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Glossary

ACE ASEAN Centre for Energy

ADB Asian Development Bank

AEC ASEAN Economic Community

AllIB Asian Infrastructure Investment Bank

AMEM ASEAN Ministers on Energy Meeting

APAEC ASEAN Plan of Action for Energy Cooperation
APG ASEAN Power Grid

ASEAN Association of Southeast Asian Nations
A-USC Advanced USC

BAU Business-as-Usual

BGR German Federal Institute for Geosciences and Natural Resources
BOT Build-Own-Transfer

CAGR Compound average growth rate

CCGT Combined cycle gas turbine

CCs Carbon capture and storage

CCT Clean Coal Technology

CFB Circulating fluidized bed

CMM coalmine mouth

COP21 21st Conference of the Parties

CO2 Carbon dioxide

DMO Domestic Market Obligation

EBRD European Bank for Reconstruction and Development
EIB European Investment Bank

EMP Energy Master Plan (Myanmar)

ERIA Economic Research Institute for ASEAN and East Asia
EX-IM Exporti Import Bank of the United States

FDI Foreign direct investment

FIT Feed-in tariffs

FOB Free on Board

FSRU Floating Storage Regasification Unit

GDP Gross domestic product

GHG Greenhouse gas

Gt Gigatons

GW Gigawatts

HAPUA Heads of ASEAN Power Utilities and Authorities
HELE High-efficiency low-emission

IEA International Energy Agency

IEA CCC IEA Clean Coal Centre

IFls International financial institutions

IGCC Integrated gasification combined cycle

INDCs Intended Nationally Determined Contributions
IPPs Independent Power Producers

JBIC Japan Bank for International Cooperation

JV Joint-venture

LCOE Levelized cost of electricity generation
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RUKN
RUTPL
SC

SOz
TAPG
TNB
TPES
UNFCCC
usc
WBG
WEO 2015

December

Liquefied natural gas

Million British thermal units

Ministry of Energy and Mineral Resources (Indonesia)
Mekong River Commission

Million tons

Million ton of coal equivalent

Million tons of oil equivalent

Malaysian Ringgit

New Development Bank

National Energy Management Committee (Myanmar)
Nitrogen oxides

New Policy Scenario

Organization for Economic Cooperation and Development
Pulverized coal

Power Development Plans

Adjusted 7t Power Development Plan (Vietham)
Perusahaan Listrik Negara (Indonesia)

Photovoltaic

Renewable energies

I ndonesi ads Nae¢rm DewedopmeM Planifon the period 201511971 see
BPKP (2015)

General Plan for National Electricity Development (Indonesia)
Electricity Supply Business Plan (PLN, Indonesia)
Supercritical

Sulphur dioxide

Trans-ASEAN Gas Pipeline

Tenaga Nasional Berhad (Malaysia)

Total primary energy supply

United Nations Framework Convention on Climate Change
Ultra-supercritical

World Bank Group

World Energy Outlook 20157 see IEA (2015c)
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Executive Summary

Southeast Asia currently plays a key role in rebalancing the global steam coal market 7 and it could
well play this role in any future rebalancing. Southeast Asia is home to the largest steam coal
exporter, Indonesia, but these exports are decreasing. The region also houses booming coal
importing countries, such as Malaysia, Thailand, the Philippines, and Vietnam (which turned into a net
importer in 2015).

Driven by rapidly increasing electricity demand, regional coal demand has surged since 2010. The
availability of coal in the region, and its lower cost than competing fuels, has made coal the preferred
option to fuel rising power demand. The region added 25 GW of coal-based capacity in the past five
years, accounting for 42 per cent of total additional generation capacity. Even the gas-producing
countries in the region have introduced more coal in their electricity mix as gas shortages pushed
them to diversify their mix. In the short to medium term, this trend is going to continue: there are 29
GW of coal-based capacity under construction in the region, most of them to be completed by 2020.
In addition, there is a huge number of permitted and announced coal-fired power plants in the
pipeline, which means that the shift towards coal may continue well after 2020. However, this shift
compromises the national commitments taken by Southeast Asian governments to reduce their
greenhouse gas emissions.

In the wake of the Paris Agreement, national governments across the region have started to reassess
their power development plans, introducing more renewable energy sources, promoting energy
efficiency measures, and reducing the contribution of coal in the electricity mix. This reassessment,
however, does not constitute a shift away from coal. Despite the scale back, coal still dominates the
targeted additional capacity, followed by natural gas, hydropower, and other renewables. The planned
large increase in renewables (including hydro), together with the adoption of clean coal technologies,
allow Southeast Asian nations to reconcile a growing coal consumption with national commitments to
reduce their carbon intensity compared with a business-as-usual scenario.

Most of the additional coal capacity planned for completion by 2025 is concentrated in two countries,
Indonesia and Vietnam. But in both countries, the targets are challenging. In Indonesia, given the
delays and revisions that have affected previous and ongoing power capacity building programmes, it
is unlikely that the ambitious target will be met. After COP21, the Vietnamese government announced
its intention to review the development plans of all coal plants, making the planned coal boom
uncertain. The growth in Southeast Asian coal demand is therefore mixed: until 2020, it is expected to
be steep as more coal-fired power plants are commissioned, but after that date, the rate of growth is
expected to slow down significantly. The wide range of outlooks for future coal demand has a
significant impact on coal trade in the region.

Regional coal imports have surged since 2010 i growing by 21 per cent in 2015 to 75 Mt i and are
expected to reach 140 Mt by 2020. This growth is led by expansion of the coal fleet in Vietnam,
Malaysia, the Philippines, and Thailand (and, to a much smaller extent, Cambodia) and it is secured
by anticipated demand from power plants currently under construction or committed, although delays
may limit coal imports to 115 Mt by 2020. However, in the 2020s, the rate of growth in coal imports
could slow down dramatically and in some countries, it could even be negative. Much of the
uncertainty comes from Vietnam and, to a lesser extent, Thailand. Southeast Asian coal imports could
peak after 2025 at 1501 160 Mt per year in a low scenario, or increase to 230 Mt by 2030 if the
targeted coal capacity included in the national power development plans is built. Putting this into
perspective, however, even in a high scenario the additional regional import demand is far less than
the amount that has been added by either China or India to the international steam coal market over
the past few years. Therefore, on the demand side, the balance of the global coal market will continue
to be determined by China and India, at least in the short to medium term.
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On the supply side, due to its importance in the Pacific Basin steam coal market, the role of Indonesia
is important to the rebalancing of the market. After an impressive growth between 2008 and 2013,
Indonesian steam coal exports declined in 2014 and plunged in 2015 due to reduced coal import
demand by its major customers. Although Indonesia is one of the lowest-cost producers in the world,
there is a wide range of production costs in the country. Low international coal prices have forced
higher-cost small miners to stop production as they were unable to recover their operational costs.
But other factors are at play to explain the fall in Indonesian coal exports. Growing coal demand in
Indonesia has led the government to prioritize sales of coal production to the domestic market and to
control coal production. New regulation to restrict illegal coal production and exports, the ongoing
consolidation of the mining permit process, and the recent moratorium on new coal mining activities,
are all likely to reduce Indonesian coal production and exports even further. In the short term, by
reducing available coal supply to the export market,
of the global market and the increase in coal prices. Combined with the unexpected increase in
Chinese coal imports since June 2016, the global coal market has tightened and coal prices have
almost doubled since January 2016 to above $100/t at the beginning of November 2016 (Australian
steam coal marker), whereas global coal demand continues to shrink.

I n the 1l onger tcaalr mining policy, @oméised aith srapidly growing domestic coal
demand, questions the availability of Indonesian coal for the export market. On one hand, the size of
Indonesian coal resources might allow large Indonesian mining companies to expand their production
to serve both the export and domestic markets, provided that coal prices are high enough to
incentivize investment in coal mining and transportation. On the other hand, should the government
maintain a cap on coal production on a long-term basis (currently production is capped at around 400
Mt per year), Indonesian exports will fall significantly, but gradually.

Reduced Indonesian coal exports could also result from choices made by coal buyers. A significant
portion of Indonesian steam coal exports consists of low-grade coal (in other words, coal with a low
calorific value) which is sold at a discount on the international market once adjusted for energy
content, but it emits more CO:2 per kWh than high-calorific value coal. As seen in 2015, coal buyers
are becoming more selective. The reduction of coal imports by China in 2015 was partly explained by
new regulation on coal quality, which reduced the attractiveness of Indonesian low-calorific value
coal. The decline of Indian imports was also more pronounced for Indonesian suppliers than for other
suppliers to the Indian market. On a long-term basis, if Indonesian low-grade coal is no longer
exportedi ei t her because it is consumed |l ocally ori becaus:
the balance of the global market will depend on a very small number of producers, mainly Australian
ones, and their ability to ramp up their production.
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1. Introduction

Southeast Asia is a cornerstone of the global steam coal market, a position the region is set to
maintain in the coming decades. As international steam coal trade has declined over the past two
years i mainly due to declining import demand by China, and to a lesser extent by India 1
developments in supply and demand in Southeast Asia may play a key role in the rebalancing of the
global steam coal market. This is due to two factors:

1. Southeast Asia is home to the worldés | eading
more than a third of global steam coal trade and half of the Pacific Basi n6s st eam coal

Any change in Indonesian energy policy is likely to affect global steam coal trade, and particularly
trade in the Pacific Basin.

2. The region houses growing coal importing countries, such as Malaysia, Thailand, the Philippines
and, more recently, Vietham which turned into a net importer in 2015. In 2015, these countries
collectively increased their imports by 21 per cent to 75 million tons (Mt) as coal demand
continued to increase.

Coal demand in Southeast Asia i as in the rest of the world 7 is dominated by the power sector,
which accounts for 80 per cent of regional coal demand. This paper therefore mainly focuses on the
power sector as the main driver of future growth in regional coal demand (and consequently in coal
imports by the coal-importing countries of the region). The assessment of coal demand is based on
an analysis of recent national power development plans, combined with an assessment of coal-fired
power plants currently under construction and planned in the region. It also considers challenges and
uncertainties faced by the coal sector, in view of growing environmental concerns and national
commitments to reduce greenhouse gas (GHG) emissions. On the supply side, the paper analyses
the key rol e of | argkst steam coal expdrtdr,én the cebalancidgof the global coal
market, and how recent national policy decisions on coal supply and demand, as well as current

gl obal mar ket conditions, may affect the countryods

2. The crucial development of the power sector in Southeast Asia and the
coali gas competition

Southeast Asia is one of the most dynamic regions in the world. It was home to 633 million people in
2015 and is continuing to experience high economic growth, robust population increase, and rapid
urbanization. Since the Association of Southeast Asian Nations (ASEAN) was established on 8
August 1967, the ten member states i Brunei Darussalam (Brunei), Cambodia, Indonesia, Lao

stean

Peopl ebds Democratic Republic (L alippin@spIhpgaporeMEhdilang,s i a ,

and Vietnam i have pursued political and security cooperation, economic integration, and socio-
cultural cooperation. ASEAN has contributed significantly to meeting the objectives of: reducing the
poverty rate, improving the overall well-being of the peoples of ASEAN, narrowing the development
gap, strengthening economic development, and expanding both extra- and intra-ASEAN trade and
investment. Southeast Asia has exceeded the global growth average for the last ten years. In 2014,
the combined gross domestic product (GDP) of the region rose to $2.57 trillion, average GDP per
capita reached $4,136, and trade hit a record level of $2.53 trillion. Foreign direct investment (FDI)
inflows to the region have also grown steadily over the years to reach $136.2 billion.2 Economic
growth in Southeast Asia averaged 5.1 per cent during the period 19907 2013, but has slowed
recently as a result of the economic slowdown in China (a major trading partner for the region), and
the persistence of low international energy prices which affected the government revenues of energy
exporters (Indonesia, Malaysia, Brunei) negatively. Despite the recent slowdown, prospects for further

1 The main findings at regional level are presented in the appendix of this paper, which will be complemented by forthcoming
detailed reports on Indonesia and major importing countries in the region (Vietnam, Thailand, Malaysia, and the Philippines).
This paper follows two previous ones dedicated to China and India (OIES, 2016 and OIES, 2014).

2 ASEAN Secretariat (2015a).
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sustained growth remain favourable. Aggregate growth in the ASEAN economies is forecast to
accelerate steadily from 4.4 per cent in 2015 to 4.5 per cent in 2016 and 4.8 per cent in 2017,
according to the Asian Development Bank.® Growth will be led by Indonesia, which accounts for 35
per cent of regional GDP, as it ramps up investment in infrastructure and implements policy reform to
spur private investment.

Following the establishment of the ASEAN Economic Community (AEC) in December 2015, 2016
marks an important milestone for regional integration in Southeast Asia. The AEC represents one of
the largest single market economies in the world i the third largest economy in Asia i and facilitates
the free movement of goods, services, and professionals. The AEC Blueprint 2025, which was
launched in November 2015, highlights strategic measures for the community from 2016 to 20254 and
it encourages further trade through reduced or eliminated regulatory barriers and deeper connectivity.
As a result of these policies, the region is projected to grow by at least 4 per cent per year on average
over the next five years, but growth could be as high as 6.1 per cent i provided that ASEAN moves
toward greater integration and member states continue to implement domestic structural reforms to
raise their productivity and competitiveness.®

A sharp increase in energy and electricity demand

Reflecting the steady economic growth and robust demographic development of the region, energy
demand in Southeast Asia has increased by over 150 per cent since 1990, from 233 million tons of oil
equivalent (Mtoe) in 1990 to 624 Mtoe in 2014, according to the International Energy Agency (IEA).6
The five biggest energy consumers are Indonesia, Thailand, Malaysia, Vietham, and the Philippines.

Toget her , they account for 90 per cent of the regic
ASEAN countries contribute only 10 per cent.

The total primary energy supply (TPES) of each ASEAN country in 2014, is shown in Figure 1 and it

can be seen that each countryés TPES relies heavily |

three-quarters of the energy mix in 2014, compared with 56 per cent in 1990. While oil contributed the
majority of the growth over the period 19901 2014, natural gas demand also expanded rapidly in the
1990s, mainly fuelled by domestic gas production. Most Southeast Asian countries installed natural
gas-fired power plants, which boosted the share of gas to 19 per cent of TPES in 2000 from 13 per
cent in 1990. Since 2000, the rate of growth in gas demand has slowed down, as gas production in
the producing countries of the region levelled off. The share of gas only gained 3 percentage points,
to 22 per cent of TPES, by 2014. In contrast, coal demand has soared from just 32 Mtoe in 2000
(about 8 per cent of TPES) to 99 Mtoe in 2014 (16 per cent). This equates to an annual compound
average growth rate (CAGR) of 8.4 per cent from 2000 to 2014. A large number of coal-fired power
plants were put into operation during the period to diversify the electricity mix and fuel the growing
economy. Bioenergy, mostly traditional biomass, is still largely used in Southeast Asia, with a share of
20 per cent of TPES in 2014. Other renewable energies (RE) accounted for only 4 per cent.

3 ADB (20164).

4 ASEAN Secretariat (2015b).
® ASEAN Secretariat (2015b).
S |EA (20164).
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The dramatic increase in energy demand in Southeast Asia is set to continue. According to the New
Policy Scenario (NPS)” o f the | EAG6s World Energy Outl ook

Sout heast Asia, the regionds energy demaodrivanby |

an economy that will triple in size and a population that will grow by a quarter to 760 million.8 While
efforts are being made both regionally and nationally to implement stronger energy efficiency
measures and develop RE, the region is expected to continue to rely on fossil fuels to support its
growth in energy demand (see Figure 2). Indeed, fossil fuels are expected to increase their share to
78 per cent of TPES in 2040. Significantly, coal demand is expected to more than triple over the
outlook period (201374 0 ) , growing at 4.6 per cent per ye
Sout heast Asia is one of the few regions in
projected to increase. By 2020, the share of coal in TPES rises to 21 per cent, overtaking natural gas.
By 2040 coal surpasses oil to become the most consumed fuel, accounting for 29 per cent of the mix
(309 Mtoe).

Figure 2: Historical and projected energy mix
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" The IEA New Policies Scenario (NPS) is the central scenario of the WEO. It incorporates the policies and measures that affect
energy markets and had been adopted as of mid-2015, plus other relevant intentions, e.g. WEO 2015 includes energy-related
components of the INDCs submitted by national governments by 1 October, as pledges in the run-up to the UNFCCC COP21.
8 |EA (2015a). The ASEAN Centre for Energy (ACE, 2015a) projects an even higher increase. With the aggregation of national
targets for economic growth of 6.1 per cent on average every year and a population expanding at a growth rate of nearly 1 per
cent per ann uTASEANIEeergA@ufodksoredasts that regional TPES will grow by an average of 4.7 per cent per
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year from 2013 to reach 1,685 Mtoe in 2035 under a business-as-u sual scenari o. One major difference

2015 is the assumption for economic growth (an average 6.1 per cent over the period 20147 35 for the ACE; an average 4.6 per
cent over the period 20147 40 for the IEA).

December 2016: The role of coal in Sout



The increasing role of coal in the power sector

Since 1990, electricity generation in Southeast Asia has increased faster than economic growth rates.
Between 1990 and 2014, the economy grew by 5 per cent per year on average, while electricity
generation grew at 7.4 per cent and reached about 843 terawatt hours (TWh) in 2014. Demand
growth has been driven by rising population, the rapid pace of urbanization, enormous increases in
industrial production, and the progressive extension of access to modern electricity to larger
segments of rural populations. Five countries (Indonesia, Thailand, Malaysia, Vietnam, and the
Philippines) account for more than 90 per cent of t
Natural gas and coal are the two main fuel sources of electricity generation, accounting for 44 per
cent and 34 per cent respectively of electricity generation in 2014. Oil still represents 5 per cent of the
electricity mix and while it is being displaced by other power generation sources, this shift is not yet
complete at the regional level as the difficult geography of some countries makes the displacement of
small diesel generators difficult in isolated areas. Renewable energy represented 17 per cent of total
electricity generation. Hydropower is the main source of RE power generation, followed by
geothermal. Some countries T such as Cambodia, Myanmar, and Vietham i have more than 50 per
cent of their electricity supplied by hydro. Lao PDR is almost 100 per cent dependent on hydropower.

While natural gas still dominates the electricity mix (see Figure 3) the shift to coal has accelerated

since 2010. Hence, the share of gas in electricity generation has decreased by 5 percentage points

(from 49 per cent in 2010 to 44 per cent in 2014) while that of coal has surged from 27 per cent to 34

per cent. The continued ramp-up of coal-f i red generation is underpinned b
and availability relative to natural gas and other fuel sources, and the demand for widespread and

rapid electrification. Coal is a significant fuel in the power mix of Indonesia, Malaysia, and the

Philippines with a share of 40 per cent to 50 per cent of the electricity produced in these countries

(see Figure 3). The power sector in Vietham and Thailand is less dependent on coal (207 25 per cent

of electricity generation).

Figure 3: Electricity generation in Southeast Asia in 2014 by country and fuel/technology
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Source: IEA

As of end 2015, Southeast Asian installed power capacity was estimated at 205 gigawatts (GW)
(Figure 4). Indonesia, Vietnam, and Thailand have the largest amount of installed generation capacity,
accounting for 62 per cent of the regional capacity. Natural gas, with a capacity of 77 GW, dominates
the regional electricity mix, followed by coal (62 GW) and hydropower (41 GW). The power capacity
mix by country reflects the individual resource endowment of each country and their diversification
policies.
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Figure 4: Installed generation capacity by ASEAN country and fuel/technology in 2015
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Notes: only domestic capacity (excludes import capacity). Brunei (1 GW of total capacity, almost 100 per cent
gas-based) is not shown on the graph. Indonesia: only PLN system. Thailand: only EGAT system.

Source: National annual reports®

Gas-based capacity is well developed in gas-producing countries (Malaysia, Indonesia, Thailand).
The role of gas in their power sector was predicated on a history of cheap domestic gas. However, in
the three countries, rapid growth in power demand has led to gas shortages, pushing the countries to
diversify their power mix away from gas and introduce coal to diversify and secure the power mix.
Coal has also been introduced in hydro-dependent countries, such as Vietnam, to secure electricity
supplies all around the year. Over the past five years, coal has been the fuel of choice for power
generation: almost 25 GW of additional coal capacity was built during the period 20107 15, accounting
for 42 per cent of total capacity additions over the period. In 2015 alone, an additional 7.7 GW of coal-
fired capacity came online, of which half was in Vietnam; this brought ASEAN coal capacity to slightly
above 62 GW at the end of 2015.

The shift to coal observed since 2010 will continue in the short and medium term. At the beginning of
2016, there were about 29 GW of coal-fired capacity under construction, to be completed by around
2020, most of them in Vietham (12.8 GW), Indonesia (6 GW), the Philippines (4.7 GW), and Malaysia
(4.6 GW). In addition, in 2015, the Indonesian government announced a fast-track programme to
rapidly expand Indonesian power capacity by adding 35 GW of capacity by 2019, of which 20 GW are
to be <coal fired (6t h¥Begohd plaotdunddi¢ongtruction,rtte mapaciby)of
permitted, pre-permitted, and announced coal-fired power plants amounted to 113 GW at the
beginning of 2016 (Table 1), making Southeast Asia the third-highest region for coal proposals after
East and South Asia.

9 PLN (2016b); General Statistics Office (Vietnam); Department of Energy (DOE) (Philippines) (2016): Ministry of Energy
(Thailand) (2015); Energy Commission (Malaysia) (2015); Energy Market Authority (EMA) (Singapore); Electricite du Laos
(EDL); ADB (2016b); Ministry of Mines and Energy of Cambodia (2016).

10 As of June 2016, of the total additional capacity, 8.2 GW (22 per cent of the total capacity) were under construction, 9.8 GW
(27 per cent) were approaching financial closure, 10.4 GW (28 per cent) were in the procurement stage, and 8.1 GW (22 per
cent) were in the planning phase. PLN (2016c).
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Table 1: Southeast Asiab6s coal power capacity
2016)

Coal-fired capacity ir Under construction Permitted Pre-permitted

2015 (GW) (GW) (GW) (GW) Announced (GW

Indonesia 27.2 6.0 4.4 17.9 17.8
Malaysia 8.7 4.6 - - -
Myanmar 0.1 - - 0.7 13.8
Philippines 5.9 4.7 0.5 5.0 1.9
Thailand 5.5 - - 3.9 3.4
Vietnam 12.9 12.8 14.1 10.4 15.6
Cambodia 0.5 0.1 0.2 - 1.7
Laos 1.3 0.6 - - 1.3
TOTAL 62.1 28.8 19.2 37.9 55.5

Sources: National power development plans, Global coal plant tracker

If no delays occur, Southeast Asian coal capacity will surge to 91 GW by 2020 when the coal-fired
power plants currently under construction are commissioned. Considering the huge pipeline of
permitted, pre-permitted, or announced projects, the shift to coal may continue well after 2020.
Therefore, a coal capacity of 134 GW in 2030,
the 84 GW projected in the IEA Bridge Scenario (see Box 3).11

However, across Southeast Asia there is increasing political will to implement policies aimed at
meeting electricity needs in a more sustainable manner. The backlog of coal-fired power plants under
construction means that coal capacity and generation are going to increase significantly in the region
by 2020, but there are major uncertainties after 2020/25. A significant development of coal power
capacity could compromise the national commitments taken by ASEAN countries to reduce their GHG
emissions by 2030, and several governments in the region have started to reassess their power
development plans since the Paris Agreement (adopted in December 2015).

Social opposition to new coal power plants is also growing in the region. Environmental and health
concerns have delayed several new projects. For instance, in Indonesia, the development of the
2,000 MW Batang plant in Central Java has been delayed by four years, having initially been
scheduled to start construction in 2012. It finally reached financial closure in June 2016. In Thailand,
local opposition to coal power plants has pushed the government to build coal power capacity outside
Thailand and import back the electricity generated. However, coal-fired power plants planned to be
built in Myanmar and Cambodia, for the export of electricity to Thailand, have been suspended or
cancelled following increasing opposition to the projects and/or technical issues.

Coal and gas competition in Southeast Asia

as

The power sector is fundamental to the energy out | ook of Sout heast Asi

NPS, demand for electricity is projected to grow faster than for any other final form of energy,
accounting for almost 60 per cent of growth in total demand by 2040. Southeast Asian electricity
demand is expected to triple over the period 20141 40 to reach 2,200 TWh by 2040. Southeast Asia
needs to add 354 GW of additional capacity for power generation between 2014 and 2040, which
calls for investments of $618 billion in generation and $690 billion in the transmission and distribution

“"The Bridge Scenario, developed for the 6Energy and Cli mate:

deliver a near-term peak in global energy-related GHG emissions with the effective use of proven policy measures and

currently available technologies. As a means to illustrate

Scenario has a shorter timeframe (2030) thanthe 204 0 hori zon i n the NPS. The O6Bridge
action by policy makers in five areas, including efficiency, clean coal technologies, energy subsidy removal, support to RE, and

met hane emi ssions. I'n t his sdeneanddsr5ipar cent Bweu iy B08(Q compar&dswithatiiesNPS ner gy

scenario, mainly due to a reduction in oil and coal consumption. The primary energy mix shifts markedly between the two
scenarios in 2030. The share of fossil fuels declines to 74 per cent by 2030 in the Bridge Scenario, driven mainly by reduced
coal consumption, while the contribution of RE rises steadily to 26 per cent. IEA (2015d).
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of this power.'? The overwhelming share of the power sector in future demand highlights the
i mportance of fuel and technology choices in t
emissions outlook.

The generation cost is a key determinant of the mix of fuels and technologies used in Southeast Asia
to generate electricity. As a significant portion of the ASEAN population is within the lower-income
consumer category, the lowest electricity supply costs are often favoured by decision makers to
reduce the financial burden on consumers. Despite efforts to increase the role of RE, natural gas and
coal will dominate the future electricity mix of the region, and the relative generation cost will remain a
fundamental factor in deciding between gas and coal. Competition between gas and coal has
favoured coal in Southeast Asia, but the coal advantage has been reduced significantly by the recent
reduction in gas prices (see Figure 5). The price of imported liquefied natural gas (LNG) prices in Asia
has been very volatile. It peaked at around $16 per million British thermal units (MMBtu) from 2011 to
2014, collapsed to $10.3/MMBtu in 2015, and then fell to historic low levels, close to $6/MMBtu, in
August 2016. International coal prices have declined sharply during the past five years, from $126/t in
2011 to $63.5/t in 2015 (Asian steam coal marker i in other words, the delivered price of steam coal
in Asia).13 Despite their recent recovery (see Box 4), delivered steam coal prices settled at $75/t in
August 2016, or the equivalent of $2.7/MMBtu. Despite their sharp decline, gas prices are still more
than twice the level of coal prices on an energy equivalence basis.

Figure 5: Coal and gas prices in Asia
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Natural gas-fired power plants are, however, cheaper and quicker to build than coal-fired power
plants, have higher efficiencies and greater flexibility in plant operation, and above all emit less CO:
than coal power plants. (The cost of capital expenditure for combined cycle gas turbine (CCGT) plants
is around half that of coal on a per kWe capacity basis and their CO2 emissions are also half that of
coal.)

The levelized cost of electricity generation (LCOE)!* is commonly used in national power development
plans to compare the costs of different technologies. Based on IEA assumptions for the costs of
capital, operation and maintenance, and finance, and using 2015 prices for coal and gas ($63.5/t for
coal and $10.3/MMBtu for gas), the generating cost of a new supercritical (SC) coal plant is 35 per
cent cheaper than the generating cost for a new CCGT plant (Figure 6). However, at August 2016
coal and gas prices, the generating costs for coal and gas are similar i even slightly cheaper for gas.

12 1EA (2015b).

13 BP (2016).

1 The LCOE includes fixed costs, variable costs (operation and maintenance and fuel) and financing costs for new power
plants. In order to make meaningful comparisons, it is necessary to make a range of assumptions about various costs and
operating parameters of competing technologies, as well as assumptions on future coal and gas prices.
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