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Overview of Energy Demand and Supply in East Asia

From the outset of this study, members of the working group on the Energy Outlook for
ASEAN and East Asia, who are experts from the countries of the East Asia Summit (EAS)'
plus the United States (US) (EAS17), aimed to predict the growth of medium- to long-term
energy demand and supply in 2017-2050. At the time of writing, the world economy and
energy demand have been hit hard by the coronavirus disease (COVID-19) pandemic, but
energy demand is expected to bounce back strongly in 2021 as the economy recovers.
The Economic Research Institute for ASEAN and East Asia (ERIA) will release the short-
term energy outlook in a separate report.

In the medium to long term, population and economic growth in the EAS17 are the key
drivers of projected increasing primary energy supply, from 7,625 million tons? of oil
equivalent (Mtoe) in 2017 to 10,780 Mtoe under the business-as-usual (BAU) scenario
and to 8,860 Mtoe under the alternative policy scenario (APS) by 2050, reflecting annual
growth rates of 1.1% under BAU and 0.5% under the APS in 2017-2050. In the BAU
scenario, the energy intensity in final energy consumption is expected to drop by 46%
from 122 tons of oil equivalent (toe) per million US dollars in 2017 to 64 toe/$ million in
2050. In the primary energy consumption, the emission intensity is expected to drop from
0.70 tons of carbon (t-C)/toe in 2017 to 0.65 t-C/toe in 2050 for the BAU scenario. The
economy will become more energy-efficient, but increasing energy demand will threaten
the region’s energy security. Potential energy saving is, therefore, key to reducing energy
demand and carbon dioxide (CO,) emissions.

In 2007, leaders from the Association of Southeast Asian Nations (ASEAN) Member States,
Australia, China, India, Japan, the Republic of Korea (henceforth, Korea), and New Zealand
adopted the Cebu Declaration on East Asian Energy Security (ASEAN, 2007). They agreed
to promote energy efficiency, new forms of renewable energy, and the clean use of coal.
The EAS Energy Ministers Meeting (EAS-EMM) formed the EAS Energy Cooperation Task
Force in response to the declaration, and Japan proposed studying energy saving and the
potential for reducing CO, emissions. The topic is an area of cooperation for which ERIA
officially requested support through the EAS-EMM.

" The EAS is a regional forum held annually by leaders of, originally, 16 countries: the 10 Association of Southeast Asian Nations (ASEAN)
Member States (Brunei Darussalam, Cambodia, Indonesia, Lao People’'s Democratic Republic (Lao PDR), Malaysia, Myanmar, the Philippines,
Singapore, Thailand, and Viet Nam); Australia; China; India; Japan; the Republic of Korea; and New Zealand. EAS membership expanded to
18 countries, including Russia and the United States (US), at the Sixth EAS in 2011. EAS17 refers to the 10 ASEAN+7 countries: the original
EAS plus the US. Since its establishment, ASEAN has led the forum. EAS meetings are held after the annual ASEAN leaders’ meetings and
play an important role in the regional architecture of Asia and the Pacific.

tons of oil equivalent (toe) is a unit of energy, defined as the amount of energy released by burning one metric ton (1,000 kilograms) of
crude oil. The toe is used to describe large amounts of oil or natural gas in transport or consumption, and a prefix of millions tends to be
used to communicate this as Mtoe.
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This study shows the energy saving potential of the BAU scenario and the APS. A BAU
scenario was developed for each EAS country, outlining future sector and economy-wide
energy consumption, assuming no significant changes to government policies. The APS
was settoexamine the potentialimpacts if additional energy-efficiency goals, action plans,
or policies being considered or likely to be considered were developed. The difference
between the BAU scenario and the APS in final and primary energy supply represents
potential energy saving. The difference in the two scenarios’ CO, emissions represents
the potential to reduce them. The outlook’'s analysis covers the EAS17. Underlying the
EAS energy cooperation initiative is the Energy Research Institutes Network, of which the
US is a member. Therefore, the outlook’s analysis includes the US.

The study’s findings shed light on the policy implications for decision-making to ensure
that the region can enjoy economic growth and investment without compromising energy
security and producing harmful CO, emissions.

The EAS17 countries are diverse, with widely varying per capita incomes, standards
of living, energy resources, climate, and energy consumption per capita. Some EAS17
countries are mature economies; most are developing. Several EAS17 countries had per
capita gross domestic product (GDP) of less than $1,500 (in 2010 constant prices)® in
2017, whilst some mature economies had GDP per capita of more than $53,000. Mature
economies have higher energy consumption per capita than developing ones. A large
percentage of people in developing countries still meet their energy needs mainly with
traditional biomass fuels.

These differences partly explain why energy efficiency and conservation (EEC) goals,
action plans, and policies are assigned different priorities across countries. Developed
economies might be keen to reduce energy consumption, whilst developing countries
emphasise economic growth and improving standards of living. As developing economies
grow, however, their energy consumption per capita is expected to grow as well.

In 2017, the total EAS17 population was about 3.89 billion. It is projected to increase at an
average annual rate of about 0.4% to about 4.43 billion in 2050.

3 AlLUS dollars in this document are in constant 2010 values unless otherwise specified.
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Figure 17.1 Average Annual Growth Rate of GDP
and the Population in EAS17 Countries
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ASEAN = Association of Southeast Asian Nations, EAS = East Asia Summit, GDP = gross domestic product, GDP-AAGR = annual average growth
rate of the gross domestic product, POP-AAGR = annual average growth rate of the population.

Note: EAS17 refers to the 10 ASEAN+7 countries — the original EAS plus the United States.

Source: Authors.

Brunei Darussalam, Cambodia, the Lao People's Democratic Republic (Lao PDR), and
the Philippines are generally assumed to have the fastest average annual population
growth rate, at 1.1%-1.5%, in 2017-2050 (Figure 17.1). Indonesia, Malaysia, Singapore,
Thailand, Viet Nam, Australia, India, and the US are expected to have a moderate average
annual population growth rate, at 0.56%—-0.9%. Korea and New Zealand are expected to
have an extremely slow average population growth rate, at just 0.1%. Japan’s population
is assumed to decline slowly as it continues to age, resulting in an average annual
population growth rate of —-0.6%.

Long-term economic growth rates are assumed to be high in developing countries, with
the highest in Cambodia, India, Myanmar, the Philippines, Viet Nam, and the Lao PDR
(Figure 17.1). Economic growth in other developing countries is assumed to be rapid.
Brunei Darussalam is expected to have a moderate average annual GDP annual growth
rate of 2.6% in 2017-2050. The US, Japan, Korea, New Zealand, and Australia are expected
to have a moderate annual GDP growth rate. Rapid growth in China, India, Indonesia, and
the US is likely to be especially significant for energy demand in these large economies.

The Comprehensive Asia Development Plan 3.0 (CADP 3.0):
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In 2017, total GDP in the EAS17 was about $42 trillion in 2010 US dollar constant prices
and accounted for about 52% of global GDP. The region’s GDP is assumed to grow at an
average annual rate of about 3.1% in 2017-2050, implying that, by 2050, the region’s total
GDP will reach about $114.6 trillion in 2010 US dollar constant prices. China is projected
to be the largest economy, with real GDP of about $39.7 trillion in 2010 US dollar constant
prices, followed by the US with about $33.9 trillion by 2050. India and Japan are projected
to be the next largest economies, with projected GDPs of about $16.3 trillion and $7.7
trillion, respectively, in 2010 US dollar constant prices by 2050 (Table 17.1).

GDP and Population in EAS17 Countries, 2017-2050

GDP (billion, . . Per capita Per capita
dollar consta ; Population (million) GDP
Country

S;ﬁzialam 135 29.0 0.4 0.7 33,750.0 41,428.6
Cambodia 20.0 144.0 16.2 26.2 1,234.6 5,496.2
Indonesia 1,090.5 5,131.2 264.6 324.3 41213 15,822.4
Lao PDR 12,6 80.6 7.1 1.4 1,774.6 7,070.2
Malaysia 364.6 9925 31.1 414 11,723.5 23.973.4
Myanmar 79.5 510.9 53.4 65.8 1,488.8 7.7644
Philippines 303.3 1,463.9 105.1 164.4 2,885.8 8,904.5
Singapore 318.4 871.1 5.6 7.7 56,857.1 | 113,129.9
Thailand 424.2 1,304.6 69.2 76.8 6,130.1 16,987.0
Viet Nam 175.3 995.7 93.7 108.9 1,870.9 9,143.3
Australia 1,432.7 2,776.2 246 32.8 58,239.8 84,640.2
China 10,161.1 39,687.5 1,386.4 1,403.2 7,329.1 28,283.6
India 2,650.8 16,319.9 1,339.1 1,639.8 1,979.5 9,952.4
Japan 6,157.7 7,786.5 126.8 105.2 48,562.3 74,016.2
ng;:“c of 1,345.9 2,299.9 51.5 50.1 26,1340 45,906.2
New Zealand 181.1 314.6 4.8 6.1 37,729.2 51,573.8
United States 17,348.6 33,922.1 325.1 384.1 53,363.9 88,315.8
EAST7 420798 1146302 3,904.7 4,448.9 10,776.7 25,766.0

ASEAN = Association of Southeast Asian Nations, EAS = East Asia Summit, GDP = gross domestic product, Lao PDR = Lao People's
Democratic Republic, US = United States.

Note: EAS17 refers to the 10 ASEAN+7 countries — the original EAS plus the United States.

Source: Authors.
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Average real GDP (2010 US dollar constant prices) per capita in the EAS17 is assumed
to increase from $10,776.70 in 2017 to $25,765.00 in 2050. However, there are, and will
continue to be, significant differences in GDP per capita amongst EAS17 countries.In 2017,
per capita GDP (2010 US dollar constant prices) ranged from $1,234.60 in Cambodia to
more than $48,000.00 in Japan, the US, Singapore, and Australia. In 2050, per capita GDP
is assumed to range from $5,496.20 in Cambodia to more than $113,000.00 in Singapore.

This study analyses the potential impacts of proposed additional energy-saving goals,
action plans, and policies in the EAS17 on energy consumption, by fuel, sector, and
greenhouse gas (GHG) emissions. The study provides a platform for energy collaboration
and capacity building amongst EAS17 countries on energy modelling and policy
development.

The study supports the Cebu Declaration, the goals of which include the following:

i. Improve the efficiency and environmental performance of fossil fuel use.

ii. Reduce dependence on conventional fuels through intensified EEC programmes;
increased share of hydropower; and expansion of renewable energy systems, biofuel
production and/or utilisation, and, for interested parties, civilian nuclear power.

ili. Mitigate GHG emissions through effective policies and measures to help abate global
climate change.

The Government of Japan asked ERIA to conduct a study on energy saving and CO,
emission reduction potential in East Asia. Japan coordinates the energy-efficiency work
stream under the Energy Cooperation Task Force. ERIA convened the working group to
analyse energy saving potential. All EAS17 countries are represented in the working
group.

Like the annual studies since 2007, the present study examines two scenarios: BAU,
reflecting each country’s current goals, action plans, and policies; and the APS, including
additional goals, action plans, and policies reported every year to the EAS-EMM. The latest
updated policies were reported at the 13" EAS-EMM on 5 September 2019 in Bangkok.
One might be tempted to call the APS a ‘maximum effort’ but that would not be accurate.
One reason is that goals, action plans, and policies for reducing energy consumption are
still new in most countries. Many potential EEC policies and technological options have
not been examined or incorporated in the APS.

In2014,the APS assumptions were grouped into (i) more efficient final energy consumption
(APS1), (ii) more efficient thermal power generation (APS2), (iii) higher consumption of
new and renewable energy (NRE) and biofuels (APS3), and (iv) introduction or higher
utilisation of nuclear energy (APS4). The APS is the total of APS1 to APSA4.

The Comprehensive Asia Development Plan 3.0 (CADP 3.0):
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The energy models can estimate the individual impacts of the assumptions on/primary
energy supply and CO2 emissions. The combination of the assumptions constitutes the
APS assumptions. The main report highlights only the BAU scenario and APS. However,
each country report will analyse all APS.

Detailed assumptions for each APS are as follows:

i. APS1 assumes the setting of reduction targets for sector final energy consumption,
and the use of efficient technologies and implementation of energy saving practices in
the industry, transportation, residential and commercial, and even agriculture sectors
in some countries. This scenario results in less primary energy and CO, emissions in
proportion to the reduction in final energy consumption.

iil. APS2 assumes the utilisation of more efficient thermal power plant technologies,
resulting in lower primary energy supply and CO, emissions in proportion to thermal
power efficiency improvement. The most efficient coal and natural gas combined-
cycle technologies are assumed to be utilised for new power plant construction.

iii. APS3 assumes higher contributions of NRE to electricity generation and utilisation of
liquid biofuels in transportation. The scenario results in lower CO, emissions as NRE
is carbon-neutral or will not emit additional CO,. However, the primary energy supply
might not decrease because NRE, like biomass and geothermal energy, is assumed to
be less efficient than fossil fuel-fired generation in converting electricity into primary
energy equivalent.

iv. APS4 assumes the introduction of nuclear energy or a higher contribution of nuclear
energy in countries already using it. The scenario produces less CO, emissions as
nuclear energy emits minimal CO,. However, as thermal efficiency in converting
nuclear energy output into primary energy is assumed to be only 33%, the primary
energy supply is not expected to be lower than under BAU.

All EAS17 countries are developing and implementing EEC goals, action plans, and
policies, but progress has varied widely. Some countries are advanced in their efforts,
while others are just getting started. A few countries have significant energy saving goals,
action plans, and policies built into BAU, while others have only started to quantify their
goals. However, significant potential exists in these countries at the sector and economy
levels.

Every country still has a great deal to learn about what works and what does not. It is
worthwhile updating this study periodically, as the quality and scope of national goals,
action plans, and policies are likely to improve considerably, allowing for collaboration
across countries.
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Energy Demand/Supply and Power Generation (BAU)
Energy Demand: Final Energy Consumption

In 2017-2050, the total final energy consumption* in the EAS17 is projected to grow
at an average annual rate of 1.1%, reflecting the assumed 3.1% annual GDP and 0.4%
population growth. Final energy consumption is projected to increase from 5,159 Mtoe
in 2017 to 7,416 Mtoe in 2050. Transportation energy demand is projected to grow
moderately by about 1.4% per year, and its energy consumption share is projected to be
27.7% by 2050. Industry’s annual growth rate in 2017-2050 is projected at about 0.9%
per year, but its energy consumption share is projected to be the largest, at about 31.7%,
by 2050. Commercial and residential demand will grow by 1.0% per year, higher than
that of industry. However, the commercial and residential energy consumption share
is projected to be 29.3%, the second largest after industry. Figure 17.2 shows the final
energy consumption by sector under BAU in the EAS17 from 1990 to 2050, and Figure
17.3 shows details of the sector final energy consumption and its shares.

Figure 17.2 Final Energy Consumption by Sector, BAU, 1990-2050
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BAU = business as usual, Mtoe = million tons of oil equivalent.

Source: Authors.

“ Refers to energy in the form in which it is consumed, i.e. including electricity but not including the fuels and/or energy sources used to
generate electricity.
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Figure 17.3 Final Energy Consumption Share by Sector, 199'0—20,,5‘0
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Figures 17.4 and 17.5 show the final energy consumption and shares by fuel type in
the EAS17 under BAU from 1990 to 2050. By energy source, electricity and natural gas
demand under BAU are projected to show the fastest growth, increasing by 1.9% and 1.5%
per year, respectively, from 2017 to 2050, but their shares are just 28.4% for electricity
and 14.0% for natural gas. Although oil will retain the largest share, at 39.9% of total
final energy consumption, it is projected to grow by only 1.2% per year in 2017-2050,
reaching 2,960 Mtoe in 2050. Generally, the oil share increases slightly from 38.3% in
2017 to 39.9% in 2050. Coal demand will grow at —0.2% per year on average from 2017
to 2050, reaching 800.5 Mtoe in 2050. The share of other fuels such as biomass will
decline from 9.2% in 2017 to 5.2% in 2050. The slow growth is due to the gradual shift
from non-commercial biomass to conventional fuels such as liquefied petroleum gas and
electricity in the residential sector.
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Figure 17.4 Final Energy Consumption by Fuel, 1990-2
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Source: Authors.

Figure 17.5 Final Energy Consumption Share by Fuel, 1990-2050
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Energy Supply: Primary Energy Supply

Figure 17.6 shows the primary energy supply in the EAS17 from 1990 to 2050.5 It is

projected to grow slowly, at 1.1% per year, in 2017-2050 - the same growth rate of final

energy consumption. EAS17 primary energy supply is projected to increase from 7,625

Mtoe in 2015 to 10,780 Mtoe in 2050. Coal will still comprise the largest share of primary

energy supply, but its growth is expected to be slower, increasing by 0.3% per year in

2017-2050. Consequently, the share of coal in total primary energy supply (TPES) is
8.000

forecast to decline from 40.2% in 2017 to 31.7% in 2050.
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Figure 17.6 Primary Energy Supply in EAS17, 1990-2050
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ASEAN = Association of Southeast Asian Nations, EAS = East Asia Summit, Mtoe = million tons of oil equivalent.
Note: EAS17 refers to the 10 ASEAN+7 countries — the original EAS plus the United States.

Source: Authors.

° Refers to energy in its raw form, before any transformation.
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Amongst fossil sources of energy, natural gas is projected to see moderate growth
in 2017-2050, increasing at an annual average rate of 1.9%. Its share in the total will
consequently increase from 15.7% (equivalent to 1,199 Mtoe) in 2017 to 20.6% (2,217
Mtoe) in 2050. Nuclear and hydropower energy are projected to increase slowly, at 1.1%
per year on average, in 2017-2050; the share of nuclear energy will stay at 4.5% and
that of hydropower at 2.2%. It is assumed that nuclear power generation in Japan and
the expansion of nuclear power generation capacity in China and India will resume.
Geothermal energy is projected to grow at 3.3% per year in 2017-2050, but its share is
projected to be small: about 1.3% by 2050, increasing from 0.6% in 2017.

Amongst the energy sources, ‘others’ — which are made up of solar, wind, and solid and
liquid biofuels — will see a growth rate of 1.8% in 2017-2050, with their share increasing
from 8.6% in 2017 to 10.8% in 2050. Most remarkably, wind and solar energy will see the
largest average annual growth rate: 5.2% in 2017-2050, with their share in the primary
energy supply increasing from 1.4% in 2017 to 5.4% in 2050. Figure 17.7 shows the share
of each energy source in the total primary energy mix in 1990-2050.

Figure 17.7 Share of Primary Energy Mix by
Source in EAS Countries, 1990-2050
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Power Generation

Figure 17.8 shows the power generation output in the EAS17. Total power generation is
projected to grow at 1.8% per year on average from 2017 (equivalent to 15,365 terawatt-
hours [TWh]) to 2050 (27,812 TWh). However, the growth rate in 1990-2017 was 3.9%,
more than twice that projected in 2017-2050.
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Figure 17.8 Energy Mix of Power Generation in EAS17, 1990-2050
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Note: EAS17 refers to the 10 ASEAN+7 countries — the original EAS plus the United States.

Source: Authors.

Figure 17.9 shows the share of each energy source in electricity generation from 1990
to 2050. The share of coal-fired generation is projected to continue to be the largest, at
38.4% in 2050, a large drop from 52.7% in 2017. The share of natural gas is projected
to increase from 16.8% in 2017 to 20.8% in 2050. The share of nuclear power (8.5% in
2017) is forecast to decrease to 6.7% in 2050. The share of geothermal energy was 0.3%
in 2017 and is projected to increase to 0.6% in 2050. Other sources (wind, solar, biomass,
etc.) will record the highest average annual growth rate, at 5.2%, in 2017-2050. The share
of combined wind, solar, and biomass energy in the power mix is expected to be 23.6%
in 2050, a large increase from 8.0% in 2017. The share of oil will drop from 1.2% in 2017
to 0.1% in 2050. Qil is expected to grow at an average annual rate of -4.4% in 2017-2050
due to its higher fuel cost. The share of hydropower is projected to decrease, from 12.4%
in 2017 to 9.7% in 2050. The average annual growth rate of hydropower is expected to be
slow, at 1.1%, in 2017-2050.

@ Energy Infrastructure Development



Figure 17.9 Share of Power Generation Mix in EAS17, 1990-2050
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Comparison of Energy Demand and Supply (BAU vs APS)
Energy demand (BAU vs APS)

Under the APS, final energy consumption is projected to rise from 5,160 Mtoe in 2017
to 6,338 Mtoe in 2050. In 2050, the difference between the BAU scenario and the APS is
1,077 Mtoe, with the APS 17% lower than BAU because of energy-efficiency plans and
programmes for the supply and demand sides to be implemented by EAS17 countries.
Figure 17.10 shows final energy consumption in 1990-2050 under BAU and the APS.

Potential energy saving in total final energy consumption in the EAS17 (1,077 Mtoe) in
2050 is more than double ASEAN's total final energy consumption in 2017 (480 Mtoe).
Energy saving in the EAS17 is expected largely from the transportation, industry and
commercial, and residential sectors.

The Comprehensive Asia Development Plan 3.0 (CADP 3.0):
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Figure 17.10 Total Final Energy Consumption, BAU and APS
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Figure 17.11 shows the composition of final energy consumption by sector under BAU and
the APS. Final energy consumption in most sectors is significantly more reduced under
the APS than under BAU. The reduction is largest in transportation (21.4%), followed by
‘others’ (14.2%) and industry (14.0%). Non-energy demand will drop slightly by 0.2% from
BAU.
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Figure 17.11 Final Energy Consumption by Sector, BAU and AP
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Energy Supply (BAU vs APS)

Figure 17.12 shows TPES of 10,779.6 Mtoe under BAU and 8,859.7 Mtoe under the APS
in 2050. The total saving potential is the difference between BAU and the APS in 2050.
The total saving potential in TPES is expected to be 1,919.8 Mtoe, representing a 17.8%
reduction from BAU to the APS.

The energy saving potential results from improvements in the transformation
sector, particularly power generation, and final energy consumption sectors such as
transportation, industry, and the residential and commercial sector, where efficiencies
are expected.

The Comprehensive Asia Development Plan 3.0 (CADP 3.0):
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Figure 17.12 Total Primary Energy Supply, BAU and APS
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Figure 17.13 shows primary energy supply by fuel source. Under the APS, growth in
the primary energy supply for fossil fuels is lower than under BAU. The growth rate in
the primary energy supply under the APS is projected at 0.5% per year on average in
2017-2050, which is lower than under BAU, projected at 1.1%. In absolute terms, the
largest reduction will be in coal demand, by 1,401 Mtoe or 41% from 3,414.7 Mtoe under
BAU to 2,013.7 Mtoe under the APS. Potential savings for other fuels are projected at
608.9 Mtoe for oil (equivalent to a 19.4% reduction under BAU) and 580.6 Mtoe for gas
(26.2% reduction under BAU). Due to increased renewable energy in the primary supply,
renewable energy supply, including solar wind and biomass, is projected to increase by
33.8% from BAU to an APS of aggressively including more renewables in the supply mix.
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Figure 17.13 Primary Energy Supply by Source, BAU and APS
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CO, Emissions from Energy Consumption (BAU vs APS)

Figure 17.14 shows CO, emissions under BAU and the APS. CO, emissions from energy
consumption under BAU are projected to increase from 5,352.4 million tons of carbon
(Mt-C) in 2017 to 6,957.3 Mt-C in 2050, implying an average annual growth rate of 0.8%
in 2017-2050. The growth rate of emissions is lower than that of the TPES of 1.1% per
year. This is because the share of renewables is increasing in the energy mix. Under the
APS, CO, emissions are projected at 4,317.8 Mt-C in 2050, 37.9% lower than under BAU.

At the 21st Conference of the Parties (COP21) in Paris in December 2015, 195 countries
adopted the first universal binding global climate deal. The agreement sets out a global
action plan to put the world on track to avoid dangerous climate change by limiting global
warming to well below 2 degrees Celsius (°C) compared with pre-industrial levels. The
Paris Agreement could bridge today's policies and climate neutrality before the end of
the century.
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The CO, emission reductions under the APS in 2050 are significant, but the emission
level is still higher than in 2017. CO, emissions due to energy demand under the APS
in 2050 will still be higher than 1990 levels. Scientific evidence suggests that these
reductions will not be adequate to prevent severe climate change impacts. Analysis
by the Intergovernmental Panel on Climate Change suggests that to keep the increase
in global mean temperature to not more than 2°C compared with pre-industrial levels,
global CO, emissions would need to fall by 45% from 2010 levels by 2030. Under the
Paris Agreement, the parties will ‘pursue efforts’ to limit the temperature increase to
1.5°C, which will require zero emissions in 2030-2050 (IPCC, 2014). However, the EAS,
especially the ASEAN Member States (AMS), will need to balance abating climate change
with energy access and affordability. Thus, the clean use of fossil fuels through innovative
technologies such as clean coal technology and carbon capture, utilisation, and storage
(CCUS) will a play central role in developing carbon sinks around the globe.

Figure 17.14 Total CO, Emissions, BAU and APS
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The transport sector plays an important role in the transition to a low-carbon economy.
Under the BAU scenario in ASEAN during 2017-2050, the fastest average annual growth
of final energy demand can be expected to happen in the transport sector (4.1%), followed
by theindustry sector (3.4%). By 2050, the share of transport sector energy use is projected
to reach around 36% whilst that of industry and other sectors is projected to reach 33%
and 22%, respectively (Purwanto, 2021). The objective of the ASEAN transport sector road
map is to reduce the average fuel consumption per 100 kilometres of new light-duty
vehicles sold in ASEAN by 26% between 2015 and 2025. More long-term objectives in
ASEAN would be developing common indicators and methodologies and baseline data
for a low-carbon fuel economy; building regional cooperation; aligning fuel economy
labelling; enhancing CO, emission reductions based on fiscal policies; and adopting
national fuel consumption standards in all markets, striving towards a regional standard
in the long term. These strategic objectives in the road transport sector are embedded in
the ASEAN (2019) and Global Fuel Economy Initiative (2021) blueprints.

Clean and Renewable Energy Technologies

Under the Paris Agreement, each of the ASEAN and East Asian countries has made a
voluntary pledge — nationally determined contributions (NDCs) - to reduce its GHG
emissions. Implementation of the NDCs is not only a global commitment but also an
opportunity for these countries to take decisive, inclusive, and coordinated actions for
reshaping the economy and energy systems. The energy sector, accounting for some two-
thirds of world GHG emissions, is the central pillar of NDC commitments. NDCs, bolstered
by the Sustainable Development Goals (SDGs) and the ASEAN Economic Community, will
impact the deployment of clean energy systems to a scale. Together, NDCs and SDGs
provide a global, regional, and local agenda which is coherent and integrated for clean
technology pathways. To seize this opportunity, their proposed plans must be translated
into national policies and actions.

Table 17.2 shows the common but differentiated responsibilities of the NDCs submitted
by the EAS16 countries. Their targets for emission reductions differ greatly in terms of
their ambition and the way they are expressed as sectoral actions. The NDCs of Cambodia,
Indonesia, the Philippines, and Viet Nam, as well as China, contain absolute targets —
either for total emissions or for the year in which the emissions will peak. Other goals
are expressed as a decrease in emissions against BAU baselines. The intended nationally
determined contribution (INDC) commitments also take the form of a target for emissions
intensity, or emissions per unit of GDP.
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Country

(Entry into
force)

Composition of NDC and Energy Sector Targets in EAS16 Countries

NDC target

Current renewable energy
target

Scope of NDC target

Australia
(9 Dec 2016)

Reduce emissions 26%—
28% by 2030
(Reference: 2005)

- 33,000 GWh by 2020
- 23.5% of electricity
generation in 2020

Targets include energy,
industrial processes
and product use, waste,
agriculture, and LULUCF
sector

Brunei Reduce energy - 10% of power generation | - Reduce CO, emissions
Darussalam consumption 63% by 2030 by 2035 from morning peak hour
(4 Nov 2016) (Reference: BAU) - Total power generation vehicle use by 40% by
mix: 954,000 MWh by 2035
2035 - Increase the total forest
reserves to 55% of total
land area
Cambodia Reduce emissions, Hydro 32,500 MW by 2020 | Emissions reduction by

(8 March 2017)

conditional 27% by 2030
(Reference: BAU)

Reduction of 3,100 GtCO,
from baseline of 11,600
GtCO, by 2030

2030:

- Energy industries 16%

- Manufacturing industries
7%

- Transport 3%

- Other 1%

- Total savings 27%

China Reduce emission intensity | Increase the share of Increase forest stock

(4 Nov 2016) by 60%-65% by 2030 non-fossil fuels in primary | volume by around 4.5
(Reference: 2005) energy consumption to billion cubic meters on the

around 20% 2005 level

India Reduce emission intensity | 40% electric power An additional carbon sink

(4 Nov 2016) by 33%-35% by 2030, installed capacity from of 2.5 billion-3.0 billion
conditional non-fossil fuel by 2030 tCQ,e through additional
(Reference: 2005) forest and tree cover by

2030
Indonesia Reduce emissions by 29% | 23% energy from new 12.7 million hectares of

(30 Nov 2016)

and 41% conditionally by
2030
(Reference: BAU)

and renewable energy
(including nuclear) by
2025, at least 31% by 2050

forest area have been
designated for forest
conservation

Japan
(8 Dec 2016)

Reduction by 26% by 2030
(Reference: 2013)

Renewables of power
supply account for
22%-24% by 2030

Removal target by LULUCF
is 37 million tCO,e

Lao PDR
(4 Nov 2016)

Increase share of
small-scale renewable
energy to 30% of energy
consumption by 2030,
estimated to reduce
emissions by 1,468,000
ktCO, by 2025

Increase the share of
renewable energy to 30%

Increase forest cover to
70% of land area by 2020
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Country

(Entry into
force)

Malaysia
(16 Dec 2016)

NDC target

Reduce emissions intensity
by 35% and conditional
45% by 2030

(Reference: 2005

Current renewable energy
target

Cumulative total renewable
energy (MW):

- 2020: 2,065 (9%)

-2030: 3,484 (10%)

- 2050: 11,544 (13%)

Scope of NDC target

Targets include energy,
industrial processes,
waste, agriculture, and
LULUCF sector

Myanmar
(yet to be
ratified)

By 2030, boost
hydropower capacity by
9.4 GW to achieve rural
electrification, using at
least 30% renewable
energy sources; expand
forest area to 30% by 2030

Increase the share of
hydroelectric generation to
9.4 GW by 2030

- Reserved forest and
protected public forest:
30% of total national land
area

- Protected area systems:
10% of total national land
area

New Zealand
(4 Nov 2016)

Reduce emissions by 30%
by 2030
(Reference: 2005)

Increase renewable
generation to 90% by 2025

Continue to achieve a
rate of energy intensity
improvement of 1.3% per
annum

Philippines Conditional reductions up Capacity installation Targets cover all sectors,
(yet to be to 70% by 2030 targets by 2012-2030: including LULUCF

ratified) (Reference: BAU) 8,902 MW

Republic of Reduce emissions 37% by | 22%-29% of electricity Reduce energy intensity
Korea 2030 generation from nuclear by 46% between 2007 and

(3 Dec 2016)

(Reference: BAU)

by 2035

2030

Singapore
(4 Dec 2016)

Reduce emission intensity
by 36% by 2030
(Reference: 2005)

Raise solar power in the
energy system up to 350
MW by 2020

Energy intensity
improvement (from 2005
levels) target of 35% by
2030

Thailand
(4 Nov 2016)

Reduce emissions by 20%
and conditional 25% by
2030

(Reference: BAU)

Targeted renewable
generation: 13,927 MW by
2021

Reduce energy intensity by
25% in 2030

Viet Nam
(3 Dec 2016)

Reduce emissions by 8%
and conditional 30% by
2030

(Reference: BAU)

Targeted capacity by 2030

- Wind power: 6,200 MW

- Biomass power: 2,000
MW

- Other renewables: 5,600
MW

Forest cover will increase
to the level of 45%

BAU = business as usual; CO, = carbon dioxide; EAS = East Asia Summit; GtCO, = gigaton of carbon dioxide; GW = gigawatt; GWh = gigawatt-
hour; ktCO, = kiloton of carbon dioxide; LULUCF = land use, land-use change, and forestry; MW = megawatt; MWh = megawatt-hour; NDC =
nationally determined contribution; tCO,e = ton of carbon dioxide equivalent.

Source: UNFCCC (n.d.), INDCs as Communicated by Parties.

https://www.unfccc.int/sites/submissions/INDC/Submission%20Pages/submissions.aspx (accessed 17 January 2022).
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Most of the NDCs come with a conditional or contingent component, meaning a further
reduction in emissions will come with international technology and financial support.
This clause of the Paris Agreement is important because international support measures,
including capacity building, will help emerging EAS countries to implement their NDCs
in @ more ambitious way. For example, Indonesia intends to reduce GHG emissions
unconditionally by 29%, while pledging to reduce up to 41% with bilateral and multilateral
provision of technology, finance, and capacity building support. Thailand emphasises its
intention to reduce carbon emissions by 20% by 2020. Singapore commits to reducing
carbon emissions unconditionally by 36%. The Philippines’ INDCs plan to reduce carbon
emissions by 70% by 2030. This commitment is conditional on international support and
will rely heavily on the renewable energy, waste, transport, and forestry sectors.

The pledges by EAS countries under the Paris Agreement and the commitment to
implementing INDCs are important for global emission reductions by 2030. Historically,
this region’s GHG emissions have been relatively low, but following a period of rapid
economic development and increased energy use, the region has become a substantial
source of global emissions. A transition to a global low-carbon economy requires Asia’s
positive engagementinimplementing clean technology and renewable energy technology
options.

Low-carbon energy systems are processes or technologies that produce power with
substantially lower amounts of CO, emissions than emissions from conventional fossil
fuel power generation. They include renewable energy systems such as solar and wind
power, biomass, hydropower, and clean coal, coupled with carbon capture and storage
systems and energy efficiency improvements across the sectors. The term ‘clean energy
systems’ largely excludes other subsets of fossil fuel power sources like nuclear, oil, and
gas. Since 2016, tremendous strides have been made to advance low-carbon energy
systems - innovating, scaling up investment, reducing system costs, implementing
appropriate policy frameworks, and interconnecting large amounts of variable renewable
energy supply into the grid. Reflecting this, many countries have put forward ambitious
plans to increase renewable energy in their NDCs (Anbumozhi and Kalirajan, 2017).
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Inaddition,anumber of promising initiatives that are being implemented have the potential
to buttress the NDC implementation. Some 40 implementing agreements are being carried
out in the areas of renewable energy (solar, wind, bioenergy, and geothermal); fossil
fuels (clean coal, enhanced oil recovery, and carbon capture and storage); fusion power
(tokomaks, materials, technologies, and safety); and energy efficiency (building, electricity,
industry, and transport). Technology-focused alliances, such as the International Solar
Alliance, Global Geothermal Alliance, and Mission Innovations, will play an important role
in enabling countries to harness the full potential of low-carbon energy resources at their
disposal.

The movement towards 100% low carbon is growing, with more than 600 cities having
committed to this target, and an increasing number of companies joining this initiative.
Thus, NDCs can provide an important impetus to enhance global efforts to mitigate carbon
emissions, double the share of low-carbon energy in the supply mix, and accelerate green
growth. To find solutions, the public and private sectors must work together to stimulate
accelerated absorption of low-carbon technologies, which is the key to achieving NDC
targets.

INDCs can and must change the current trends in energy supply and use, which are

patently carbon-intensive. This will require a revolution, and low-carbon technologies

will have a crucial role to play. However, although energy-related goods account for more

than 10% of international trade, policymakers, academics, and the business community

perceive several barriers to the diffusion of these low-carbon technologies at the national,

regional, and global level. This chapter aims to identify opportunities and barriers within

NDCs for effective diffusion of low-carbon energy technology and to propose the incentive

mechanisms required at different levels. To ensure that critical aspects are covered, the

following questions need a closer look:

« What are the key low-carbon technologies that can significantly influence the INDC
targets in the short and medium term?

o Will the transition to a low-carbon energy future by 2030 be economically feasible and
viable under NDCs?

e How could regional and international technology cooperation accelerate investments
on the scale required for achieving the NDC targets?
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Developing countries of ASEAN and East Asia have much to gain from NDCs. Emissions
will be reduced mainly from transforming their energy sectors. The required energy
transition has substantial implications for countries with vast fossil fuel reserves such
as coal. NDC targets imply more energy supply in 2030 from low-carbon resources
that will replace conventional coal and gas. The rise of low-carbon energy in the mix
depends on the declining cost of technology over time. This complexity makes it difficult
to define detailed development and deployment scenarios for low-carbon technologies.
On the other hand, NDC targets motivate countries in prioritising, choosing, and adopting
a combination of technologies such as solar, wind, bioenergy, and clean coal. Indeed, they
aim to reduce the emission intensity of the economy (TPES/GDP) and the carbon intensity
of the economy (CO,/GDP).

In general, for ASEAN, China, and India, the energy and carbon intensity decreased by
18% and 27%, respectively, between 1990 and 2015. The decreasing trend is, however,
not enough to compensate for the increase in economic activity, so the absolute effect
is an increase in total emissions in those 12 countries, making it difficult to meet NDC
targets by 2030. The carbon intensity of the energy sector (CO,/TPES) in those countries
is increasing slightly — a consequence of the still strong, and in some cases even growing,
role of coal in the energy sector. This trend may not continue, as fluctuations in the energy
and electricity market can strongly influence the use of fossil fuels.

The NDCs analysed are heterogeneous mitigation targets that feature different ambitions
in energy transformation. In essence, they are concerned with the diffusion of low-
carbon technologies. Table 17.3 summarises the current level of low-carbon technology
deploymentin the emerging economies of Asia. A substantial and thriving market already
exists for wind and solar technology. Greater deployment of other low-carbon technologies
would create new pathways for achieving NDC targets. This would result in a low-carbon
technology paradox — a situation in which the potential of technology is understood but
its connection with socioeconomic development is not recognised. This paradox arises
when technological progress leads to the development of backstop technology that
substitutes fossil fuels perfectly. Developing economies of the EAS have a good record of
technological innovation in low-carbon energy. Breaking down the regional strengths by
specific technologies suggests that renewables, clean coal, energy-efficient lighting, and
energy storage offer comparative advantages at the global level.
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Development and Deployment Characteristics
of Various Low-Carbon Technologies in Asia

Diffusion in Diffusion in
Stage of . Technology
Technology Cost advanced developing .
development . . competition
countries countries
Solar PV Medium to Commercial Low to Low Diffuse
high medium
Solar CSP High Commercial Low Low Diffuse
Wind onshore Low to Commercial Medium Low Diffuse
medium
Wind offshore Medium to Commercial Low Low Concentrated
high
Hydropower Low to Commercial High High Diffuse
medium
Wave and tidal Medium to Research Low Low Concentrated
high
Geothermal Medium to Commercial Low Low Diffuse
high
Biomass steam turbine | Medium Commercial Medium Low Diffuse
Cook stoves Low Commercial Low High Diffuse
Distributed fuel cells High Research Low Low Concentrated
Electric vehicles High Near mature | Low Low Concentrated
Bioethanol from sugar | Medium Commercial Medium Low Diffuse
and starch
Biodiesel from oil crops | Medium Commercial Medium Low Diffuse
Next-generation High Research Low Low Concentrated
biofuels
Supercritical Medium Mature High Low Diffuse
pulverised coal
combustion
Ultra-supercritical Medium Mature Medium Low Concentrated
Integrated gasification | High Research Low Low Concentrated
combined cycle
Natural gas combined Low Commercial High Low to Moderately
cycle medium concentrated
Nuclear Medium Mature High Low Concentrated

CSP = concentrated solar power, PV = photovoltaic.

Source: Modified by the authors based on Rai, Schultz, and Funkhouser (2014).
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Using a harmonised set of BAU projections across the countries, Figure 17.15 shows the
estimated Asian NDC scenario, reflecting the cuts in emissions by 20