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Introduction

The global efforts to increase the uptake of renewable
energy including hydro, solar, wind, and geothermal
in global energy mix have dominated international
agenda in recent decades. In 2015, at the United
Nations Sustainable Development Summit, global
leaders adopted “Affordable and Clean Energy”
as one of the key Sustainable Development Goals
(SDGs) to be achieved by 2030. This paradigm shift
towards the inclusion of clean energy in the SDGs
resulted mainly from the severity of climate change
and air pollution.

Industrial development, while bringing about great
progress and globalisation to the human race, has
aggravated climate change because it relies heavily
on fuel-based energy, which emits a large volume of
greenhouse gas, particularly carbon dioxide (CO2),
into the atmosphere. A high level of concentration
of greenhouse gas has
global temperature causing changes in
patterns, extreme weather events (frequent storms,
heavy floods, drought, heatwave), sea level rise,

resulted in increased

rainfall

water scarcity, human health, reduced agriculture
productivity, biodiversity loss, ecosystem
degradation.

and

A study in 2011 indicates that carbon dioxide
concentration has increased around 40%, compared
to the pre-industrial time in 1750, predominantly as
a result of burning fossil fuels, deforestation, and
changes in land use (Pachauri and Meyer 2015). The
Earth has warmed by 0.7°C since 1900. Over the past
30 years, global temperature has risen rapidly at
around 0.2°C per decade, bringing the global mean
temperature towhatis probably at or nearthe warmest
level reached in the current interglacial period, which
began around 12,000 years ago. Climate models
project that the world is moving towards a further
warming of 0.5°C-1°C for several more decades due
to past emissions. If annual emissions continue at
today’s level, greenhouse gas level would be close
to double the pre-industrial levels by the middle of

the century. If this concentration sustains, global
temperatures are projected to eventually increase
between 2-5°C or even higher. If greenhouse gas
levels are to reach 1,000 part per million, more than
triple the pre-industrial levels, the Earth would see
around a 3-5°C of warming or more, which would
cause pervasive and irreversible impact on human
and ecosystem.

Besides the severe impact of climate change,
air pollution caused by fossil fuels energy-based
industrial production activities and transportations
has compelled national leaders to consider pursuing
sustainable development models
on renewable energy. Air pollution ranks second
for the cause of deaths from non-communicable
diseases (NCDs) after tobacco smoking (World
Health Organisation 2020). In 2016, household and
ambient air pollution caused approximately 7 million
premature deaths (World Health Organisation 2018).
The main diseases associated with the pollution
include heart disease, lung cancer, stroke, and
chronic obstructive pulmonary disease (World Health
Organisation 2020). Besides the adverse impact

more based

on human health, air pollutants including black
carbon and small particles have destructive effects
on biodiversity, ecosystem, water sources, food
sources, as well as cultural and historical monuments
(UNECE 2020).

Against the backdrop of the urgent needs at the
national, regional and global levels for sustainable
development based on clean and renewable sources
of energy, the Asian Vision Institute (AVI) and Konrad-
Adenaur-Stiftung (KAS) have collaborated to publish
this book volume focusing on renewable energy in
Southeast Asia, a timely and relevant topic for the
region. The authors are policy advisers, researchers,
analysts and practitioners in the energy sector. The
book aims to present (i) recent development and
challenges in the energy sector in Southeast Asia,
(ii) bilateral and multilateral cooperation frameworks
on renewable energy in the region, and (iii) private
renewable energy. This book, a
collection of policy-oriented research papers, is

investment in
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expected to raise public awareness and stimulate
policy interests in renewable energy and approaches
to sustainable development. Its empirical data and
findings may better inform renewable energy policy
dialogues and policymaking as well as improve
understanding among key stakeholders including
institutions, private investors,

government non-

government organisations, and research institutions.

Renewable Energy in Southeast
Asia

To address the above concerns about climate
change and air pollution, efforts are being made to
reduce carbon emissions while increasing the share
of renewable energy in global energy mix as well
as expanding the deployment of energy efficiency.
Renewable energy contributed to almost 11% of total
energy consumption in 2018 (International Energy
Agency 2020). This represents approximately 56%
of the increased share of renewable-based energy,
which has been mostly driven by hydro, wind, and
solar photovoltaic since 2000 (International Energy
Agency 2020). It is projected that the share of
renewable energy in total primary energy supply will
rise from 14% to 63% between 2015 and 2050 while
the share of fossil fuels will drop from 86% to 37%
(Gielena et al. 2019).

The progress being made owes to the commitment
of large energy producers, including China, the
European Union, the United States of America, India,
and Russia. As the largest energy producer and
consumer, China commits to reducing its carbon
emissions per unit of gross domestic products by
60-65% and the share of non-fossil fuel of 20% by
2030, while the European Union aims to achieve 32%
of renewable energy in the energy mix in the same
year (Gielena et al. 2019; NDRC, n.d.). In the United
States of America, 17% of electricity generation come
from renewable resources (U.S. Energy Information
Administration 2020).
owning one of largest stocks of fossil fuel resources,

In a similar vein, Russia,

and India, one of the
producers, both have set high targets and deployed
technologies for electricity generation from solar,
wind and renewable sources (IRENA 2017; Ministry of

New and Renewable Energy, n.d.).

largest consumers and

An increased deployment of renewable energy is
of significant contribution towards the achievement
of the Sustainable Development Goals. It has
contributed to improved electricity access, which is
crucial for increased productivity, poverty alleviation,
improved living standard, affordable and clean
energy, increased income, and economic growth. In
2019, the number of the global population without
access to electricity dropped to a record low at 770
million compared to 1.5 billion in 1990 (International
Energy Agency 2020). In the same period, over 30%,
approximately 2.6 billion, of the global population
did not have access to clean sources of energy.
They depended on such polluted sources as solid
biomass, kerosene or coal, which are the causes of
indoor air pollution killing millions of people every
year (International Energy Agency 2020). Therefore,
there is a need for more intervention and investment
deployment
energy efficiency

in  research, and
of renewable energy
technologies. Lower cost of energy produced by
renewable sources and improved efficiency than
the conventional coal plants and other fossil-based

energy production is key for enhancing progress and

development,
and

achieving greater sustainability.

Without exception, countries in Southeast Asia,
a region home to approximately 622 million
inhabitants (World Population Review 2020), are
endeavouring to provide sustainable, reliable, and
affordable electricity to their population, 130 million
of whom do not have access to electricity. Plan of
Action for Energy Cooperation (APAEC) 2016—2025
outlines strategies and programmes of actions to
realise energy security, accessibility, affordability and
sustainability for ASEAN population through energy
connectivity and market integration (Zamora 2015).
The plan sets higher targets to improve energy
efficiency and increase the uptake of renewable

13
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energy by reducing the energy intensity by 20% in
2020 compared to 2005 while increasing the share
of renewable energy to 23% by 2025 in the energy
The targets will lower the costs of energy
supply, improve air quality, and create a robust
energy system.

mix.

Despite the progress being made, the plan for
increased deployment of renewable energy is
obstructed by numerous challenges, including
financial, technological, regulatory, institutional,
geographical, and human resource aspects. These
challenges, however, can be addressed through
broadening and deepening regional partnerships
and collaboration among ASEAN member countries
with dialogue partners, International Organisations
(10s), research institutions, and involvement of the
private sector in the forms of financial investment
and technology transfer.

All countries in Southeast Asia as a whole need to
work together more seamlessly to promote research,
development and deployment of renewable energy
in all spectrums of the economy, society, businesses
and governance. In addition, innovative approaches
to sustainable development need to be continuously
explored, tested and implemented in order to achieve
greater progress and more inclusive development in
the region.

Book Outline

This book has three parts with a total of 11 chapters.
Following this Introduction, Part I, which has 4
chapters, offers a broad overview of the energy sector
in Southeast Asia and the Mekong region. Itillustrates
the challenges and opportunities in implementing
and increasing the use of renewable energy in the
region. Those challenges include financial, technical,
institutional, regulatory, geographical, infrastructural
and human resources dimensions. The chapters
in Part | also offer useful policy recommendations
for enhancing the integration of clean energy and

renewable energy to achieve national and regional
renewable energy targets.

Part Il, which has 3 chapters, examines cooperation
in the energy sector at both bilateral and regional
levels within Southeast Asia and the Greater Mekong
Subregion.
frameworks that the Mekong region has with external
powers. Mekong countries can draw benefits from
such cooperation frameworks in terms of financial
assistance,technology and knowledgetransfer,as well
as human resource development in order to enhance

It also presents various cooperation

the development and deployment of clean energy
technologies and renewable energy in the Mekong
region. However, countries in the region should also
be cautious about the geopolitical dimensions of
those cooperation initiatives with external powers.
They need to work together to ensure that those
cooperation frameworks are platforms serving the
interests of the region, not dividing it.

Part Ill has two chapters, and it explores investment
and business models in renewable energy in the
Mekong region. One chapter offers a proposal for
renewable energy cooperation and investment in
the Greater Mekong Subregion. Another chapter
reviews various studies related to investment and
business models in renewable energy in Cambodia.
Clean energy technologies, renewable energy and
innovations in the energy sector can unlock the
potential for economic growth as well as improve
efficiency and productivity in various sectors in
Cambodia.

The concluding chapter presents a synthesis and
summary of the book as a whole. It highlights how
the empirical data and findings in this edited book
volume are significant to knowledge and policy
about the energy sector in Southeast Asia and the
Mekong region. It makes specific recommendations
to all relevant stakeholders to work together to
overcome the challenges and expand opportunities
for collaborations, partnerships and investment in
renewable energy to transform Southeast Asia into a
clean, green and sustainable region.
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Energy Demand and Supply and Potential Distributed Energy System in Southeast Asia

Han Phoumin

Introduction

The Association of Southeast Asian Nations (ASEAN)
is linked by common energy challenges, namely
maintaining economic growth and gaining energy
security while at the same time curbing climate
change and reducing air pollution. At the intersection
of these challenges is the corresponding need to
rapidly develop and deploy energy efficiency and
technology,
safety, and doubling the share of renewables to

saving, low-emissions coal nuclear
energy mix policy which is inclusive and sustainable
development. The ASEAN’s energy demand is
expected to increase triple from 2013-2040, and
thus it has brought along many opportunities and
challenges including climate change as a result of
rising energy consumption from fossil fuel. Despite
significant progress made in the last decades in
terms of energy poverty alleviation, some countries
in ASEAN are still struggling to provide energy
access to their rural population.

At the regional level, the idea of inclusive energy will
be largely linked to the Cebu Declaration with regard
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to providing energy access to all, applying energy
efficiency and saving, and having the best energy
mix for energy security. However, some of them are
beyond a country level and thus cooperation for
regional inclusiveness of energy is indispensable.
Most countries in ASEAN are largely dependent
on imports of fossil fuels from the Middle East. The
growing dependency on fossil fuel imports also
puts the region into a vulnerable situation in case
of an oil supply disruption that may arrive by any
chances from the political instability in the Middle
East. Likewise, the continued use of fossil fuels has a
substantial impact on the increase in CO2 emissions.

This study on energy inclusiveness of ASEAN
explored the best energy mix and also focused
on energy access, affordability, and the minimising
of energy security reducing the
dependence on fuel imports as well as improving

risk through
fuel use efficiency and conservation measures.
Sustainable and clean energy system of ASEAN
will need to consider increasing the share of the
renewable energy into the total share of the energy
consumption and the cleaner use of fossil fuel
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through clean coal technologies and the deployment
of caborn capture, utilisation and storage (CCUS).

Therefore, the ASEAN Summit’s leadership needs to
address the common energy challenges faced by the
region and turn those challenges into opportunities
for investment to improve energy efficiency and
saving. Tapping on renewable sources will surely
contribute to the regional economy, security and
sustainable growth. A study by the Economic
Research Institute for ASEAN and East Asia (ERIA)
on the economic impacts of investments on energy
suggested
that investing in these energy low carbon-emitting
technologies and saving would increase GDP in
ASEAN and East Asia countries by 4 per cent by
impacting all structural changes from the Business as
Usual (BAU). Furthermore, the ERIA’s study on “Energy

efficiency technologies and saving

Saving Potentials” also shows that “Alternative Policy
Scenario” through the energy efficiency and savings
could abate the carbon emitting by 1,842 Mt-C in
2035 compared to a BAU scenario.

The role of energy will remain critical as the backbone
of economic growth. ASEAN and East Asia will need
to look into its potential domestic resources and
assess its reliable supply in the region. It is also noted
that the power generation in ASEAN and East Asia
will keep growing on average at 3.7 per cent per year
from 2010 (7740 TWh) to 2035 (18,999 TWh) (ERIA
2013), and the share of coal-fired generation will
continue to be the largest (above 55 per cent) of the
total share until 2035. Thus, coal supply in the region
will play a critical role as electricity will be the major
energy sector for decades to come. The supply of coal
is more reliable and stable as Indonesia and Australia
have proved to have plenty of reserves to supply to
ASEAN and East Asia. In this regard, the strategic
usage of coal in ASEAN and East Asia will need to
look at appropriate technology to use coal efficiently
as part of energy security as well as contributing to
green ASEAN. The choices of coal-fired generating
technology will
investments, efficiency, fuel inputs and costs, and
for reducing carbon emission. Thus, to diversify the

have significant implications for

Source: unsplag

energy sources, ASEAN’s and East Asia’s future
energy growths will need to come from the ASEAN
and East Asia potential resources such as effective
usage of coal, natural gas, renewable energy (wind,
solar and advanced biomass) and bio-fuels.

In promoting the GREEN ASEAN, green technology
and low carbon-emitting technology needs to stay at
the heart of ASEAN. However, there are barriers in
accessing those technologies because the upfront
cost ofinvestment is high compared with cheaper and
dirtier technologies that emit high carbon emissions.
Therefore, ASEAN may also need to voice common
concerns to the international arena to ensure that
such a kind of clean technologies could be deployed
and made affordable to ASEAN countries.
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This chapter focuses on the energy outlook for
ASEAN to pursue energy resilience and green
development by looking into its resource potentials
and the strategic uses of those resources toward
energy security, thus providing ASEAN and East Asia
with a long term perspective of green development
and sustainable as well as equitable growth.

Energy Access

The ASEAN region has had a spectacular growth
over the past 2 decades, and this growth has lifted
hundreds of millions of people out of poverty.
Energy demand has grown 2.5 times since 1990
and is expected to triple by 2035. Yet about 130
million people in ASEAN countries still lack access
to electricity and therefore have yet to enjoy the
health, social, and economic benefits brought by
electricty and clean cooking fuel such as Liquerfied
Natural Gas (ACE 2013). As the ASEAN Community
declared at the end of 2015, the lack of power and
energy access could threaten the region’s economic
growth and economic transition. Energy is largely
linked with economic opportunities. The expansion
of energy infrastructure projects is slow and affects
the potential of industrial development and growth.
In ASEAN countries, small and very small power
producers (SPPs and VSPPs) are playing a significant

1' ] "w‘*“mﬂwl [

role in the electricity supply gap and in meeting
growing electricity demand. However, economic
zones are also increasing to promote economic
growth in ASEAN Member States. As often, the
electricity supply in the economic zones is in the form
of Distributed Energy System (DES) as auto-electricity
producers. In some cases, the auto-producers also
supply surplus electricity to the grid or nearby areas.
In rural areas of developing countries, schools and
clinics operate with zero or little power. Therefore,
DES has been
electricity system to meet end-user demand more

recognised as a decentralised

effectively and to serve areas where grid expansion
is not economically viable. This situation is observed
in Cambodia, the Lao PDR, Myanmar, and some
remote islands of Indonesia.

Table 1shows electricity access in the ASEAN region.
It also shows the progress of electricity access in
urban and rural areas from 1990 to 2012, and only
aggregates at a national level in 2016. While a
tremendous 100% increase of energy access has
been observed in Malaysia, Singapore, Thailand
and Vietnam, some countries in Southeast Asia
have struggled to improve energy access of their
population.
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Table 1. Access to electricity, 19990-2016

1990 2000 2012 2016

Rural Urban National Rural Urban National Rural Urban National National
Cambodia 5.0 36.6 19.2 9.0 49.9 16.6 18.8 91.3 311 49.8
Myanmar - - - - - - - - 32* 57
Lao PDR 397 100.0 51.5 40.0 687 46.3 54.8 97.9 70 871
Brunei 56.4 70.5 657 61.2 727 69.4 671 79.0 76.2 100
Indonesia - - 66.9 - - - - - 74** 976
Vietnam 845 100 879 86.6 96.9 891 977 100.0 99 100
Philip— 46.4 85.5 65.4 51.9 92.3 71.3 81.5 937 875 91
pines
Malaysia 89.2 97.3 93.2 93.0 98.5 96.4 100 100 100 100
Singapore 99 100 100 99 100 100 99 100 100 100
Thailand 82 75.2 80 87.0 72.6 82.5 99.8 100 100 100

Promoting energy access requires investing
*  The number was taken from the presentation of Khin Seint

Wint (2014) on Renewable Energy Association of Myanmar.
b The number was taken from ASEAN Guideline on Off-Grid

Rural Electrification Approaches (ACE 2013).
Source: World Development Indicator 2018.

Energy Demand and Supply

The energy demand and supply outlook of ASEAN
used country data, assumptions, and energy policies
as well as targets set by respective governments
to analyse the potential impacts of energy-saving
and greenhouse gas emissions. The study also
provides a platform for energy collaboration and
capacity building within Southeast Asia nations. The
rising energy demand is driven by a variety of socio-

in infrastructure of grid expansion and off-grid
electricity systems. Regardless of the on-grid or
off-grid systems, DES can be well used depending
on the context and the development of the energy
market in that particular country and region.

economic factors including growing population,

sustained economic growth, increasing vehicle

ownership and easier access to electricity.

The energy models of ASEAN countries were
developed using the Long-range Energy Alternative
Planning System (LEAP) software, an accounting
system used to develop projections of energy
balance tables based on final energy consumption
and energy input/output in the transformation sector.
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Final energy consumption is forecast using energy
demand equations by energy and sector as well as
future macroeconomic assumptions. The macro-
economic module also projects prices for natural gas
and coal-based on exogenously specified oil price
assumptions. Demand equations are econometrically
calculated in another module using the historical
data, and future parameters are projected using
the explanatory variables from the macro-economic
module. An econometric approach means that future
demand and supply will be heavily influenced by
historical trends. However, the supply of energy and
new technologies is treated exogenously. For electricity
generation, specified assumptions were provided
by respective ASEAN Member States, as it is used to
determine the future electricity generation mix.

The total energy saving potentials could be realised
by implementing energy policies and targets through
the improvement in both the transformation sector,
particularly the power generation as well as in the
final energy consumption sector where efficiencies
of household appliances and more efficient building
designs are expected in ASEAN.

Final Energy Consumption

The final energy consumption is projected to increase
from 431 Mtoe in 2013 to 1191 Mtoe in 2040 (see
Figure 3). The final energy consumption grows about
2.8 times from 2013-2040, and its average growth
rate is projected at 3.8 per cent for the 2013—-2040
time period. By sector, industry and transport energy
demand are projected to grow most rapidly, increasing
by 4.9 per cent and 4.1 per cent per year respectively, as
a result of industrial expansion and motorisation driven
by increasing disposable income in ASEAN Member
(‘Others’)
sectors’ demand will grow 2.5 per cent per year.

States. The commercial and residential

Oil demand will grow more than double from 188 Mtoe
in 2013 to 520 Mtoe in 2040 (see Figure 4), representing
an average growth rate of 3.8% per year. Oil remains the
highest share with 44 per cent of TFEC by 2040 (see
Figure 5). Natural gas will grow almost fourfold from
49 Mtoe in 2013 to 185 Mtoe in 2040, representing an
average growth rate of 5.1 per cent per year. By 2040
the share of gas will be at 15.5 per cent of TFEC. Natural
gas is the 2nd largest share of 37 per cent (after coal of
42 per cent) for power generation (see Figure 6).

Figure 1. ASEAN’s final energy demand by sector, BAU
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Figure 2. ASEAN’s final energy demand by fuel, BAU
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Figure 3. ASEAN’s final energy consumption share by fuel, BAU
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Figure 4. ASEAN’s power generation share by fuel, BAU
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Primary Energy Supply

The ASEAN primary energy supply is projected to
increase from 592 Mtoe in 2013 to 1,697 Mtoe in
2040 (see Figure 7). The increase of TPES is almost
threefold in the 2013-2040 period, and it reflects an
annual average growth rate of 4.0 per cent during
the same period.

Oil will remain the largest share of primary energy
supply, but its share is dropped to 34.5 per cent in
2040 from 36.6 per cent in 2013 (see Figure 8). Coal

Nuclear

2020 2025 2030 2035 2040

B Hydro Geothermal Others

is predicted to have the fastest growth rate at 5.7 per
cent per year during the 2013-2040 period, and its
share will increase from 16 per cent to 25 per cent
during the same period. Coal will be the second-
largest share after oil. Natural gas is predicted to
grow at 4.4 per cent per year during the 2013-2040
period. Its share will increase from 21.5 to 23.8 per
cent during the 2013-2040 period. Although small,
hydropower, geothermal, wind, and solar will see
some increase in their shares as well.
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Figure 5. ASEAN’s primary energy supply, BAU
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Figure 6. ASEAN’s share of primary energy supply by fuel, BAU
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Energy Saving Potential

ASEAN’s primary energy supply by fuel sources in
the Alternative Policy Scenario (APS) is lower than the
BAU case. The growth rate of primary energy supply
of APS is projected to be at 3.2 per cent per year on
average during the 2013—-2040 period. This rate is
lower than the BAU case, in which the growth rate is

projected to be 4.0 per cent. In absolute amounts, the
largest reduction will be in coal demand, a 169 Mtoe
or 40.3 percent reduction from the BAU’s 420.7 Mtoe
(see Figure 9 & 10). The saving potentials for other
fuels are projected to be 97 Mtoe for oil (equivalent
to a 16.5 per cent reduction from BAU) and 106 Mtoe
for gas (equivalent to a 26.3 per cent reduction from
the BAU scenario).

Figure 7. ASEAN’s primary energy supply by sources, BAU and APS
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The ASEAN's total saving potentials in the aggregate
primary energy supply is expected to be 32272
Mtoe, a consumption reduction from 1,697.82 Mtoe
in BAU to 1,375.10 Mtoe in APS. This saving potential
represents a 19 per cent reduction. The energy-
saving potentials is brought about by improvement
in both the transformation sector, particularly the

BAU | APS

BAU | APS
“13 ‘40 “3
Gas

BAU | APS
‘40
Others

power generation and the final energy consumption
sectors where efficiencies of household appliances
and more efficient building designs are expected.
For the “others” sector, there is an expected increase
of renewable energy in the energy supply which is
projected to be a 42.3 per cent increase from the
BAU to APS.
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Figure 8. ASEAN'’s total primary energy supply, BAU and APS
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Carbon Dioxide (CO2) Emission

ASEAN’s Carbon Dioxide (CO2) emissions from
energy consumption in the BAU case are projected
to increase from 326 million tonnes of Carbon (Mt—C)
in 2013 to 1128 Mt—C in 2040, implying an average
annual growth rate of 4.7 per cent. In the APS case,
CO2 emissions are projected to be 811 Mt-C in
2040, 281 per cent lower than the BAU scenario (see
Figure 11).

Although the reductions of emissions under the APS
are significant, CO2 emissions from energy demand
in the APS case will in 2040 still be above 2013 levels
and, regarding ASEAN countries, be more than 6.7
times higher than 1990 levels. Scientific evidence
suggests that these reductions will not be adequate
to prevent severe climate change impacts. Analysis

2013

322.72 Mtoe, 19%

Y

BAU

APS

2040

by the Intergovernmental Panel on Climate Change
(IPCC) suggests that in order to keep the increase in
global mean temperature to not much more than 2
degree Celsius compared with pre-industrial levels,
global CO2 emissions would need to peak between
2000 and 2015.

In the adopted version of the Paris Agreement,
the parties will also “pursue efforts to” limit the
temperature increase to 1.5 °C. According to the
scientists, this will require zero emissions sometime
between 2030 and 2050. However, this study
shows that even in the APS scenario, the combined
emissions of ASEAN, China and India will be about
4,324 Mt-C in 2030 eventhough it is supposed to
be zero emission in order to limit the temperature
increase to 1.5 Degree Celsius.

27



28

Energy Demand and Supply and Potential Distributed Energy System in Southeast Asia

Han Phoumin

Figure 9. ASEAN'’s total CO2 emission reduction, BAU and APS
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Potential Development of
Distributed Energy System in
ASEAN

The distributed energy systems make use of
renewable energy sources such as biomass,
wind power, small hydro, solar power, biogas and
geothermal power, and other thermal plants with
small capacity. DES systems play an important role
in the electric power distribution system. The shift in
preferences towards green energy is one of the major
factors that are encouraging the demand for DES
systems across the globe. Moreover, the opportunity
in developing nations and the development of eco-
friendly DES systems are the key opportunities for

2013

317.48 Mt-C, -28.1%

2

BAU

APS

2040

the growth of the market.

The global DES systems market is categorized into
off-grid and on-grid segments. It is estimated that
the DES market will increase owing to the adoption
of financial incentive schemes worldwide for the
promotion of clean energy as emphasized in COP21
and INDC commitment. The ASEAN region is also
predicted to have a significant rise of DES to meet
energy demand (see Table 3). All countries in the
East Asia Summit (EAS) region are expected to have
increased the share of solar and wind in the power
mix. However, hydropower and geothermal are also
expected to increase their output in countries with
resource potentials.
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Table 2. Estimates off-grid DES generation output (MWh) in ASEAN (solar, wind, biomass, hydro and

geothermal)

Cambodia

Myanmar

Lao PDR

Brunei

Indonesia

Vietnam

Philippines

Malaysia

Singapore

Thailand

TOTAL

BAU

APS
BAU
APS
BAU
APS
BAU
APS
BAU
APS
BAU
APS
BAU
APS
BAU
APS
BAU
APS
BAU
APS
BAU
APS

1.4

0.34

54

26.4

59.8

150

274

1,671

2,240

50

443

775

846

2,847

500

529

287

6,281

1,882

1921

3,804

1.6
256
918
2,363
0
0
9
175
12,890
13,905
160.8
12,353
1033
1952
839
2,967
1,292
1,710
9,773
9,277
26,927
44,731

1,650
1197
2137
1,497
2,528
2,397

1.45
4,380
5,475
6,231
6,550

738
1,575
1,600
1,695

0
0
740
792
20,008
21,182

350
350

15,295
18,921

3,028
6,668
0

0
0
0
0
0

18,673
25,941

* The number was taken from the presentation of Khin Seint Wint (2014) on Renewable Energy Association of Myanmar.
** The number was taken from ASEAN Guideline on Off-Grid Rural Electrification Approaches (ACE 2013).
Source: World Development Indicator 2018.
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The increase DES energy supply in the ASEAN region
also implied the investment opportunity for DES-
related renewable investment (see, Figure 12). The
figure shows that investment opportunity by 2040 in
BAU for combined solar, wind, biomass, hydropower
and geothermal, are about US$34 billion, and in the

APS is about US$56 billion. Amongst the DES-related
renewable investment, solar and geothermal power
are expected to increase the investment double from
BAU to APS. Wind energy will increase more than
threefold in terms of investments required to meet
the expected generation output by 2040.

Figure 10. Estimates of off-grid DES-related renewable investment opportunity by year 2040
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Note: Various assumptions were made to calculate the estimated DES-related renewable investment opportunity.

Conclusion and Policy Implications

The energy demand and supply situation tells
something about how ASEAN can move forward for
resilient and green ASEAN which will need to ensure
the balance of economic growth with ecological
and environmental sustainability. Thus, the energy
mix will be of strategic importance for this region.
Leaders in ASEAN countries are fully aware of their
countries’ profound dependency on imports of fossil
fuel from the Middle East to fuel its economy and
thus it puts the region in a vulnerable spot in case
a supply disruption of oil and gas that may occur
from the political instability in the Middle East. The
energy security in the region will need to be less
dependent on the global political landscape in major
oil-exporting Middle East countries which could send

the shock through crude oil prices fluctuation. Thus,
Green ASEAN'’s growth will not only focus on less
dependent on fuel imports but its fuel use efficiency
and the diversification of fuel sources, especially
the increasing share of renewable energy into the
total share of the energy consumption will make the
ASEAN region more resilient to external shock and at
the same time help abate carbon emissions into the
environment.

The ASEAN primary energy supply is projected
to increase from 592 Mtoe in 2013 to 1,697 Mtoe
in 2040, representing an increase of more than
threefold in the 2013-20140 period. This increase
in energy demand will put pressure on energy
security, an overwhelming issue of energy access
as well as affordable energy prices. Thus, the study
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of the distributed energy system (DES) is explored
as part of the energy system that could promote
energy access at less cost and efficiently. The study
found that DES is in its kind a modern small power
generation capable to provide electricity to end-
users more effectively due to its advantage of less
investment costs and easy to handle as opposed to
the large national power plants and national grids.

At the ASEAN level, the idea of transboundary grids
is being promoted in the ASEAN Power Grid (APG).
The APG is expected to contribute significantly to
maximize the ASEAN’s benefit from avoiding the cost
of power generation; however, they are expensive
and it may take years to realize the connectivity. In
opposite, the DES has the ability to overcome cost
constraints that typically inhibit the development of
large capital projects as well as transmission and
distribution (T&D) lines. Thus, the prospect of DES will
widely be used. It is also expected that the modern
grid system could handle the DES’s integration into
the grid system. DES could be a stand-alone power
generation or to be connected to the power grid. So
its use is also very suitable for rural areas, mountains,
and islands.

The study also estimated the DES-related renewable
capacity and needed investment at the ASEAN level.
The estimated power generation from combined
renewable energy such as wind, solar PV, geothermal,
hydropower and biomass in ASEAN will increase
significantly from BAU to APS, and it also implies
investment opportunity in this sector. It is estimated
that investment opportunities by 2040 in BAU for
combined solar, wind, biomass, hydropower and
geothermal, are about US$34 billion, and in the APS
they amount for US$56 billion. Amongst the DES-
related renewable investments, solar and geothermal
power generation investment is predicted to grow
double in the APS scenario compared with UAU
scenario. Wind will increase more than threefold in
terms of investment required to meet the expected
generation output by 2040.

The introduction of DES’s application also implies
a reduction of CO2 emission. The study estimates
that about 46.1 to 64.6 million metric tons of CO2
emission reduction could be realised by switching
from BAU to APS.

The study offers the following policy implications:

B Sustainable, reliable and affordable
energy are key for the ASEAN region to pursue green
growth. ASEAN’s green growth-based future will
need to come from renewable energy as countries
in ASEAN are endowed by resource potentials
such as wind, solar, hydropower, biofuels and other
renewable energy. Although leaders have committed
to implementing the Cebu Declaration and UN
Conference on Environment and Development
(UNCED), the ASEAN and East Asia will need to foster
renewable aspirations and deployment targets.
ASEAN members could also develop RE deployment
goals for each country within a target period that
reflects the reality in each member’s economy. In this
regard, energy policies such as Feed-in-Tariff (FIT),
Renewable Portfolio Standard (RPS) and incentives
on technology development shall be formulated to
promote NRE.

B ASEAN’s leadership to implement Energy
Efficiency and Conservation (EE&C) will bring large
energy saving potentials and surely contribute to
the regional security. ERIA's study on the economic
impacts of investments on energy efficiencient
technologies and saving suggested that investing in
these energy low carbon-emitting technologies and
saving will increase GDP in ASEAN and EAS countries
by 4 percent by impacting all structural changes from
the Business as Usual. Furthermore, it could abate
the carbon emitting by 1,842 Mt-C in 2035 compared
to a Business as Usual (BAU) scenario. Thus, ASEAN
needs to find a framework to support the deployment
of efficient and low carbon technologies.

M Technological development and financing
mechanisms in RE are key to reducing the lead
time for RE deployment. Recognizing each ASEAN
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country’s level of development, ASEAN countries
will need to have access to financial support in order
to acquire technology development for the NRE.
Thus, it is necessary that financial cooperation and
technology development incentives amongst ASEAN
& East Asia countries shall be policy priorities and

the world will need to support developing member
countries to embark on RE development.

B DES, as a stand-alone generator or
combined with the grid system, offers ASEAN
countries one of the best options in responding to
increasing energy demand. It also provides energy
access for remote areas, mountainous and island
regions, and economic zones. The promotion of DES
is crucial, but DES will need policy support depending
on the level of maturity of technologies and its up-
front investmement cost such as solar PV, wind,
geothermal, biomass and other clean and renewable
technologies. Basically, the policies should focus on
the reduction of upfront investment costs of DES-
related renewable generation. Those friendly policies
are the required top-down renewable energy targets,
for instance, Renewable Portfolio Standard (RPS) and
other policies such as fiscal incentives, exemptions
of VAT, fuel tax, Income tax, import and export, local
taxes, as well as accelerated depreciation through
premium tariff rate and as fit-in-tariff. The introduction
of a carbon tax could be considered in the future. It
is also important to note that banking institutions will
need to enlarge their role and policy to finance DES-

related renewable energy and find a mechanism to
dispel risk and increase the profitability aspects of
DES-related renewable investment.

B DES has been widely applied in Thailand
through the application of Small Power Producers
(SPPs) and Very Small Power Producers (VSPPs). The
current share of DES in Thailand is about 17.4% in the
power generation mix, and its share and capacity will
increase significantly in the future. This experience
in Thailand could provide a good example for other
ASEAN countries to use DES to respond to increasing
energy demand and one of the modern options of a
decentralised energy system.

B The DES-related investment opportunity
is large, and it will provide jobs and many business
opportunities to the community. DES is one of the
modern generation systems and its deployment will
also help to address national energy security.

B A comprehensive DES study will need
to be followed up with a questionnaire to capture
the real situation of DES in some ASEAN countries.
Thus, this type of study will be further examined
at a later time by using a questionnaire mapping
out the current capacity of DES, its prospects and
applications in the future.
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Introduction

The Mekong region, where Cambodia, the Lao
People’s Democratic Republic (Lao PDR), Myanmar,
Thailand and Vietnam are located along with the
Yunnan Province of China, has great potential for
energy cooperation and offers the opportunity to
attain energy security, resilience and low-carbon
growth.

In recent years, these countries have achieved
remarkable progress in economic development.
Together with rapid growth and the
implementation of rural electrification, electricity
demand has increased rapidly. There is often a two-
way relationship between the provision of renewable
energy services and poverty in the Mekong. In many

industrial

aspects, this relationship is a vicious cycle in which
low-income economies which lack access to energy
are often trapped in a reinforcing cycle of economic
deprivation and the need to improve their living
conditions while using significant amounts of their
very limited income on expensive imported energy
choices. The link between energy and poverty is
also demonstrated by the fact that poor households
in rural areas constitute the bulk of an estimated
3 million—-5 million people relying on traditional
biomass for cooking, most of whom do not have
access to grid electricity — particularly in Cambodia,
the Lao PDR and Myanmar.

On the other hand, access to modern forms of
renewable energy is essential to achieve high levels
of human development, generate employment
opportunities support growth
(Martchamadol and Kumar 2013). In the next decade,
electricity demand in the Mekong region is expected
to continue increasing at a high rate due to economic
growth. The use of renewable energy is not only
associated with environmental and health impacts,
but petroleum consumption and import dependence

and inclusive

also greatly impact national budgets, trade balances
The exploitation of
renewable energy sources and cross-border clean

and household incomes.

energy trade are cost-effective options to meet the
expected increase in electricity demand, achieve
energy security, reduce carbon emissions and

contribute to economic competitiveness.

The outlook and opportunities for the energy
system in the Mekong region will depend on how
leaders shape energy policy now to create a better
and cleaner energy system. Thus, managing and
investing in the energy transition will be key to
shifting away from fossil fuel dependence towards
more renewables, energy efficiency, a smart grid with
the internet of things (loT) and promising hydrogen
fuels.

Availability and Use of Energy
Resources in the Mekong Region

The Mekong region has a vast variety of energy
resources, including oil, natural gas, coal and other
renewables — mostly hydropower. Table 1 below
illustrates the distribution of such resources across
the five countries. Thailand, Myanmar and Vietnam
have extensive gas resources. The Lao PDR and
Myanmar also have large hydropower potential. The
Mekong River basin has a total catchment area of
795,000 square kilometres (km2) and an estimated
potential of 285 terawatt-hours, with exploitable
capacity mostly in the Lao PDR and Myanmar. The
total exploitable hydropower potential is estimated
at about 248,000 megawatts (MW). Less than 25%
of the remaining potential is shared among the
other three countries. The total installed capacity of
hydropower generation in the five Mekong countries
is estimated at about 21,035 MW, representing only
8% of the exploitable potential resources (Yu 2003).
Thailand has exploited almost all its hydropower
resources.
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Table 1. Technical potential of renewable energy

Cambodia Oil and gas 15,000 13
Lao PDR Coal 18,000 663
Yunnan, China Coal 90,000 11,980

Coal (230 thousand), crude oil
Myanmar (2.7 billion oil barrels), 100,000 802
gas (450-560 bcm)

Thailand Coal, gas 10,000 3,422
Vietnam Coal (33,000 t), oil, natural gas 15,000 4155
Sub-region Total 158,000 9,055
Total:
Coal (81,421 Mtoe)
Lignite (11,475 Mtoe) 248,000 21,035

Crude oil (1,200 Mtoe)
Natural gas (1,645 bcm)

Note: bem = billion cubic metres, Lao PDR = Lao People’s Democratic Republic, Mtoe = million tons of oil equivalent, t = ton.
Source: Compiled by the author from various sources.
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The population, installed capacity, energy consump-
tion and carbon emissions of the Mekong countries
varies widely, as shown in Table 2. Thailand is the
key energy market in the region, with high installed
capacity, per capita energy use and carbon dioxide

(CO2) emissions. It accounted for more than 50% of
the total regional energy consumption in 2015. Viet-
nam accounts for 27% of total energy demand. The
remainder was consumed by Cambodia, the Lao PDR
and Myanmar.

Table 2: Current status of energy use in the Mekong sub-region

X GDP Installed elec- Energy use Carbon
Area Population - L. ) L. ..
Country - ($ billion) tricity capacity (TWh) dioxide emissions
(1,000 km2) (million)
(GW) (1,000 t CO2)
Cambodia 181.04 15.64 36.82 0.26 0.98 4180
Lao PDR 236.80 6.78 13.75 0.67 2.28 1,874
Yunnan,
. 3941 442 517 13.5 52.0 -

China
Myanmar 676.58 53.86 9113 1.56 6.01 8,995
Thailand 51312 66.30 596.50 2476 144.08 295,282
Vietnam 331.69 94.67 262.80 11.65 60.62 150,230

Note: CO2 = carbon dioxide, GDP = gross domestic product, GW = gigawatt, km2 = square kilometre, Lao PDR = Lao People’s Demo

cratic Republic, t = ton, TWh = Terawatt-hour.
Source: Compiled by the author from various sources.

When combined, the Mekong region has insufficient
indigenous fossil fuel resources to meet growing
demand, and the share of imported fossil fuel is
expected to increase, which has important energy
security implications. From 1990 to 2015, electricity
production in the Mekong region increased at an

average annual rate of 8.2%. During this period,
growth was fastest in Vietnam, followed by
Cambodia and the Lao PDR. This is around twice the
growth rate of the 10 ASEAN Member States (AMS)
and three times the world growth rate. The region
will see 4% annual growth in energy demand until
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2040, amounting to a rise of 50% over 2015 levels.
Electricity demand will also double from 2010 to
2040 (Yoshikawa and Anbumozhi 2019).

Energy demand and electricity production will rise
at the fastest pace in 2035. According to business-
as-usual scenarios based on current policies and
expected market developments, most demand will
be met by fossil fuels such as coal (IEA 2017). Rising
fossil fuel demand from the Mekong region will
also result in increased carbon emissions and local
air pollution. Energy-related carbon emissions will
increase by 61%, reaching 2.2 Gigatons. External
costs related to air pollution from the combustion
of fossil fuels will increase by 35% from US$167
billion in 2014 to US$225 billion in 2019 (ACE 2017).
This would equal around 5% of the region’s gross
domestic product (GDP) in 2040 (IEA 2020). These
energy security and environmental challenges could
be addressed by promoting cross-border energy
trade, wherein surplus energy from one country is
shared with other countries in the Mekong region.

Opportunities for Clean Energy Mix

and Regional Grid Connectivity
A country develops energy infrastructure and
decides on its energy mix based on the premise of
energy security. However, when demand growth
outstrips the capacity to supply the necessary
domestic resources or when economically efficient
power is difficult due to
constraints such as high fuel transportation costs and
power loss during transmission, importing electricity
from neighbouring countries is considered. In light of
the above, it may be possible to optimise or improve
the efficiency of energy infrastructure investments

station development

in terms of supply stability, economic efficiency and
carbon emissions reduction if we consider ways to
develop the cross-border infrastructure of power
stations and grids on a subregional basis.

The has several
connectivity. The Greater Mekong Subregion (GMS)
Strategic Framework, signed in 1992, was the first

region frameworks on grid

effort by the five-member countries plus China
to formulate and adopt a development planning
agreement which defined the vision, goals and
strategic thrust for
connectivity. This was complemented by the ASEAN
Plan of Action for Energy Cooperation, 1999-2004,
which focused on activities such as engaging cross-
country energy dialogue, promoting energy security,
and creating responsive policies to progressively
enhance market reforms. The ASEAN Plan of Action
for Energy Cooperation, 2016-2025 outlined the
ASEAN Power Grid (APG) and the Trans-ASEAN
Gas Pipeline as two of seven key cross-border
cooperation programs. While these programs lay the
foundation for greater regional energy cooperation

cross-border infrastructure

to investigate cross-border energy supply options to
realise larger energy markets and economies of scale,
it remains unclear whether their implementation can
help the GMS to achieve the objectives of energy

Source: unsplash

39



40

Challenges and Opportunities for Renewable Energy Supply in the Mekong

Venkatachalam Anbumozhi

Sourc;e’ﬁékon

security, affordability and sustainability.

Defining and integrating the imperatives of energy
security, affordability and sustainability within the
context of cross-border infrastructure connectivity,
subregional cooperation often remains dynamic and
contextual, with increasing scope. Depending on the
issue to be addressed, as few as three (APERC 2007)
to as many as 372 indicators (Sovacool 2009) may
be examined. In the broader sense, energy security
refers to the availability and accessibility of all types
of energy resources — both fossil and renewable —
within national boundaries that have the potential
to replace imported energy (Martchamadol and
Kumar 2013). Therefore, the estimation of current
and future available renewable energy resources, in
conjunction with fossil fuels, is necessary to assess
the need for cross-border energy connectivity
investment in a low-carbon manner. The readiness
of interconnected grids to integrate energy
procured from renewable sources is an important
characteristic that will improve the sustainability of
cross-border energy projects. Affordability refers to
the economic dimension regarding the price of the
energy, which depends on the cost and quality of
the interconnected infrastructure. Sustainability is
the ability of cross-border infrastructure to efficiently
enhance the effective utilisation of low-carbon
energy sources such as hydropower. This can also
serve as an indicator for technological innovations at
the grid level to support renewable energy and policy

innovations such as carbon pricing to promote the
increased absorption of non-fossil energy resources.
From the perspective of energy sector resilience
and quality infrastructure, recognising the limited
global reserve of fossil fuel energy and unstable
global fuel prices and meeting the Paris Climate
Agreement targets, it is essential for the Mekong
region to accelerate cross-border connectivity and
to promote open trade, facilitation and cooperation
in the energy sector and related industries in the
requisite infrastructure.

Current Status of Cross-Border
Trade in Renewable Energy

The Mekong region is a net importer of energy. In
2018, nearly 25% of the region’s total primary energy
consumption was imported. Thailand remains the
largest importer of energy in the region, having to
buy nearly 60% of its energy needs. Vietham and
the Lao PDR import 100% of their transport fuels,
such as gasoline (Yoshikawa and Anbumozhi 2019).
Myanmar is the only country in the region to remain a
net exporter of energy.

Energy trade within the region started in 1971
when the Lao PDR and Thailand signed a power
purchase agreement for importing electricity to the
northeastern region of Thailand from Nam Ngum
Hydropower Plant in the Lao PDR. Bilateral electricity
trade progressively
of understanding were signed between various
governments, including Vietnam. The existing
energy trade flows in the Mekong sub-region are
presented in Table 3. The trade is mainly from the
Lao PDR to Thailand and Vietnam, with a relatively
smaller amount happening between the Lao PDR

intensified as memoranda

and Cambodia.
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Table 3: Status of cross-border energy trade, 2016 (GWh)

Mekong country Imports Exports Total trade Net imports
Cambodia 1,546 1,546 1,546
Lao PDR 1,265 6,944 8,210 -5,679
Myanmar - 1,720 1,720 1,720
Thailand 6,938 1,427 8,366 5,511
Vietnam 5,599 1,318 6,917 4,281
Total 15,348 9,861 26,759 -

Note: GWh = gigawatt-hour, 