variety of electronic
newsletters, news media and other sources. Where neces-
sary, information and data that are conflicting, partial or
older are reconciled by using reasoned expert judgment.
Endnotes provide additional details, including references,
supporting information and assumptions where relevant.

Much of the data found in this regional report is built from
the ground up by the authors with the aid of these resources.
This often involves extrapolation of older data, based on
recent changes in key countries within a sector or based on
recent growth rates and global trends. Other data, often very
specific and narrow in scope, come more-or-less prepared
from third parties. The report attempts to synthesise these
data points into a collective whole for the focus year.

For ease of reference, wherever possible the report is struc-
tured by the five sub-regions of Northeast Asia, Central Asia,
South Asia, Southeast Asia and The Pacific. Sub-regional
conclusions have been drawn wherever common threads
can be found.

The report considers the uptake of renewable energy across
the three main energy sectors:

» Power generation: Meeting electricity demand and
substituting non-renewable sources of electricity is, in
some ways, a traditional application of renewable energy.
Rapid reductions in unit costs for renewable electricity
generation, along with innovations in regulatory models
and rules for both producing and procuring energy in many
national electricity markets, mean that the landscape is
constantly evolving towards more decentralised gener-
ation and increased uptake of such technologies to meet
electricity demand.

e Heating and cooling: Rising demand for heating and
cooling is driven by the increasing desire for individual
thermal comfort and by increased prosperity, improved
supply chains and expanding industrial processes.
The application of renewables to meet this demand remains
in its early stages, and more could be done to further the
deployment of renewable sources of thermal energy, such
as biomass, solar thermal and terrestrial (geothermal and
ocean) sources.

e Transport: Transport has long been a significant sector
for emission reduction activity and for the application of
lower-emission fuels and vehicles, which also have the
potential to reduce air pollution. New technologies, includ-
ing those to accelerate vehicle electrification and reduce
dependence on petroleum, create many new opportunities
forincreasing the penetration of renewable energy.

CURRENCY

All exchange rates in this report are as of July 2019 and are
calculated using the OANDA currency converter (http:/www.
oanda.com/currency/converter/).



RENZ21 DATA AND
REPORTING CULTURE

REN21 has developed a unique renewable energy reporting
culture, allowing it to become recognised as a neutral data
and knowledge broker that provides credible and widely
accepted information. The REN21 data and reporting culture
comprises the following elements:

» Developing data collection processes that build on an
international community of experts, allowing access
to dispersed data and information that frequently are
not consolidated;

» Consolidating formal (official) and informal (unofficial/
unconventional) data gathered from a wide range of
sources in a collaborative and transparent way;

e Complementing and validating data and informationin an
open peer-review process;

e Using validated data and information to provide fact-
based evidence and to develop a supportive narrative to
shape the global debate on the energy transition.

Transparency is at the heart of the REN21 data and report-
ing culture. REN21 ensures the accuracy and reliability of its
reports by conducting data validation and fact-checking as a
continuous process. From the first submission of the country
questionnaires, data are continually verified up through the
design period and until the final report is published.

All data provided by contributors, whether written
or verbal, are validated by primary sources, which are
published online in the full report (www.ren21.net).

REN21HAS DEVELOPED A UNIQUE RENEWABLE ENERGY REPORTING CULTURE

Our process is built on collaboration (drawing on
the power of many) consolidation (of data) and
transparency (open and rigorous validation).

All data and information are openly available to be used

to advocate for a sustainable energy future.

Collaborative

Data Collection

Open Access
Data

Consolidating

Formaland
Informal Data

Open
Peer Review

%7 REN21

RENEWABLES NOW

Inform
Decision
Processes
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