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DISCLAIMER

This report was prepared by the Working Group for Analysis of Energy Saving Potential
in East Asia under the ERIA (Economic Research Institute for ASEAN and East Asia)
Energy Project. Members of the Working Group from the participating EAS region
countries discussed and agreed to certain key assumptions and modelling approaches in
order to enable harmonisation of the forecasting techniques. These assumptions and
modelling approaches may differ from those normally used in each country. Therefore,
the projections presented here should not be viewed as official national projections of
the participating countries.

The absence of a projection for the Alternative Policy Scenario (APS) for a country does
not imply that the country has no energy efficiency and conservation (EEC) policies. It
may simply indicate that, at the time of the study, the country had not yet quantified the
impacts of their EEC policies.



FOREWORD

Energy security and climate change are very important global issues with a range of
socioeconomic, environmental and development dimensions. At the 2" East Asia
Summit (EAS) in Cebu Island of the Philippines, January 2007, the leaders of the region
declared that East Asia could mitigate these problems by strong leadership on several
countermeasures. These include: a. promotion of energy conservation, b. utilisation of
biofuels and c. cleaner use of coal.

Two groups were designated to assist in implementing the countermeasures mentioned
above: the Energy Cooperation Task Force (ECTF) and the Economic Research Institute
for ASEAN and East Asia (ERIA). ECTF is charged with supporting the efforts of the
EAS and its Energy Ministers Meeting (EMM) to promote cooperation on policies to
implement these countermeasures. ERIA is in charge of studying the potential impacts
of the countermeasures. ERIA is focusing on energy studies in two areas: first,
promotion of energy conservation and second, utilisation of biofuels.

This report was prepared by the Working Group for Analysis of Energy Saving Potential
in East Asia under the ERIA Energy Project. The report covers all the research activities
of the Working Group from October 2008 to June 2009, including the methodology
used to estimate the impacts of a range of energy saving goals, action plans and policies,
analysis of results and potential policy recommendations to the ECTF. This report
extends and enhances the analysis of the working group undertaken in 2007.

This report contributes to mitigating problems related to energy security and climate
change through increasing understanding of the potential for energy savings of a range
of energy efficiency goals, action plans and policies. A number of key insights for
policy development are also discussed.

Mr. Shigeru Kimura
Leader of the Working Group
2009
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EXECUTIVE SUMMARY

Responding to the Cebu Declaration of the leaders of the East Asia Summit (EAS)
countries, Japan proposed to undertake a study of the energy savings and carbon dioxide
(CO,) emission reduction potential in the EAS region. The study would provide insights
to national energy ministers for establishing goals, action plans and policies to improve
energy efficiency in their respective countries. The first study was undertaken in 2007
by the Working Group (WG) for Analysis of Energy Saving Potential in East Asia.
Subsequently this WG was reconvened and the study was revised and extended in
2008/2009 to incorporate more recent information and estimation procedures and
incorporate further information about energy saving potentials and energy efficiency
goals, action plans and policies. This is the report of that study.

This study examined two key scenarios over the time period 2005 to 2030, a Business
As Usual (BAU) scenario reflecting each country’s current goals, action plans and
policies, and an Alternative Policy Scenario (APS). The APS incorporated additional
goals, action plans and policies that are currently, or likely to be, under consideration in
each country. Increased uptake of low emissions technologies was also considered in the
APS. The focus of the study is on analysing the additional energy savings that might be
achieved through the goals, action plans and policies of individual countries, above and
beyond BAU. The additional savings may be measured as the difference between the
BAU and APS scenarios.

Each scenario was modelled for each country by the WG members using their national
model or by the Institute for Energy Economics, Japan (IEEJ) using the same model that
was used in the preparation of IEEJ’s Asia/World Energy Outlook®. The Working Group
composed of experts from each EAS country. These WG members developed their own
national level projections or supplied projections of key socio-economic variables, as
well as energy saving plans to IEEJ. These input variables suggest that rapid growth in
population, gross domestic product (GDP), vehicle ownership, and access to electricity
will create a huge ‘headwind’ that will tend to work against efforts to limit energy
consumption and CO, emissions in the EAS region. However, it is important to note
that increased consumption of energy services is fundamental for achieving a range of
socioeconomic and development goals.

1 Tto, K. et. Al, 2007, Asia/World Energy Outlook 2007, Tokyo.



Modelling results show that EAS region final energy consumption in the BAU scenario
is projected to increase from 1,946 million tonnes of oil equivalent (Mtoe) in 2005 to
4,572 Mtoe in 2030, an increase of 3.7 percent per year on average. In the APS, final
energy consumption is projected to rise to 3,767 Mtoe in 2030, 18 percent less than in
the BAU scenario. CO, emissions in the BAU scenario are projected to increase from
2,633 Mt C in 2005 to 5,762 Mt C in 2030, implying an annual average growth rate of
3.2 percent. In the APS, CO; emissions are projected to be 4,071 Mt C in 2030, 29
percent lower than in the BAU scenario.

While the emission reductions under the APS are significant, CO, emissions in the APS
in 2030 will still be above 2005 levels and far above 1990 levels. The IPCC (2007)
suggest that reductions of this extent will not be adequate to prevent severe climate
change impacts.

Yet further additional policy developments will be needed even to achieve savings at the
level outlined in the APS. While all of the EAS countries are actively developing and
implementing energy efficiency and conservation (EEC) goals, action plans and policies,
progress so far varies widely. Some countries are quite advanced in their efforts, while
others are just getting started. A number of EAS countries have established EEC goals,
but as yet lack concrete action plans for achieving them. It is recommended that EAS
country leaders work individually and cooperatively to ensure implementation of their
EEC goals through the development of concrete action plans. It is also recommended
that capacity building programs be established to assist countries to develop and
practically implement energy saving goals, action plans and policies.

Given the preliminary nature of EEC policy development and the potential for more
advanced technologies than were outlined in the APS in many countries, it is likely that
there are additional measures and technologies that could achieve further energy savings
and reductions in CO, emissions. According to a preliminary analysis of an illustrative
scenario at the EAS region level, the additional application of low carbon technologies,
such as biofuels, civilian nuclear and carbon capture and storage in addition to the APS
measures could significantly reduce CO, emissions — to about 2005 levels by 2030.

It is recommended that EAS country leaders work individually and cooperatively to
facilitate exploration of further EEC policy and technology options in each country.



1. INTRODUCTION

Responding to the Cebu Declaration on East Asia Energy Security on 15 January 2007
by the leaders of the 16 countries of the East Asia Summit (EAS), Japan proposed to
undertake a study of the energy savings and CO, emission reduction potential in the
EAS region. The study would quantify the total potential savings under the individual
energy efficiency goals, action plans and policies of each country above and beyond
Business As Usual®. The study would provide insights to national energy ministers for
establishing goals, action plans and policies to improve energy efficiency in their
respective countries. The first study was undertaken in 2007 by the Working Group
(WG) for Analysis of Energy Saving Potential in East Asia. Subsequently this WG was
reconvened and the study was revised and extended in 2008/2009 to incorporate more
recent information and estimation procedures and incorporate further information about
energy saving potentials and energy efficiency goals, action plans and policies. This is
the report of that study.

The Cebu Declaration outlined the potential energy challenges the region could face in
the future driven by a number of factors including: the limited global reserves of fossil
energy, fluctuating world fuel oil prices, worsening energy related environmental and
health issues and the urgent need to address climate change®.

For these reasons, the EAS leaders resolved to enhance regional cooperation in various
areas to achieve: improved energy efficiency and environmental performance of fossil
fuel use and reduced dependence on conventional fuels through intensified energy
efficiency and conservation programs, hydropower, and expansion of renewable energy,
biofuels, and civilian nuclear power. See Box 1 for the complete list of EAS leaders’
resolutions under the Cebu Declaration.

2 Ministry of Economy, Trade and Industry (METI) (2007) “EAS Cooperation on Energy Efficiency and
Conservation”. Paper submitted to the 3 ECTF Meeting in Tokyo in June 2007.

3 ASEAN Secretariat (2007) Cebu Declaration on East Asian Energy Security 2007. Jakarta:
http://www.aseansec.org/19319.htm (accessed February 27, 2008)



http://www.aseansec.org/19319.htm�

Box 1. EAS Leaders' Resolutions under the Cebu Declar ation

1. Improve the efficiency and environmental performance of fossil fuel use;

2. Reduce dependence on conventional fuels through intensified energy
efficiency and conservation programmes, hydropower, expansion of
renewable energy systems and biofuel production/utilisation and for
interested parties, civilian nuclear power;

3. Encourage open and competitive regional and international markets geared
towards providing affordable energy at all economic levels;

4. Mitigate greenhouse gas emissions through effective policies and measures,
thus contributing to global climate change abatement; and

5. Pursue and encourage investment on energy resource and infrastructure

development through greater private sector involvement.

Source: ASEAN Secretariat (2007) Cebu Declaration on East Asian Energy Security 2007. Jakarta:
http://www.aseansec.org/19319.htm (accessed February 27, 2008)

1.1. TheEast Asia Summit

The East Asia Summit (EAS) is a collection of diverse countries. There are wide
variations between them in terms of per capita income, standard of living, population
density, energy resource endowments, climate, and energy consumption per capita. It is
composed of the 10 member countries of the Association of Southeast Asian Nations
(ASEAN), namely: Brunei Darussalam, Cambodia, Indonesia, Lao PDR, Malaysia,
Myanmar, Philippines, Singapore, Thailand and Vietnam, and 6 other countries, namely:
Australia, China, India, Japan, Republic of Korea and New Zealand.* Table 1 shows the
geographic, demographic and economic profiles of the 16 EAS countries. Table 2 shows
their economic structure and energy consumption profile.

* The Ministry of Foreign Affairs of Japan (2005) Kuala Lumpur Declaration on the East Asia Summit,
2005. Tokyo: http://www.mofa.go.jp/region/asia-paci/eas/joint0512.html (accessed February 27, 2008).
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Table 1. Geographic, Demographic, and Economic Profiles, 2006

Land Population
Area Density GDP GDP per
(thousand Population  (persons/ (Billion Capita

sg.km.) (thousands) sg.km.) 2000US$) (US$/person)
Australia 7,682 20,701 2.69 481.6 23,265
Brunei Darussalam 5 382 76.40 7.0 18,325
Cambodia 177 14,197 80.21 6.3 444
China 9,326 1,311,798 140.66 2,095.9 1,598
India 2,973 1,109,811 373.30 703.3 634
Indonesia 1,812 223,042 123.09 219.3 983
Japan 365 127,756 350.02 5,087.8 39,824
Korea, Rep. 99 48,418 489.07 671.3 13,865
Lao PDR 231 5,759 24.93 2.5 434
Malaysia 329 26,114 79.37 118.4 4,534
Myanmar 658 48,379 73.52 15.0 311
New Zealand 268 4,185 15.62 63.6 15,197
Philippines 298 86,264 289.48 99.6 1,155
Singapore 1 4,484 4,484.00 121.6 27,119
Thailand 511 63,444 124.16 165.0 2,601
Vietnam 325 84,108 258.79 48.4 575

Source: World Bank 2008. World Development Indicator CD-ROM 2008. Washington DC.

While some EAS countries have what might be called mature economies, the majority
have developing economies. Several counties have a per capita GDP of less than 1000
US$ (in 2000 prices®). A large percentage of the people in developing countries still
meet their energy needs mainly with traditional biomass fuels.

These differences partly explain why energy efficiency and conservation goals, action
plans and policies are assigned different priorities across countries. While countries with
developed economies may be very keen on reducing energy consumption, developing
countries tend to put more emphasis on economic growth and improving standards of
living. It should be noted that developing countries generally have less energy
consumption per capita compared to developed countries. However, as the economies of
these countries grow, it should be expected that energy consumption per capita will
grow as well.

> All US$ (US Dollar) in this document are stated at constant year 2000 values unless otherwise

specified.



Table 2. Economic Sructure and Energy Consumption, 2006

Energy
GDP Share of Share of Share of Energy Consumption
(Billion  Industry In Servicesin Agriculture Consumption per Capita
2000US$) GDP,% GDP,% in GDP, % (Mtoe) (toe/person)

Australia 481.6 28.0 69.0 3.1 121.2 5.9
Brunei Darussalam 7.0 73.4 25.9 0.7 2.8 7.3
Cambodia 6.3 26.2 43.7 30.1 1.6 0.1
China 2,095.9 48.4 39.9 11.7 1,654.6 13
India 703.3 27.9 54.6 17.5 440.8 0.4
Indonesia 219.3 47.0 40.1 12.9 135.3 0.6
Japan 5,087.8 29.9 68.6 1.5 527.5 4.1
Korea, Rep. 671.3 39.6 57.2 3.2 216.5 45
Lao PDR 25 325 25.5 42.0 0.5 0.1
Malaysia 1184 49.9 41.3 8.7 66.7 2.6
Myanmar 15.0 9.7 33.1 57.2 4.7 0.1
New Zealand 63.6 24.9 65.7 9.4 17.4 4.1
Philippines 99.6 31.6 54.2 14.2 39.3 0.5
Singapore 121.6 34.7 65.2 0.1 30.7 6.8
Thailand 165.0 44.6 44.7 10.7 97.7 15
Vietnam 48.4 41.6 38.1 20.4 28.9 0.3

Sources: 1. World Bank (2008) World Devel opment Indicators CD-ROM 2008. Washington DC.
2. International Energy Agency (IEA) (2008) Energy Balances of OECD Countries 2008 and
Energy Balances of Non-OECD Countries 2008, Paris.

Despite the differences among the 16 countries, the EAS leaders agree that the EAS
"could play a significant role in community building”, which could be an important
cornerstone for the development of regional cooperation in the years to come®.

1.2. Background

The Economic Research Institute for ASEAN and East Asia (ERIA) approved the
proposal of the Japanese government to conduct a study on energy savings and CO,
emission reduction potentials in the East Asia Region. As a result, the Working Group
(WG) for Analysis of Energy Saving Potential in East Asia was reconvened. Members
from all of the 16 EAS countries are represented in the WG with Mr. Shigeru Kimura of
The Institute of Energy Economics, Japan (IEEJ) as the leader of the group.

® The Ministry of Foreign Affairs of Japan (2005) Prime Minister Junichiro Koizumi Attends the EAS,
ASEAN+ 3, and Japan-ASEAN Summit Meetings, (Overview and Preliminary Evaluation), 2005. Tokyo:

http://www.mofa.go.jp/region/asia-paci/eas/summary0512.html (accessed February 28,2008)
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In 2008/2009, the WG continued to assess energy saving potentials in the EAS region
using the goals, action plans and policies reported at the second EAS Energy Ministers
Meeting (EAS-EMM2). The WG in 2008/2009 enhanced and extended the analysis that
was undertaken in 2007. The WG conducted two meetings in Jakarta and one meeting in
Singapore from October 2008 to May 2009.

During the first meeting, the WG discussed and developed the 2008/2009 research plan
and provided updates on revised energy saving goals, action plans and policies of each
EAS country. The WG also discussed the policy development process in each country in
relation to energy efficiency goals, action plans and policies. In addition, the collection
and use of energy efficiency indicators and their contribution to monitoring the success
of policies was discussed. The 2" and 3™ meetings were devoted to reaching agreement
on outlook assumptions and to reviewing the newly developed energy projection
pathways generated by IEEJ and WG members.

1.3. Rationale

The rationale of this study is derived from the Cebu Declaration’, which highlighted a
number of goals including the following:

e improving the efficiency and environmental performance of fossil fuel use;

e reducing the dependence on conventional fuels through intensified energy
efficiency and conservation programmes, hydropower, expansion of renewable
energy systems and biofuel production/utilisation, and for interested parties,
civilian nuclear power; and

e mitigating greenhouse gas emissions through effective policies and measures,
thus contributing to global climate change abatement.

To be able to design an action plan or policy measures to reduce energy consumption,
projections of energy consumption by sector are required. Hence, Japan suggested the
preparation of an energy outlook for the EAS region, including an estimate of the
energy savings and CO, emission reduction potential if current and proposed national

" ASEAN Secretariat (2007) Cebu Declaration on East Asian Energy Security (2007). Jakarta:
http://www.aseansec.org/19319.htm (accessed February 27, 2008).
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energy efficiency and conservation goals, action plans and policies could be
implemented as planned by the EAS countries.

14. Objective

The objective of this study is to analyse the potential impacts of proposed additional
energy saving goals, action plans and policies in the East Asia Summit (EAS) region on
energy consumption by fuel and sector and greenhouse gas emissions.

Specifically a business as usual (BAU) scenario was developed for each country
outlining future sectoral and economywide energy consumption assuming no significant
changes to government policies. An alternative policy scenario (APS) was also designed
to examine the potential impacts if additional energy efficiency goals, action plans or
policies were developed that are currently, or likely to be, under consideration.
Increased uptake of low emissions technologies was also considered in the APS. The
difference between the BAU and APS represent potential energy savings.

In addition, collaboration between EAS countries on energy modelling and policy
development was a key objective of the WG.

1.5. Organization of the Working Group and Meeting Summaries

Experts from research institutions and government offices in the EAS region were
invited to join a working group created for this project. The invited experts were energy
analysts and government officials who have experience in the preparation of energy
outlooks in their respective countries.

The 1% WG meeting was held on 14-16 October 2008 in Jakarta. At the meeting, the
2008 research plan was developed and discussed and a wide ranging discussion on the
following issues was had: a. methodology for estimating energy savings b. 2008 model
assumptions on socioeconomic indicators, energy related data and energy saving goals,
action plans and policies c. definition of the BAU scenario and APS d. required capacity
building for the development of energy saving goals, action plans and policies and e.
energy efficiency indicators.

The 2™ WG meeting was held on 10-12 February 2009 in Jakarta. IEEJ and the



members who conducted their own energy outlook modelling presented their energy
outlooks and incorporated feedback where appropriate. In addition, IEEJ made a brief
presentation on other ERIA projects on: a. energy conservation in the iron & steel sector
b. data collection in the transport sector c. issues on the sectoral approach to energy
efficiency improvement recommended by Japan and d. clean coal technologies. The
WG members welcomed these projects and also recognized the importance of potential
synergies for the WG.

The 3" WG meeting was held on 20-22 May 2009 in Singapore. At this meeting energy
outlooks were finalized for the BAU scenario and APS for all of the EAS countries and
policy recommendations were developed to be submitted to EAS-EMM3 through ERIA.
The WG also confirmed the need for continued collaboration with Asia Pacific Energy
Research Centre (APERC) regarding the APERC Peer-Review of Energy Efficiency
(PREE) and Cooperative Energy Efficiency Design for Sustainability (CEEDS) projects.
The WG members agreed to further analyse their country results and develop an
individual country report. IEEJ committed to further analyse the EAS regional level
results and develop a report of the Working Group incorporating the individual country
reports and regional level discussion and policy implications.

2. DATAAND METHODOLOGY
2.1. Scenarios Examined

The study continued to examine two scenarios, a Business As Usual (BAU) scenario
reflecting each country’s current goals, action plans and policies, and an Alternative
Policy Scenario (APS). The APS included additional goals, action plans and policies
reported at EAS-EMMZ2 held in August 2008 in Bangkok, Thailand or that are currently,
or likely to be, under consideration. Increased uptake of low emissions technologies was
also considered in the APS.

One might be tempted to call the APS a “maximum effort’ case, however, that would not
be accurate. One reason is that goals, action plans and policies for reducing energy
consumption are still relatively new in most countries. There are still many potential
EEC policies and technological options that have not been examined or incorporated in
the APS.



While all of the EAS countries are actively developing and implementing EEC goals,
action plans and policies, progress so far varies widely. Some countries are quite
advanced in their efforts, while others are just getting started. A few countries already
have significant energy saving goals, action plans and policies built into the BAU
scenario. Conversely, others are currently unable to quantify their goals. However,
significant potential does exist in these countries at the sectoral and economy-wide
levels.

In every country, there is still a great deal to be learned from experience about what
works and does not work. It is worthwhile to repeat this study periodically, as the
quality and scope of the national goals, action plans and policies are likely to improve
considerably over time allowing for valuable collaboration across countries. Further, the
need for capacity building to assist countries to develop and practically implement
energy saving goals, action plans and policies was recognised.

2.2. TheDefinition of Energy Saving Potential and Limitations

There are many definitions of energy saving potential, including ‘technical potential’
(what might be possible with current technology) and ‘economic potential” (what might
be economic with current technology). However, the outputs of this study do not match
any standard definition.

Perhaps the best way around the difficulties in defining ‘energy saving potential’ is to
recognise that a definition is not really necessary. Despite the name given to the
Working Group, this study is not really focused on measuring ‘energy saving potential’
in the abstract. Instead, the focus is on analysing additional energy savings that might be
achieved through the energy efficiency and conservation goals, action plans and policies
of individual countries above and beyond BAU. The additional savings may be
measured as the difference between the BAU and APS scenarios.

2.3. Data

For consistency, the historical energy data used in this analysis came from the
International Energy Agency’s (IEA) energy balances for OECD and non-OECD

10



countries® except for Korea and Lao PDR. Korean national energy data was converted
from Gross Calorific Value (GCV) to Net Calorific Value (NCV) to be consistent with
IEA energy balances. Estimations of national energy data from Lao PDR were made
using the same methodology as IEA. The socio-economic data were obtained from the
World Development Indicator CD-ROM 2008 published by the World Bank®. Other
data such as those relating to transportation, buildings, and industrial production indices
were provided by the WG members from each EAS country, where these data are
available. Where official data were not available, estimates were obtained from other
sources or developed by IEEJ.

2.4. Methodology

In 2007, the primary model used was the IEEJ World Energy Outlook Model which is
used by IEEJ in the preparation of their Asia/World Energy Outlook™. Following
successful capacity building exercises the ASEAN 10 countries utilised their own
energy models for this 2008/2009 study. In addition, Australia and Korea also used their
own national models. The remaining countries provided key assumptions to IEEJ
including on population and GDP growth, electric generation fuel mixes and EEC goals,
action plans and policies. The IEEJ model was then used to develop energy projections
for these countries.

In this next section a brief description of the energy models used is provided.

Australia: Australian projections were developed using the Global Trade and
Environment Model (GTEM) at the Australian Bureau of Agricultural and Resource
Economics (ABARE). GTEM is a computable general equilibrium model of the world
economy with detailed sectoral and regional representation. In the electricity, transport
and iron and steel sectors, detailed technological and fuel representation is incorporated.

Korea: Korean projections were developed using the KEEI-LEDS (KEEI Long-term

¥ 1EA (2007) Energy Balances of OECD Countries 2007 and Energy Balances of Non-OECD Countries
2007. Paris.

% World Bank (2008) World Development Indicator CD-ROM 2008. Washington DC.

9 1to, K., Morita, Y., Koyama, K., Shen, Z., Yanagisawa, A., and Suehiro, S. 2007 "Asia/World Energy
Outlook 2007", October 2007, Tokyo.
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Energy Demand System) Model. The Korean KEEI-LEDS model is an energy-economy
modelling system of Korean energy markets to 2050. The model projects primary and
final energy consumption using assumptions on macroeconomic and demographic
factors, world energy prices, behavioural and technological choice criteria and
performance characteristics of energy technologies. GDP is endogenously determined
and thus differs between the APS and BAU scenario.

ASEAN 10 countries: The LEAP model is an accounting system used to develop
projections of energy balance tables based on final energy consumption and energy
input/output in the transformation sector. Final energy consumption is forecast using
energy demand equations by energy and sector and future macroeconomic assumptions.

Other countries: The IEEJ model used for this analysis has a macro-economic module
that calculates values for various explanatory variables based on exogenously specified
GDP growth rates. 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 while future
values 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, the WG members were asked to specify
assumptions about the future electricity generation mix in their respective countries by
energy source. These assumptions were used to determine the future electricity
generation mix.

2.5. Enhancing the 2007 Study

In 2007 a study** was undertaken to assess the potential energy savings in the EAS
region that could be achieved through the implementation of energy saving goals, action
plans and policies. Subsequently this study was revised and extended in 2008/2009 to
incorporate more recent information and estimation procedures and incorporate further
information about energy saving potentials and energy efficiency goals, action plans and
policies. This is the report of that study. Specifically, the following new information was

11 ERIA Research Project Report 2007, No. 6-1, Analysis on Energy Saving Potential in East
Asia
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incorporated in this study:

. revised recent energy saving goals, action plans and policies in each country;

. the potential impacts of the global economic and financial crisis on economic
development and energy consumption;

. projected future oil prices;

. additional illustrative scenario which analyses the potential impacts of

widespread uptake of carbon capture and storage, nuclear and biofuels
technologies in addition to the measures already included in the APS; and
. discussion of energy saving goals, action plans and policies in the EAS region.

In addition, following successful capacity building exercises the ASEAN 10 countries
utilised their own energy models for this 2008 study. Further, Australia and Korea also
used their own national models

3. SOCIOECONOMIC INDICATORSAND ENERGY POLICIES:
ASSUMPTIONS

Growth in energy consumption and greenhouse gas emissions is driven by a variety of
socio-economic factors. In the EAS region, these factors including increasing
population, sustained economic growth, increasing vehicle ownership, and increasing
access to electricity, will tend to increase energy demand. Together they create what
might be called a huge growth ‘headwind’ that works against efforts to limit energy
consumption. Understanding the nature and size of this ‘headwind’ is critical to any
analysis of energy demand in the EAS region. However, an increase in consumption of
energy services is fundamental for achieving a range of socioeconomic development
goals.

In this section assumptions regarding key socioeconomic indicators and energy policies
over the projection period 2005-2030 are discussed for the EAS countries.

13



3.1. Population

In the model used for this study, changes in population to 2030 are set exogenously.
There is assumed to be no difference in population between the BAU scenario and APS.
Assumed changes in population were submitted by the following countries: Australia,

Brunei Darussalam, Cambodia, India, Indonesia, Japan, Republic of Korea, Laos,
Malaysia, Myanmar, New Zealand, the Philippines, Thailand and Vietnam. Population
projections from the United Nations™® were used for Malaysia, Singapore and China.

In 2005, the total population in the EAS region was assumed to be about 3.15 billion —
around 50 per cent of total world population.*® Based on the forecasts, population in the

EAS region is projected to increase at an average annual rate of about 0.8 per cent
reaching about 3.82 billion in 2030. Figure 1 shows the 2005 and projected 2030

population by country.

Figure 1. Assumed Population in the EAS Region, 2005 and 2030
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12 United Nations (2006) World Population Prospects: The 2006 Revision Population Database, New

York.

13 World Bank (2008) World Development Indicator CD-ROM 2008. Washington DC.
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As shown in Figure 2, growth in population is generally assumed to be fastest in
developing countries. China and Thailand are notable and significant exceptions, as they
are expected to have relatively modest population growth. Nevertheless, by 2030, India
and China are assumed to account for about 75 per cent of the total population in the
EAS region with populations of around 1.5 billion each.

Countries with more mature economies tend to have slower population growth.
Australia, New Zealand, and Singapore are assumed to have low, but still significant,
population growth. The Republic of Korea’s population is assumed to be roughly stable.

Japan’s population is assumed to decline slowly throughout the projection period as the
population continues to age.

Figure 2. Assumed Average Annual Growth in Population, 2005 to 2030
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3.2. EconomicActivity

In the model used for this study, assumed changes in economic output to 2030 are set
exogenously. Base year 2005 gross domestic product (GDP) data (in 2000 US$) were
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obtained from the World Bank.'* Assumed GDP growth rates to 2030 were submitted
by all the EAS countries. In general these assumptions took into account the effects of
the recession in the United States and other major economies in the world. No
difference in growth rates was assumed between the BAU scenario and APS.

Figure 3. Assumed Economic Activity in the EAS Region, 2005 and 2030
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In 2005 total GDP in the EAS region was about 9.5 trillion in 2000 US$ and it
accounted for about 22 percent of global GDP. The GDP of the EAS region is assumed
to grow at an average annual rate of about 4.0 percent from 2005 to 2030. This implies
that by 2030 total GDP in the EAS region will reach about 25.0 trillion in 2000 US$.

In 2005, Japan was the largest economy by far in terms of total economic output: 5.0
trillion 2000 US$. However, by 2030 China is projected to be the largest economy with
an estimated GDP of about 8.6 trillion 2000 US$. Japan and India are projected to be
the next largest economies with projected GDPs of about 6.4 trillion 2000 US$ and 4.5
trillion 2000 US$ respectively in 2030. See Figure 3.

As shown in Figure 4, long term economic growth rates are assumed to be quite high in

1 World Bank (2007) World Development Indicator CD-ROM 2008. Washington DC
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the developing countries, with the highest growth rates in Myanmar, Vietnam, India,
Cambodia and Lao PDR. Economic growth in other developing countries is also
assumed to be relatively rapid. Due to the large size of their economies, the rapid
growth in China, India, and Indonesia is likely to be especially significant for energy
demand. Countries with more mature economies — Australia, Brunei, Japan, Korea,
New Zealand, and Singapore — are assumed to experience slower, but still significant,
economic growth.

Figure 4. Assumed Average Annual Growth in GDP, 2005 to 2030
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Average GDP per capita in the EAS region is assumed to increase from about US$3,000
in 2005 to about US$6,500 in 2030. However, as shown in Figure 5, there is, and will
continue to be, significant differences in GDP per capita. In 2005, per capita GDP
ranged from about US$278 in Myanmar to about US$39,075 in Japan. In 2030, per
capita GDP is assumed to range from about US$1,593 in Lao PDR to about US$55,856
in Japan.
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Figure5. Per Capitalncomein EAS Region, 2005 and 2030
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3.3. VehicleOwnership

Growth in the transport sector is one of the primary drivers of growth in energy
consumption, and the major driver of oil consumption. In the IEEJ model used in this
study, energy demand by all forms of transport is modelled. However, road vehicle
ownership is a key exogenous input. Therefore, future road vehicle ownership of China,
India, and Japan were also estimated in the model’s macroeconomic module. There is
assumed to be no difference in road vehicle ownership between the BAU scenario and
APS.

Strong population and economic growth is projected to drive significant increases in
demand for transport services in India and China. By 2030 the number of road vehicles
in China and India is projected to increase to about 234 million and 216 million
respectively. However, in both countries, despite the huge growth in road vehicles, rail
is expected to meet an increasing share of total transport demand.

Per capita vehicle ownership is projected to increase in the EAS region. However,
vehicle ownership on a per capita basis is projected to vary significantly between
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countries.
3.4. Electricity Generation
3.4.1. Electricity Generation Thermal Efficiency

The thermal efficiency of electricity generation reflects the amount of fuel required to
generate a unit of electricity. Thermal efficiency was another exogenous assumption
used in this study. Base year 2005 thermal efficiencies by fuel type (coal, gas, and oil)
were derived from International Energy Agency data™. Thermal efficiency projections
by fuel (coal, gas, and oil) were submitted by the following countries: Australia,
Indonesia, Japan, Korea, Malaysia, New Zealand, Philippines, Thailand and Vietnam,
and growth rates in thermal efficiency were derived from these projections. For the
remaining countries, assumptions about the potential changes in thermal efficiency were
based on IEEJ Asia/ World Energy Outlook 2007.

Figure 6. Thermal Efficiencies of Gas Electricity Generation
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2007. Paris.
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Thermal efficiencies may differ significantly between countries due to differences in
technological availability, age and cost, temperatures and the cost and availability of
fuel inputs. Thermal efficiency in the EAS countries is expected to improve
considerably over time in the BAU scenario as more advanced generation technologies
such as natural gas combined cycle and supercritical coal plant are implemented. In
many countries, there are also assumed to be additional improvements in the APS.
Figure 6 and Figure 7 show the assumed improvements in thermal efficiency for gas and
coal fired electricity generation. Oil is not shown as it represented less than 7 percent of
electricity generation in the EAS region in 2005 and this share is expected to decline to
less than 2 percent by 2030. It can be seen that there are large differences between the
least and most efficient countries. This suggests there are significant opportunities to
improve generation efficiency in some countries.

Figure 7. Thermal Efficiencies of Coal Electricity Generation
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3.4.1 Electricity Generation Fuel Mix
The combination of fuels used in electricity generation differs between countries,

reflecting both historical and current conditions, including access to and cost of
resources and technology. It was, therefore, an exogenous input to the model. It is an
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important input, not only because it is a key driver of demand for primary fuels, but also
because the fuel mix used can have important implications for greenhouse gas
emissions. Only China did not provide electricity generation fuel mix assumptions for
the BAU scenario. IEEJ developed their own estimates based on other sources for this
country.

Across the EAS countries in the APS, it was initially assumed that hydro and nuclear
output would remain the same as in the BAU scenario, and any reduction in electricity
demand would be distributed among the other fuels in proportion to their BAU share.
These initial APS results were then reviewed by the WG members from each country,
who in some cases suggested additional changes. The projected electricity generation
mix is shown in Figure 8.

Figure 8. Share of Fudl Typein the Electricity Generation Mix in the EAS Region
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Coal is projected to remain the dominant source of electricity generation in the EAS
region as a whole in both the BAU scenario and APS. However, the share of coal in
electricity generation in the EAS region is projected to decline from about 58 per cent in
the BAU scenario to about 46 per cent in the APS by 2030 as countries are assumed to
implement policies designed to reduce the emissions intensity of electricity generation.
In the APS, the share of lower emission fuels such as natural gas, nuclear, and
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non-hydro renewable energy are expected to be higher than in the BAU scenario on
average in the EAS region. As mentioned in Section 3.4.1, the use of oil in electricity
generation is assumed to decline to almost negligible levels across the EAS region as a
whole.

3.4.2 Accessto Electricity

Currently, many households in developing countries lack access to electricity, and
eliminating this situation is a major development goal. At the WG meetings, a number
of members from developing countries reported on initiatives to significantly expand
access to electricity in their countries by 2030. Although this increasing access to
electricity is another one of the drivers of increasing energy demand in the EAS region,
it was not explicitly represented in the model used for this study. Nevertheless, the
impact of increasing access to electricity on electricity demand should be largely
reflected through the increased demand for electricity as a result of the relatively rapid
GDP growth that is assumed to be experienced in these same countries.

If this study is repeated in the future, it is recommended that WG members be asked to
specify assumptions regarding the percent of households with access to electricity. Even
if this figure is not used as an input to the model, it is useful to know as an indicator of
one key driver of electricity demand.

3.5 Useof Biofuels

WG members from each country were asked to submit information regarding the
potential use of biofuels in the BAU scenario and APS. Some, but not all, countries in
the EAS region have plans to increase the contribution of biofuels in the transport fuel
mix to enhance energy security or meet other policy objectives. For China and Japan,
the assumptions on the use of biofuels were based on IEEJ Asia/ World Energy Outlook
2007. Table 3 summarises the assumptions regarding the use of biofuels.

The largest increases in consumption of biofuels in the APS are expected in India and

China. In all countries, biofuels are expected to meet only a small portion of the
transport fuel demand by 2030.
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Table 3. Assumptions on Biofuels— Summary by Country

Country Period Assumptions
Australia 2010 Minimum: 1.1-1.4% of transport fuel; maximum 5% of transport fuel.
Brunei No targets on biofuels.
Darussalam
China No biofuel targets submitted.
Cambodia No targets for biofuels.
India 2011-12 Aims to produce enough biodiesel to achieve 20% blend for high speed diesel.
Indonesia 2005 - 2010 Biofuel utilization in 2% of energy mix or 5.29 million KL.
2011 - 2015 Biofuel utilization in 3% of energy mix or 9.84 million KL.
2016 - 2025 Biofuel utilization in 5% of energy mix or 22.26 million KL.
Japan 2005-2030 No biofuel targets submitted.
Republic of Korea | 2012 Replace 1.4% of diesel with biodiesel.
2020 Replace 6.7% of diesel with biodiesel.
2030 Replace 11.4% of diesel with biodiesel.
Lao PDR 2006-2030 No targets for biofuels.
Myanmar 2020 Aims to replace 8% of transport diesel with biodiesel.
New Zealand 2012-2030 Mandatory biofuels sales obligation of 3.4% by 2012.
Philippines 2006-2030 Law requires 10% gasoline/bioethanol blend and 2% diesel/biodiesel blend 2
years from enactment of the law (roughly 2009).
Thailand Increase biofuels consumption to 4,300 ktoe (ethanol and biodiesel) by 2030.
Vietnam No report on biofuel targets.

3.6 CrudeOil Price

Future changes in crude oil prices remain highly uncertain. In this modelling exercise
the crude oil price, as measured by Japan’s average import price (constant 2007 prices),
is assumed to increase from about US$95.48 a barrel in 2008 to US$102.92 a barrel in
2030 (Figure 9). This projection is based on oil prices in the futures market to 2017.
Beyond 2017 growth rates from the International Energy Agency’s crude oil price
projection in 2008 were applied®. It is important to note that the impacts of changes in
oil price assumptions on total energy demand in this study are likely to be modest, as oil

1% 1EA (2008) World Energy Outlook 2008. Paris
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is mostly used in transport and the elasticity of demand for transport fuels is notoriously
low. However, if oil prices continue to rise (in real terms), that could be one
socioeconomic driver that would work for, rather than against, efforts to limit energy

demand.

Figure9. Oil Price Assumptionsto 2030
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3.7 Energy Saving Goals

Information about the potential energy savings achievable under specific policy
initiatives to increase energy efficiency and reduce energy consumption was collected
from each of the WG members from the 16 EAS countries. Each WG member specified
which policy initiatives were existing policy, and should be applied to the BAU scenario,
and which were proposed policies, and should apply only to the APS. Quantitative
energy savings were estimated based on the country’s own assumptions and modelling

results.
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Table 4. Summary of Energy Saving Goals, Action Plans and Policies Collected
from each EASWG Member

BAU Scenario APS

Australia

Australia has no official energy savings goals but has committed to implementing a
domestic emissions trading scheme — the Carbon Pollution Reduction Scheme (CPRS) —
in 2011. Australia is committed to reducing its’ greenhouse gas emissions by between 5
and 25 percent below 2000 levels by 2020. Improvements in energy efficiency are
expected to make a major contribution to these emissions reductions. The Commonwealth
Government has a range of policy measures in place to stimulate the uptake of energy
efficient and lower emissions intensive technologies and practices. The overarching
program of work for promoting energy efficiency within the Australian economy is the
National Framework for Energy Efficiency (NFEE). Energy efficiency measures in
Australia span the commercial, residential and industrial sectors and include:
e  Minimum Energy Performance Standards for a range of appliances and equipments;
e The Energy Efficiency Opportunities program which requires Australia’s largest
energy users to undergo rigorous energy use assessments; and
e Arange of building standards and rating tools.
In addition, Australia’s States and territories have a large number of programs aimed at
improving energy efficiency. On 2 July 2009 the Council of Australian Governments
signed the National Partnership Agreement (NPA) on Energy Efficiency, which is a
comprehensive 10-year strategy to accelerate energy efficiency improvements. The NPA
will deliver a nationally-consistent and cooperative approach to energy efficiency, and

NPA encompasses the current activities of the NFEE, and also covers the transport sector.

Brunei

Reduce BAU energy consumption in the

industrial, residential, commercial and

transport sectors by 5% by 2010 and 10%

by 2030 through the following strategies:

e Awareness and education program;

e Energy efficiency and conservation
standards and labelling;

e  Shift to more energy-efficient
technologies; and

o  Energy audits in buildings and

industries.
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BAU Scenario

APS

Cambodia There are the following energy efficiency goals but without quantified energy savings:
e Achieve sustainable market transformation towards more efficient energy use;
o Facilitate increased access to financing of energy efficiency projects; and
e Establish and implement regulatory frameworks that are supportive of energy
efficiency.
China e 20% reduction in energy intensity by
2010 with declines of 2.2% per year
between 2006 and 2010 and
additionally, 3% per year between
2010-2020.
Indonesia e 10-15% saving potential (in final e 30% saving potential with investment
energy consumption) with little or no (in final energy consumption).
cost.

Japan e  Final energy consumption of 372 Mtoe | Final energy consumption of 372 Mtoe in
in 2005 will decrease to 325 Mtoe in 2005 will decrease to 300 Mtoe in 2030.
2030.

India e Projected 26% energy saving in APS in

2030 compared with BAU.

e TPES/GDP (kgoe/Rs GDP): 0.013 in
2030.

e Industry: Improved efficiency to
decrease energy consumption in APS
in 2030 relative to BAU by: 9% in coal
and coal products, 21% in petroleum
products and 16% in electricity.

e Residential and Commercial:
Reduction in electricity consumption
in APS of 25% relative to BAU in
2030.

e  Transportation: Reduction of energy
consumption in APS by 17% relative
to BAU achieved via a modal shift
from road to rail and from private to
public transportation as well as energy

efficiency improvements in vehicles.
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BAU Scenario

APS

Republic of Reduce primary energy intensity from Further reduce primary energy

Korea 0.358 toe/thousands US$ from 2005 to intensity to 0.2 Mtoe/thousand US$ by
0.237 Mtoe/thousand US$ by 2030 2030.
from various sectoral energy efficiency
and conservation programmes.

Lao PDR An energy efficiency and conservation
programme in the government sector
aims to reduce the government’s
energy consumption in APS by about
10% relative to BAU scenario from
2010 to 2030 (Government Offices).

Malaysia Industry sector will encourage the Reduce industrial electricity and oil

implementation of energy efficiency consumption by 12% and 15%,

measures to improve plant, equipment respectively in 2030 in APS relative to

and processes as well as through the BAU through improvements in the

increased use of high-efficiency efficiency of manufacturing

motors. technologies.

Energy efficiency programmes will Reduce electricity consumption in the

focus on efficient lighting and air commercial and residential sectors by

conditioning systems in the residential 15% in APS relative to BAU by 2030

and commercial sectors. through the utilization of more
efficient electrical appliances and
induce savings from energy
management programs.

Myanmar Increase energy savings by 5% in APS

relative to BAU in 2020 and 8% by
2030.

In industry, improve energy efficiency
by 10% in APS relative to BAU by
2020.
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BAU Scenario

APS

New

Zealand

The historical energy efficiency

improvement of 0.5-1.0% per year is

expected to continue in the BAU.

Reduce primary energy demand by

12.7% at 2030 in the APS relative to

the BAU through measures including:

= Switching to more efficient vehicles
particularly electric vehicles and

= Improving insulation and increasing
uptake of more efficient appliances
in the residential and commercial

sectors.

Philippines

Reduce electricity consumption by 6%
in the industry sector and 10% in the
residential and commercial sectors by
2030 in the APS relative to BAU
through various energy efficiency
programs.

Reduce oil consumption in the
industry, residential and commercial
sectors by 5% in 2030 in the APS
relative to BAU through various
energy efficiency programs.

Reduce oil consumption in the
transportation sector by 6.5% by 2030
in the APS relative to BAU through the

adoption of more efficient vehicles.

Singapore

Reduce primary energy intensity by
20% in 2020 and 35% in 2030 from
the 2005 level.
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BAU Scenario

APS

Thailand

Reduce total final energy consumption by
15.7% in the APS relative to BAU through

the following:

Technology development and uptake in
the manufacturing sector;

Promotion of public energy efficiency
awareness and energy efficiency
labelling in the residential and
commercial sectors; and

Development of a metropolitan
railway network in Bangkok as well as
improvements in the energy efficiency

of vehicles.

Vietnam

Aims to reduce 3-5% of total energy
consumption in the 2006 -2010 period
(equivalent to 5 Mtoe) and 5-8%
(equivalent to 13.1 Mtoe) in the
2011-2015 period by energy efficiency
measures.

Industry: aims to reduce 5% of
industrial sector energy consumption
(equivalent to 2.6 Mtoe) in 2006-2010
and 8% (equivalent to 6.4 Mtoe) in the
2011-2015 period.

Building sector: apply compulsory
control to 100% of all buildings that are
constructed from 2006 in accordance
with Vietnamese Construction
Standards of Energy Efficiency and
Conservation Buildings legislation..

Compile and publish standards on
minimum energy efficiency for
fluorescent lamps, fluorescent lamp
ballasts, electric fans, electric motors,

air conditioners and refrigerators.
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3.8 Key Insights

Economic growth in the EAS countries is needed to provide for the regions’ growing
population. Economic growth is assumed to exceed population growth in the 2005 to
2030 time period. This relatively strong economic growth and rising per capita incomes
in the EAS countries could mean significant declines in poverty and significant
increases in living standards for hundreds of millions of people.

With economic growth will come increasing access to, and demand for, electricity and
rising levels of vehicle ownership. The continued reliance on fossil fuels to meet the
increases in energy demand may be associated with increased greenhouse gas emissions
and climate change challenges unless cleaner technologies are used. Even if fossil fuel
resources are sufficient, much of the fuel is likely to be imported from other regions,
and no assurance can be given that they will be secure or affordable. Fossil fuel
consumption using today’s technologies will lead to considerable increases in
greenhouse gas emissions, potentially creating new longer-term threats to the region’s
living standards and economic vitality. Growing adverse health impacts throughout the
region are also likely as a result of particulate emissions.

Given this, considerable improvements in energy efficiency and greater uptake of low
emissions technologies are required to address a range of energy, environmental and
economic challenges. Yet efforts to limit energy consumption and greenhouse gases will
be very challenging given such strong growth. However, as will be discussed in Section
4.2, sharp reductions in greenhouse gases are being called for by scientists. This huge
‘headwind’ working against energy efficiency and conservation and emission reductions
poses a challenge to the EAS region that urgently needs to be addressed.
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4. ENERGY AND ENVIRONMENTAL OUTLOOK FOR THE EAS
REGION

4.1. Energy Consumption

4.1.1. Total Final Energy Consumption

The previous chapter discussed the social and economic drivers that are expected to lead
to a sustained increase in energy consumption in the EAS region to 2030. These drivers
include rising population, rapid economic growth, increasing automobile ownership,
and increasing access to electricity. The net result of these trends is illustrated in Figure
10 below. It shows that under the BAU scenario, final energy consumption is projected
to increase from 1,946 Mtoe in 2005 to 4,575 Mtoe in 2030, an increase of 3.5 percent
per year on average. In the APS, final energy consumption is projected to rise to 3,758
Mtoe, 18 percent less than in the BAU scenario by 2030. ‘Final energy consumption’
refers to energy in the form in which it is actually consumed, that is, including
electricity, but not including the fuels used to generate electricity.

Figure 10. Total Final Energy Consumption
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4.1.2. Final Energy Consumption by Sector

Figure 11 shows final energy consumption by sector. Final energy consumption in all
sectors is projected to increase dramatically between 2005 and 2030. While in 2005,
almost half of final energy consumption was for industry, by 2030, it is projected to be
more evenly split between industry, transport, and ‘other’ (primarily residential and
commercial). This trend reflects rising levels of automobile ownership, increased access
to, and demand for, electricity, and rising living standards made possible by economic
growth. Final energy consumption in most sectors is significantly reduced in the APS
compared to the BAU scenario. In percentage terms, the reductions are larger in the
transport and “other’ sectors than in industry.

Figure 11. Final Energy Consumption by Sector
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4.1.3. Final Energy Consumption by Fuel

Figure 12 shows final energy consumption by type of fuel. Oil was the largest final
energy source in 2005, with a 45 percent market share. This share is projected to stay
relatively stable to 2030. Oil consumption is projected to increase by 3.5 percent per
year on average between 2005 and 2030. Electricity consumption increases even more
in percentage terms, but not in Mtoe, with demand growing on average by 4.3 percent
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per year between 2005 and 2030. Natural gas is the fastest growing final energy source
increasing on average by 5.1 percent per year between 2005 and 2030. However, by
2030, it still achieves only about a 10 percent market share. Final energy use of coal is
projected to grow on average by 1.9 percent per year, which means that it loses market
share compared to other fuels. In the APS, growth in final demand for all fuels is
reduced compared to the BAU scenario.

Figure 12. Final Energy Consumption by Fuel
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4.1.4. Final Energy Consumption by Country

Figure 13 shows final energy consumption by country. The most striking result in this
graph is that India and China are projected to dominate EAS region final energy demand
by 2030. They are projected to account for about two-thirds of EAS region final energy
consumption (63 percent) by 2030, up from about 56 percent in 2005. Just five
countries — China, India, Indonesia, Japan, and Republic of Korea — are projected to
account for 84 percent of EAS region final energy demand in 2030, with the growth in
final energy demand concentrated in just three countries: China, India, and Indonesia. In
fact, these “big three” countries are projected to account for 80 percent of the growth in
energy demand of the entire EAS region between 2005 and 2030. In the APS, growth in
most countries, including the ‘big three’, is significantly reduced relative to the BAU
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scenario. However, the big three are still projected to account for 76 percent of the
growth in energy demand in the EAS region between 2005 and 2030.

Figure 13. Total Final Energy Consumption by Country
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4.1.5. Total Primary Energy Demand

The pattern followed by primary energy demand is, as one would expect, similar to final
energy consumption. “Primary energy demand” refers to energy in its raw form, before
any transformations, most significantly the generation of electricity. Figure 14 shows
that total primary energy demand is projected to increase from 3,147 Mtoe in 2005 to
7,326 Mtoe in 2030 in the BAU scenario, an increase on average of 3.4 percent per year.
In the APS, demand is projected to grow to 5,866 Mtoe by 2030, 20 percent less than in
the BAU scenario. The reduction in 2030 primary energy demand in the APS compared
to the BAU scenario of 1,460 Mtoe is roughly equivalent to China’s current
consumption. The fact that the percentage growth in primary energy demand is less than
the growth in final energy consumption in both the BAU and APS primarily reflects
improvements in thermal efficiency in electricity generation between 2005 and 2030.
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Figure 14. Total Primary Energy Demand
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4.1.6. Primary Energy Demand by Source

Figure 15 shows primary energy demand by energy source. Coal is currently the largest
source of primary energy in the EAS region, and is projected to still be the largest in
2030. Coal is also projected to have the largest growth over this period in the BAU
scenario as measured in Mtoe (1,725 Mtoe), but not in terms of the growth rate (up 3.0
percent per year on average). This growth is mainly due to increased use of coal for
electricity generation. Oil has the next largest growth as measured in Mtoe (1,220
Mtoe), and a faster growth rate (up 3.2 per cent per year on average). This growth is
mainly due to rising automobile ownership and transport demand. The highest growth
rate is projected to be in natural gas, up 5.1 percent per year on average, reflecting the
growing use of gas in both electricity generation and as a consumer fuel. Nuclear is also
projected to grow quickly (up 3.7 percent per year on average), but is still projected to
account for only about 5 percent of EAS region primary energy in the year 2030.

In the APS scenario, growth in coal and oil primary consumption is projected to be
sharply reduced, relative to the BAU scenario. However, reduction in average natural
gas growth is much less. These results reflect a shift from coal-fired electricity
generation to natural gas and nuclear in the APS, along with measures to reduce the

35



demand for transport fuels.

Figure 15. Primary Energy Demand by Source
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4.1.7. Primary Energy Demand by Country
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Figure 16 shows primary energy demand by country, which is similar to the pattern for
final energy consumption by country shown in Figure 13. Five countries - China, India,
Indonesia, Japan, and the Republic of Korea - are projected to account for 86 percent of
EAS region primary energy in 2030. The ‘big three’ - China, India, and Indonesia - will
dominate the growth in EAS region primary energy, accounting for 82 percent of the
growth over the period from 2005 to 2030. In the APS, growth in primary energy
demand in most countries is significantly reduced, relative to the BAU scenario, but the
pattern of dominance of demand by five countries and of growth by three countries

remains the same.
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Figure 16. Primary Energy Demand by Country
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4.1.8. Primary Energy Intensity by Country

In Table 5 the impacts of the energy saving goals and policies submitted by each WG
member on energy intensities are summarised. It should be noted that these results are
illustrative of the potential energy savings that can be achieved and should not be
interpreted as official country projections.
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Table 5. Quantitative Impact of Energy Saving Goals and Policies: Illustrative
I mpacts

2030 Variance
2005 2005/2030 | 2005/2030
BAU APS APS/BAU BAU APS
(toe/million | (toe/million | (toe/million

Uss) US$) US$) % Y %
Australia 260 202 156 -22.7 -22.3 -40.0
Brunei Darussalam 504 318 297 -6.5 -36.9 -41.1
Cambodia 225 164 164 0 -27.1 -27.1
China 790 356 285 -19.9 -54.9 -63.9
India 579 418 307 -27.4 -27.8 -47.0
Indonesia 650 564 400 -28.9 -13.2 -38.5
Japan 106 81 74 -8.1 -23.6 -30.2
Korea 342 223 179 -19.6 -34.8 -47.7
Lao PDR 245 409 408 -0.2 66.9 66.5
Malaysia 521 443 411 -7.2 -15.0 -21.1
Myanmar 323 196 186 -2.5 -39.3 -42.4
New Zealand 271 225 197 -12.7 -17.0 -27.3
Philippines 392 311 295 -5.1 -20.7 -24.7
Singapore 268 172 172 0 -35.8 -35.8
Thailand 573 482 403 -16.4 -15.9 -29.7
Viet Nam 609 649 611 -5.9 6.6 0.3
Total 333 292 233 -20.4 -12.3 -30.0

4.2. Carbon Dioxide (CO,) Emissions from Energy Consumption
4.2.1. CO,; Emission Results

As shown in Figure 17, CO, emissions from energy consumption in the BAU scenario
are projected to increase from 2,633 million tonnes of carbon (Mt C) in 2005 to 5,766
Mt C in 2030, implying an average annual growth rate of 3.2 percent. This is slightly
lower than the growth in total primary energy demand of 3.4 percent per year indicating
regional improvement in emissions intensity. In the APS, CO, emissions are projected to
be 4,062 Mt C in 2030, 30 percent lower than under the BAU scenario.

While the emission reductions under the APS are significant, CO, emissions from
energy consumption in the APS in 2030 will still be above 2005 levels and far above
1990 levels. Scientific evidence suggests that these reductions will not be adequate to
prevent severe climate change impacts. The analysis of the Intergovernmental Panel on
Climate Change (IPCC) suggests that to keep the global mean temperature rise at not
much more than 2°C compared to pre-industrial levels, global CO, emissions would
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need to peak in the 2000-2015 time period and be reduced to between 15 and 50 percent
of year 2000 levels (that is, a reduction of between 85 and 50 percent) by 2050. Even to
keep temperature rises in the 3°C range, CO, emissions would need to peak in the
2010-2030 time period and be 70 to 105 percent of year 2000 levels by 2050."

Figure 17. Total CO, Emissions
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Although much depends upon the mitigation that is possible at later dates, and on the
response of other regions, it would appear unlikely that global emissions could meet
either of these profiles given the contribution of the EAS region to global emissions
under the APS results. Yet the consequences of insufficient reductions in emissions
could be severe. For example at 2°C compared to pre-industrial levels, up to 30 percent
of species become at increasing risk of extinction, most corals become bleached, and
droughts and water availability become an increasing problem worldwide. At 3°C,

7 See “Summary for Policymakers” in Climate Change 2007: Mitigation. Contribution of Working
Group 11 to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change, Table
SPM.5.
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millions of people could experience coastal flooding each year.*®

As shown in Figure 18, emissions and emissions growth in the EAS region is projected
to be dominated by China and India. In fact, China and India will account for 1,138
Mt C and 1,203 Mt C respectively of the projected 3,129 Mt C increase in EAS region
emissions from 2005 to 2030 under the BAU scenario, or 75 percent of the total growth
in the EAS region. Adding in Indonesia’s growth of 307 Mt C, these three countries
account for 4,535 Mt C or 85 percent of the total growth in EAS region. No other
country will account for a growth of more than 185 Mt C. Japan is the only country in
the EAS region whose emissions are expected to decline under the BAU scenario
probably as a result of a decrease in population, improvements in energy efficiency and
an increased share of lower emission fuels.

Figure 18. CO, Emissions by Country
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¥ These examples are taken from “Summary for Policymakers” in Climate Change 2007: Synthesis
Report. Fourth Assessment Report of the Intergovernmental Panel on Climate Change, Figure SPM.7.
The examples assume that 1° C of temperature increase has already occurred, as per this same report,
Figure SPM.1.

40



Under the APS, China and India are still dominant, accounting for 437 and 566 Mt C
respectively of the projected 1439 Mt C growth in EAS region emissions from 2005 to
2030, or 70 percent. Adding in 166 Mt C from Indonesia accounts for 1169 Mt C or 81
percent of the EAS region total. No other country will account for more than 100 Mt C.
Emissions from Australia, Japan, Republic of Korea, and New Zealand are expected to
decline under the APS relative to 2005 levels.

4.2.2. Fundamental Driversof CO, Emissionsfrom Energy Consumption

The CO,emission results discussed above may be viewed as the net result of a chain of
four drivers, two of which are moving in a direction favourable to CO, emission
reductions, and two of which are moving in an unfavourable direction.

) Emissions per unit of primary energy are projected to decline modestly from
0.84 t C/toe in 2005 to 0.79 t C/toe in 2030 under the BAU scenario, or by 6
percent. Under the APS, the decline is larger: to 0.70 t C/toe in 2030, or by 13
percent (Figure 19). The reduction under the APS reflects a shift away from coal
and oil, the two most emission-intensive fuels.

Figure 19. CO, Emissions per Unit of Primary Energy
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Primary energy per unit of GDP is projected to decline modestly from 333
toe/million US$ in 2005 to 292 toe/million US$ in 2030 under the BAU scenario,
or by 14 percent (Figure 20). Under the APS, the decline is larger, to 233
toe/million US$ in 2030, or by 20 percent. The reduction under the APS reflects
projected improvements in energy efficiency. Looking at (i) and (ii) in
combination, emissions per unit of GDP decline from 278 t C/million US$ in
2005 to 230 t C/million US$ in 2030 under the BAU scenario, or by 17 percent.
Under the APS, the decline is larger, to 162 t C/million US$ in 2030, 42 percent
lower than 2005 (Figure 21).

Figure 20. Primary Energy Demand per Unit of GDP
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Working against these declines in emissions per unit of primary energy and
primary energy per unit of GDP is the projected dramatic increase in GDP per
person in the EAS region, from 3,000 US$/person in 2005 to 6,500 US$/person
in 2030, an increase of 167 percent. Looking at (i), (ii), and (iii) in combination,
emissions per person are projected to increase from 0.84 t C/person in 2005 to
1.51 t C/person in 2030 under the BAU scenario, or by 74 percent. Under the
APS, emissions rise to only 1.07 t C/person in 2030, or 26 percent higher than
2005. However, the rising emission per capita is associated with increases in
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GDP/person and improvements in living standards.

Figure21. CO2 Emission per Unit of GDP (t C/million 2000 USD)
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iv) Finally, population in the EAS region is expected to grow from 3,152 million in
2005 to 3,819 million in 2030, or by 21 percent. Combined, all these drivers lead
to growth in emissions from 2633 Mt C in 2005 to 5762 Mt C in 2030 under the
BAU scenario, or 118 percent. Under the APS, emissions grow to 4071 Mt C in
2030, or 55 percent.

5. ADDITIONAL RESEARCH ACTIVITIES

In 2008/2009 additional analysis was undertaken, relative to the 2007 study.
Specifically an illustrative scenario was developed which assessed the potential impacts
of widespread uptake of carbon capture and storage, nuclear and biofuels technologies
in addition to the measures already included in the APS. Furthermore, the WG also
explored a range of issues related to the development of energy saving goals, action
plans and policies; energy efficiency indicators; and energy management systems. These
additional research activities are discussed in this chapter.
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5.1. Furthering emission reductions — an illustrative scenario with widespread
uptake of low emissions technologies

As discussed previously, the widespread implementation of energy saving goals, action
plans and policies could contribute to significant reductions in energy consumption in
the APS relative to the BAU scenario. Although reductions in greenhouse gas emissions
are also achieved, scientific evidence indicates that further reductions in emissions are
required to avoid dangerous climate change impacts. Given this, an additional
illustrative scenario was examined at the EAS region level to assess the potential
impacts of widespread uptake of carbon capture and storage, nuclear and biofuels
technologies, or collectively low emission technologies (LET), in addition to the
measures already included in the APS. It should be noted that this is an illustrative
scenario (as are both the BAU scenario and APS) and as such should not be interpreted
as a policy recommendation.

Specifically, in addition to the technologies and measures included in the APS, the
following developments at the EAS region level were assumed in 2030:

e Biofuels: 85 per cent of gasoline consumption and 30 percent of diesel
consumption is replaced by bioethanol and biodiesel;

e Nuclear power generation: Coal fired electricity generation is replaced by
nuclear power in the electricity sector such that the level of nuclear power is
twice that in the APS;

e Carbon capture and storage (CCS): CCS is implemented on all coal-fired power
plants with a capture efficiency of 85 percent.

If these technologies are implemented at the EAS region level, CO, emissions could
decline sharply — to below 2005 levels in 2030 (Figure 21). It is clear that LETs can
contribute to significant CO, emission reductions. However, further research,
development and demonstration are required so that they can be technically, socially
and economically available in 2030.
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Figure 22. Impact of L ow Emission Technologies

7000
6000 -
EEC
5000 /
|
¢ 4000 LET

/

-+
= 3000 - -
2000 - -
1000 - =
0 - H

2005 2030 in BAU 2030 in APSS

B CO2 mCCS m Nuclear mBiofules m EEC by Coal Power ®m EEC by Other

5.2. Development of Energy Saving Goals, Action Plans and Policies

At the WG meetings, participating members outlined the policy development process in
their countries and outlined potential areas for improvements in policy development and
implementation in the context of the Cebu declaration. Generally, the following
strategies on the promotion of energy efficiency and conservation in the EAS region
were suggested:

e EAS countries should develop energy saving goals, action plans and policies;

e EAS countries should implement these energy saving action plans and policies;
and

e EAS countries should monitor actual energy savings due to their
implementation.

However, it is clear from the energy saving goals, action plans and policies that were
reported at the 2" Energy Ministers Meeting in August 2008 that progress towards
achieving this objective varies widely. In addition, countries have chosen to focus on
different policy areas reflecting varying priorities and country specific circumstances.
Specifically the following issues were discussed:

o Different targets: Differences were noted in terms of the specific goal of policy.
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For example, some countries specified improvements in energy intensity,
absolute levels, energy elasticity or final and primary energy consumption.

e Sectoral targets: Many countries have specified goals in the industry sector.
However, while many have focused policies, few have specific quantitative
goals in transport and residential/commercial sectors.

e Quantitative goals: All EAS countries have energy efficiency and conservation
policies but few countries have numerical goals.

e Capacity building: Many developing countries in the EAS region face
challenges in developing energy saving action plans.

5.3. Energy Efficiency Indicators

In order to be able to assess and evaluate the effectiveness of policy measures designed
to improve energy efficiency, EAS countries need access to detailed sectoral level
energy efficiency data. However, many developing countries in the EAS region do not
have appropriate data collection or interpretation facilities. The WG discussed this issue
and recommended that:

e All EAS countries should collect end use energy consumption data to monitor
the implementation and effectiveness of energy saving goals, action plans and
policies;

e All EAS governments should continue their commitment to international
activities related to energy efficiency data collection and studies; and

e Regional capacity building is required to develop more extensive and accurate
data collection and interpretation facilities in some EAS countries.

5.4 Energy Management Systems

Undertaking energy audits and identifying the potential scope for improving energy
efficiency can play a key role in improving energy use across all sectors of the economy.
The scope of energy management systems differs across regions. In some countries,
large energy users are required to undergo regular energy audits, whereas in other
countries this is not required.

The WG discussed energy management systems across the EAS region and recognised
the importance of these systems in identifying and driving the uptake of more energy
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efficient technologies and management practices. The WG recommends that greater
uptake and training of energy managers in some countries in the EAS region is required.

6. CONCLUSIONSAND RECOMMENDATIONS

At the 3 WG meeting, WG members discussed the key findings and implications of the
analysis based on the two energy outlook scenarios, BAU and APS.

6.1. Key Findings

Based on the projected changes in socioeconomic factors, energy consumption, and
carbon dioxide emissions in the BAU scenario and the APS, WG members identified a
number of key findings. These are outlined below:

1. Sustained population and economic growth in the EAS region will lead to
significant increases in energy demand as countries pursue their economic and
development goals. The continued reliance on fossil fuels to meet this increased
energy demand will also be associated with significant increases in greenhouse
gas emissions.

2. Advanced energy efficient and low emissions technologies need to be widely
deployed throughout the region for the simultaneous achievement of
socioeconomic and environmental development goals and increased energy
security.

3. Throughout the region there exists great potential to increase energy efficiency
and reduce the growth in energy consumption and greenhouse gas emissions.
The results of this analysis indicate that by 2030 the implementation of currently
proposed energy efficiency goals, action plans and policies across the EAS
region could lead to reductions in the APS, relative to the BAU scenario of:

e 20 percent in primary energy demand;
e 20 percent in energy intensity; and
e 30 percent in energy derived CO, emissions.

4. The share of carbon intensive energy such as oil and coal in the regional energy
fuel mix is also reduced which can contribute to improvements in regional
energy security.

5. It is recognized that further improvements in the uptake of energy efficient and
low emissions technologies beyond those analyzed in this report are possible and
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that more significant improvements in energy and emissions intensity are
achievable.

6.2. Policy Implications

Following the extraction of the key findings, WG members also identified more than 20
policy implications and aggregated them into five major categories. The identified
policy recommendations are based on a shared desire to enhance medium and long term
national and regional energy efficiency; implement and monitor energy saving goals,
action plans and policies; enhance energy management systems; increase capacity
building on energy efficiency data and the evaluation of policies; and increase the
development and uptake of lower emissions energy technologies and management
practices. The recommendations of the WG are listed here. It should be noted, however,
that appropriate policies will differ between countries based on differences in country
circumstances, policy objectives, and market structures and that not all members
necessarily agreed to all recommendations.

1. Energy efficiency and conservation policies
e There is a strong need for medium and long term energy efficiency and
conservation policies in some countries.
2. Low emissions technologies
e Greater research, development, demonstration and transfer of lower
emissions technologies are required within the region.
e Explore the scope for expanding Clean Development Mechanism projects to
a broader range of low carbon technologies such as nuclear, carbon capture
and storage etc.
3. Implementation and monitoring of energy saving goals, action plans and
policies
e Strengthened institutional and regulatory frameworks for developing and
implementing energy saving goals, action plans and policies and
encouraging the uptake of lower emissions technologies are required.
e |dentify the barriers to the uptake of more energy efficient and lower
emissions technologies and implement appropriate policy approaches.
e Collect, maintain and interpret detailed sectoral end-use energy consumption
data to monitor and evaluate the implementation of energy efficiency goals,
action plans and policies.
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e Governments should continue their commitment to international activities
related to energy efficiency data and studies.
4. Energy management systems
e Energy management is important for all sectors and given the rapid growth
in energy consumption in the transport sector, there is a need for specific
action plans for this sector in some countries.
e Greater uptake and training of energy managers is required in some EAS
countries.
5. Capacity building and financial support
e Regional capacity building is required in data collection, maintenance and
interpretation as well as in developing and implementing energy efficiency
goals, action plans and policies.
e Financial support is required in some countries to establish the capacity to
develop policies and to incentivize the uptake of more energy efficient and
lower emissions technologies and management practices.

6.3. Recommendations

The analysis in this report indicates that there is significant potential for countries in the
EAS region to reduce growth in energy consumption and carbon dioxide emissions by
implementing policies across all sectors of the economy that encourage improvements
in energy efficiency and conservation and increase the use of lower emission
technologies and fuels.

It is clear that many EAS countries already have a variety of policies aimed at achieving
energy saving goals. However, it is recommended that detailed action plans should also
be developed which outline in a broad sense how these energy savings will be achieved.
A range of policy options are available which could drive improvements in energy
efficiency or the enhanced uptake of low emissions technologies. These policies
include: government leadership and funding, energy conservation laws, clean
development mechanism projects, energy managers, labelling systems with energy
efficiency standards, long term energy efficiency goals or plans, communication
campaigns, performance and emission standards, renewable energy targets, enhanced
research and development funding, and explicit emission pricing instruments such as
taxes and emissions trading. The choice of policies used in individual countries will
depend on a range of country specific factors and other competing policy objectives.
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A range of more energy efficient and lower emission technologies were identified for
EAS countries. In particular, the use of more energy efficient vehicles and demand
management strategies in the transportation, residential, and commercial sectors were
key to achieving potential energy savings. Improvement in the efficiency of thermal
electricity generation was also identified as being a key to achieving energy savings.
International collaboration on technology development and transfer was identified as an
opportunity for achieving future gains.

This study indicates that if all of the energy saving and lower emission technology
policies proposed at the 2" Energy Ministers Meeting in August 2008 were
implemented in EAS countries, total primary energy demand could be reduced by about
20 per cent in 2030, relative to the business as usual case. Carbon dioxide emissions
from energy consumption are also projected to be reduced by about 30 per cent below
business as usual levels at 2030. Enhanced energy efficiency and an increase in the
share of lower emission and renewable fuels in the energy mix may also have other
benefits such as increasing energy supply diversity and enhancing energy security.

Although the projected level of energy savings and reductions in CO, emissions could
be considered significant, it is not enough to mitigate all of the challenges posed by
climate change. More aggressive energy saving goals, advanced technologies to reduce
CO, emissions directly, such as carbon capture and storage technologies, and enhanced
uptake of lower emission fuels are recommended. An illustrative scenario that assessed
the potential impacts of widespread uptake of carbon capture and storage, nuclear and
biofuels technologies across the EAS region, in addition to the measures already
included in the APS, indicated that CO, emissions could be reduced to less than 2005
levels. However, this result is based on the assumption that these technologies would be
technically, socially and economically available in 2030.

Concrete action is required to facilitate inter-regional collaboration on technology
development and transfer and policy implementation within the EAS countries and
between the EAS countries and the rest of the world. It was also noted that additional
upfront costs may be associated with implementing more energy efficient technologies
and increasing the share of renewable energy sources. However, financial and economic
analysis was outside the scope of this study. It should be assessed in the near future.
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Australia

Ms. Meanie Ford

1. Background

Australia is the sixth largest country in the world with a land area of approximately 7.7
million km?, which is diverse in geography and climate. Australia’s population in 2005
was around 20.3 million — most of the population is almost entirely concentrated in
coastal cities and towns. The nations real gross domestic product (GDP) in 2005 was
around US$468 billion (at constant 2000 US$ values®), which translates into a per
capita income of around US$23,000.

Australia has an abundant supply of energy resources with significant deposits of
petroleum, natural gas, coal and uranium (ABARE 2009). Australia is overwhelmingly
a net energy exporter, with trade in energy dominated by coal, liquefied natural gas
(LNG) and uranium. Australia accounts for approximately one-third of world black coal
trade — almost 60 per cent of world metallurgical trade and 20 per cent of thermal coal
trade (ABARE 2009). Since the late 1980s Australia has also emerged as one of the
largest exporters of LNG. However, Australia is a net importer of crude oil and refined
petroleum products (ABARE 2009).

At current rates of production, Australia’s energy resources are expected to last for
many more decades. The proportion of economic demonstrated reserves (EDR) to
current production is estimated at 500 years for brown coal, 100 years for black coal and
nearly 60 years for conventional gas (ABARE 2009).

In 2005 Australia’s primary energy demand was around 122 Mtoe (million tons of oil
equivalent). Coal and oil dominated primary energy demand accounting for about 45
percent and 31 percent respectively in 2005. Natural gas (19 percent), hydro (1 percent)
and other (4 percent) — mainly biomass, wind and solar — accounted for the rest.

In 2005 Australia produced about 251 TWh (terawatt hours) of electricity. The majority
of this was generated by coal (80 percent), natural gas (12 percent) and hydro (6

percent). Other renewable sources accounted for about 1 percent of total electricity
generation in 2005.

2. Modéling Assumptions

2.1. Population and Gross Domestic Product

In this modelling exercise it is assumed that annual average growth in population will
slow to about 0.9 percent between 2005 and 2030, which is slower than the average

L All US$ (US Dollar) in this document are at constant 2000 values unless specified.
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annual growth of about 1.2 percent between 1990 and 2005.

Over the period 1990-2005, Australia’s growth in gross domestic product (GDP)
averaged about 3.5 percent yearly. Average annual growth in Australia’s gross domestic
product is assumed to remain fairly strong throughout the projection period averaging
about 2.6 percent per year between 2005 and 2030. Average annual growth in GDP in
Australia is assumed to gradually decline from about 3 percent between 2005 and 2010,
to 2.8 percent between 2010 and 2020, and 2.3 percent between 2020 and 2030. The
potential impacts of the current global economic crisis have not been accounted for.

2.2. Energy Consumption and Electricity Generation

Fossil fuels are projected to remain the dominant energy source in Australia’s energy
mix throughout the projection period given their relative abundance and cost
effectiveness. In electricity generation, coal is projected to remain the dominant supplier
of energy accounting for a projected 72 percent and 60 percent of total generation at
2030 in the BAU (business-as-usual) scenario and the APS (alternative policy scenario)
respectively. However, there are projected to be increases through time in the share of
natural gas and non-hydro renewables in both the BAU scenario and APS driven
primarily by climate change concerns. The relative competitiveness of non-hydro
renewable sources is also expected to increase driven by cost reductions as a result of
learning by doing.

2.3. Energy and Climate Change Policies

Australia has implemented a range of policies at the state and Commonwealth levels to
ensure reliable access to affordable energy while facilitating the efficient use of energy
resources and managing environmental issues. Such policies include energy efficiency
standards, renewable energy targets, research and development on cleaner technologies,
financial incentives for energy efficient and renewable technologies and industry and
government partnerships.

Australia has ratified the Kyoto Protocol and is expected to meet its emissions target of
108 percent of 1990 levels over the period 2008-2012 with domestic measures.
Although not modelled in this exercise the Government has announced that a domestic
emissions trading scheme — the Carbon Pollution Reduction Scheme (CPRS) will
commence in 2011. The CPRS will assist Australia to reduce its’ greenhouse gas
emissions by between 5 and 25 percent below 2000 levels by 2020.

3. Outlook Results
3.1. Total Final Energy Consumption
Total final energy consumption in Australia grew at an average annual rate of about 1.9

percent between 1990 and 2005 from about 58 Mtoe in 1990 to 77 Mtoe in 2005. The
transport and industry sectors were the largest users of final energy in 2005 accounting
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for about 30 Mtoe and 26 Mtoe respectively.

Oil (51 percent) accounted for the largest share of final energy in 2005, followed by
electricity (23 percent) and natural gas (16 percent). The fastest average annual growth
in final energy consumption occurred in the electricity sector at about 3.2 percent over
the period 1990 to 2005.

Business-as-Usual (BAU) Scenario

Total final energy consumption in Australia is expected to increase at an average annual
rate of about 1.9 percent over the period 2005 to 2030 from about 77 Mtoe in 2005 to
about 121 Mtoe in 2030. Growth in final energy consumption is projected to be slower
than growth in Australia’s GDP indicating improvements in the energy intensity of
economic output.

In this scenario, strong average annual growth in final energy consumption over the
period 2005 to 2030 is expected in electricity (2.3 percent) and natural gas (2.1 percent).
Continued average annual growth is expected in oil (1.7 percent), others (1.8 percent),
including renewables, and coal (0.3 percent) over the same period.

Alternative Policy Scenario (APS)

In the APS, final energy consumption is projected to increase at an average annual rate
of about 1 percent over the period 2005 to 2030, which is considerably lower than the
expected 1.9 percent average annual growth in the BAU scenario. By 2030 final energy
consumption in the APS is projected to reach about 98 Mtoe which is about 19 percent
lower than in the BAU scenario.

The largest percentage decline in final energy consumption in the APS, relative to BAU,
Is expected to occur in “other” sectors driven by the uptake of more energy efficient
technologies in the residential, commercial and agriculture sectors (Figure 1).

Considerable percentage reductions in the use of coal (23 percent), oil (26 percent),
natural gas (15 percent) and electricity (26 percent) are expected in 2030 in the APS
relative to the BAU scenario. However, final consumption of “other” fuels is projected
to increase by about 62 percent in the APS, relative to the BAU scenario at 2030 as a
result of increased uptake of non-hydro renewable energy sources.
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Figure 1. Final Energy Consumption by Sector in Australia, BAU and APS
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3.2. Primary Energy Demand

Primary energy demand in Australia grew at an average annual rate of about 2.2 percent
between 1990 and 2005 from about 88 Mtoe in 1990 to about 122 Mtoe in 2005.

Coal (45 percent) accounted for the largest share of primary energy in 2005, followed
by oil (31 percent) and natural gas (19 percent). Hydro and other renewable energy
sources accounted for the remaining 5 percent of primary energy in Australia.

Business-as-Usual Scenario

In the BAU scenario Australia’s primary energy demand is projected to increase at an
average annual rate of about 1.6 percent increasing from about 122 Mtoe in 2005 to
about 181 Mtoe in 2030.

Coal consumption is projected to increase at an average annual rate of about 0.8 percent
over the period 2005 to 2030. However, the share of coal in primary energy demand is
projected to decline from about 45 percent in 2005 to 36 percent in 2030. The share of
natural gas in Australia’s primary energy demand is projected to increase from about 19
percent in 2005 to about 24 percent in 2030. The strong growth in natural gas
consumption (averaging about 2.6 percent per year over 2005-2030) is driven by
increasing availability of natural gas and the assumed national and state policy
initiatives designed to encourage the use of lower emission intensive fuels. The share of
oil in Australia’s primarily energy consumption mix is expected to increase modestly to
about 33 percent in 2030.
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The strongest growth in primary energy demand is projected to occur in non-hydro
renewables in response to national and state policies designed to drive increases in the
use of renewables technologies and reductions in cost driven by learning by doing.

Alternative Policy Scenario

As a result of the enhanced development and deployment of more energy efficient
technologies, average annual growth in Australia’s primary energy demand in the APS
is expected to be reduced by one percentage point, relative to BAU, to 0.6 percent over
the period 2005-2030.

In the APS, the absolute level of coal consumed is projected to decline significantly
falling from about 54 Mtoe in 2005 to about 38 Mtoe in 2030. This is primarily driven
by considerable improvements in the efficiency of coal fired electricity generation and
improvements in industry coal use efficiency in the APS, relative to the BAU scenario
(Figure 2).

Figure 2. Primary Energy Demand by Sourcein Australia, BAU and APS
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Average annual growth in the consumption of oil is expected to more than halve in the
APS, relative to the BAU scenario, to about 0.6 percent over the period 2005-2030.
Reduction in the growth of oil consumption in the APS is driven primarily by the
enhanced uptake of more fuel efficient vehicles in transport, improved industry
efficiency and increased biofuels use in transport.

Growth in consumption of natural gas is also projected to be slower in the APS, relative

to the BAU as a result of increased electricity generation efficiency and increased
efficiency in the residential and industry sectors in particular.
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The fastest growth (averaging about 6.1 percent per year over 2005-2030) in primary
energy demand in the APS is expected to occur in non-hydro renewables (others) with
its contribution to primary energy demand increasing to about 17 percent in 2030. This
is driven by the assumed implementation of additional policies designed to increase the
uptake of these technologies and fuels, with a particular focus on wind, solar and
biomass in electricity generation and biofuels in transport. Although the uptake of
geothermal in Australia was not modelled in this exercise it is important to note that
Australia has considerable geothermal reserves that may be utilised in the future.

3.3. Projected Energy Savings

As a result of the enhanced deployment of more energy efficient technologies across the
economy, primary energy demand in Australia in 2030 is projected to be reduced by
about 41 Mtoe or 23 percent in the APS, relative to the BAU scenario (Figure 3). The
projected reductions in energy consumption by fuel in the APS at 2030, relative to the
BAU scenario are: coal -28 Mtoe or 43 percent; oil -15 Mtoe or 26 percent and gas -11
Mtoe or 24 percent. As discussed previously, consumption of other non-hydro
renewables (others) is projected to increase in the APS, relative to the BAU scenario as
a result of the implementation of policies to increase the use of lower emission fuels
across the economy.

Figure 3. Total Primary Energy Demand in Australia, BAU and APS
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3.4. CO;, Emissionsfrom Energy Consumption
In the APS, the enhanced uptake of more energy efficient and lower emissions

technologies across the Australian economy is projected to reduce growth in CO;
emissions from energy consumption. At 2030 in the APS, CO, emissions from energy
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consumption in Australia are projected to reach about 97 million tons of carbon (Mt-C)
which is about 34 percent below BAU levels and about 7 percent below 2005 levels
(Figure 4). Technologies which are projected to contribute to reducing growth in
Australia’s CO, emissions include energy efficient appliances, enhanced generation
efficiencies in electricity generation, non fossil fuel electricity generation, energy
efficient vehicles such as hybrid vehicles, solar heating systems, biofuels, fluidised bed
combustion technologies and a range of fugitive emission abatement measures and
technologies. It is important to note that the potential impacts of Australia’s CPRS are
not modelled here.

Figure4. CO, Emission from Energy Consumption in Australia, BAU and APS
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4. Implications and Policy Recommendations.

Australia’s economy is more emission intensive than most developed countries because
of the strong reliance on the abundant supply of coal as an energy source. Projected
increases in population and economic activity are projected to lead to increased demand
for energy services. Continued reliance on fossil fuels to meet the demand for energy is
projected to lead to considerable increases in greenhouse gas emissions in the BAU
scenario.

To achieve large reductions in Australia’s emissions, relative to the BAU scenario, a
portfolio of abatement opportunities across all sectors of the economy must be used.
Encouraging the uptake of currently available energy efficient technologies in the short
term is particularly important as it will reduce both current annual emissions and the
requirement for new emission intensive energy infrastructure, which will potentially
have a significant impact on the long term emissions pathway (Gurney et al. 2007).
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Australia will implement an emissions trading scheme in 2011 that will cover as many
sectors and gases as practical. However, given the varying nature of market barriers that
limit the uptake of energy efficient and low emission technologies across sectors, a
range of complementary policies will be needed. These include education and training
initiatives, performance and emission standards, the development of financial
instruments to encourage uptake of advanced and economic technologies and the use of
renewable energy targets in the short term.

Governments must also play a key role in creating policy environments that are
conducive to increased levels of research and development in industry and in providing
funding for basic research and development in mitigation and adaptation measures and
technologies.

Accelerating the development and global deployment of advanced future generation
energy efficient and low emission technologies is also important. Australia can play a
key role in developing and demonstrating some of these key advanced technologies
such as carbon capture and storage and solar technologies. Australia must remain
actively engaged in regional and global technology partnerships to encourage global
uptake of advanced technologies (Ford et al. 2007; Matysek et al. 2006).

Given that some degree of climate change is inevitable as a result of historical

emissions, adaptation strategies (as well as mitigation) will need to play an important
role in any policy mix aimed at addressing climate change in a cost effective manner.
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Brunea Dar ussalam

Ms. Noor Dina Zharina Haji Yahya

1. Background

Brunei Darussalam (referred to here as ‘Brunei’) covers the northeast coast of Borneo
Island in Southeast Asia. Brunei has an area of 5,765 square kilometres — the majority of
which is still covered with pristine tropical forests. Brunei was home to about 373,800
people in 2005 and has one of the highest gross domestic product (GDP) per capita in
the region at about US$12,900 in 2005. Brunei’s GDP in 2005 was about US$4.8 billion.
About 66 percent of the total was contributed by the oil and gas sector.

Brunei exports about 90 percent of its crude oil and natural gas production and keeps
the remaining fraction for domestic purposes making Brunei’s energy self-sufficiency
one of the highest in the region. In 2005, Brunei’s total final energy consumption
(TFEC) was about 0.7 million tons of oil equivalent (Mtoe)®. Transport was the largest
energy consuming sector accounting for almost 0.4 Mtoe of final energy consumption.

Brunei’s total primary energy demand in 2005 was about 2.4 Mtoe. Oil and natural gas
are the only forms of primary energy used in Brunei. The share of natural gas is about
76 percent while oil contributes about 24 percent. Natural gas is mainly used for
generating electricity and town gas whereas oil is used primarily for petroleum products.

Brunei generated about 2,907 gigawatt hours (GWh) of electricity in 2005, using a total
installed generating capacity of about 690.5 megawatts (MW). About 99 percent of the
electricity in Brunei is generated by natural gas, while oil (diesel) supplies the remainder.

2. Modéling Assumptions

In this report assumptions on future GDP growth in Brunei were developed primarily by
the Institute of Energy Economics, Japan (IEEJ). GDP in Brunei is assumed to increase
at an average annual rate of 4.8 percent from 2005 to 2030. Growth in GDP between
2005 and 2010 is assumed to average about 5.2 percent per year, before declining to 4.8
percent per year and 4.5 percent per year for the periods 2010 to 2020 and 2020 to 2030
respectively. Brunei’s population is assumed to grow at an average annual rate of 2.6
percent from 2005 to 2030.

As pledged by APEC Leaders at the 2007 Sydney Declaration on Climate Change,
Brunei aims to contribute to the achievement of a regional 25 percent improvement in
energy efficiency by 2030, relative to 2005 levels.

2 Note: Historical and projected figures used in this document are obtained from IEEJ and are not national

figures.
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Brunei currently has a range of sectoral-based energy efficiency and conservation
programmes in place, with a key focus on raising awareness through campaigns,
publications, media and other means. Brunei is still in the process of formulating
sectoral energy efficiency and conservation targets. In addition Brunei’s first Solar
Power Plant with a capacity of 1.2 MW is expected to be commissioned in the second
quarter of 2010.

This report illustrates the potential impacts on Brunei’s energy profile if the following
targets as outlined in table 1 were applied.

Table 1. Potential Sectoral Targetsin Brunei: Improvementsin Energy Efficiency

APS
Schlut 2010 2020 2030
Industrial Sector 5% lower than 10% lower than 10% lower than
BAU BAU BAU
Residential Sector 5% lower than 10% lower than 10% lower than
BAU BAU BAU
Commercial 5% lower than 10% lower than 10% lower than
Sector BAU BAU BAU
Transport Sector 5% lower than 10% lower than 10% lower than
BAU BAU BAU

3. Outlook Results

3.1. Total Final Energy Consumption

Total final energy consumption in Brunei increased at an average annual rate of 4.2
percent from 0.4 Mtoe in 1990 to 0.7 Mtoe in 2005. From 1990 to 2005, the
residential/commercial (other) sector had the highest growth rate of 5.8 percent per year
followed by the transportation sector with 3.9 percent per year and the industrial sector
with 1.9 percent per year. The transportation sector was the largest energy consuming
sector accounting for about 58 percent of final energy consumption in 1990. There was
a slight decrease in its share to about 56 percent in 2005. Oil was the largest provider of
final energy over the period 1990-2005. However, electricity had the highest average
annual growth per year over the same period.

Business-as-Usual (BAU) Scenario

From 2005 to 2030, Brunei’s total final energy consumption is projected to grow at an
average rate of 4.6 percent per year driven in part by the assumed growth in GDP and
population. There is expected to be a significant increase in energy demand in the
residential/commercial (other) sector and transportation with projected average annual
growth rates of 4.9 percent and 4.7 percent, respectively from 2005 to 2030 in the BAU
scenario. Emerging industrial activities are expected to drive growth of 2.7 percent per
year from 2005 to 2030 in the industry sector.
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In final energy consumption, oil and electricity are projected to grow at an average
annual rate of 4.3 percent and 5.0 percent, respectively between 2005 and 2030. Oil is
expected to continue to account for the largest share of fuel for energy consumption.

Alternative Policy Scenario (APS)

In the APS, final energy consumption is projected to increase at a slower rate than in the
BAU scenario at an average of 4.2 percent per annum from 2005 to 2030. That is, from
0.7 Mtoe in 2005 to 2.0 Mtoe in 2030. The transportation sector consumption is
projected to increase at a slower pace of 4.4 percent per annum as compared to its
growth rate in the BAU. In the APS, the annual growth of all sectors is projected to be
lower as compared with the BAU scenario. The industry and other sectors will have
more than 10 percent reduction in energy consumption with respect to BAU (Figure 5).

Figure5. Final Energy Consumption by Sector in Brunel, BAU and APS
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3.2. Primary Energy Demand

Primary energy demand in Brunei grew at an average annual rate of about 2.0 percent
from about 1.8 Mtoe in 1990 to 2.4 Mtoe in 2005. Oil and natural gas were the only
energy sources during that period. Natural gas accounted for the highest percentage
share which was about 76 percent in 2005. Oil consumption, on the other hand,
increased at a much faster rate of 11.1 percent per year from 1990 to 2005.

Business-as-Usual Scenario

From 2005 to 2030, oil and natural gas are projected to remain Brunei’s only primary
energy sources. Primary energy demand is projected to increase to 4.9 Mtoe in 2030 at
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an average rate of 2.9 percent per year between 2005 and 2030. Oil consumption is
projected to grow at a rate of about 4.7 percent per year while natural gas consumption
is projected to grow at a slower rate of about 2.0 percent per year from 2005 to 2030.
The share of oil in primary energy demand is expected to increase from 24.4 percent in
2005 to 38.5 percent in 2030 as a result of the increase in oil consumption mainly for
transportation purposes during this period.

Alternative Policy Scenario

In the APS, primary energy demand is projected to increase at a slower rate, relative to
the BAU scenario, of 2.6 percent per annum over the period of 2005-2030 to 4.6 Mtoe
in 2030. Both natural gas and oil will grow at a much slower rate in the APS, relative to
the BAU scenario, mainly due to energy efficiency and conservation improvements
(Figure 6).

Figure 6. Primary Energy Demand by Sourcein Brunei, BAU and APS
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3.3 Projected Energy Savings

The energy savings that could be achieved in Brunei from applying the potential EEC
sectoral goals and implementing the EEC goals and action plans that are already in
place is projected to be around 322 ktoe or 6.5 percent lower than that of the BAU in
2030. This is the difference between primary energy demand in the BAU scenario and
the APS (Figure 7).

In terms of final energy consumption savings, there is estimated to be a saving of 88

ktoe in the transportation sector, 78 ktoe in the residential/commercial sector, and 16
ktoe in the industrial sector in 2030.
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Figure7. Primary Energy Demand in Brunei, BAU and APS
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3.3. CO;, Emissionsfrom Energy Consumption

Carbon dioxide (CO;) emissions from energy consumption are projected to increase by
3.2 percent per annum from 1.4 million tons of carbon equivalent (Mt C) in 2005 to 3.1
Mt C in 2030 in the BAU scenario (Figure 8). This increase is driven by increases in
consumption of gas for electricity generation and oil for transportation.

Figure 8. CO, Emissionsfrom Energy Consumption in Brunei, BAU and APS
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In the APS, the annual average growth in CO, emissions from 2005 to 2030 is expected
to be lower than in the BAU scenario at 2.9 percent. This is achieved by reductions in
the growth of final energy consumption and primary energy demand. This indicates that
the energy saving goals and plans in place could reduce Brunei’s CO, emissions by 7.1
percent in 2030, relative to the BAU scenario.

4. Implications and Policy Recommendations

Energy consumption has increased significantly since 1980 and as projected, energy
demand will continue to rise. Given this trend and the dominance of oil and gas in the
energy mix, it is of utmost priority for Brunei to improve its energy efficiency and
conservation as the main driver in the pursuit of national energy security.

As declared in the Sydney Declaration on Climate Change Brunei will contribute to the
achievement of the 25 percent improvement in regional energy efficiency in 2030,
relative to 2000 levels. In moving towards this vision, Brunei has set out several
sectoral goals and action plans.

It is also recommended that Brunei adopt a sectoral quantitative target to help assist in
the achievement of overall energy savings.
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Cambodia

Ms. Cecilya Laksmiwati Malik

1. Background

Cambodia has a total land area of 181 thousand square kilometres® inhabited by 14.1
million people in 2005%. It has a tropical climate with wet and dry seasons. It shares
borders with Vietnam to the East, Lao PDR to the north, and Thailand to the west and
the South China Sea at its southern part. The country’s gross domestic product (GDP) in
2005 is about US$ 5.7 billion at 2000 constant prices with a substantial agriculture share
of 34 percent.

Cambodia’s conventional primary energy demand in 2005 stood at 1.3 million tons of
oil equivalent (Mtoe) while its final energy consumption stood at 1.0 Mtoe>. It is
dependent on imports of petroleum products having no crude oil production or oil
refining facilities. Its electricity supply is dominated by oil at 91.5 percent with hydro
accounting for the rest.

Cambodia has 10,000 megawatts (GW) of hydropower potential; however, only 20
megawatts (MW) had been installed to date. Commercial quantities of coal have also
been discovered in Cambodia but no official figures on recoverable reserves are
available currently.

2. Modelling Assumptions

In forecasting energy demand to 2030, it is assumed that the GDP of Cambodia will
grow at an annual rate of 7.6 percent. Its population on the other hand is projected to
grow at 0.9 percent per annum resulting in a growth rate of GDP per capita of 6.5
percent per year to 2030.

With regards to future electricity supply, hydro is expected to continue to dominate
Cambodia’s fuel mix. However, coal is expected to enter Cambodia’s energy fuel mix
before 2020. Remote communities will continue to rely on oil to meet their energy
needs. Cambodia has not yet quantified the potential energy savings that could be
achieved via its current energy efficiency and conservation programs. Given this,
projections are only provided for a Business-as-Usual (BAU) scenario.

3 Governmetn of Cambodia, 2009, Cambodia e-Gov Homepage, Available:
http://www.cambodia.gov.kh/unisql1/egov/english/country.land&resource.html
*World Bank, 2008, World Development Indicators 2008.

® International Energy Agency, 2008, Energy Balances of Non-OECD Countries 2008.
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3. Outlook Results
3.1. Total Final Energy Consumption

Cambodia’s final energy consumption grew at an average annual rate of 10.2 percent
from 1995 to 2005. This growth was driven by the industrial sector which grew at a
rapid rate of 30.7 percent during the ten-year period. The other sector which comprises
the residential and commercial sectors grew at 18.9 percent annually while the
transportation sector had more modest annual growth of 4.2 percent. In terms of energy,
petroleum products comprise more than 90 percent of total final energy consumption
with electricity supplying the rest.

From 2005 to 2030, Cambodia’s final energy consumption is projected to grow at an
average annual rate of 7.0 percent (Figure 9). The industrial sector is expected to have
the highest growth rate of 8.7 percent per annum followed by the transportation sector at
7.0 percent and the residential/commercial sector at 6.9 percent over the period 2005 to
2030. Electricity demand is expected to increase on average by 9.1 percent per year
while demand for petroleum products will grow by 6.9 percent per year to 2020.

Figure9. Final Energy Consumption by Sector in Cambodia
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3.2 Primary Energy Demand

Cambodia’s primary energy demand grew at an average annual rate of 10.2 percent
from 1995 to 2005. Petroleum products were the only source of conventional energy
supply in the country in 1995. By 2005, a small hydropower plant was built but only
contributed 0.3 percent to the total primary energy demand.

From 2005 to 2030, the country’s primary energy demand is projected to grow at an
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average annual rate of 6.2 percent. Given the rapid growth in electricity demand of 9.1
percent annually, hydroelectricity production will increase on average by 21.3 percent
per annum to 2030. This high growth in hydroelectricity is projected given that options
for using other fuels in Cambodia are still very uncertain. Specifically the uptake of
natural gas will require huge investments in infrastructure. Coal may be developed by
about 2020. By 2030 the share of coal in the primary energy demand mix is projected to
be about 6.5 percent (Figure 10).

Figure 10. Primary Energy Demand by Sourcein Cambodia
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3.3 Projected Energy Savings

Although Cambodia has energy efficiency and conservation plans, the country has not
yet quantified the energy savings that would be induced by these plans. Given this, no
alternative policy scenario (APS) was modelled here and energy savings were not
estimated.

Cambodia’s energy efficiency and conservation programs aims to achieve an integrated
and sustainable program that would facilitate energy efficiency improvements in the
major energy consuming sectors and help prevent increased and wasteful fuel
consumption. To achieve these aims, the country realises the need for market
transformation towards more efficient energy use, increased access to energy efficiency
project financing and the establishment of energy efficiency regulatory frameworks.

As a start, Cambodia is implementing the following pilot projects:
e Improving the efficiency of the overall supply chain for home lighting in rural
areas by the provision of decentralized rural energy services through a new
generation of rural energy entrepreneurs.
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e Assisting in market transformation for home and office electrical appliances
through bulk purchase and dissemination of high performance lamps,
showcasing of energy efficient products, support to competent organizations for
testing and certification of energy efficient products and establishment of “Green
Learning Rooms” in selected schools to impart life-long education on the
relevance of energy efficiency and conservation.

e Improving energy efficiency in buildings and public facilities.

3.4 CO, Emissions from Energy Consumption

Based on the above projections, CO, emissions in Cambodia will increase from 1.0
million tons of carbon (Mt C) in 2005 to 4.3 Mt C in 2030 at an average annual rate of
5.9 percent. This growth rate is lower than that of primary energy demand in view of the
rapid growth for hydroelectricity which does not emit CO, (Figure 11).

Figure 11. CO, Emission from Energy Consumption in Cambodia
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China

Dr. BAI Quan, Ms. TONG Qing

1. Background
1.1 Natural Condition and History

The People’s Republic of China is situated in eastern Asia on the western shore of the
Pacific Ocean, with an area of 9.6 million square kilometres. China's continental
coastline extends for about 18,000 kilometres, and its vast sea surface is studded with
more than 5,000 islands. Due to its size, China's climate is obviously very diverse,
ranging from an unbearable 48°C in the northwest during summer to an equally
unbearable -40°C in the far north in winter.

China is a country with a long history and ancient civilization. The People's Republic of
China was founded on October 1%, 1949. Today, China is implementing reforms and
opening up its economy, and has established a socialist market economy, thereby
charting the course for socialist modernization with Chinese characteristics.

1.2 Economy and Population

China’s real gross domestic product (GDP) in 2005 was around US$1,890 billion (at
constant 2000 US$ values), which translates into a per capita income of around
US$1,400.

China is the world's most populous country. It has a population exceeding 1.3 billion,
which makes up 22 percent of the world total. To bring population growth under control,
the country has followed a family planning policy since the 1970s. China is
experiencing a fast urbanization process. About 46 percent of people lived in urban
areas in 2008.

1.3 Energy Situation

In terms of energy resources, China is endowed with coal, oil and gas reserves and
hydropower. China is the world’s top coal producer and has the third largest coal
reserves with recoverable reserves of 114.5 billion tonnes. In 2008 China produced 2.79
billion tons of coal and is self sufficient in coal. China is still a major crude oil producer,
and produces about 190 million tons of crude oil per year. However, driven by very fast
increases in China’s oil demand, China became an oil importer in the 1990s. About 50
percent of China’s oil consumption is met by imported oil.

China's per-capita energy reserve is very low, much lower than the world average. The
per-capita average of both coal and hydropower resources is 50 percent of the world's
average, while the per-capita average of both oil and natural gas reserves is only about
1/15th of the world's average. The per-capita average of arable land is less than 30
percent of the world's average, which has hindered the development of biomass energy.
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In 2005 China’s primary energy demand was about 1,494 million tons of oil equivalent
(Mtoe). Coal dominated primary energy demand accounting for about 73 percent in
2005. Oil is the second largest contributor accounting for 21.3 percent in 2005. Natural
gas (2.7 percent), hydro (2.3 percent) and nuclear (0.9 percent) and others, mainly
biomass, wind and solar, accounted for the rest.

In 2005 China produced about 2,497 TWh of electricity. The majority of this was
generated by coal (79 percent), hydro (15.9 percent), oil (2.4 percent) and natural gas
(2.1 percent). Other renewable sources accounted for about 0.1 percent of total
electricity generation in 2005.

2. Modelling Assumptions
2.1.Population and Gross Domestic Product

China had a population of 1.1 billion in 1990 and reached 1.3 billion in 2005. This is an
average annual growth of 0.9 percent over those 15 years. From 2005 onward, growth in
population is expected to be slower due to the implementation of the one child per
family policy. China’s population is projected to increase on average by about 0.4
percent per year reaching 1.45 billion people by 2030.

China’s economy grew at an average annual rate of 10.1 percent between 1990 and
2005. That is, from US$ 445 billion in 1990 to almost US$ 1890 billion in 2005. Future
growth in GDP is expected to be slower. In this report it has been assumed to grow at an
average rate of 6.3 percent per annum reaching US$ 8644 billion by 2030. Given future
expected GDP and population levels, GDP per capita in China is projected to improve
from US$ 1445 per person in 2005 to almost US$ 6000 per person in 2030.

2.2. Energy Consumption and Electricity Generation

Based on China’s primary energy mix for 1990, coal accounted for 79.7 percent while
oil was 16.7 percent, natural gas almost 2 percent and hydro 1.6 percent. In 2005, coal
still played a major role in the primary energy mix, but had a lower share of 73 percent.
The share of other energy sources increased from their 1990 levels to 21 percent for oil,
3 percent for gas and 2 percent for hydro. In 2005, nuclear had a 1 percent share in the
total primary energy mix of China. Overall, primary energy demand in China increased
at an average annual rate of 5.6 percent from 663 Mtoe in 1990 to 1494 Mtoe in 2005.
Energy intensity (primary energy demand per unit of GDP) decreased from 1491 tons of
oil equivalent per million US$ (toe/million US$) in 1990 to 790 toe/million US$ in
2005.

Final energy consumption in China increased at a slower annual average growth rate of
4.5 percent from 463 Mtoe in 1990 to 890 Mtoe in 2005. Coal accounted for the
majority of final energy consumption amounting to 68 percent in 1990 and 42 percent in
2005. In 1990 oil accounted for 18 percent of total final energy consumption in China.
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Growth in oil consumption has increased rapidly at 8.2 percent per annum leading to a
significant increase in its share to 30.4 percent in 2005. Electricity is also increasing in
importance in China and it has had a rapid annual growth rate of 9.9 percent between
1990 and 2005 which is faster than any of the other final energy sources. Its share in
final energy consumption has increased from 9 percent in 1990 to 19 percent in 2005.
The remaining fuels, natural gas and heat, constituted less than 9 percent of total final
energy consumption in 2005 and grew at a fast rate of 8.2 percent per annum between
1990 and 2005.

Industry is the major energy consuming sector in China followed by the
residential/commercial (“other”) sector. The share of industry’s consumption in total
final energy consumption has increased from 56 percent in 1990 to 58 percent in 2005.
The shares of energy consumed by the residential and commercial sector, on the other
hand, has declined from 30.7 percent in 1990 to 23.4 percent in 2005. This was due to
faster growth in the industry and transport sectors, which grew respectively at 7.2 and
11.9 percent per annum between 1990 and 2005.

In China, coal fired power generation accounted for around 71.3 percent of total
electricity generation in 1990. By 2005 this share had increased to 79 percent. The share
of hydro in the total generation mix was around 20.4 percent in 1990 and this share was
reduced to about 16 percent in 2005. Gas and oil, together accounted for about 3 per
cent of total generation in 2005. The share of oil in total generation declined to 2
percent in 2005 while the share of nuclear power increased to about 2 percent.

2.3. Energy and Climate Change Palicies

Although China is still a developing country and has a GDP per capita less than 1/10th
of that in the United States, the Chinese government has developed aggressive goals to
reduce energy intensity and address climate change challenges.

The Chinese government announced a goal of reducing its national energy intensity by
20 per cent in 2010 as part of its socio-economic development plan. In order to realize
this goal, the Chinese government implemented administrative, market and legal
measures simultaneously to promote energy conservation. Energy intensity reduction
goals are assigned to provincial leaders and progress is announced publicly every year.

In addition, the top 1000 energy intensive enterprises in China are required to take
measures to save energy. Many polluting and inefficient factories and equipment have
shut down as a result. New vehicle fuel standards have also been established. New
buildings are required to meet the 50 percent energy saving standard to improve
building energy efficiency. Efficient fluorescent lamps are widely promoted to
enterprises and citizens. Energy audits of many factories are subsidized. Energy
consumption statistical and dynamic monitoring systems for industrial enterprises have
also been developed. Furthermore, a number of energy efficiency standards on industrial
devices and household appliances have been issued and enforced. With all these
measures, the energy intensity of China decreased by 1.79 percent in 2006, 4.04 percent
in 2007 and 4.59 percent in 2008. Energy intensity was reduced by 10.1% in the last
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three years. As a result of all of these activities, 203 million tons of energy was saved
from 2005 to 2008.

The development of renewable energy was also accelerated. The People’s Congress of
China passed the Renewable Energy Development Law of China in 2005, which is used
to support developing renewable energy in China. In the National Renewable Energy
medium- and long-term plans developed in 2007, the Chinese government announced a
goal of raising the proportion of renewable energy in total primary energy demand from
the current 7 percent to 15 percent by 2020. Other subsidization policies have also been
developed to encourage the development of wind power, solar photovoltaic and biomass.

China has also announced that it will increase forest coverage to 20 percent and will
increase carbon sinks by 50 million tons between 2005 and 2010. Measures in this
regard include: continuously carrying out the policies and measures on afforestation,
returning farmland to forest and grassland, and natural forest protection.

3. Outlook Results
3.1 Total Final Energy Consumption

Between 2005 and 2030 China’s final energy consumption is still expected to grow but
at a slower rate than between 1990 and 2005 since GDP and population growth is also
expected to slow.

Business-as-Usual (BAU) Scenario

Final energy consumption from 2005 to 2030 is projected to increase at an average rate
of 3.0 percent per annum. Consumption in the transportation sector is projected to grow
the fastest with an annual average growth rate of 4.5 percent, followed by the
residential/commercial sector at 4.3 percent over the period 2005 and 2030.
Consumption in the industry sector is projected to grow at an average annual rate of 2.0
percent over the period 2005 and 2030 (Figure 12).

By fuel, natural gas is projected to grow the fastest at 7.4 percent per annum over the
period 2005 and 2030. Consumption of electricity and heat are both projected to
increase at an average annual rate of 4.0 over the period 2005 and 2030. Oil is projected
to have the fourth highest growth rate of 3.5 percent per annum over the same period.

Alternative Policy Scenario (APS)

In the APS, final energy consumption is projected to increase at a slower rate than in the
BAU scenario at 2.2 percent per annum, from 890 Mtoe in 2005 to 1545 Mtoe in 2030
due to energy efficiency and conservation programs. The decline in energy consumption
growth is expected to occur across all sectors, particularly in the commercial/residential
and transportation sectors due to improvement in end-use technologies and the
introduction of energy management systems. Final consumption of coal is expected to
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decline at an average rate of 0.2 percent per annum, reducing its share in the total
primary energy mix in 2030 in the APS. Figure 12 shows the final energy consumption
in china in 2005 and 2030 in both BAU and APS.

Figure 12. Final Energy Consumption in China, BAU and APS
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2.1. Primary Energy Demand

Primary energy demand in China is expected to continue growing but at a slower rate
than it has in the past. It is also expected that growth in primary energy demand will be
lower than that of final energy consumption due to higher efficiency in energy
transformation.

Business-as-Usual Scenario

In the BAU scenario, China’s primary energy demand is projected to increase at an
annual average rate of 2.9 percent per annum to 3,075 Mtoe in 2030. Coal will still
constitute the largest share in the total primary energy mix of China, but is expected to
grow slower than other fuels at an annual average rate of 1.9 percent. Consequently, the
share of coal in the total primary energy mix is projected to decrease from 73 percent in
2005 to about 56 percent in 2030.

Natural gas is expected to increase the fastest over the 2005 to 2030 period at an annual
average rate of 9.1 percent followed by nuclear at 7.8 percent. Oil and hydro are
projected to grow at a slower rate of 3.2 and 3.3 percent per annum respectively over
the period 2005 to 2030. The shares of these energy sources are expected to increase
over the 2005 and 2030 period. The share of natural gas is projected to increase from
2.7 percent in 2005 to 11.6 percent in 2030 whereas the share of nuclear will increase
from 0.9 percent to 3.0 percent. The shares of oil and hydro are projected to increase

77



from 21.3 percent in 2005 to 22.6 percent in 2030 and from 2.3 percent to 2.5 percent,
respectively.

Alternative Policy Scenario

In the APS, primary energy demand is projected to increase at a slower rate than in the
BAU scenario at 2.0 percent per annum between 2005 and 2030. By 2030 primary
energy demand is expected to reach 2,462 Mtoe. The demand for coal, oil and gas is
projected to continue increasing over the 2005-2030 period but at a slower rate than in
the BAU scenario (Figure 13). These energy sources are projected to grow at an annual
average rate of 0.4 percent (coal), 2.1 percent (oil) and 8.9 percent (natural gas) between
2005 and 2030. These decreases in consumption growth rates, relative to the BAU
scenario, are mainly due to energy efficiency and conservation measures on the demand
side. For nuclear, the annual average growth rate will be higher than in the BAU
scenario at 9.3 percent between 2005 and 2030 while for hydro, the growth rate in the
APS is expected to be the same as in the BAU scenario.

Figure 13. Primary Energy Demand by Sourcein China, BAU and APS
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2.2. Projected Energy Savings

It is estimated that the adoption of energy efficiency and conservation goals and action
plans in China could reduce primary energy demand in 2030 by about 613 Mtoe in the
APS relative to the BAU scenario. In the APS China’s primary energy demand is about
20 percent lower in the APS than in the BAU scenario (Figure 14).
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Figure 14. Total Primary Energy Demand in China, BAU and APS
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In terms of savings in final energy consumption, there is an estimated saving of 98 Mtoe
in the industry sector, 79 Mtoe in the transportation sector and 140 Mtoe in the
residential/commercial (other) sector at 2030 in the APS, relative to the BAU scenario.

2.3. CO; Emissionsfrom Energy Consumption

CO, emissions from energy consumption are projected to increase by 2.3 percent per
annum from 1467 million tons of carbon (Mt C) in 2005 to 2605 Mt C in 2030 in the
BAU scenario. This percentage increase is lower than the percentage increase in
primary energy demand of 2.9 percent per annum over the same period indicating an
improvement in the emissions intensity of primary energy demand.

In the APS, the annual increase in CO, emissions from 2005 to 2030 is projected to be
1.0 percent. This rate is also lower than the average annual growth rate in primary
energy demand of 2.0 percent over the same period. The reduction in the growth rate of
CO, between the APS and the BAU scenario indicates that the energy saving goals and
action plans of China are effective in reducing CO, (Figure 15).
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Figure 15. CO, Emission from Energy Consumption in China, BAU and APS
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3. Implications and Policy Recommendations.

As the world’s largest developing economy, reducing poverty and leading a better life
has become a widely recognized target of Chinese people. China is still in the fast
growth period of development, and there is a long way to go in its industrialization and
urbanization. The increase in China’s energy demand in the long run is the undoubted
result of socio-economic development. Consequently, CO, emissions will also increase.

There are challenges in transferring the national energy conservation goal to the
province and enterprise level. A more detailed method for assigning responsibility is
required to make the procedure of task allocation more fair and reasonable.

The role of government is crucial in realizing the energy conservation goal. Without
strong government political willingness and powerful measures, the energy conservation
goals will not be easily realized. However, more market-based measures should be used
to stimulate enterprises to take actions voluntarily.

Establishment of the Energy Conservation Law will provide a sound legal basis for
meeting the energy conservation target. Government should act according to the terms
required by the Energy Conservation Law, including establishing energy conservation
funds to support energy conservation activities.

About 70 percent of energy intensity improvements have been attributed to structural
change. The requirement to reduce energy intensity strongly encouraged the
development of tertiary industry and restructuring of the secondary industry. In addition,
compulsory shutdown of small inefficient power plants, coal mines and small energy

80



intensive enterprises such as cement and steel plants is contributing to industry-wide
improvements in energy efficiency.

The Clean Development Mechanism (CDM) under the Kyoto Protocol can also promote
energy conservation in developing countries because it improves the economic

feasibility of energy conservation projects.
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India

Ms. Cecilya Laksmiwati Malik

1. Background

India is a country in South Asia with a land area of 2,973 thousand square kilometres. It
had a population of 849.5 million in 1990 which grew at an annual average rate of 1.7
percent per annum reaching 1,095 million in 2005. Its gross domestic product (GDP) in
1990 was US$274 billion which grew at an average annual rate of 6.0 percent to reach
US$655 billion in 2005. India’s GDP components are: 55 percent services, 27 percent
industrial and 18 percent agricultural. GDP per capita stood at about US$600 per person
in 2005.

India’s total primary energy demand was 379 million tons of oil equivalent (Mtoe) in
2005. Demand grew at an average rate of 4.8 percent per annum since 1990. By fuel in
2005, coal represented the largest share at 54.8 percent, followed by oil at 33.9 percent.
Coal is mainly consumed for power generation and industry. The remaining shares
were: natural gas (7.6 percent), hydro (2.3 percent), nuclear (1.2 percent) and others (0.2
percent). Compared to 1990, the share of coal lessened marginally. Similarly, the share
of hydro also declined from 3.3 percent in 1990. Conversely there were increases in the
share of natural gas and nuclear energy.

India generated almost 700 terawatthours (TWh) of electricity in 2005. The annual
average growth rate of electricity production has been growing at almost the same rate
as GDP (6.1 percent) over the period 1990-2005. The share of generation from coal in
2005 amounted to 68.7 percent while the remaining shares are: hydro (14.3 percent),
natural gas (8.9 percent), oil (4.5 percent), nuclear (2.5 percent) and others (1.2 percent).

2. Modélling Assumptions

In this report, India’s gross domestic product (GDP) is assumed to grow at an average
annual rate of 8.0 percent from 2005 to 2030. Population growth, on the other hand, is
projected to increase by 1.2 percent per annum from 2005 to 2030.

With regards to future electricity supply, the shares of electricity from natural gas fired
and nuclear power plants are projected to increase to 2030 whereas the shares of coal,
oil, hydro and others are expected to decrease. The share of natural gas in 2030 in total
electricity generation will double from its share in 2005, which was 8.9 percent.

India’s energy saving goals could be attained through the implementation of energy
efficiency programs in power generation and the final energy consuming sectors. For
the industry sector, energy savings are expected from improvements in the highly
energy-intensive industries and in inefficient small plants. In the residential and
commercial sector, efficient end use technologies and energy management systems are
projected to induce significant savings. In the transport sector, efficiency improvements
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will not only be achieved by improved mileage but also through more effective traffic
management.

3. Outlook Results
3.1. Total Final Energy Consumption

India’s final energy consumption experienced a growth of 3.6 percent per annum from
117 Mtoe in 1990 to 199 Mtoe in 2005. The transport sector grew at 4.1 percent per
annum followed by the residential/commercial (other) sector at 4.0 percent per annum
between 1990 and 2005. The industrial sector was the slowest growing consumer at 2.7
percent per annum over the same period. The non-energy sector grew the fastest over
the 1990-2005 period at 9.2 percent per annum, but its share in the total final energy
consumption of the country was less than 7 percent.

Oil was the most consumed product having a share of 44.2 percent in total final energy
consumption in 1990, which increased to 53.4 percent in 2005. Coal was the second
most consumed product at 35.4 percent of total final energy consumption in 1990 and
this decreased to 18.9 percent in 2005. The share of electricity, which was 15.6 percent
in 1990 increased to 20.6 percent in 2005. Similarly, the share of natural gas also
experienced an increase from 4.8 percent in 1990 to 7.0 percent in 2005.

Business-as-Usual (BAU) Scenario

With the projected strong economic growth and population increase, final energy
consumption from 2005 to 2030 is projected to increase at an average rate of 6.8 percent
per annum from 199 Mtoe in 2005 to 1,020 Mtoe in 2030. The consumption of the
transportation sector is projected to grow the fastest with annual growth of 8.6 percent
per annum followed by the industry and the residential/commercial (other) sector, at 6.2
and 6.0 percent per annum respectively over the period 2005-2030.

By fuel type, electricity is projected to grow the fastest at 7.5 percent per annum over
the period 2005-2030. Oil is projected to have the second highest growth rate of 6.8
percent per annum over the same period. Consumption of natural gas and coal are
projected to increase at an average annual rate of 6.0 and 5.9 percent, respectively over
the period 2005-2030.

Alternative Policy Scenario (APS)

In the APS, final energy consumption is projected to increase at a slower rate than in the
BAU scenario at 5.6 percent per annum from 199 Mtoe in 2005 to 780 Mtoe in 2030
due to energy efficiency and conservation programs. The decrease in the consumption
growth rate is expected to occur across all sectors, especially in the industrial and
transportation sectors due to improvements in end-use technologies and the introduction
of energy management systems (Figure 16).

84



Figure 16. Final Energy Consumption by Sector in India, BAU and APS

450 ~
S 400
i)
S 350
=]
& 300
O 250 >
IS
» 200
c
5 - o)
c 0.0%
S 100 °
E 50 4 | _—
0
BAU ‘ APS BAU ‘ APS BAU ‘ APS BAU ‘ APS
'05 '30 '05 '30 '05 '30 '05 '30
Industry Transport Others Non-Energy

3.1. Primary Energy Demand

Primary energy demand in India grew at a higher rate than final energy consumption at
4.8 percent per annum from 186 Mtoe in 1990 to 379 Mtoe in 2005. Among the major
energy sources, the fastest growing fuels were natural gas and nuclear. Natural gas
demand grew at an average annual rate of 7.4 percent while nuclear grew at 7.2 percent
per annum over the period 1990-2005. Oil, coal and hydro demand increased but at a
slower annual average rate of 4.9 percent, 4.6 percent and 2.2 percent respectively.
Other energy sources had a high growth rate of 13.2 percent per annum during the
period but its share in total primary energy consumption remained small at 0.2 percent
in 2005.

Business-as-Usual Scenario

In the BAU scenario, India’s primary energy demand is projected to increase at an
annual rate of 6.5 percent per annum to 1,832 Mtoe in 2030. Nuclear energy is expected
to grow the fastest at an annual average rate of 9.4 percent followed by natural gas at
8.1 percent over the period 2005-2030. The share of oil, coal and hydro is projected to
increase at an annual average rate of 6.2, 6.3 and 6.7 percent respectively over the same
period.

Alternative Policy Scenario
In the APS, India’s primary energy demand is projected to increase at a slower rate than
in the BAU scenario at 5.1 percent per year from 379 Mtoe in 2005 to 1,330 Mtoe in

2030. Nuclear will be the fastest growing fuel at 14.8 percent per annum followed by
natural gas at 7.8 percent per annum. Qil, coal and hydro will grow at slower annual
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rates of 5.0 percent, 3.5 percent and 6.7 percent, respectively. Other energy will also
make its mark in the primary energy demand mix and will grow at an average annual
rate of 15.2 percent. Consequently, its share will increase from 0.2 percent in 2005 to
2.0 percent in 2030. Figure 17 shows the future primary energy demand mix in both the
BAU scenario and APS in 2005 and 2030.

Figure 17. Primary Energy Demand by Sourcein India, BAU and APS
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3.2. Projected Energy Saving

In 2030, the total energy savings that could be derived from the EEC goals and action
plans of India would amount to 502 Mtoe, the difference between the primary energy
demand of the BAU scenario and the APS. This is equivalent to 27.4 percent of India’s
primary energy demand in 2030 (Figure 18). This is also higher than the primary energy
demand of India in 2005 (379 Mtoe).

In terms of savings in final energy consumption, there is an estimated saving of 104

Mtoe in the industry sector, 105 Mtoe in the transportation sector and 31.5 Mtoe in the
residential/commercial (other) sector at 2030 in the APS, relative to the BAU scenario.
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Figure 18. Total Primary Energy Demand in India, BAU and APS
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3.3. CO;, Emissionsfrom Energy Consumption

CO, emissions from energy consumption are projected to increase by 6.3 percent per
annum from 329 Mt C in 2005 to 1,532 Mt C in 2030 in the BAU scenario. This
percentage increase is lower than the percentage increase in primary energy demand
reflecting the expected increasing use of less carbon intensive fuels in India.

Figure 19. CO, Emission from Energy Combustion in India, BAU and APS
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In the APS, the annual increase in CO, emissions from 2005 to 2030 is projected to be
4.1 percent. The reduction in the growth rate of CO, between the APS and the BAU
scenario indicates that the energy saving goals and action plans of India are effective in

reducing CO, emissions (Figure 19)
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Indonesia

Ms. Cecilya Laksmiwati Malik

1. Background

Indonesia is the world’s largest archipelagic state in Southeast Asia comprising of
17,508 islands scattered over both sides of the equator. The five largest islands are Java,
Sumatra, Kalimantan (the Indonesian part of Borneo), New Guinea (shared with Papua
New Guinea), and Sulawesi. The country shares land borders with Papua New Guinea,
East Timor and Malaysia. Other neighbouring countries include Singapore, the
Philippines, Australia, and the Indian territory of the Andaman and Nicobar Islands.

Indonesia covers an area of 1,919,440 square kilometres and is the world's 16™ largest
country in terms of land area. With a population of over 234 million people, it is the
world's fourth most populous country. Its average population density is 134 people per
square kilometre.

Indonesia’s real gross domestic product (GDP) in 2005 was almost US$221 billion.
From 1990, it has grown at an average rate of 4.4 percent per year to 2005. GDP per
capita in 2005 was around US$900 dollars while in 1990 it was only US$600.

Despite its large population and densely populated regions, Indonesia has vast areas of
wilderness that support the world's second highest level of biodiversity. The country is
richly endowed with natural resources. Indonesia is particularly important to the world’s
energy markets because of its OPEC membership and substantial, but declining, oil
production. Indonesian crude oil proven reserves were 9 billion barrels in 1986 but this
has since declined to 5 billion barrels in 1996 and currently, 4.3 billion barrels.

Indonesia is also the world's largest liquefied natural gas (LNG) exporter. Its natural gas
proven reserves were 2.27 trillion cubic metres (TCM) in 1986 and these declined
slightly in 1996 to 2.05 TCM. In 2005, the proven reserves increased to 2.48 TCM and
2.63 TCM (around 94 trillion cubic feet) in 2006. Indonesia is also a coal exporter with
proven coal reserves of around 4.6 billion tonnes.

In addition to fossil energy resources, Indonesia’s non-fossil energy resources include
hydro, geothermal, biomass and other renewables such as solar and wind. For hydro, the
estimated potential is around 75 gigawatts (GW) while for geothermal its potential is 27
GW.

Indonesia’s total primary energy demand was 135.1 Mtoe in 2005. By fuel, oil
represented the largest share at 49.0 percent, followed by natural gas at 22.6 percent and
coal at 18.8 percent. The remaining share of about 5.2 percent represents hydro,
geothermal and others.

Indonesia has 28.9 GW of installed electricity generating capacity and generated about
127.4 terawatthours (TWh) of electricity in 2005. The state electricity company of
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Indonesia, PT PLN PERSERO, owns and operates generation plants of about 23.9 GW
composed of: 42 percent oil, 20 percent coal, 22 percent gas, 14 percent hydro and 2
percent geothermal.

2. Modéling Assumptions

In this report, Indonesia’s GDP is assumed to grow at an average annual rate of 6.2
percent from 2005 to 2030. This rate is lower than the projected growth used in the
National Energy Planning Blueprint of 6.5 percent per year. A lower growth rate was
used in this report given the current global economic crisis which is also affecting
economic growth in the East Asia Summit (EAS) region.

The GDP growth rate used in this report primarily reflects historical growth rates to
2008 and incorporates projections from the World Bank which account for the potential
impacts of the global economic crisis. Indonesia’s GDP growth rate was 6.3 percent in
2007 and this slowed down 6.1 percent in 2008. In 2009, the International Monetary
Fund expects annual growth in GDP to slow further to 2.5 percent. However, the World
Bank expects a higher growth rate of 4.4 percent in 2009 which is projected to increase
further to 5.5 percent in 2010. In this report it is assumed that annual GDP growth will
reach 6 percent by 2015 and increase to 6.5 percent until 2030. Thus, on average the
assumed annual growth in Indonesia’s GDP from 2005 to 2030 is around 6.2 percent.

Population growth is assumed to increase at an average of 1.1 percent per year from
2005 to 2030. Growth is assumed to be slightly faster from 2005 to 2010 at 1.2 percent
per year, tapering off to 1.1 percent per year from 2010-2020 and to 1.0 percent per year
from 2020-2030. These projections are in line with the projections of the Central Bureau
of Statistics (BPS) of Indonesia.

In regard to future electricity supply, Indonesia will increase its usage of coal as part of
the Government Crash Program for power generation. On the First Phase of the
program an additional of 10,000 megawatts (MW) of coal fired electricity capacity will
be built by 2010. In addition the Government is also embarking on the Second Phase on
which additional capacities will be mainly coming from geothermal energy and other
renewable energy sources. This is in line with the projected increasing share of
renewables in the future electricity supply mix in response to the renewable portfolio
standard (RPS).

Supply from gas fired power plants is also expected to increase. However,
improvements to gas supply infrastructure are required. In contrast, generation from oil
fired power plants are assumed to decrease significantly. Beyond 2028, nuclear is also
assumed to be a part of the future electricity supply mix in Indonesia. This is deferred
from the original plan in 2017. As a result of this deferral nuclear power plants are only
assumed to be available in the APS in this study.

The National Energy Policy 2005-2025 stated that the goal for energy savings is to
achieve GDP energy elasticity of less than 1 by 2025. This means that energy demand
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growth should be less than the corresponding GDP growth. The following energy
Demand-Side Management (DSM) programs are in place in order to achieve this energy
saving goal:

e Industries (both primary and secondary) - applying energy saving technologies
and energy management;

e Households and the commercial sector - promoting the use of energy saving
equipment (applying standards and labels for efficient energy saving
equipment);

e Transportation - applying fuel efficiency standards; and

e Electricity generators - applying energy saving technologies and energy
management

The energy saving goals used in the study were based on the conservation potential
indicated in the Government’s Blueprint for Energy Efficiency and Conservation
published in 2006 (RIKEN 2006) as shown below in Table 2.

Table2. Energy Conservation Potential to 2020

Energy Conservation Total Energy Conservation
Potential Consumption potential
Sector (%) (MMBOE) (MMBOE)
Industry 15-30 213.7 30.1-64.1
Transportation 25 199.6 49.9
Household and 10-30 112.8 11.3-33.8
commercial

MMBOE = million barrels of oil equivalent

3. Outlook Results
3.1. Total Final Energy Consumption

Indonesia’s final energy consumption increased at an average annual rate of 4.9 percent
over the 1990 to 2005 period from 44 Mtoe to 90 Mtoe. The transport sector had the
highest growth rate during this period at 5.9 percent per year. Final energy consumption
in the industry and other (mainly consisting of the residential and commercial) sectors,
grew at slower rates of 5.0 percent and 4.9 percent per year respectively over the period
1990-2005. Oil still plays a major role in the country’s final energy consumption. Its
share in total final energy consumption however, shows a decreasing trend, from 63.3
percent in 1990 to 57.9 percent in 2005. Natural gas was the second most consumed
product in 2005 followed by coal and electricity.

Business-as-Usual (BAU) Scenario
Given the projected economic and population growth, final energy consumption from

2005 to 2030 is projected to grow at an average rate of 6.2 percent per year in the BAU
scenario. This is mainly due to the rapid increase in the consumption of the
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transportation sector which is still heavily dependent on oil. Consumption by the
industry and residential/commercial (other) sectors is projected to grow at slower annual
rates of 6.6 percent and 5.2 percent respectively. The use of natural gas as a feedstock is
included in industry sector demand.

By fuel type, the consumption of coal, oil, natural gas, and electricity is projected to
increase over the 2005-2030 period. Coal and electricity are assumed to grow faster
than natural gas and oil at average annual rates of 8.0 and 7.9 percent respectively.
Consumption of natural gas and oil is projected to increase at average annual rates of
6.4 and 5.7 percent, respectively over 2005-2030.

Alternative Policy Scenario (APS)

In the APS, final energy consumption is projected to increase at a slower rate than in the
BAU scenario at an average of 4.6 percent per year to 2030. That is, from 89.7 Mtoe in
2005 to 277.2 Mtoe in 2030. This slower rate of increase in the APS, relative to the
BAU scenario, is projected to be the result of the aggressive program for demand side
management in all sectors, particularly in the transport sector. As a result, the growth
rate of energy consumption in the transport sector is projected to decline to 5.3 percent
per year as compared to 6.9 percent per year in the BAU over the period 2005-2030.
Slower rates of growth in energy consumption will also be experienced across all
sectors in the APS relative to the BAU scenario.

Figure 20 shows the final energy consumption in 2005 and 2030 in both the BAU and
APS.

Figure 20. Final energy Consumption by Sector in Indonesia, BAU and APS
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3.2. Primary Energy Demand

Primary energy demand in Indonesia grew at almost the same rate as final energy
consumption at about 5.0 percent per year from 64.6 Mtoe in 1990 to 135.1 Mtoe in
2005. Among the major energy sources, the fastest growing fuels between 190 and 2005
were coal and geothermal energy. Coal consumption grew at an average annual rate of
13.2 percent while geothermal energy grew at 12.7 percent. Oil consumption increased
slower at 4.5 percent per year while natural gas consumption grew at 3.4 percent per
year. Hydro energy had a growth rate of 3.0 percent during the period but its share in the
total remained minimal at less than 1.0 percent in 2005.

Business-as-Usual Scenario

In the BAU scenario, Indonesia’s primary energy demand is projected to increase at an
annual average rate of 5.7 percent over the period 2005-30 to 542.9 Mtoe in 2030. Coal
and geothermal are projected to continue to grow at the fastest rate. The growth in the
demand for these energy sources are expected to accelerate to 7.7 percent and 8.3
percent per year respectively over the period 2005-2030. This is in line with the
government’s First and Second phases of the accelerated program to develop 10000+
MW of coal and geothermal by 2020.

Consumption of natural gas is projected to grow faster than oil and hydro at an average
of 5.1 percent per year over the period 2005-2030. However, its share in the total
primary energy demand is expected to decline from 22.6 percent in 2005 to 19.7 percent
in 2030. Oil consumption is projected to increase at an annual average rate of 4.9
percent over the period 2005-2030 with a declining share from 49.0 percent in 2005 to
40.7 percent in 2030 in total primary energy demand. Hydro is expected to increase at
an average annual rate of 3.4 percent between 2005 and 2030 and its share in the total
will remain less than 1 percent. There is assumed to be no uptake of nuclear in the BAU
scenario. Thus, other renewable energy is projected to increase in the future primary
energy supply mix as cleaner fuel alternatives to oil. However, their share in the total
fuel mix is projected to remain small.

Alternative Policy Scenario

In the APS, primary energy demand is projected to increase at a slower rate, relative to
the BAU scenario, at 4.3 percent per year over the period 2005-2030, to 383.8 Mtoe in
2030. All fuels are still projected to experience positive average annual growth rates;
however, these will be slower than in the BAU scenario. These decreases in
consumption relative to the BAU scenario are mainly due to energy efficiency and
conservation measures on the demand side.
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Figure 21. Primary Energy Demand by Source in Indonesia, BAU and APS
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3.3. Projected Energy Savings

The energy savings (the difference between primary energy demand in the BAU
scenario and the APS) that could be achieved through the energy efficiency and
conservation goals and action plans of Indonesia are about 153 Mtoe in 2030 (Figure
22). This is more than Indonesia’s energy consumption in 2005. At current oil prices,
this could amount to around US$55 billion of oil import savings.

Figure 22. Total Primary Energy Demand in Indonesia, BAU and APS
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In terms of final energy consumption savings, there is estimated to be a saving of 54
Mtoe in the transportation sector, 45 Mtoe in the industry sector and 25 Mtoe in the
residential/commercial (other) sector at 2030 in the APS, relative to the BAU scenario.

3.4. CO;, Emissionsfrom Energy Consumption

Carbon dioxide (CO,) emissions from energy consumption are projected to increase at
an average annual rate of 6.1 percent from around 91 million tons of carbon (Mt C) in
2005 to 401 Mt C in 2030 in the BAU scenario (Figure 23). This increase is driven by
the increasing use of carbon intensive fuels, in particular coal for power generation and
industry, and oil in the transport sector.

In the APS, the annual average growth in CO, emissions from 2005 to 2030 is expected
to be lower than in the BAU scenario at 4.1 percent. This lower growth rate is the result
of a significant decrease in coal consumption in the power sector in the APS, relative to
the BAU scenario. This rate of decrease is also higher than the rate of decrease in
primary energy demand of 28.9 percent. This indicates that the energy saving goals and
action plans of Indonesia are also very effective at reducing growth in CO, emissions.

Figure 23. CO, Emissions from Energy Combustion in Indonesia, BAU and APS
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4. Implicationsand Policy Recommendations

As a developing country, Indonesia’s primary energy intensity (TPES/GDP) has been
increasing since 1990. In the future, it is expected that there will be more improved and
efficient energy technologies being used in the country both by energy producers and
consumers. Thus, as Indonesia’s economy improves, it is projected that primary energy
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intensity will decrease. In the BAU scenario it is projected to decrease at an average
annual rate of 0.5 percent while in the APS the projected average annual rate of decline
is 1.8 percent.

The elasticity of final energy consumption is also projected to decrease to below 1.0
indicating that growth in final energy consumption will be slower than growth in GDP
over the 2005-2030 period in both scenarios. This can be easily achieved if the energy
efficiency and conservation programmes are implemented extensively throughout the
country.

The transport sector which is the main consumer of oil in the country will be crucial to
achieving energy savings. The savings in oil consumption between the BAU scenario
and the APS could reach more than 30 percent in 2030 by introducing more efficient
vehicles and boilers in the transport and industrial sectors, respectively. Developed
countries in the region such as Japan and Australia should increase efforts to introduce
newly improved technologies to developing countries as early as possible.
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Japan

Ms. Momoko Aoshima

1. Background

Japan is a small island nation in Eastern Asia. It consists of several thousand islands
spanning across a land area of approximately 377,800 square kilometres and most of its
land area is mountainous and thickly forested. It is the world’s second largest economy
after the United States with real gross domestic product (GDP) in 2005 of about
US$ 4,993 billion (constant 2000 prices). Its population is currently about 128 million
people with a per capita income of US$ 39,100 in 2005.

Japan possesses a modest amount of indigenous energy resources and imports almost all
of its crude oil, coal and natural gas requirements to sustain economic activity. In the
end of 2007, proven energy reserves included around 44 million barrels of oil, 738 BCF
of natural gas and 355 Mt of coal.

Japan’s total primary energy demand was 530.5 Mtoe in 2005. By fuel, oil represented
the largest share at 47.4 percent, coal was second at 21.1 percent, followed by nuclear
energy (15.0 percent) natural gas (13.3 percent) and others represented the remainder. In
2005, net imports of energy, accounted for about 84 percent of the total primary energy
demand. With limited indigenous energy sources, Japan imported almost 99 percent of
oil, 99 percent of coal and 96 percent of gas.

Japan is the world’s largest importer of coal: steam coal for power generation, pulp and
paper and cement production and coking coal for steel production. Domestic demand
for natural gas is met almost entirely by imports of LNG. Natural gas is mainly used for
electricity generation, followed by reticulated city gas and industrial fuels. In 2005,
primary natural gas supply was 70.5 Mtoe.

Japan has 274 GW of installed electricity generating capacity and generated about 1,094
TWh of electricity in 2005. The generation amount by energy type is broken-down as:
thermal (coal, natural gas and oil) at 63 percent, nuclear (28 percent), hydro (7 percent)
and geothermal, solar and wind taking up the remainder.

2. Modéling Assumptions

In this outlook, Japan’s gross domestic product (GDP) is assumed to grow at an average
annual rate of 1.0 percent from 2005 to 2030. Growth is projected to slow down from
2005 to 2010 at 0.7 percent per year due to recent economic recession. However, GDP
from 2010 is projected to be strong at an average of 1.0 percent until 2030. The industry
structure, with the maturing of society and the economy, will become increasingly
oriented toward services. Population growth, on the other hand, will be decreasing by
about 0.4 percent per annum from 2005 to 2030 due to the declining birth rate. Japan’s
population is projected to decrease from 128 million in 2005 to 115 million in 2030.
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Ten additional nuclear power plants are assumed to be constructed by 2030 and the
utility rate is expected to grow through 2030. The capacity of hydro power plants would
be around 70 percent of the potential that would translate to an increase in capacity by
2030. Supply from oil fired power plants is projected to decrease while that of nuclear
power is expected to increase. In addition, natural gas power plants capacity is expected
to increase due to the relatively small environmental burden from the fuel.

Japan’s energy saving goals would be attained through the implementation of energy
efficiency programs in all energy consuming sectors. For the industry sector, energy
savings are expected from improvements in manufacturing technologies. In the
residential and commercial sector, the top-runner program is projected to induce huge
savings in addition to energy management systems, improvements in adiabatic
efficiency, lighting systems and heat pump systems. In the transport sector, efficiency
improvements will be achieved from improvements in vehicle fuel efficiency including
increases in the stock of hybrid cars and structural changes in vehicles.

3. Outlook Results
3.1. Total Final Energy Consumption

Japan’s final energy consumption experienced a low growth of 1.4 percent per annum
from 304.4 Mtoe in 1990 to 350.8 Mtoe in 2005. The residential/commercial (other)
sector had the highest growth rate during this period at 3.0 percent per annum followed
by the transportation sector with 1.9 percent. Consumption in the industry sector grew at
a very slow pace of 0.1 percent per annum over the period 1990-2005. Oil was the most
consumed product having a share of 62.3 percent in 1990, slightly decreasing to 59.4
percent in 2005. Electricity was the second most consumed product.

Business-as-Usual (BAU) Scenario

With the projected relatively low economic growth and population decline, final energy
consumption from 2005 to 2030 is also projected to decline at an average rate of 0.3
percent per annum in the BAU scenario. This is also driven by the projected decline in
the consumption of the industry and transportation sectors brought about by improving
energy efficiency. The consumption of the residential and commercial (other) sector is,
however, projected to grow at an average annual rate of 0.2 percent between 2005 and
2030.

By fuel type, consumption of coal and oil is projected to decrease at an average annual
rate of 1.3 and 0.9 percent, respectively between 2005 and 2030. Consumption of
natural gas and electricity are projected to increase, however, at a rate of 1.1 and 0.7
percent per annum respectively over the same period.
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Alternative Policy Scenario (APS)

In the APS, final energy consumption is projected to decline at a faster rate of 0.6
percent per annum from 350.8 Mtoe in 2005 to 299.7 Mtoe in 2030. The fastest decline
of 1.3 percent per annum will be experienced in the transportation sector due to the top-
runner program and more aggressive energy management systems. Declines in
consumption will also be experienced across all sectors. The sectoral final energy
consumption in the BAU and APS are shown in Figure 24.

Figure 24. Final Energy Consumption by Sector in Japan, BAU and APS
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3.2. Primary Energy Demand

Primary energy demand in Japan grew at a faster rate than final energy consumption at
1.2 percent per annum from 444.5 Mtoe in 1990 to 530.5 Mtoe in 2005. Among the
major energy sources, the fastest growing fuels were natural gas, geothermal and
nuclear energy. Natural gas consumption grew at an average annual rate of 4.8 percent
while nuclear energy grew at 4.2 percent over the period 1990-2005. Oil consumption
declined by 0.1 percent per annum over the same period. Geothermal energy had a
respectable growth rate of 4.4 percent during the period but its share in total primary
energy demand was minimal at 0.6 percent in 2005.

Business-as-Usual Scenario

In the BAU scenario, Japan’s primary energy demand is projected to decline at an
average annual rate of 0.1 percent per annum from 530.5 Mtoe in 2005 to 521.0 Mtoe in
2030. This decline is due to the decreasing use of coal and oil at annual average rates of
0.5 percent and 1.0 percent, respectively over the period 2005-30. The shares of coal
and oil in 2005 and 2030 are projected to decrease from 21.1 percent to 18.7 percent and
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47.4 percent to 37.4 percent, respectively. Natural gas and nuclear energy consumption
will, however, increase at average annual rates of 0.7 percent and 1.8 percent,
respectively over the period 2005-30. The primary energy demand by source in 2005
and 2030 in BAU and APS are shown in Figure 25.

Figure 25. Primary Energy Demand by Sourcein Japan, BAU and APS
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Alternative Policy Scenario

In the APS, the projected primary energy demand will decline at a faster rate of 0.4
percent per annum to 478.7 Mtoe in 2030, lower by 51.8 Mtoe than the consumption in
2005. Coal, oil and natural gas will have decreasing average annual growth rates of 0.8
percent, 1.4 percent and 0.4 percent, respectively. These decreases are mainly due to
energy efficiency and conservation measures in the demand side.

3.3. Projected Energy Saving

The energy savings that could be derived from the EEC goals and action plans of Japan
are 42.3 Mtoe, the difference between the primary energy demand of the BAU scenario
and the APS. This is equivalent to 8.1 percent reduction of Japan’s BAU consumption in
2030 (Figure 26).

In terms of savings in final energy consumption, there is an estimated saving of 9.6
Mtoe the residential/commercial sector, 8.6 Mtoe in the transportation sector and 7.0
Mtoe in the industrial sector at 2030 in the APS, relative to BAU. The energy savings in
transportation achieved from 2005 to 2030 are 16.5 Mtoe and 25.1 Mtoe in the BAU
and APS respectively, due to the increase of more efficient vehicles.
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Figure 26. Primary Energy Consumption in Japan, BAU and APS
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3.4. CO;, Emissionsfrom Energy Consumption

CO, emissions from energy consumption are projected to decrease by about 0.6 percent
from 342 Mt-C in 2005 to 293.9 Mt-C in 2030 in the BAU scenario. This decrease is
faster than the decrease in primary energy demand indicating that Japan will be using

less-carbon intensive fuels.

Figure 27.
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In the APS, the annual decrease in CO, emissions from 2005 to 2030 is projected to be
about 1.1 percent. This decrease rate is also faster than the decrease in primary energy
demand of 0.4 percent. In addition, CO, emissions in 2030 are projected to be lower
than the 1990 level in the APS (Figure 27). This indicates that the energy saving goals
and action plans of Japan are very effective in reducing CO, emissions.

4. Implications and Policy Recommendations

Japan’s primary energy intensity has been on a decline since 1980 and it is the lowest in
the world. This could be due to the enormous improvements in energy efficiencies in
both the supply side and demand side technologies developed in the country. The fact
that Japan imports most of its energy requirements might also be one reason why the
country in very aggressive in improving energy efficiency.

In the APS, CO, emissions in 2030 are projected to be lower than the 1990 level. This
indicates that Japan could meet its target of reducing GHG emissions by half from 2005
to 2050. However, to achieve the result, Japan should effectively implement its policies
on energy efficiency such as the Top Runner program. In addition, as the leader in the
world in energy efficiency, Japan should introduce such successful policies to other
countries as early as possible. By doing this, Japan is able to contribute to reducing
world energy consumption. This would not only benefit Japan economically but it
would also benefit from more available energy in the market.

Therefore, Japan should not only look at its own market when developing energy

efficiency policies but also the world market as a whole as reduced energy consumption
of the world would mean more available energy for years to come.

102



Republic of Korea

Dr. Soo-Il Kim

1. Background

The Republic of Korea is located in the southern half of the Korean Peninsula and has a
238 km boundary with North Korea. It occupies 98,480 square kilometres and includes
about 3,000 mostly small, uninhabited islands. Korea is a mountainous country with
lowlands accounting for only 30 percent of the total land area. The climate is temperate,
with heavy rainfall in summer. Korea has a population of 48 million, about 85 percent
of which live in urban areas. Korea has experienced tremendous economic growth over
the last decades. After impressive growth, gross domestic product (GDP) plunged by -7
percent in 1998, but has since rebounded. The economy is dominated by manufacturing,
particularly of electronic products, passenger vehicles and petrochemicals. Agriculture,
forestry and fishing made up only 3 percent of total GDP in 2003.

Korea has no domestic oil resources and only a very small amount of natural gas has
been produced locally. However, Korea is the world’s second largest importer of
liqguefied natural gas (LNG). The country does have indigenous anthracite coal
resources, and imports most of its coal, which is bituminous coal. The Korean
government has estimated that the cost of energy imports in 2005 was US$ 66 billion, a
33 percent increase from 2004.

Although total primary energy demand is dominated by oil and coal, nuclear power and
LNG also supply a significant share of the country’s primary energy. Total primary
energy demand increased by over nine-folds between 1975 and 2005, growing at an
average annual rate of 7.3 percent since 1985 and 4.1 percent since 1995. The greatest
average annual increase in fossil fuels over the last decade has been in natural gas at a
rate of nearly 13 percent. Qil has risen at an average annual rate of 0.5 percent over the
last decade.

Total final energy consumption (TFEC) in 2005 was 163.1 million tons of oil equivalent
(Mtoe) with an average annual growth rate of over 5.6 percent from 1990. Nearly half
(44 percent) of TFEC in 2005 was used by the industry sector, with an average annual
growth rate of 8.5 percent since 1984 and 7.1 percent between 1990 and 2005.
Consumption of natural gas in the industry sector has grown eleven fold in the last
decade and oil accounts for a relatively large share of industry consumption — 56.3
percent of the total in 2005. Final consumption in the transport sector accounted for
about 21 percent of TFEC in 2005, and grew at an average annual rate of 9 percent
between 1974 and 2004 and 6.0 percent over the period 1990-2005. Outside the
transport and industry sectors, consumption increased by 28 percent over the last decade.

In 2005, generators in Korea produced 362 terawatt hours (TWh) of electricity. In 2005,
coal and nuclear combined provided over three-quarters of Korea’s electricity. Natural
gas fuelled 16.1 percent of generation in 2005. Total electricity consumption has grown
at an average annual rate of 8.8 percent over the period 1990-2005. When broken down
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by fuel, coal, natural gas and nuclear have grown by an average annual rate of 13.5
percent, 12.8 percent and 7 percent, respectively over the period 1990-2005.

2. Modéling Assumptions

In this report, Korea’s gross domestic product (GDP) is assumed to grow at an average
annual rate of 3.3 percent from 2005 to 2030. Following the global recession in 2009,
economic growth in Korea is expected to recover at 4.1 percent per year from 2010 to
2020, tapering off to 2.8 percent per year from 2020-2030. In the APS, GDP is assumed
to grow at the rate of 3.8 percent annually from 2005 to 2030. Population is projected to
increase by 0.3 percent per annum until 2010 and remain fairly flat after then.

With regards to future electricity supply, Korea is expected to continue to use coal and
nuclear energy for base load generation. Supply from nuclear and LNG power plants are
projected to increase while oil power plants will decrease and hydro will remain
constant. There is projected to be an increasing share of electricity from wind energy
driven by the renewable portfolio standard (RPS).

Korea’s energy saving goals could be attained through the implementation of energy
efficiency programs in all energy consuming sectors. In the industry sector, energy
savings are expected from the expansion of the energy conservation voluntary
agreement, the highly efficient equipment program, the development of alternative
energy and improvements in efficient technologies. The transport sector aims to save
energy by enhancing the efficiency of logistics system, expanding public transportation
and improving the efficiency of vehicles. In the residential and commercial (other)
sector, the minimum efficiency standards program is projected to induce huge savings in
addition to standby Korea 2010, the community energy system.

3. Outlook Results
3.1. Total Final Energy Consumption

Korea’s final energy consumption experienced a high growth of 5.6 percent per annum
from 72 Mtoe in 1990 to 163 Mtoe in 2005°. The industry sector including non-energy
had the highest growth rate during this period at 6.9 percent per annum followed by the
transportation sector with 6.0 percent. Consumption in the residential/commercial/
public (other) sector grew at a relatively slow pace of 3.1 percent per annum. Oil was
the most consumed product having a share of 59.9 percent in 1990, decreasing to 56.3
percent in 2005. Coal was the second most consumed product in 1990 but in 2005
electricity was the second most consumed product.

® The outlook results are based on the net calorific values as converted by IEEJ from original data
submitted by the Republic of Korea.
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Business as Usual (BAU) Scenario

With projected low economic and population growth, final energy consumption from
2005 to 2030 is projected to increase at a low average rate of 1.5 percent per annum in
the BAU scenario. This is mainly due to the projected decline in the growth of energy
consumption in the industry and transportation sectors. The consumption of the
residential and commercial (other) sector is projected to grow at the highest average
annual rate of 1.9 percent.

By fuel type, consumption of oil, natural gas and electricity is projected to increase at
average annual rates of 0.7, 2.9 and 2.0 percent, respectively over the period 2005-2030.
Consumption of coal is projected to increase at 1.3 percent per annum over the same
period due to the operation of the integrated steel mill of Hyundai Steel.

Alternative Policy Scenario (APS)

In the APS, final energy consumption is projected to increase at a rate of 0.8 percent per
annum from 163 Mtoe in 2005 to 199 Mtoe in 2030. The residential and commercial
(other) sector is projected to have the fastest average annual consumption growth at 0.9
percent over the period 2005-30. Energy consumption in the transportation sector is
projected to increase at the rate of 0.3 percent per cent per annum over the same period.
Declines in the rate of growth are expected across all sectors, relative to the BAU
scenario (Figure 28).

Figure 28. Final Energy Consumption by Sector in Korea, BAU and APS
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3.2. Primary Energy Demand

Primary energy demand in Korea grew at an average rate of 6.2 percent per annum from
89 Mtoe in 1990 to 219 Mtoe in 2005. Among the major energy sources, the fastest
growing fuels were natural gas and nuclear energy. Natural gas consumption grew at an
average annual rate of 16.6 percent while nuclear energy grew at 7.0 percent over the
period 1990-2005. Oil and coal consumption increased by 4.8 and 5.5 percent per
annum, respectively over the same period.

Business as Usual Scenario

In the BAU scenario, primary energy demand in Korea is projected to increase at an
annual average rate of 1.6 percent per annum to 324 Mtoe in 2030. There are projected
to be flat or relatively slow growth rates in oil and natural gas at annual rates of 0.5
percent and 2.7 percent, respectively over the period 2005-2030. The share of oil is
projected to decrease from 44.2 percent in 2005 to 33.8 percent in 2030. Nuclear energy
consumption is projected to rapidly increase at an average annual rate of 2.7 percent
over the period 2005-2030.

Alternative Policy Scenario

In the APS, primary energy demand is projected to increase at a lower rate of 1.2
percent per annum to 291 Mtoe in 2030. Coal will decline on average by 0.6 percent per
year while oil will decrease at 0.1 percent per year over the period 2005-2030.
Consumption of natural gas is projected to increase at an annual average rate of 0.7
percent (Figure 29). Energy efficiency and conservation measures on the demand side
mainly contribute to the reduction in consumption growth.

Figure 29. Primary Energy Demand by Sourcein Korea, BAU and APS
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3.3. Projected Energy Saving

The energy savings that could be derived from the energy saving goals, action plans and
policies of Korea is 32.2 Mtoe, the difference between primary energy demand in the
BAU scenario and the APS in 2030 (Figure 30). This is equivalent to 14.7 percent of
Korea’s consumption in 2005.

Figure 30. Total Primary Energy Demand in Koreato 2030, BAU and APS
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In terms of final energy consumption savings in 2030, there is estimated to be savings of
13 Mtoe in the residential/commercial (other) sector, 13 Mtoe in the industry sector and
9 Mtoe in the transportation sector.

3.4. CO;, Emissionsfrom Energy Consumption

Carbon dioxide (CO,) emissions from energy consumption are projected to increase by
1.0 percent from 136.0 Mt C in 2005 to 174.5 Mt C in 2030 in the BAU scenario. This
increase is slower than the increase in primary energy demand indicating that Korea will
be using less-carbon intensive fuels and/or more energy efficient technologies.

In the APS, CO, emissions are projected to decrease at an annual average rate of 0.2

percent from 2005 to 2030. This indicates that the energy saving goals and action plans
of Korea are very effective in reducing CO; emissions (Figure 31).
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Figure 31. CO, Emission from Energy Consumption in Korea, BAU and APS
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4. Implications and Policy Recommendations

Since the economic growth of Korea in the 1990s was led by high energy consuming
industries, Korea’s total primary energy demand and final energy consumption in the
1990s had rapidly increased at a faster rate than GDP. Since 1997, however, as the share
of high energy consuming industries decreased, energy intensity has also improved.
Since the end of the 1990s growth in energy consumption tends to be stable compared
to GDP growth.

Korea has promoted the diversification of energy resources from excessive external
energy dependence and the substitution of energy to improve Korea’s energy supply
security. Policy goals of Korea include encouraging conversion into a low energy
consuming economic structure and implementation of policies harmonising energy, the
economy, and the environment. “Green Growth” policy was announced to accomplish
improved energy efficiency and energy savings target as well as achieving CO;
emission reductions.
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Lao PDR

Mr. Khamso Kouphokham

1. Background

Lao People’s Democratic Republic (Lao PDR) is a small country in Southeast Asia. It is
located in the middle of the Southeast Asian peninsula and has a border with five
countries namely China in the North, Vietnam in the East, Cambodia in the South and
Thailand and Myanmar in the West. The country is about 70 percent covered by
mountains. Laos consists of 17 provinces. Its capital city is Vientiane. Lao PDR has a
total area of 236,800 square kilometres and had a population of 5.6 million people in
2005. The gross domestic product (GDP) of Laos grew at an average annual rate of
about 6.2 percent between 1990 and 2005 to about US$2.4 billion.

Laos’s total primary energy demand in 2005 was 0.58 Mtoe. The country’s primary
energy demand is supplied by three main types of energy: oil, hydro and coal. In 2005
oil accounted for 62.5 percent of the primary energy demand with the balance shared
between hydro and coal. The country exported about 64 percent of the electricity
generated from its hydro power plants.

Lao PDR has large hydropower potential at up to 23 gigawatts. However until 2006,
only about 3 percent of the hydropower resource potential in Laos had been used or 673
megawatts (MW). Currently electricity is generated in Laos using hydropower, diesel
generators and solar photovoltaic. Hydropower accounts for 99.8 percent or 673 MW of
total installed generation capacity, diesel generation accounts for 0.87 MW and solar
photovoltaic accounts for 0.3 MW. In 2006, Laos generated about 3.6 terawatt hours
(TWh) of electricity. Of this, 2,487 gigawatt hours (GWh) was exported to Thailand.
Electricity exports to neighbouring countries are expected to increase in the future.

2. Modéling Assumptions

In this report, the GDP of Lao PDR is assumed to grow at an average annual rate of 7.5
percent from 2005 to 2030 while population is assumed to grow at an average annual
rate of 1.9 percent.

Hydro is expected to remain the main source of electricity generation in Lao PDR.
However, the country is planning to develop its first coal thermal power plant between
2008 and 2010. The installed capacity of this thermal power plant will be 1,800 MW.

In this study, Lao PDR will achieve energy savings mainly through the implementation
of the government’s energy conservation program, which aims for a 10 percent
reduction in electricity consumption in state buildings. Other sectors such as private
industries and buildings, have been implementing the Promotion of Energy Efficiency
and Conservation (PROMEEC) program under the ASEAN-Japan Cooperation Program.
This project focuses on the training of government and private personnel to carry out
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energy efficiency and conservation activities. However, the possible savings that could
be derived from this capacity building program has not been quantified.

3. Outlook Results
3.1. Total Final Energy Consumption

Lao PDR’s final energy consumption grew at an average annual rate of 4.7 percent from
0.27 Mtoe in 1990 to 0.54 Mtoe in 2005. The industry sector had the highest growth rate
during this period at 7.6 percent per annum followed by the other sectors at 4.2 percent
per annum. The transport sector which was responsible for 65.5 percent of total final
energy consumption in 2005 had a slower growth rate of 4.0 percent. In terms of energy
types in 2005, oil was the most consumed product having a share of around 65 percent
followed by electricity which accounted for 16 percent.

Business-as-Usual (BAU) Scenario

From 2005 to 2030, high growth in energy consumption in all sectors in Lao PDR is
expected. The industry sector will have the highest growth rate of 8.4 percent followed
by the other sector (mainly residential and commercial) at 8.3 percent. Final energy
consumption in the transport sector will have a moderate growth rate of 7.5 percent.

Figure 32. Final Energy Consumption by Sector in Lao PDR, BAU and APS
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Alternative Policy Scenario (APS)

In the APS, the growth of final energy consumption will be slightly lower than in the
BAU. This is achieved through the 10 percent reduction in the electricity consumption
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of the government sector which is a part of the other sector. This reduction in terms of
total final energy consumption will, however, be very minimal at 0.001 million tons of
oil equivalent (Mtoe) or 0.04 percent in 2030 in the APS, relative to the BAU scenario
(Figure 32).

3.5 Primary Energy Demand

The primary energy demand of Lao PDR grew at an average annual rate of 4.9 percent
from 1990 to 2005. Hydro grew the fastest during the period at 10.2 percent per annum
due to exports of electricity to Thailand. Oil demand increased at an annual growth rate
of 3.3 percent.

Business-as-Usual (BAU) Scenario

Primary energy demand will increase at an average annual rate of 9.7 percent from 0.58
Mtoe in 2005 to 5.857 Mtoe in 2030. Coal demand will increase sharply from 0.03
Mtoe in 2005 to 3.58 Mtoe in 2030 at an average annual growth rate of 21.1 percent due
to the use coal for electricity generation from 2010 onwards. Hydro will also increase
sharply (11.0 percent per annum) but at a lower rate compared with that of coal. It will
increase from 0.3 Mtoe in 2005 to 4.1 Mtoe in 2030. Oil demand will rise at a relatively
slow pace (7.5 percent per annum) from 0.4 Mtoe in 2005 to 2.2 Mtoe in 2030.

Figure 33. Primary Energy Demand by Sourcein Lao PDR, BAU and APS
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Alternative Policy Scenario
In the APS, the primary energy demand trends throughout the projection period will

almost be the same as those in the BAU. In 2030 the difference is projected to be 0.002
Mtoe and primary energy demand is projected to be 5.855 Mtoe in the APS (Figure 33).
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3.6 Projected Energy Savings

Lao PDR will achieve energy savings through the implementation of the Energy
Efficiency and Conservation Program of the government in private and public sectors.
As the program is still small the energy savings that can be derived are also small.
Likewise, only the savings in the government sector have been quantified during the
course of the study. The energy savings in the APS that were estimated would only
amount to 0.002 Mtoe or 0.03 percent of the projected consumption in 2030 in the BAU.

Figure 34. Total Primary Energy Demand in Lao PDR, BAU and APS
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3.7 CO, Emissions

In this report, no carbon dioxide (CO,) emission reductions can be obtained as it is
assumed that any surplus electricity resulting from energy conservation will be exported
to Lao PDR’s neighbouring countries. The use of coal for electricity generation will
drive the 12.2 percent annual growth in CO, emissions of Lao PDR from 2005 to 2030.
It should be noted that the emissions associated with electricity exports will be
accounted for in Lao PDR.

4. Implicationsand Policy Recommendations

In this report, Lao PDR will experience increases both in primary energy demand and
primary energy intensity driven by projected economic growth of 7.5 percent per annum
to 2030. Increases in electricity demand will be driven by expanding rural electrification
— the government is targeting to achieve an electrification rate of 90 percent in 2020.
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In order to increase the reduction in energy consumption and increase energy savings,
Lao PDR has to be more active in implementing energy efficiency and conservation
(EEC) programs. These programs could initially focus on raising the public awareness
on energy efficiency and conservation. This can help all sectors to better understand the
importance and necessity of implementing the EEC activities. Sectors could voluntarily
implement the EEC activities resulting in more sustainable activities. At the same time,
the government should also provide the necessary information and know-how in best
practices on EEC to the people. More importantly, in order to have sound energy
savings in the country and contribute to solving the problems of climate change, Lao
PDR urgently needs to strengthen its capacity in terms of developing and practically
implementing a national energy savings goal and action plan. Therefore Lao PDR
requests the assistance of Japan and other countries to help Laos in developing its own
energy saving goal and action plan.
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Malaysia

By Ms. Siti Indati Mustapa

1. Background

Malaysia is a country in Southeast Asia with a total landmass of 329,847 square
kilometres. Malaysia is separated into two regions, Peninsular Malaysia and the states
of Sabah and Sarawak in the island of Borneo by the South China Sea. Currently,
Malaysia’s total population stands at 27.3 million of which about 80 percent live in
Peninsular Malaysia, the hub of the country’s economic activities.

Malaysia has progressed into a nation that has diversified successfully to rise as one of
the top exporters of manufactured goods. In 2005, Malaysia’s real gross domestic
product (GDP) was US$112 billion. In 2008 the manufacturing sector contributed to
over 26 percent of the national GDP.

Similar to many other developing countries, energy has been the prime driver of the
rapid growth of Malaysia’s economy. Endowed with an abundance of domestic energy
resources, especially oil and gas, as well as renewables such as hydro, biomass and solar
energy, the growth and development of the Malaysian energy sector will continue to
contribute towards industrialisation, socio-economic welfare as well as export earnings.

The country’s total oil reserves stood at 5.46 billion barrels as of January 2008
supported by the rising reserves from the deepwater discoveries in offshore Sabah.
Meanwhile, natural gas reserves are estimated at 14.67 billion barrels of oil equivalent
(boe), sufficient to cover 36 years of gas output at current production levels. The
country’s coal reserves, mainly in Sarawak and Sabah, were estimated at 1,843 million
tonnes.

Malaysia is the second largest oil and gas producer in Southeast Asia after Indonesia
and the world’s second biggest exporter of liquefied natural gas (LNG). Malaysia
exported 64 percent of its oil and 41 percent of its gas production but imported 95
percent of its coal consumption in 2005.

In tandem with Malaysia’s rapid economic development, final energy consumption
grew at a fast rate to reach 38 Mtoe in 2005. A substantial portion of the energy
consumed was from oil, with a share of 61.1 percent, which was mainly used in the
industrial and transport sectors. The share of natural gas consumption also increased in
the electricity generation and industrial sectors.

In 2005 Malaysia generated 87 terawatthours (TWh) of electricity. Natural gas
continued to remain the main fuel source for electricity generation with a share of 64
percent followed by coal at 27 percent, hydro at 7 percent and diesel and fuel oil making
up the remainder. In 2007, Malaysia had 21.8 gigawatts (GW) of installed generation
capacity.

115



2. Modéling Assumptions

In this report, Malaysia’s GDP is assumed to grow at an average annual rate of 4.7
percent from 2005 to 2030. Growth is expected to be 3.75 percent from 2005 to 2010,
strengthening to 5.5 percent from 2010-2020 and tapering off to 4.5 percent from 2020-
2030.

Annual average population growth is assumed to be 1.89 percent from 2000-2010, 1.68
percent from 2011-2020 and 1.49 percent from 2021-2030. These projections are in line
with those of the Department of Statistics of Malaysia.

As for the future electricity supply fuel mix, natural gas and coal will continue to
dominate. Supply from oil-fired power plants will be significantly reduced while hydro
is expected to increase its share gradually. There is also expected to be an increasing
share of electricity from renewable energy such as biomass, biogas, mini hydro, solar
and solid waste, as a result of the implementation of future renewable energy policy.
Nuclear is also assumed to be a part of the future supply mix for power generation from
around 2020 in the APS.

Malaysia’s energy saving goals are expected to be attained through the implementation
of energy efficiency programs in all energy consuming sectors. For the industry sector,
energy savings are expected from improvements in manufacturing technologies as well
as aggressive energy efficiency efforts. In the residential and commercial sector, the
utilization of more efficient electrical appliances is projected to induce savings in
addition to energy management systems. In the transport sector, efficiency
improvements will be achieved through the use of biofuels to reduce dependency on oil
and curb carbon dioxide (CO,) emissions.

3. Outlook Results
3.1. Total Final Energy Consumption

Malaysia’s final energy consumption experienced a high growth of 7.2 percent per
annum from 13.3 Mtoe in 1990 to 37.6 Mtoe in 2005. The residential/commercial sector
had the highest growth rate during this period at 7.9 percent per annum followed by the
industrial and transportation sectors, growing at 7.2 and 7.1 percent per annum
respectively. Oil was the most consumed product having a share of 75.3 percent in 1990
which decreased to 61.1 percent in 2005.

Business-as-Usual (BAU) Scenario

With the projected continuous economic growth of 4.7 percent per annum and
population growth of 1.6 percent per annum, final energy consumption from 2005 to
2030 is also projected to grow at an average rate of 4.7 percent per annum in the BAU
scenario. The highest growth rate is expected to occur in the residential/commercial
sectors at 5.3 percent per annum mainly driven by the increasing demand for electrical
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appliances. The industrial and transportation sectors are projected to increase their
consumption by 4.9 percent and 4.5 percent per annum, respectively between 2005 and
2030. Demand by the industrial and transportation sectors accounted for more than 81
percent of the total final energy demand in 2030.

The consumption of coal and oil in final energy is projected to increase at an average
annual rate of 5.8 and 4.1 percent, respectively between 2005 and 2030. Consumption
of natural gas and electricity will increase at 5.3 percent and 5.4 percent respectively per
year over 2005 to 2030.

Alternative Policy Scenario (APS)

In the APS, growth in final energy consumption will be slightly lower compared to that
of the BAU scenario at 4.3 percent per annum. That is, from 37.6 Mtoe in 2005 to 109.0
Mtoe in 2030. This slower rate of increase in the APS is projected to be the result of
improvements in manufacturing technologies as well as efforts to improve energy
efficiency, particularly in the industrial and residential/commercial sector. In the
residential/commercial sector, the growth rate of energy consumption is projected to
decline to 4.8 percent per annum in the APS as compared to 5.3 percent per annum in
the BAU scenario. The growth rate of energy consumption in the industrial sector is
projected to decline to 4.2 percent per annum in the APS as compared to 4.9 percent per
annum in the BAU scenario over the period 2005-2030. The growth rates of energy
consumption in other sectors will remain the same in the APS relative to the BAU
scenario (Figure 35).

Figure 35. Final Energy Consumption by Sector in Malaysia, BAU and APS
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3.2. Primary Energy Demand

Primary energy demand in Malaysia grew at an annual average rate of 7.0 percent per
year from 21 Mtoe in 1990 to 59 Mtoe in 2005. Among the major energy sources, the
fastest growing energy sources were coal and natural gas, increasing at average annual
rates of 12.2 percent and 9.2 percent, respectively between 1990 and 2005. Oil and
hydro grew at lower average annual rates of 4.9 percent and 2.5 percent over the same
period.

Business-as-Usual Scenario

In the BAU scenario, Malaysia’s primary energy demand is projected to increase at an
annual rate of 4.1 percent over the period 2005-2030 to 158.8 Mtoe in 2030. Over the
same period (2005-2030), coal is projected to be the fastest growing fuel increasing at
an average annual rate of 7.4 percent followed by hydro and oil. Qil is projected to
remain the dominant fuel in primary energy demand and its consumption is projected to
increase at an annual average rate of 4.2 percent between 2005 and 2030. The share of
oil in primary energy demand is projected to increase slightly from 45.3 percent in 2005
to 47.1 percent in 2030. However, consumption of coal is projected to grow faster than
oil and its share in primary energy consumption is projected to increase from 10 percent
in 2005 to 21.9 percent in 2030. Consumption of natural gas is projected to increase but
at a slower growth rate of 2.5 percent per annum over the period 2005 to 2030. Overall,
oil and natural gas are projected to continue to dominate Malaysia’s primary energy
demand. However, their total shares will decrease from 89 percent in 2005 to 77 percent
in 2030.

Figure 36. Primary Energy Demand by Sourcein Malaysia, BAU and APS
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Alternative Policy Scenario

In the APS, primary energy consumption is projected to increase at a slower rate than in
the BAU scenario at 3.8 percent per annum from to 147.4 Mtoe in 2030. Coal will grow
the fastest at 6.4 percent per annum followed by hydro at 5.2 percent between 2005 and
2030. Oil and natural gas will have slower growth rates of 4.1 percent and 1.7 percent,
respectively (Figure 36). The decline in the growth rate is mainly achieved as a result of
energy efficiency and conservation measures on the demand side. Nuclear and other
renewable energy sources are also projected to increase in the future primary energy
demand mix as cleaner fuel alternatives. However, their shares in the total fuel mix are
projected to remain relatively small.

3.3. Projected Energy Savings

The energy savings that could be achieved under the APS, relative to the BAU scenario,
as a result of energy efficiency efforts and energy management are estimated at about 11
Mtoe in 2030 (Figure 37). This is equivalent to almost 20 percent of Malaysia’s primary
energy consumption in 2005.

Figure 37. Total Primary Energy Demand in Malaysia, BAU and APS
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The above savings in energy at 2030 consist of savings of 6.9 Mtoe in the industrial
sector and 1.9 Mtoe in the residential/commercial sector.
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3.4. CO;, Emissionsfrom Energy Consumption

Carbon dioxide (CO,) emissions from energy consumption are projected to increase by
187 percent from 41 million tons of carbon (Mt C) in 2005 to 118 Mt C in 2030 in the
BAU, increasing at 4.3 percent per annum.

In the APS, the annual increase in CO, emissions from 2005 to 2030 will be lower than
in the BAU scenario at 3.8 percent, which is fairly consistent with the growth in primary
energy consumption. The reduction in CO, emissions in the APS of 15.1 Mt C or 12.8
percent relative to the BAU scenario is also due to a significant decrease in coal
consumption for power generation in the APS, relative to the BAU scenario, as coal
consumption is being replaced by natural gas and other clean energy sources such as
nuclear and renewable energy.

This indicates that Malaysia’s energy saving effort and renewable action plan would be
effective in reducing CO, emissions.

Figure 38. CO, Emissions from Energy Consumption in Malaysia, BAU and APS
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4. Conclusions

It is projected that under the BAU scenario, Malaysia’s primary energy intensity will
decrease at an annual rate of 0.6 percent between 2005 and 2030. In the APS primary
energy intensity will decrease at a slightly higher rate of 0.9 percent per annum over the
same period. This is due to expected improvements in energy efficiencies in the main
consuming industries and in the commercial sector.

With greater industrialisation and urbanization, the efficient supply of energy at
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reasonable costs and in sufficient quantity will be the paramount consideration in the
development efforts of the energy sector. The Malaysian government continuously seeks
various options to enhance the supply of energy through the development of renewable
energy, particularly biomass and waste resources. Several important studies have been
undertaken in terms of energy efficiency and renewable energy development that
indicate that Malaysia’s developmental goals can be achieved without a consequent
increase in energy consumption. The further development and implementation of
policies, legislation, economic incentives and education will also assist.
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Myanmar
Mr. Pe Zin Tun

1. Background

Myanmar has a total land area of 676,600 square kilometres. It stretches for 936
kilometres from East to West and 2,051 kilometres from North to South. Myanmar
shares borders with China, Thailand, India, Bangladesh and Lao PDR.

Myanmar is rich in energy recourses and its proven energy reserves comprise of 210
million barrels of oil, 20 trillion cubic feet of gas and 711 million metric tons of coal.
The country is a net exporter of energy exporting substantive amounts of natural gas and
coal to neighbouring countries. However, it imports around 50 percent of its’ total oil
requirements.

The population of Myanmar grew at 1.2 percent per year between 1990 and 2005 to 48.0
million in 2005. Myanmar’s gross domestic product (GDP) was US$13.3 billion in 2005
and its GDP per capita grew from US$0.1 thousand in 1990 to US$0.3 thousand in 2005.
With the objectives of enhancing economic development in Myanmar, the Five-Year
Short-Term interval plans have been formulated and implemented during the years 1992
to 2011. The first (1992-1995), second (1996-2000) and third plans (2001-2005)
achieved average annual growth rates in GDP of 7.5 percent, 8.5 percent and 12.8
percent respectively. The last five-year plan (2006-2010) has been formulated to
achieve an average annual growth rate of 12.0 percent in GDP.

Myanmar’s total primary energy demand was 4.3 million tons of oil equivalent (Mtoe)
in 2005. By fuel, oil represented the largest share at 47.0 percent; gas was second at
37.7 percent, followed by hydro with 6.0 percent. Natural gas is mainly used for
electricity generation and in industry. Myanmar has 1512 megawatts (MW) of installed
generation capacity and generated about 6.0 terawatthours (GWh) of electricity in 2005.
In 2005 thermal (coal, natural gas and oil) and hydro accounted for 50.2 percent and
49.8 percent of total electricity generation respectively.

2. Modélling Assumptions
2.1. GDPand Population

In this report, Myanmar’s GDP is assumed to grow at an average annual rate of 9.8
percent from 2005 to 2030. Growth is projected to be stronger from 2005 to 2010 at
13.1 percent per year. Average annual growth in GDP is projected to be 9.8 percent per
year from 2010 to 2020 and 8.3 percent per year between 2020 and 2030. Population is
assumed to increase by about 0.9 percent per year from 2005 to 2030.

2.2. Electricity Generation
The share of electricity from hydro is projected to increase while the share of oil, coal

and natural gas is expected to decrease due to the government’s plan to develop the
abundant hydropower resources. Generation from natural gas power plants is expected
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to remain fairly constant to 2030 in the BAU scenario. In contrast output from hydro
power plants is projected to increase such that they will allow electricity exports from
2020. Reflecting the increasing efficiency of new technologies, the thermal efficiency of
electricity generation in Myanmar is expected to increase from 21.7 percent in 1990 to
33.2 percent in 2030.

2.3. Energy Saving Goals and Action Plans

Savings in Myanmar’s energy consumption can be attained through the implementation
of energy efficiency programs in all energy consuming sectors. In the industry sector,
energy savings are expected from improvements in manufacturing technologies by at
least 10 percent by 2020. In the residential and commercial (other) sector, efficient end
use technologies and energy management systems are also projected to induce
significant savings. In the transport sector, efficiency improvements will be achieved by
improved mileage and more effective traffic management.

The government is also encouraging the use of biofuels in the transport and agriculture
sectors to reduce oil dependency and curb carbon dioxide (CO,) emissions. These
efforts are still on going and the amount of biofuels that are used in the country is still
small for the time being.

The following are the details of Myanmar’s energy saving goals and action plans are
outlined.

Myanmar’s primary energy saving goal is to reduce energy consumption by 5 percent in
2020 and 8 percent in 2030, relative to existing BAU scenario. Specifically, these could
be achieved using the following strategies:
¢ In the industrial sector, improve energy efficiency by 10 percent against BAU
and reduce energy related greenhouse gases by 2020.
¢ Inthe transport sector, have biofuel (E85, biodiesel) fuel substitution of at least 8
percent by 2020.
e Increase the total installed power capacity of renewables to 15-20 percent
(around 18%) by 2020.
e Improve energy efficiency in the commercial/residential sector by 5-8% (around
7%) by 2020.

In addition, the following are measures that are considered important in achieving the
goals:

e To develop an energy statistics and support system to help improve energy
efficiency in all sectors by encouraging information dissemination and
cooperation between the public and private sector.

e To develop voluntary action plans for private sectors by 2010-2012.

e Develop labelling systems for appliances and buildings by 2015.

e Increase research and development.

e Develop an energy management system through the ASEAN energy Manager
Accreditation Scheme (AEMAS) program by 2010~2015.

On a sectoral basis, the following are the sectoral energy efficiency and conservation
measures in Myanmar:
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In industry, the gradual replacement of low efficiency equipment with higher efficiency
ones will be encouraged.

In the transportation sector, the state will encourage fuel switching in the transport
sector to bio-fuels and natural gas as alternative fuels. The state also aims to achieve
energy savings through exploiting more efficient transportation networks including road,
waterways, rail, air and seaway and develop high-capacity transportation with greater
volume capacity for freight and passenger. Improvement in fuel efficiency in the
transport sector is also considered.

In the residential and commercial sectors, the following are the measures that will be
implemented:

e Encourage the use of alternative energy and improvements in energy efficiency
in existing buildings in the public and private sectors.

e Promote the use of higher energy efficient appliances and energy savings
equipment in the residential and commercial sectors.

e Launch the use of bio-diesel (B100) in rural communities.

e Develop and expand the energy mix and supply sources through utilisation of
the full energy potential of the country including frontier exploration and
development and intensive research on oil, natural gas, coal, hydropower,
geothermal, energy efficiency and conservation and new and renewable sources
of energy.

e Replace transformers and install the capacitor banks in necessary main sub-
stations. Optimise the voltage, conductor size and loading of transformers.

3. Outlook Results
3.1. Total Final Energy Consumption

Total final energy consumption in Myanmar increased by about 6.3 percent per year
from 1.3 Mtoe in 1990 to 3.3 Mtoe in 2005. The “other” sectors group, which comprises
the commercial, residential and agricultural sectors, was the fastest growing consumer
with average annual growth of 16.4 percent between 1990 and 2005. Average annual
growth in the transport sector was about 7.5 percent over the period 1990-2005. The
industry sector grew the slowest at 2.8 percent per year over the same period. Oil was
the most consumed product having a share of 44.9 percent in total final energy
consumption at 1990, increasing to 53.0 percent in 2005. Natural Gas was the second
most consumed product.

Business-as-Usual (BAU) Scenario

Using the socio-economic assumptions stated above, final energy consumption in
Myanmar is projected to grow at an annual rate of 8.1 percent from 2005 to 2030 in the
BAU scenario. Final energy consumption is projected to grow the fastest to 2030 in the
industry sector with annual average growth of 7.9 percent. In the transport and other
sectors, consumption is projected to grow at an annual average rate of 8.9 percent and
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6.8 percent respectively.

Oil is projected to remain the dominant fuel source in final energy consumption with its
share increasing from 53 percent in 2005 to 58 percent in 2030. Natural gas and coal are
projected to have annual average growth rates of 7.2 percent and 8.6 percent
respectively in the period 2005-30 driven by the projected growth in industry GDP. The
share of natural gas in final energy consumption is projected to subsequently decrease
from 25.4 percent in 2005 to 20.6 percent in 2030. The share of coal, however, will
increase from 2.9 percent in 2005 to 3.3 percent in 2030 in the BAU scenario.
Electricity will have the fastest growth rate of 10.3 percent per year to 2030. Its share
will increase from 9.5 percent in 2005 to 15.9 percent in 2030.

Alternative Policy Scenario (APS)

In the APS, the growth in final energy consumption is projected to grow at a lower
average annual rate of 7.9 percent as compared to the 8.1 percent annual growth in the
BAU. The reason for the slower growth rate is the slower growth in the industrial
consumption as a result of technological improvement in manufacturing processes and
the reduction of final energy consumption of electricity and oil in the other sectors.
Figure 39 shows the sectoral final energy consumption in Myanmar in the BAU and
APS.

Figure 39. Final Energy Consumption by Sector in Myanmar, BAU and APS
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3.2. Primary Energy Demand

Primary energy demand in Myanmar grew at an average annual rate of 5.4 percent from
1.9 Mtoe in 1990 to 4.3 Mtoe in 2005. Among the major energy sources, the fastest
growing fuels were oil and hydro with average annual growth rates of 7.0 percent and
6.3 percent, respectively. Natural gas consumption grew at an average annual rate of 5.2
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percent over the period 1990-2005. Coal consumption increased by 2.4 percent per year
over the same period.

Oil and gas dominated the primary energy demand mix in 2005 with respective shares
of 47.0 percent and 37.7 percent.

Business as usual (BAU) Scenario

In the BAU scenario, Myanmar’s primary energy demand is projected to increase at an
annual average rate of 7.7 percent per year to 27.3 Mtoe in 2030. Coal is expected to
grow the fastest at an annual average rate of 15.9 percent followed by hydro at 10.6
percent over the period 2005-2030.

Oil, despite its lower annual growth rate of 8.0 percent will continue to dominate the
primary energy mix with its shares to the total increasing further to 51.0 percent. Coal
and hydro will also increase their shares from 2.2 percent to 13.9 percent and 6.0
percent to 11.7 percent, respectively.

Figure 40. Primary Energy Demand by Sourcein Myanmar, BAU and APS
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Alternative Policy Scenario

In the APS, Myanmar’s primary energy demand is projected to increase at a slightly
slower rate than in the BAU scenario at 7.5 percent per year from 4.3 Mtoe in 2005 to
26.0 Mtoe in 2030. Coal will be the fastest growing fuel at 15.6 percent per year
followed by hydro at 10.0 percent per year between 2005 and 2030. Oil and natural gas
are expected to grow at slower annual rates of 7.7 percent and 5.0 percent, respectively
over the same time period. Figure 40 shows the future primary energy demand mix in
both the BAU scenario and APS.
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3.3. Projected Energy Savings

In Myanmar, commercial energy consumption is projected on the basis of energy
requirements of the major sectors (industry, transport, agriculture and households). The
choice of fuel type is determined by available supply, since energy consumption
requirements have to be met mainly from domestic sources. Obviously there is a gap
between demand and supply but on the other hand, the demand is often very much
higher than actual energy requirements. Due to these constraints, historically derived
coefficients are applied to allocate energy and these allocations are made in accordance
with the priority of the State organizations and enterprises. For the private sector,
allocations are made in accordance with the registered licensed capacity of the firm.

Future savings in energy could be due to savings in final energy consumption in the
residential/commercial sectors, the transportation sectors and the industrial sector. In
this regard, Myanmar has implemented a range of energy efficiency and conservation
goals and action plans which target energy savings in all sectors of the economy in
cooperation with both the private and public sectors. There is an estimated saving of 1.4
Mtoe in 2030 in the APS, relative to the BAU scenario. This is equivalent to 5.0 percent
of the primary energy demand in the BAU in 2030. Myanmar has plans to decrease
growth in primary energy demand by implementing a range of energy efficiency and
conservation measures on the demand side.

Figure4l. Total Primary Energy Demand in Myanmar, BAU and APS
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5.1. CO; Emissionsfrom Energy Consumption
In the APS, the energy efficiency policy of Myanmar is projected to reduce growth in

CO; emissions from energy consumption. At 2030 in the APS, CO, emissions from
energy consumption are projected to reach about 17.8 million tons of carbon (Mt C)
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which is about 5.0 percent below BAU levels (Figure 42).

Figure 42. CO, Emission from Energy Consumption in Myanmar, BAU and APS
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4, I mplications and Policy Recommendations

Myanmar’s primary energy intensity (TPES/GDP) has been declining since 1980.
However, energy consumption is still increasing due to economic and population
growth and more vehicles on the road.

Myanmar should increase adoption of energy efficient technologies to further reduce
growth in energy consumption and should also aim to diversify energy availability. The
government should encourage sectors to follow the government programs and action
plans for energy efficiency by providing incentives to these sectors.
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New Zealand

By Mr. Smon Lawrence

1. Background

New Zealand is an island nation in the Pacific about 2000 km southeast of Australia. It
consists of two main islands (the North Island and South Island), and a number of
smaller mostly uninhabited outer islands. The land area is approximately 269,000
square kilometres, making it smaller than Japan or Italy, but larger than the United
Kingdom. Most of New Zealand is hilly or mountainous and has a mild temperate
climate. The population is currently about 4.2 million. Although there is some light and
heavy industry, foreign trade is heavily dependent on agriculture, tourism, forestry, and
fishing. In 2005 New Zealand had a gross domestic product (GDP) of about US$62
billion, or about US$15,100 per capita. While the latter figure is below many OECD
countries, New Zealand tends to rank high in international quality-of-life surveys.

New Zealand possesses significant indigenous energy resources, including hydro,
geothermal, wind, natural gas and coal. New Zealand is self-sufficient in electricity and
natural gas, and a net exporter of coal, but meets most of its oil demand through imports.
Energy reserves include around 15 million cubic metres (MCM) of oil and 52 billion
cubic metres (BCM) of natural gas (each proven plus probable), as well as 8.6 billion
tones of recoverable coal, 80 percent of which is lignite.

New Zealand’s total primary energy demand was around 16.9 million tons of oil
equivalent (Mtoe) in 2005. By fuel, oil represented the largest share at about 40 percent,
gas was second at about 19 percent, followed by hydro, coal, and geothermal, each with
11-12 percent. New Zealand obtains about 30 percent of its primary energy supply from
renewable sources, including hydro, geothermal, woody biomass, and wind.

In 2006, electricity generation accounted for 55 percent of New Zealand’s domestic coal
use, with most of the remainder used for making steel or in other industrial processes.
Electricity generation also accounted for 56 percent of gas use, petrochemicals for 15
percent, and other industrial use for 20 percent. Commercial and residential use
accounted for most of the reminder. Reticulated natural gas is only available on the
North Island. Transport accounted for an estimated 86 percent of New Zealand’s oil
consumption. New Zealand is heavily dependent on private road vehicles and air
transport, with oil providing 99 percent of New Zealand’s transport energy.

New Zealand had 8.8 gigawatts (GW) of installed generating capacity and generated
about 43 terawatt hours (TWh) of electricity in 2005. The generation by energy type is
broken down as: hydro at 55 percent, thermal (coal and gas) 36 percent, geothermal 7
percent, with wind and wood accounting for most of the remainder. Oil is used in
electricity generation only as a minor source peaking supply.
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2. Modéling Assumptions

In this outlook, New Zealand’s gross domestic product (GDP) is assumed to grow at an
average annual rate of 3 percent from 2010 to 2020, tapering off to around 2 percent per
year from 2020-2030. Population will increase by around 25 percent by 2030, relative
to 2005 levels.

In the business as usual (BAU) scenario, an increasing amount of New Zealand’s
electricity supply is projected to come from geothermal. Hydro will remain fairly
steady as the best hydro sites have already been developed. Gas use in electricity
generation will drop somewhat, due to the expected depletion of the Maui gas field,
New Zealand’s largest. Wind generation will continue to grow, but will still contribute
only a small share of New Zealand’s electricity by 2030.

New Zealand’s energy efficiency has historically improved at a rate of about 0.5-1.0
percent per year and this rate is assumed to continue in the BAU scenario. New gas
discoveries are assumed to average 60 petajoules per year (PJ/year) — about 1.6 BCM —
with production from new discoveries starting in 2012.

The New Zealand government has agreed to implement an emissions trading scheme
and has set a target for 90 percent of electricity to be generated from renewable sources
by 2025. The government also maintains a range of programmes to promote energy
efficiency at home and work, as well as the development and deployment of sustainable
energy technologies. The Alternative Policy Scenario (APS) presented here assumes the
successful implementation of these.

3. Outlook Results
3.1. Total Final Energy Consumption

New Zealand’s final energy consumption experienced a growth of 2.0 percent per year
from 9.5 Mtoe in 1990 to 12.7 Mtoe in 2005. The transport sector had the highest
growth rate during this period at 3.4 percent per year followed by the ‘other’ sector
(primarily residential and commercial) with 1.9 percent per year. The industrial sector
consumption grew at a slow pace of 0.5 percent per year, reflecting a shift to less
energy-intensive industry. Oil was the most consumed energy source having a share of
46.6 percent in 1990 and increasing to 53.4 percent in 2005. Electricity was the second
most consumed energy source.

Business as Usual Scenario

In the BAU scenario, final energy consumption from 2005 to 2030 is projected to grow
at an average rate of 0.8 percent per year.

By fuel type, final consumption of coal will decrease at an average rate of 0.4 percent
per year. Final consumption of oil will increase by 0.4 percent per year, while natural
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gas and electricity will increase by 1.3 and 1.4 percent per year respectively.
Alternative Policy Scenario

In the APS, final energy consumption will grow at a rate of only 0.3 percent per year
from 12.7 Mtoe in 2005 to 13.9 Mtoe in 2030. Energy use in the transport sector will
drop by an average of 0.3 percent per year reflecting a shift to more energy efficient
vehicles, particularly electric vehicles. Energy use in the *Other’ sector will grow by
only 0.3 percent per year, reflecting improved residential and commercial energy
efficiency. The sectoral final energy consumption in New Zealand in 2005 and 2030 in
the BAU and APS is shown in Figure 43.

Figure 43. Final Energy Consumption by Sector in New Zealand, BAU and APS
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3.2. Primary Energy Demand

Primary energy demand in New Zealand grew at a rate of 1.4 percent per year from 13.8
Mtoe in 1990 to 16.9 Mtoe in 2005. The fastest growing primary fuel in percentage
terms was coal at 3.9 percent per year, reflecting growing electricity generation demand.
The fastest growing primary fuel in absolute terms was oil from 4.0 Mtoe in 1990 to 6.8
Mtoe in 2005, reflecting rapid growth in transport energy demand. Natural gas declined
at an average annual rate of 1.3 percent, reflecting declining production from the Maui
gas field. Although the statistics show a decline in primary geothermal consumption,
this was simply due to an increase in the assumed conversion efficiency of geothermal
electricity generation from 10 to 15 percent from 2000. Electricity produced from
geothermal sources actually grew by 1.7 percent per year over this period.
Hydroelectricity production was more or less unchanged.
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Business as Usual Scenario

In the BAU scenario, New Zealand’s primary energy demand will grow at an annual
rate of 1.5 percent per year to 24.5 Mtoe in 2030. However, this growth rate is
somewhat misleading, as more than half of this growth is in primary geothermal energy,
which has an assumed conversion efficiency of 15 percent. Leaving out geothermal
energy, primary energy demand will grow by about 0.7 percent per year. This growth is
mainly due to continued increases in oil consumption at an annual rate of 0.9 percent.
‘Other” primary energy will grow by 2.1 percent per year, reflecting mainly the
expected growth in wind power.

Alternative Policy Scenario

In the APS, primary energy demand is projected to grow at a slower rate of 0.9 percent
per year to 21.4 Mtoe in 2030. Again, this figure is rather misleading, since it reflects
large growth in geothermal electricity generation with only 15 percent conversion
efficiency. Leaving out geothermal, primary energy demand will be almost the same in
2030 as it was in 2005. Geothermal primary energy is expected to grow by 5.2 percent
per year, while ‘other’ primary energy, which includes wind and biomass, is expected to
grow by 3.6 percent per year (note that the ‘Others’ shown in Figure 44 also includes
hydro and geothermal). Oil and gas are expected to show modest declines of 0.1 and
0.4 percent per year respectively, while coal will show a significant decline of 3.2
percent per year. The apparent growth in hydro is, again, largely due to the fact that
2005 was a relatively dry year.

Figure 44. Primary Energy Demand by Sourcein New Zealand, BAU and APS
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3.3. Projected Energy Savings

Under the APS, energy savings could amount to 3.1 Mtoe in 2030, the difference
between the primary energy demand of the BAU scenario and the APS — 12.7 percent
less than business as usual in 2030 (Figure 45).

The above savings in primary energy are mainly due to a switch to more efficient
vehicles, particularly electric vehicles, in the transport sector, along with improved
insulation and more efficient appliances in the residential and commercial sectors.

Figure 45. Total Primary Energy Demand in New Zealand, BAU and APS
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3.4. CO, Emissions

The calculated carbon dioxide (CO,) emissions in the BAU scenario will increase by
0.4 percent per year from 9.7 million tons of carbon (Mt C) in 2005 to 10.7 Mt C in
2030. This increase is roughly in line with the increase in primary energy other than
geothermal discussed above.

In the APS, there will be a decrease in CO, emissions from 2005 to 2030 of 1.2 percent
per year. Since primary energy demand excluding geothermal is more or less stable
over this time period, this decrease reflects the switch to renewable energy in electricity
generation, and a switch from oil to electric vehicles in transport. Figure 46 shows the
CO;, emissions from energy consumption in New Zealand from 2005 to 2030.
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Figure 46. CO, Emissionsfrom Energy Consumption in New Zealand, BAU and
APS
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4. Implications and Policy Recommendations

Although New Zealand’s primary energy intensity (energy per dollar of GDP) has been
on a decline since 1990, energy use has still grown steadily, reflecting economic growth,
population and increasing numbers of private road vehicles.

New Zealand generates a high proportion of its electricity from renewable sources,
particularly hydro, although emissions from this sector have been growing with large
investment in fossil-fuelled generation. Emissions trading will encourage investment in
new renewable generation technologies, with geothermal and wind particularly
prospective options for New Zealand. New Zealand’s large base of renewable
generation, however, makes reducing emissions from electricity generation a challenge
as there are limited opportunities to switch existing thermal generation to less emissions
intensive, or renewable, technologies.

New Zealand has many opportunities to improve energy efficiency, for example,
through upgrading the poorly-insulated building stock and inefficient vehicle fleet, and
the government maintains a number of programmes in these areas. The commercial
building and industrial sectors also represent an area where gains in energy efficiency
improvements are possible.

Growth in energy consumption in the transport sector has slowed in recent years, largely
as a result of high fuel prices and a shift to smaller vehicles. Further, reduction in
emissions from the transport sector is possible through increased use of biofuels, and a
switch to electric vehicles. Electric vehicles are a good match for New Zealand given
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the high proportion of electricity generated from renewables, and relatively short
average trips.
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Philippines

Ms. Lilibeth Tamayo Morales

1. Background
A. Socio-economic

The Philippines, officially known as The Republic of the Philippines, with Manila as its
capital city is an archipelago comprising of 7,107 islands. The country is located in the
midst of Southeast Asia's main water bodies namely, the South China Sea, Philippine
Sea, Sulu Sea, and Celebes Sea.

Despite the global financial crisis the country’s Gross Domestic Product (GDP) grew by
4.6 percent in 2008, although this is 2.6 percent lower than the 7.2 percent growth in
2007. The industry sector managed a 5.0 percent growth due mainly to the stable output
of the manufacturing and construction sectors with respective growths of 8.2 percent
and 4.3 percent. The agriculture sector grew by a meagre 3.2 percent in 2008. The 2005
population was estimated at 83.5 million while GDP per capita was about US$1,100 in
2005.

B. Energy

The country’s total primary energy supply in 2005 reached 37.0 million tons of oil
equivalent (Mtoe). Oil accounted for 41.0 percent of the total energy supply followed by
geothermal which comprised 23.0 percent.

Imports in 2005 on the other hand, declined by 4.0 percent relative to the 2004 level,
following a significant cut in oil consumption both for power and non-power
applications.

The country’s total electricity generation in 2005 was 56.6 terawatthours (TWh) which
is 1.1 percent higher than the 2004 level of 56.0 TWh. Generation from natural gas-
fired power plants dominated the power generation mix providing 29.8 percent, while
coal-fired power plants ranked second accounting for 27.0 percent or 15.3 TWh.
Geothermal energy remained the 3 largest provider of electricity with a 17.5 percent
share in the generation mix in 2005.

2. Modéling Assumptions

The Philippine economy is projected to grow at a steady pace of 6.1 percent per annum
during the projection period 2005 to 2030. This sustained growth is expected to be
driven by the steady performance of the service sector and improved exports and
agricultural output. Nonetheless, it will take a higher, sustained growth path to make
appreciable progress given the Philippines' high annual population growth rate of 1.4
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percent from 2005 to 2030.

To meet the country’s increasing demand for electricity; the Philippines will source its
energy from coal, oil, natural gas, hydro and geothermal. The relatively low
contribution of oil in the total fuel input for power generation may be attributed to the
restraint in oil use due to the continuous volatility of oil prices in the international
market — as such no new oil plants will be constructed and aging oil-fired power plants
will be decommissioned. Further, the government is pushing for renewable energy to
supply the energy needs of the country which is expected to be given the necessary
boost with the enactment of the Renewable Energy Law in December 2008.

Meanwhile, the intensified development and utilisation of alternative fuels for transport
IS seen as a continuing strategy to reduce the country’s dependence on imported oil. It
also cushions the impact of highly volatile petroleum prices on the economy as well as
assisting in promoting clean and environmentally-friendly energy sources. The major
alternative fuels being promoted are biofuels which include biodiesel (cocomethyl
esther) and bioethanol, autogas (LPG as transportation fuel) and compressed natural gas
(CNG). The potential for using other sources such as jatropha curcas as a potential
biodiesel feedstock is also being explored.

Meanwhile, the energy saving goals of the country will be achieved through a range of
measures including intensified energy utilisation management programs in the
commercial and industrial sectors, power plants and distribution utilities as well as the
continuous use of alternative fuels and technologies.

3. Outlook Results
3.1. Total Final Energy Consumption

The Philippines’ final energy consumption doubled from 10.3 Mtoe in 1990 to 23.1
Mtoe in 2005 at an average growth rate of 5.5 percent per annum. Over the period 1990-
2005 energy demand in the transport sector grew the fastest at 9.1 percent per annum
followed by the industry sector with average growth of 5.4 percent per annum. The
residential/commercial (other) sector grew at a slow pace of 1.7 percent per annum. Oil
remained the most consumed fuel with a share of 70.6 percent in 1990 which decreased
to 59.8 percent in 2005.

Business as Usual (BAU) Scenario

Final energy consumption is expected to grow at an annual average rate of 5.1 percent
in the BAU scenario over the period 2005 to 2030. This is due to increased activities in
all sectors with the residential/commercial (other) sector growing the fastest at 6.8
percent per annum, followed by the transportation sector at an average rate of 5.3
percent per annum over the period 2005-2030.

In terms of fuel, oil and electricity consumption are projected to grow the fastest at an
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average rate of 5.0 and 7.3 percent per annum to 2030. Coal use will grow at an average
annual rate of 2.4 percent.

Alternative Policy Scenario

In the APS, final energy consumption is projected to increase at a slower average rate of
4.9 percent per annum from 22.9 Mtoe in 2005 to 75.8 Mtoe in 2030. All sectors will
contribute to the increase with the residential/commercial (other) sector projected to
have the fastest average annual growth at 6.5 percent between 2005 and 2030. The
transportation sector is projected to follow closely with an annual growth of 5.1 percent
over the same period. Meanwhile, the industry sector is expected to grow at an annual
average rate of 3.7 percent. The projected final energy consumption in the BAU and
APS are shown in Figure 47.

Figure 47. Final Energy Consumption by Sector in the Philippines, BAU and APS
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3.1. Primary Energy Demand

Primary energy demand in the Philippines grew at an annual average rate of 4.4 percent,
from 19.3 Mtoe in 1990 to 37.0 Mtoe in 2005. Among the major energy sources,
consumption of “others” (comprising of electricity, solar, wind and other sources of
energy) grew the fastest at 12.0 percent per annum between 1990 and 2005. Coal
followed next at 10.3 percent, geothermal at 4.0 percent per annum then hydro at 2.2
percent per annum. Oil which had the largest share in the total with 41.0 percent in 2005
grew the slowest at 1.6 percent per annum during the period 1990-2005.
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Business as Usual (BAU) Scenario

In the BAU scenario, the Philippines’ primary energy demand is expected to increase by
5.1 percent per annum from 37.0 Mtoe in 2005 to 130.0 Mtoe in 2030. Demand for all
major energy sources is projected to increase with coal use growing the fastest at 8.7
percent per annum from 2005 to 2030. Natural gas is also expected to expand with a
high growth rate of 7.5 percent per year during the same period. Oil will remain as the
major energy source and will grow at 4.7 percent per annum. This is followed by other
fuels with an annual average growth rate of 2.6 percent over the period 2005 to 2030.

Alternative Policy Scenario

In the APS, primary energy demand is projected to increase at an annual average rate of
4.9 percent increasing from 37.0 Mtoe in 2005 to 123.3 Mtoe in 2030. The share of all,
coal and natural gas will be 37.3, 31.2 and 10.9 percent respectively in 2030. Coal,
natural gas and oil are projected to have average annual growth rates of 8.0 percent, 6.7
percent and 4.5 percent respectively over the period 2005 to 2030.

Figure 48. Primary Energy Demand by Sourcein the Philippines, BAU and APS
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Given the potential severe impacts of climate altering greenhouse gases and
skyrocketing crude oil prices, the Department of Energy has started a reassessment of
nuclear energy as a long-term power option for the country. Thus in this study it is
assumed that a nuclear power plant with 1000 MW capacity is introduced in the year
2025 in the APS case. By 2030, 2.6 percent of total primary energy demand will be
supplied by nuclear energy. The contribution of nuclear to total electricity generation
will reach 12.3 TWh by the year 2030.

Figure 48 shows the primary energy demand by source in the Philippines in 2005 and
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2030 both in the BAU and APS.
3.2. Projected Energy Savings

In 2030 it is estimated that the EEC goals, action plans and policies of the Philippines
could result in savings of 6.7 Mtoe which is the difference between primary energy
demand in the BAU scenario and the APS (Figure 49). This level is about 29.0 percent
of Philippine’s consumption in 2005. At current oil prices (2008), this could lead to
US$4.8 billion of oil import savings.

Figure 49. Total Primary Energy Demand in the Philippines, BAU and APS
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In terms of final energy consumption savings, the following savings were projected at
2030 in the APS, relative to the BAU scenario: residential/commercial (other) sector
with 1.7 Mtoe, transport sector with 2.1 Mtoe and 0.8 Mtoe from the industry sector.

3.4. CO, Emissions from Energy Consumption

Carbon dioxide (CO,) emissions from energy consumption are projected to increase by
6.5 percent annually from 20.4 Mt C in 2005 to 99.3 Mt C in 2030 in the BAU scenario.
However, in the APS, CO, emissions are projected to be reduced by almost 14.6 percent
in 2030 relative to the BAU scenario (Figure 50). This indicates that the energy saving
goals, action plans and policies in the Philippines will be effective in reducing CO,
emissions in the APS.
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Figure 50. CO, Emission from Energy Consumption in the Philippines, BAU and
APS
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4. Implications and Policy Recommendations

In 2030 total final energy savings of 6.7 Mtoe could be achieved in the APS relative to
the BAU. This is equivalent to a 5.1 percent reduction in total primary energy demand.
Current policies on energy efficiency and conservation include: energy management
activities conducted by the DOE such as spot checks on government agencies
nationwide in compliance with Administrative Order No. 126 (Strengthening Measures
to Address the Extraordinary Increase in World Oil Prices, Directing the Enhanced
Implementation of the Government’s Energy Conservation Program, and for other
Purposes), energy standards and labelling programs, energy audits of various
commercial and industrial establishments, voluntary agreement programs, recognition
awards and the various information and education campaigns (IEC ) of the Department
of Energy.

The continued improvement in the energy intensity of the Philippines to 2030 is
expected to be driven in part by the country’s changing economic structure to rely more
on its service sector rather than on energy intensive industries. Responses to surging oil
prices and their inflationary effects on the prices of basic commodities would also
contribute to lowering the energy to GDP intensity level.

The government shall pursue its programs and projects that will further increase and
enhance the utilisation of indigenous, clean and efficient alternative fuels. For the
indigenous and clean energy sector, the passage of the Renewable Energy Act of 2008 is
a big leap in the energy sector. This will not only promote the use of clean energy but
will also lessen the need for energy imports. Additionally the introduction of alternative
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fuels that include CME, fuel ethanol, CNG, autogas (LPG for transportation) and
biodiesel will reduce the effects of continuous increases in the prices of crude oil in the
world market and could also reduce greenhouse gas emissions. In addition, other
technologies such as nuclear energy may be considered as an additional energy source
in the future.

To institutionalize energy conservation and enhance the efficient use of energy in the

country there is a need for an Energy Conservation Law to be passed to mainstream the
energy conservation programs of the country.
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Singapore

Ms. Cecilya Laksmiwati Malik

1. Background

Singapore is an island city-state located in South East Asia at the tip of Peninsular
Malaysia. It has a total land area of 699 square kilometres and a population of 4.3
million in 2005. The population had increased from 3.05 million in 1990 at an annual
average rate of 2.4 percent. It is expected that in the future, the growth in population
will not be as high as it was in the past. An average population growth rate of 0.8
percent per annum was assumed in this report for the period 2005-2030. This will result
in total population of 5.3 million in 2030.

Although Singapore is small in terms of land area and population, its economy has been
growing rapidly. It is now that most industrialised and urbanised country in the
Southeast Asia region. GDP in Singapore was US$112.7 billion in 2005 with a per
capita GDP of US$26,000. There was a 3.9 percent per annum growth in GDP per
capita from the 1990 level of US$14,700. The average GDP growth rate for Singapore
was 6.4 percent per annum over the 1990 to 2005 period. It is expected that the GDP
growth rate in Singapore will slow down at 3.7 percent per annum over the 2005-2030
period.

In terms of energy resources, Singapore has none. However, Singapore has the largest
oil refining capacity in the Southeast Asia region. Singapore is a major exporter of
petroleum products and is also an importer of natural gas from Malaysia and Indonesia.
By 2012 Singapore will have an LNG terminal with an initial capacity of 3 million tons
per annum serving Singapore’s rising demands for natural gas.

Singapore has not provided quantified energy savings that would be induced by its
current energy efficiency and conservation programs. However, it does have a
quantitative goal to reduce primary energy intensity by 20 percent in 2020 and 35
percent in 2030 from the 2005 level. This level can be achieved by current policies.
Thus, this outlook will only forecast energy demand in the Business as Usual (BAU)
scenario.
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2. Outlook Results
2.1. Total Final Energy Consumption

Singapore’s final energy consumption experienced a growth of 5.7 percent per annum
from 6.8 million tons of oil equivalent (Mtoe) in 1990 to 15.6 Mtoe in 2005. The other
sectors, constituting mainly the residential/commercial sector, had the highest growth
rate during this period at 7.6 percent per annum followed by the industry sector at 6.9
percent per annum. Consumption in the transport sector grew at a slower pace of 3.8
percent per annum. Oil was the most consumed product having a share of 84.2 percent
in 1990 which decreased slightly to 80.0 percent in 2005. Electricity was the second
most consumed product.

With the projected economic growth of 3.7 percent and population increase of 0.8
percent per annum, final energy consumption from 2005 to 2030 is still expected to
increase but at a slower rate than the previous 15 years. That is, at an average rate of 2.2
percent per annum in the BAU scenario. This slower rate of growth in the future is
mainly due to the projected decline in the growth of industrial and transport sector
consumption. Consumption by other sectors will also grow but at a lower average rate
of 3.1 percent per year to 2030.

Figure51. Final Energy Consumption by Sector in Singapore from 1990 to 2030
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By fuel type to 2030, consumption of coal, oil, and electricity will still grow but at a
slower rate than in the previous 15 years. The increase in electricity consumption will
be higher than oil and gas at an average rate of 3.4 percent per annum. Consumption of
oil and natural gas will increase at 2.0 and 0.5 percent per annum, respectively to 2030.

Figure 51 shows the evolution of sectoral final energy consumption in Singapore from
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1990 to 2030.
2.2. Primary Energy Demand

Primary energy demand in Singapore grew at a slightly slower rate than final energy
consumption at 5.6 percent per annum from 13.4 Mtoe in 1990 to 30.2 Mtoe in 2005.
The main energy source of Singapore in 1990 was oil which increased from 13.4 Mtoe
in 1990 to 23.8 Mtoe in 2005 at an average annual growth rate of 3.9 percent. Natural
gas started to be consumed later on after the construction of a gas pipeline from
Malaysia for the natural gas combined cycle power plants. In 2005, consumption of
natural gas reached almost 6.1 Mtoe. Singapore also increased its gas supply by
importing from Indonesia.

Singapore’s primary energy consumption will increase at an annual rate of 1.9 percent
per annum to 48.4 Mtoe in 2030. This decline in the rate of growth is due to the slower
increase in the use of oil at an average annual rate of 1.4 percent. Consumption of
natural gas will increase at a faster average annual rate of 3.4 percent in line with the
expansion of gas fuelled power plants. Figure 52 shows the evolution of primary energy
demand in Singapore from 1990 to 2030.

Figure52. Primary Energy Demand by Source in Singapore from 1990 to 2030
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2.3. Projected Energy Savings

Singapore’s goal to reduce primary energy intensity by 20 percent in 2020 and 35
percent in 2030 from the 2005 level will be achievable under the current energy
efficiency and conservation programmes. The primary energy intensity of Singapore
declined from 299 tons of oil equivalent per US dollar (toe/US$) to 268 toe/US$ in
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2005, indicating a 10 percent reduction. In 2020, the intensity is expected to continue
declining to reach 207 toe/US$ in 2020 and 172 toe/US$ in 2030. This is thus a
reduction of 22.8 percent in 2020 and 36.0 percent in 2030. In this regard, this study
was therefore not able to generate an energy demand forecast for the APS.

The energy efficiency initiatives of Singapore covered buildings, households and the
industrial and transport sectors. These initiatives amongst others are as follows:

e Industry: Energy Efficiency Improvement Assistance Scheme (EAS); Design
for Efficiency Scheme; Investment Allowance Scheme; Innovation for
Environmental Sustainability (IES) Fund

e Transport: Promoting Public Transport; Mandatory Fuel Economy Labelling and
Green Vehicle Rebate

e Buildings: Green Mark Buildings; Government Taking Lead on Environmental
Sustainability through energy audits in government office buildings,
Polytechnics and Institutes of Technical Education.

e Households: Energy Labelling on air-conditioners and refrigerators; 10 percent
Energy Challenge; and Electricity Vending Systems (EVS)

2.4. CO; Emissionsfrom Energy Consumption

CO, emissions from energy consumption are projected to increase by 2.4 percent per
annum from 13.3 Mt C in 2005 to 24.1 Mt C in 2030 (Figure 53). This increase is
higher than the increase in primary energy consumption reflecting the dominance of oil
use as compared to the use of natural gas which is considered a less-carbon intensive
fuel.

Figure 53. CO, Emission from Energy Consumption in Singapore
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Thailand

Mr. Boonli Sllavatkul

1. Background

Thailand is in the middle of the South East Asian mainland, with the Pacific Ocean on
the south-east coast and the Indian Ocean on the south-west coast. Its land area is
approximately 513,115 square kilometres, with great plains in the centre, mountainous
areas up north and high-lands in the Northeast. It has a small economy with a gross
domestic product (GDP) in 2005 of around US$157 billion. The population is currently
65 million with an income per capita of US$ 2,400.

Thailand is an energy importer, especially of crude oil with very limited domestic
resources. The indigenous energy resources in Thailand are mainly natural gas, coal
(only lignite grade) and biomass. In 2005, proven reserves were 195 million barrels (30
million cubic metres) of oil, 11,700 billion cubic feet (316 billion cubic metres) of
natural gas and 2,081 million tons of lignite.

Thailand’s total primary energy demand was 89.9 million tons of oil equivalent (Mtoe)
in 2005. By fuel type in 2005, oil accounted for the largest share at around 50.5 percent,
followed by natural gas (28.8 percent), coal (11.8 percent) and others (8.9 percent). In
2005, net imports of energy accounted for 57 percent of the total primary energy supply.
Due to very limited indigenous oil resources, Thailand imported nearly 82 percent of its
crude oil and most of its bituminous coal. Although Thailand produces large quantities
of natural gas, about 28 percent was still imported from its’ neighbouring country,
Myanmar.

In Thailand, natural gas is used as a major energy source for power generation. In 2005,
primary natural gas supply was 25.9 Mtoe. Around 72 percent was from domestic
supply with the rest imported from neighbouring countries. Coal was mainly consumed
for power generation and by industry. In addition it was also heavily used in cement and
paper production.

Thailand has 26.5 gigawatts (GW) of installed power capacity and power generation
was about 130.6 terawatthours (TWh) in 2005. The share of different fuel types in total
electricity generation in 2005 was: thermal (coal, natural gas and oil) at 94.1 percent,
hydro at 4.4 percent and geothermal, solar, small hydro and biomass making up the
remainder.

2. Modélling Assumptions
In this report, Thailand’s GDP is assumed to grow at an average rate of 4.6 percent per

year from 2005 to 2030. Given the impacts of the world economic crisis since 2008 on
the Thai economy, growth in GDP between 2005 and 2010 will be slower than
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previously expected at about 3.1 percent per annum. Population growth is also projected
to be reasonably slow at around 0.3 percent per annum from 2005 to 2030. By
comparison growth averaged about 1.2 percent per annum during the period 1990 and
2005.

With regard to power generation in Thailand, coal and natural gas are projected to be the
largest energy sources. Conversely, the shares of fuel-oil and diesel power plants are
projected to decrease. Nuclear power and renewable fuels, biomass in particular, are
projected to increase their shares in the energy fuel mix in the APS relative to the BAU
scenario. Biomass, including biogas and waste is projected to be the most significant
renewable energy source in Thailand in the APS.

Thailand’s energy saving goals can be achieved through the implementation of energy
efficiency programs in all energy consumption sectors. In the industrial sector,
improvements in technology development in manufacturing processes, along with
efficiency labelling on appliances, should help improve energy efficiency. In the
residential and commercial (other) sector, large energy savings are projected driven by
programs to promote public awareness of energy efficiency and energy efficiency
labelling. In the transportation sector, further development in the Bangkok metro area of
a railway network for public transportation will also contribute to energy savings.
Significant improvements in energy efficiency in passenger vehicles are also expected
to be achieved due to new developments in car technologies and introduction of the Eco
car program.

Government policies will also continue to encourage the increased use of alternative
fuels, such as nuclear power and biofuels. Reductions in the growth of CO, emissions
are also expected to be achieved through the increased adoption of more energy efficient
and lower emissions technologies. In particular, in the APS, nuclear power and
renewable fuels in power generation are expected to help reduce CO, emissions from
electricity generation. Gasohol and bio-diesel as oil alternatives are also expected to
help curb CO, emissions from transportation.

3. Outlook Results
3.1. Total Final Energy Consumption

Between 1990 and 2005 Thailand’s final energy consumption grew at a robust rate on
average at 5.9 percent per annum from 25.4 Mtoe in 1990 to 59.7 Mtoe in 2005. The
transportation sector was the largest consumer of final energy at 11.4 Mtoe in 1990. By
2005 the share of transport had declined from 45 percent in 1990 to 37 percent. Strong
growth in the industrial sector of about 7.8 per cent between 1990 and 2005 drove
increases from 8.7 Mtoe in 1990 to 27.1 Mtoe in 2005. By 2005, the industrial sector
had overtaken transport as the largest consumer of final energy - its share in 2005 was
about 45 percent. Oil remained the dominant energy source in final energy consumption
since 1990 accounting for 36.3 Mtoe or a 61 percent share in 2005. Electricity was the
second largest energy source in final energy consumption, accounting for 10.4 Mtoe or a
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17.4 percent share in 2005.
Business-as-Usual (BAU) Scenario

Given moderate economic growth, (at an annual average rate of 4.6 percent,) and the
low growth rate of population, (at an annual average rate of 0.3 percent), final energy
consumption is projected to grow at a moderate rate of around 4.2 percent per annum
during the period 2005-2030. The transportation and industry sectors are projected to
remain the largest consumers with the highest shares of consumption at 43.5 percent and
38.2 percent respectively in 2030.

The transport sector is projected to overtake the industry sector as the largest consumer
of final energy between 2010 and 2020. By fuel type, oil is expected to remain the
largest final energy source throughout the projection period. Growth in oil is projected
to decline moderately from 4.4 percent per annum during 1990-2005 to 3.9 percent per
annum during 2005-2030. In 2030, the shares of electricity, coal and natural gas in final
energy consumption are projected to increase to 23.5 percent, 12.5 percent and 5.3
percent respectively from 2005 levels.

Figure 54. Final Energy Consumption by Sector in Thailand, BAU and APS
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Alternative Policy Scenario (APS)

In the APS, final energy consumption is projected to grow at 3.5 percent per annum,
from 59.7 Mtoe in 2005 to 139.6 Mtoe in 2030, which is slower than the BAU average
annual growth rate of 4.2 percent. Specifically, the majority of energy savings will be
achieved through energy efficiency improvement programs implemented in the industry
and transportation sectors. Improvements will also be achieved in other sectors as
shown in Figure 54.
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3.2. Primary Energy Demand

Primary energy demand grew reasonably fast at an average annual rate of 6.4 percent
from 35.4 Mtoe in 1990 to 89.9 Mtoe in 2005 driven largely by fast economic
development during 1990 and 1996. This growth in primary energy was achieved
despite the severe economic crisis between 1997 and 1998 and a slow recovery during
1999 and 2005. In 2005, major sources of primary energy were oil, natural gas and coal
with shares of 50.5 percent (45.4 Mtoe), 28.8 percent (25.9 Mtoe) and 11.8 percent
(10.6 Mtoe) respectively. Although oil remained the largest source during 1990 and
2005, its share in primary energy demand shrank from 55.7 percent in 1990 to 50.5
percent in 2005. Natural gas, which is mainly consumed in the power generation sector,
became an important source of energy with its share in primary energy demand
increasing significantly from 16.0 percent in 1990 to 28.8 percent in 2005. The share of
hydropower remained relatively constant at around 2 to 3 percent from 1990 to 2005.

Business-as-Usual (BAU) Scenario

In the BAU scenario, primary energy demand is projected to grow moderately at about
3.9 percent per annum from 2005 to 2030, reaching about 231.4 Mtoe in 2030. The
highest average annual growth rate of 4.8 percent is expected in coal with consumption
expected to reach 34.6 Mtoe in 2030. Given very strong average annual growth in
natural gas of 10.7 percent between 1990 and 2005, growth is expected to slow to about
3.6 percent per year between 2005 and 2030. It is recognised that future strong growth
in natural gas consumption in power generation may be limited and it could be replaced
by nuclear and other alternative fuels, according to the government plan.

Figure55. Primary Energy Demand by Sourcein Thailand, BAU and APS
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Alternative Policy Scenario (APS)

In the APS, growth in primary energy demand is projected to be slower than in the BAU
scenario at only 3.2 percent per annum between 2005 and 2030 (compared with 3.9
percent in BAU) to reach 196.0 Mtoe in 2030. Primary energy demand is expected to
be about 15.3 percent lower in the APS than in the BAU scenario in 2030 — an energy
saving of about 35.4 Mtoe.

Natural gas is projected to increase from 25.9 Mtoe in 2005 to 53.8 Mtoe in 2030, at an

annual average rate of 3.0 percent. QOil is also projected to increase from 45.4 Mtoe in
2005 to 89.4 Mtoe in 2030, at an annual average rate of 2.8 percent. These reductions in
growth, relative to the BAU scenario, are mainly achieved through energy efficiency
and conservation measures on the demand side. The differences in the projections
between the two scenarios are shown in Figure 55.

3.3. Projected Energy Savings

The difference between primary energy demand in the BAU scenario and the APS at
2030 is 35.4 Mtoe (Figure 56). This represents the potential energy savings that could
be achieved if energy efficiency and conservation goals and action plans were
implemented. This energy saving is equivalent to about 39.4 percent of Thailand’s
primary energy demand in 2005. Oil will contribute the most at about 21.8 Mtoe in
energy savings, while coal, as the second biggest, will contribute about 11.0 Mtoe.

Figure56. Total Primary Energy Demand in Thailand, BAU and APS
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In final energy consumption, the savings in the APS, relative to the BAU scenario at
2030, could reach 26.0 Mtoe. A reduction in consumption by the transportation sector of
11.2 Mtoe is projected at 2030. Energy savings at 2030 in other sectors are: in the
industrial sector — 10.1 Mtoe and in the other sector around 4.7 Mtoe.

3.4. CO;, Emissionsfrom Energy Consumption

CO;, emissions from energy consumption are projected to increase by 4.2 percent per
year on average from 52.1 Mt C in 2005 to 144.4 Mt C in 2030 in the BAU scenario.
Thailand plans to promote the use of primary energy sources which are less carbon
intensive, for example, nuclear and renewable fuels.

In the APS, the average annual growth in CO, emissions from 2005 to 2030 is projected
to be about 3.0 percent, and emissions are projected to rise to 109.3 Mt C in 2030. The
reduction in CO, emissions between the APS and BAU scenario highlights the range of
benefits that can be achieved through energy efficiency improvements and savings via
action plans (Figure 57).

Figure57. CO, Emissionsfrom Energy Consumption in Thailand, BAU and APS

160 [ -35.1 Mt C, -24.3%
140
S 120 J\ _
2
[
O 100 -
S
2 80 |
o
l_
c 60 -
o
S 40 -
20 -
0
BAU APS
1990 2005 2030

4. Implications and Policy Recommendations

Due to the economic boom during the period before the crisis in 1997, Thailand’s
primary energy intensity on average during 1990-2005 was rather high, although the
crisis in 1997 held it back a bit. However, it has shown a significant decrease since the
economy recovered from the 1997 crisis. Furthermore, with Thailand’s effort in energy
efficiency programs in a wide range of areas (including industry, transportation and
residential sectors), and the dramatic soar in world oil prices, the intensity is expected to
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further improve as time goes by.

Thailand has a target to save energy in the transportation sector by reducing the
consumption of gasoline and diesel by at least 4-5 percent a year in the near future.
This target now also applies to the industry and residential sectors. These sectors will
focus on decreasing consumption in electric power and fuel oil mainly.

Improving energy efficiency will also help Thailand (which is an oil importer), to
address the challenges faced by rising world oil prices. Thailand is committed to
reducing the intensity of energy consumption, especially in oil, and is also looking for
more sustainable energy sources and environmentally friendly fuels. It is recognised that
the more Thailand saves energy, the less sensitive it will be to fluctuations in world
energy prices and supply. It is wise and rational to try to be more self sufficient and
more sustainable. Furthermore, Thailand realises that cooperation on energy savings is
important and that all countries should respond.

Although Thailand has a 15 year plan, it is important that practical ways for achieving
long-term action plans and strategic goals are implemented and to drive conservation
policies in the future. Furthermore, policy evaluations should also be undertaken to
identify potential areas for improvement. Cooperation among Thai government energy
agencies also needs to be improved. Lastly, enhancements to Thailand’s energy end-use
database should be made. This is useful for improving energy projections and also
policy design and evaluation.
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Vietham

Dr. Nguyen Quoc Khanh
Mr. Nguyen Minh Bao

1. Background

Vietnam lies in the centre of South East Asia. It has a total land area of about 331,111
square kilometres and a population of 83.1 million in 2005. Its gross domestic product
(GDP) in 2005 amounted to US$ 44.7 billion in 2000 US$ values. Vietnam’s GDP
components are: 40.3 percent commercial, 40.1 percent industrial and 19.6 percent
agricultural. GDP per capita stood at US$ 538 per person in 2005.

Vietnam possesses a rather good amount of indigenous energy resources. It has 3,390
million tons of proven recoverable reserves of coal, 460 million cubic metres of crude
oil and 610 billion cubic metres of gas reserves.

Vietnam’s total primary energy supply (TPES) was 27.3 million tons of oil equivalent
(Mtoe) in 2005. By fuel, oil accounted the largest share at 45.4 percent, coal was second
at 29.8 percent, followed by natural gas (18 percent) and others accounted for the
remainder. Vietnam is a net energy exporter of crude oil and coal but is an importer of
petroleum products in view of the absence of an oil refinery in the country.

Coal is mainly used in the industry sector with consumption in 2005 of 4.8 Mtoe,
whereas gas is mainly used for electricity generation.

Vietnam has 11 gigawatts (GW) of installed generating capacity and generated about
53.5 terawatthours (TWh) of electricity in 2005. The generation amount by energy type
is broken down as: thermal (coal, natural gas and oil) at 59.9 percent and hydro (40.1
percent).

2. Modélling Assumptions

In this report, Vietnam’s gross domestic product (GDP) is assumed to grow at an
average annual growth rate of 8.3 percent from 2005 to 2030. Growth is projected to be
stronger from 2005 to 2020 at 8.5 percent per year, tapering off to 8.0 percent per year
from 2020-2030. Population growth, on the other hand, is projected to increase by 0.9
percent per annum from 2005 to 2030.

With regards to future electricity supply, the share of electricity from coal fired power
plants is projected to increase whereas the share of others is expected to decrease. The
use of nuclear energy is projected to start in 2020 in view of Vietnam’s recent nuclear
power development plan.

Vietnam’s energy saving goals can be attained through the implementation of energy
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efficiency programs in all energy consuming sectors. In the industry sector, energy
savings are expected from improvements in manufacturing technologies. In the
residential and commercial sector, efficient end use technologies and energy
management systems are projected to induce significant savings. In the transport sector,
efficiency improvements will not only be achieved by improved mileage but also via
more effective traffic management.

Although Vietnam has considered the use of biofuels to reduce its dependency on oil
and curb CO; emissions, there is still no estimate of the amount of biofuels that would
be used in the country for the time being.

3. Outlook Results
3.1. Total Final Energy Consumption

Vietnam’s final energy consumption experienced a rapid growth of 11.5 percent per
annum from 4.2 Mtoe in 1990 to 21.6 Mtoe in 2005. The industrial sector grew the
fastest at 11.8 percent per annum followed by the residential/commercial (other) sector
at 11.4 percent per annum between 1990 and 2005. The transportation sector was the
slowest growing consumer at 11.3 percent per annum over the same period. Oil was the
most consumed product having a share of 55.9 percent in total final energy consumption
in 1990, slightly decreasing to 53.6 percent in 2005. Coal was the second most
consumed product.

Business as Usual (BAU) Scenario

With the projected strong economic growth and population increase, final energy
consumption from 2005 to 2030 is projected to increase at an average rate of 8.6 percent
per annum. Consumption by the industry sector is projected to grow the fastest with
annual growth of 8.9 percent per annum followed by the transportation sector at 8.4
percent per annum over the period 2005-2030. Consumption by the
residential/commercial (other) sector is projected to grow at an average annual rate of
8.3 percent over the period 2005-2030.

By fuel type, natural gas is projected to grow the fastest at 14.7 percent per annum over
the period 2005-30. Electricity is projected to have the second highest growth rate of 8.7
percent per annum over the same period. Consumption of oil and coal are projected to
increase at an average annual rate of 8.5 and 8.4 percent, respectively over the period
2005-30.

Alternative Policy Scenario
In the APS, final energy consumption is projected to increase at a slower rate of 8.4
percent per annum from 21.6 Mtoe in 2005 to 161.0 Mtoe in 2030 due to energy

efficiency and conservation programs. The decrease in the consumption growth rate is
expected to occur across all sectors, particularly in the industrial sector and the
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residential/commercial (other) sector due to improvements in end-use technologies and
the introduction of energy management systems.

Figure58. Final Energy Consumption by Sector in Viet Nam, BAU and APS
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3.2. Primary Energy Demand

Primary energy demand in Vietnam grew at a slower rate than final energy consumption
at 11.4 percent per annum from 5.4 Mtoe in 1990 to 27.3 Mtoe in 2005. Among the
major energy sources, the fastest growing fuels were natural gas, oil and coal. Natural
gas consumption grew at an average annual rate of 63.8 percent while coal and oil grew
at 9.0 percent and 10.6 percent, respectively per annum over the period 1990-2005.
Hydro energy had a respectable growth rate of 9.7 percent per annum during the period
but its share in total primary energy demand remained small at 6.8 percent in 2005.

Business as Usual Scenario

In the BAU scenario, Vietnam’s primary energy demand is projected to increase at an
annual rate of 8.6 percent over the period 2005-30 to 213.3 Mtoe in 2030. Coal is
expected to grow the fastest at an annual average rate of 9.8 percent followed by oil and
natural gas at 8.4 percent and 6.2 percent, respectively over the period 2005-30. The
share of coal is projected to increase from 29.8 percent to 39.3 percent over the period
2005-30 whereas the shares of oil and natural gas are projected to decrease from 45.4
percent to 43.4 percent and from 18.0 percent to 10.4 percent, respectively over the
period 2005-30.

Alternative Policy Scenario

In the APS, primary energy demand is projected to increase at a slower rate of 8.3
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percent per annum over the period 2005-30 to 200.8 Mtoe in 2030 (Figure 59). Coal, oil
and natural gas are projected to grow at an average annual rate of 9.3 percent, 8.3
percent and 5.9 percent, respectively over the period 2005-30. These decreases in
growth rates relative to the BAU scenario are mainly due to energy efficiency and
conservation measures on the demand side.

Figure59. Primary Energy Demand by Sourcein Viet Nam, BAU and APS
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3.3. Projected Energy Saving

The energy savings that could be derived from the EEC goals and action plans of
Vietnam are 12.5 Mtoe, the difference between the primary energy demand of the BAU
scenario and the APS at 2030. This is equivalent to a 5.9 percent reduction of the
projected consumption in the BAU scenario in 2030 (Figure 60).

In terms of savings in final energy consumption, there is an estimated saving of 6.3

Mtoe in the industry sector, 2.6 Mtoe in the residential/commercial (other) sector and
0.2 Mtoe in the transportation sector at 2030 in the APS, relative to the BAU scenario.
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Figure 60. Total Primary Energy Demand in Viet Nam, BAU and APS
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3.4. CO;, Emissionsfrom Energy Consumption

Carbon dioxide (CO,) emissions from energy consumption are projected to increase by
8.7 percent per annum from 22.9 Mt C in 2005 to 185.1 Mt C in 2030 in the BAU
scenario. This percentage increase is higher than the percentage increase in primary
energy demand reflecting the expected use of more-carbon intensive fuels in Vietnam.

In the APS, the annual increase in CO, emissions from 2005 to 2030 is projected to be
8.4 percent. This rate is also higher than the average annual growth rate in primary
energy demand of 8.3 percent over the same period. However, the reduction in the
growth rate of CO, between the APS and the BAU scenario indicates that the energy
saving goals and action plans of Vietnam are very effective in reducing CO, emissions
(Figure 61).
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Figure 61. CO, Emissions from Energy Consumption in Viet Nam, BAU and APS
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4. Implications and Policy Recommendations

Vietnam’s primary energy intensity is amongst the highest in the world. This is due to a
low energy technology base on both the supply side and demand side. Therefore, it is
important that Vietnam implements energy conservation measures. By doing this,
Vietnam will reduce its energy consumption and thus delay the time when Vietnam is
expected to become a net energy importer.

The energy savings that could be derived from the EEC goals of Vietnam are 12.5 Mtoe,
equivalent to a 5.9 percent reduction in Vietnam’s consumption in 2030. It is expected
these goals would be attained through the implementation of energy efficiency programs
mainly in the industry sector and in the residential/commercial (other) sector. For the
industry sector, energy savings are expected from improvements in manufacturing
technologies. In the residential and commercial sector, efficient end use technologies
and energy management systems are projected to induce significant savings.

To be able to implement these energy efficiency programs and thus attain the EEC goals,
the following measures are recommended:

- Collection of end-use energy consumption data: The absence of detailed end-
use energy consumption data can severely limit the design and monitoring of
effective energy saving programs. Therefore, it is proposed that a comprehensive
end-use energy consumption data collection campaign be carried out. To be able
to do this on a regular basis, a data acquisition system should be created and the
present data acquisition system of the General Statistics Office of Vietnam
which is collecting socio-economic data could be expanded for this function.

- Restructuring of the economy: Restructuring of the economy toward less
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emissions intensive industries can contribute to reducing energy consumption at
the economy wide level.

Energy saving potential in the transport sector. Transportation is one of the
largest energy consumers in Vietnam. However, the potential for energy savings
in this sector is not yet well evaluated in the present action plan, possibly due to
a lack of data. It is expected that efficiency improvements in the transport sector
will not only be achieved through improved mileage but also through more
effective traffic management.

Awareness raising campaigns. Saving measures range from no-cost, low cost
to high investment cost solutions. Therefore, it is important that no-cost and low
cost measures be focused on first — these might be promoted through
information campaigns.

Gradual removal of subsidized energy prices. Low energy prices especially in
energy intensive industries (cement, fertilizer, pulp and paper) do not encourage
energy efficiency.

Programs for large consumers: Large consumers are obliged to report energy
consumption to the Office of EEC on an annual basis. These consumers, on the
other hand, need support measures to implement EEC measures. Support
measures include training, financial assistance, etc.

Promotion of ESCO: Energy Service Company (ESCO) provides energy
auditing services, provides consultancy on the financial aspects of EEC projects,
and implements EEC projects for industrial enterprises and commercial
buildings in some cases is as an investor. Thus, ESCO act as an implementer of
EEC policies and to some extent determines the success of an EEC action plan,
and thus should be encouraged.

Tax and duty removal: Along with the above instruments, duties and taxes for
EEC equipment and appliances should be adjusted. Relatively high import duties
and other taxes can limit the potential for commercially viable, market driven
EEC programs.

Promotion of Renewable energies. Along with measures on the demand side,
attention should be paid to the supply side. The technologies used in existing
power plants especially coal fired power plants in Vietnam are relatively
inefficient and should be improved and upgraded. Along with that, attention
should also be focused on renewable energy as Vietnam possesses good potential
for renewable energy.

Energy indicators to monitor implementation of action plan: These would
help evaluate the performance of EEC programs and thus are an important
component when formulating follow-up activities.

Cooperation with countries with success in EEC: Being a late adopter in
some energy efficient technologies and measures, Vietham should increase
efforts to introduce improved technologies and efficient energy management
models. In this regard, it is recommended that Vietnam learn from the
experiences of other countries such as Japan and Thailand. Such cooperation
could contribute to the formulation and implementation of a master plan on EEC
or a concrete EEC project.
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TOTAL EAST ASIA [BAU]

Primary energy Mtoe Share, % AAGR(%)
demand 1990-| 2005- 2010- 2020-| 2005-
1990 2005| 2010 2020 2030f 1990 2005] 2010 2020 2030f 2005 | 2010 2020 2030 | 2030
Total 1,648 3,147| 3,827 5,227 7,326/ 100 100/ 100 100 100 4.4 4.0 3.2 3.4 34
Coal 783 1,572| 1,905 2,380 3,297| 475 49.9| 49.8 455 450 4.8 3.9 2.3 3.3 3.0
Oil 609 1,034 1,204 1,616 2,254 37.0 328/ 315 309 308 3.6 3.1 3.0 34 3.2
Natural gas 122 292 357 604 1,012 7.4 9.3 9.3 116 138 6.0 4.1 5.4 5.3 5.1
Nuclear 68 136 167 289 339 4.1 4.3 4.4 55 4.6 4.7 4.2 5.6 1.6 3.7
Hydro 32 59 91 129 153 1.9 1.9 2.4 25 21 4.3 8.9 35 17 3.8
Geothermal 9 19 37 61 63 0.6 0.6 1.0 1.2 0.9 48| 14.4 5.0 0.3 4.9
Others 25 35 65 148 208 1.5 1.1 1.7 2.8 2.8 24| 133 8.5 3.5 7.4
Final energy Mtoe Share, % AAGR(%)
consumption 1990-| 2005- 2010- 2020-| 2005-
by Sector 1990 2005] 2010 2020 2030 1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 1,130 1,946 2,384 3,281 4,575/ 100 100/ 100 100 100 3.7 4.1 3.2 3.4 3.5
Industry 537 923| 1,156 1,481 1,886| 47.5 47.4| 485 451 41.2 3.7 4.6 25 2.4 2.9
Transportation 211 403 497 750 1,188 18.7 20.7| 20.8 228 26.0 4.4 4.3 4.2 4.7 4.4
Others 326 496 589 865 1,264| 28.8 255/ 247 264 27.6 2.8 35 3.9 3.9 3.8
Non-energy 56 125 142 185 238 5.0 6.4 5.9 5.6 5.2 5.5 2.6 2.7 2.5 2.6
by Energy
Total 1,129 1,946| 2,383 3,281 4,575/ 100 100/ 100 100 100 3.7 4.1 3.2 34 35
Coal 416 486 594 682 784| 36.8 25.00 249 208 17.1 1.0 4.1 1.4 1.4 1.9
Oil 475 876/ 1,026 1,437 2,073 420 4504 43.1 438 453 4.2 3.2 34 3.7 35
Natural gas 49 125 167 274 439 4.3 6.4 7.0 8.3 9.6 6.5 5.9 51 4.8 51
Electricity 157 384 500 744 1,092 139 19.8| 21.0 227 239 6.2 5.4 41 3.9 4.3
Heat 13 46 62 91 120 1.2 2.3 2.6 2.8 2.6 8.5 6.3 4.0 2.8 4.0
Others 19 29 35 53 66 1.7 15 15 1.6 14 2.7 4.3 4.1 2.3 34
Power generation TWh Share, % AAGR(%)
1990-| 2005- 2010- 2020-| 2005-
1990 2005] 2010 2020 2030 1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 2,196 5,456| 7,048 10,560 15,604 100 100, 100 100 100 6.3 5.3 41 4.0 4.3
Coal 919 3,222| 4,131 5,752 9,021| 418 59.1| 586 545 57.8 8.7 51 3.4 4.6 4.2
Oil 397 331 253 209 198| 18.1 6.1 3.6 2.0 13 -12| -53 -19 -06/ -20
Natural gas 236 641 838 1,649 2,819 108 117 119 156 181 6.9 5.5 7.0 55 6.1
Nuclear 261 522 642 1,107 1,300 11.9 9.6 9.1 105 8.3 4.7 4.2 5.6 1.6 3.7
Hydro 361 677| 1,041 1,472 1,752 16.4 12.4| 148 139 112 4.3 9.0 35 1.8 3.9
Geothermal 11 23 44 74 7 0.5 0.4 0.6 0.7 0.5 5.2| 145 5.2 0.4 5.0
Others 12 40 96 286 427 0.5 0.7 14 2.7 2.7 85/ 194 115 4.1] 10.0
Power generation Mtoe Share, % AAGR(%)
Input 1990-| 2005- 2010- 2020-| 2005-
1990 2005] 2010 2020 2030f 1990 2005] 2010 2020 2030f 2005 | 2010 2020 2030 | 2030
Total 406 1,089 1,257 1,785 2,863] 100 100/ 100 100 100 6.8 2.9 3.6 4.8 3.9
Coal 258 870/ 1,026 1,405 2,242 634 79.9| 816 787 783 8.5 3.3 3.2 4.8 3.9
Oil 98 76 57 47 43 24.0 7.0 45 2.6 15 -17 -55 -20 -08] -22
Natural gas 51 143 174 332 577] 125 13.1] 138 18.6 20.2 7.1 4.0 6.7 5.7 5.7
Thermal Efficiency % Share, % AAGR(%)

1995-| 2005- 2010- 2020-| 2005-
1990 2005 2010 2020 2030| 1990 2005| 2010 2020 2030f 2005 | 2010 2020 2030 | 2030

Total 32.9 33.1 35.7 36.7 36.2 0.0 15 03 -0.1 0.4
Coal 30.7 31.8 34.6 35.2 34.6 0.2 1.7 02 -0.2 0.3
Oil 35.0 375 38.0 38.5 39.4 0.5 0.3 0.1 0.2 0.2
Natural gas 39.9 38.6 41.5 42.7 42.0 -0.2 1.5 0.3 -0.2 0.3
CO, emissions Mt-C Share, % AAGR(%)

1990-| 2005- 2010- 2020-| 2005-
1990 2005/ 2010 2020 2030[ 1990 2005] 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 1,382  2,633] 3,126 4,075 5,766 \ 4.4 3.5 2.7 3.5 3.2

Energy and economic indicators AAGR(%)
1990-| 2005- 2010- 2020-| 2005-
1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030

GDP (billions of 2000 US dollars) 5,795 9,463|11,441 17,101 25,006 3.3 3.9 4.1 3.9 4.0
Population (millions of people) 2,617 3,152| 3,296 3,598 3,819 1.2 0.9 0.9 0.6 0.8
GDP per capita (thousands of 2000 USD/person) 2.2 3.0 35 4.8 6.5 2.0 2.9 3.2 3.3 3.2
Primary energy consumption per capita (toe/person) 0.6 1.0 1.2 15 1.9 3.1 3.1 2.3 2.8 2.6
Primary energy consumption per unit of GDP (toe/million 2000 | 284 333| 334 306 293 11 01 -09 -04] -05
CO, emissions per unit of GDP (t-C/million 2000 US Dollars) 238 278 273 238 231 10, -04 -14 -03] -07

CO, emissions per unit of primary energy consumption (t-C/toe)] 0.84 0.84| 0.82 0.78 0.79 0.0, -05 -05 01| -0.2
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TOTAL EAST ASIA [APS]

Primary energy Mtoe Share, % AAGR(%)
demand 1990-| 2005- 2010- 2020-| 2005-
1990 2005| 2010 2020 2030f 1990 2005] 2010 2020 2030f 2005 | 2010 2020 2030 | 2030
Total 1,648 3,147| 3,647 4,588 5,866/ 100 100/ 100 100 100 4.4 3.0 2.3 2.5 2.5
Coal 783 1,572| 1,763 1,880 2,141| 475 499| 483 410 365 4.8 2.3 0.6 13 1.2
Oil 609 1,034| 1,167 1,438 1,793| 37.0 328/ 32.0 313 30.6 3.6 25 2.1 2.2 2.2
Natural gas 122 292 344 544 897 7.4 9.3 94 119 153 6.0 3.3 4.7 51 4.6
Nuclear 68 136 171 339 500 4.1 4.3 4.7 7.4 8.5 4.7 4.7 7.1 3.9 5.3
Hydro 32 59 91 130 154 1.9 1.9 25 2.8 2.6 4.3 8.9 3.6 17 3.9
Geothermal 9 19 38 63 65 0.6 0.6 1.0 14 1.1 48| 147 5.3 0.3 5.0
Others 25 35 73 193 316 1.5 1.1 2.0 4.2 5.4 24| 158 10.2 5.0 9.2
Final energy Mtoe Share, % AAGR(%)
consumption 1990-| 2005- 2010- 2020-| 2005-
by Sector 1990 2005] 2010 2020 2030 1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 1,130| 1,946/ 2,302 2,935 3,758/ 100 100 100 100 100 3.7 34 25 25 2.7
Industry 537 923| 1,116 1,338 1,580 47.5 47.4| 485 456 42.0 3.7 3.9 1.8 17 2.2
Transportation 211 403 476 659 917| 18.7 20.7| 20.7 225 244 4.4 34 3.3 3.3 3.3
Others 326 496 569 754 1,026| 28.8 255/ 247 257 273 2.8 2.8 2.9 3.1 3.0
Non-energy 56 125 141 184 236 5.0 6.4 6.1 6.3 6.3 5.5 25 2.7 2.5 2.6
by Energy
Total 1,129| 1,946| 2,302 2,935 3,758/ 100 100/ 100 100 100 3.7 3.4 25 2.5 2.7
Coal 416 486 563 581 573| 36.8 25.0/ 245 198 153 1.0 3.0 03 -01 0.7
Oil 475 876 988 1,264 1,625 42.0 45.0/ 429 431 432 4.2 2.4 25 25 25
Natural gas 49 125 166 259 409 4.3 6.4 7.2 8.8 10.9 6.5 5.8 4.6 4.6 4.8
Electricity 157 384 483 672 916| 139 19.8/ 21.0 229 244 6.2 4.7 3.4 3.1 35
Heat 13 46 60 83 107 1.2 2.3 2.6 2.8 2.8 8.5 5.6 3.3 2.6 35
Others 19 29 42 76 128 1.7 15 1.8 2.6 34 2.7 8.0 6.0 5.4 6.2
Power generation TWh Share, % AAGR(%)
1990-| 2005- 2010- 2020-| 2005-
1990 2005] 2010 2020 2030 1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 2,197 5,456| 6,801 9,449 12,993 100 100, 100 100 100 6.3 45 3.3 3.2 3.5
Coal 919 3,222| 3,890 4,591 5,935 41.8 59.1| 57.2 486 457 8.7 3.8 17 2.6 2.5
Oil 397 331 256 175 146| 18.1 6.1 3.8 1.8 11 -12| -50 -38 -1.7| -32
Natural gas 236 641 799 1456 2,536 10.8 117 11.7 154 195 6.9 45 6.2 5.7 5.7
Nuclear 261 522 669 1,302 1,917 11.9 9.6 9.8 138 1438 4.7 5.1 6.9 3.9 5.3
Hydro 361 677| 1,037 1,474 1,757| 16.4 124| 152 156 135 4.3 8.9 3.6 1.8 3.9
Geothermal 11 23 45 76 79 0.5 0.4 0.7 0.8 0.6 52| 147 5.5 0.4 5.2
Others 12 40 101 363 611 0.5 0.7 15 3.8 4.7 85| 20.6 13.6 54| 11.6
Power generation Mtoe Share, % AAGR(%)
Input 1990-| 2005- 2010- 2020-| 2005-
1990 2005] 2010 2020 2030f 1990 2005] 2010 2020 2030f 2005 | 2010 2020 2030 | 2030
Total 406 1,089 1,142 1,351 1,836/ 100 100/ 100 100 100 6.8 1.0 17 3.1 2.1
Coal 258 870 919 1,026 1,310 634 799 805 759 714 8.5 11 11 25 1.7
Oil 98 76 61 40 33| 24.0 7.0 5.3 3.0 18| -17 -43 -42 -204 -33
Natural gas 51 143 162 285 493] 125 13.1] 142 211 269 7.1 2.5 5.8 5.6 5.1
Thermal Efficiency % Share, % AAGR(%)

1995-| 2005- 2010- 2020-| 2005-
1990 2005 2010 2020 2030| 1990 2005| 2010 2020 2030f 2005 | 2010 2020 2030 | 2030

Total 32.9 33.1 37.2 39.6 40.4 0.0 2.4 0.6 0.2 0.8
Coal 30.7 31.8 36.4 38.5 39.0 0.2 2.7 0.6 0.1 0.8
Oil 35.0 375 36.2 37.7 38.5 05 -07 0.4 0.2 0.1
Natural gas 39.9 38.6 42.4 43.9 44.2 -0.2 1.9 0.3 0.1 0.5
CO, emissions Mt-C Share, % AAGR(%)

1990-| 2005- 2010- 2020-| 2005-
1990 2005/ 2010 2020 2030[ 1990 2005] 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 1,382 2,633 2,936 3,357 4,062 \ 4.4 2.2 1.3 1.9 1.7

Energy and economic indicators AAGR(%)
1990-| 2005- 2010- 2020-| 2005-
1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030

GDP (billions of 2000 US dollars) 5,795 9,463|11,646 17,233 25,180 3.3 4.2 4.0 3.9 4.0
Population (millions of people) 2,617 3,152| 3,295 3,598 3,819 1.2 0.9 0.9 0.6 0.8
GDP per capita (thousands of 2000 USD/person) 2.2 3.0 35 4.8 6.6 2.0 3.3 3.1 3.2 3.2
Primary energy consumption per capita (toe/person) 0.6 1.0 1.1 1.3 15 3.1 2.1 14 1.9 17
Primary energy consumption per unit of GDP (toe/million 2000 | 284 333 313 266 233 11 -12 -16 -13] -14
CO, emissions per unit of GDP (t-C/million 2000 US Dollars) 238 278 252 195 161 1.0, -20 -25 -19] -22

CO, emissions per unit of primary energy consumption (t-C/toe)] 0.84 0.84| 0.80 0.73 0.69 0.0, -08 -10 -05/ -08
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AUSTRALIA [BAU]

Primary energy Mtoe Share, % AAGR(%)
demand 1990-| 2005- 2010- 2020-| 2005-
1990 2005| 2010 2020 2030f 1990 2005] 2010 2020 2030f 2005 | 2010 2020 2030 | 2030
Total 87.5 122.0/ 134.6 159.7 1811 100 100 100 100 100 2.2 2.0 17 13 1.6
Coal 35.0 54.3 55.3 62.4 65.8| 40.0 445 411 391 36.3 3.0 0.4 1.2 0.5 0.8
Oil 325 37.9 41.3 50.9 59.3| 37.1 31.1] 307 319 327 1.0 17 2.1 15 1.8
Natural gas 14.8 23.0 29.4 36.3 435 169 1894 219 228 240 3.0 5.0 21 1.8 2.6
Nuclear 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Hydro 1.2 13 1.4 1.4 1.6 1.4 11 1.0 0.9 0.9 0.7 0.3 0.2 1.2 0.6
Geothermal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Others 4.0 5.4 7.2 8.6 10.9 4.6 4.4 5.4 5.4 6.0 1.9 6.0 1.8 2.4 2.9
Final energy Mtoe Share, % AAGR(%)
consumption 1990-| 2005- 2010- 2020-| 2005-
by Sector 1990 2005] 2010 2020 2030 1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 58.1 76.5 86.4 105.1 121.1 100 100 100 100 100 1.9 25 2.0 1.4 1.9
Industry 215 26.1 30.3 359 40.6/ 37.1 34.2| 350 342 335 1.3 3.0 17 1.2 1.8
Transportation 22.7 30.2 335 41.6 478/ 39.1 395 387 396 395 1.9 2.0 2.2 14 1.9
Others 12.3 18.1 20.6 254 30.3| 212 237 239 242 250 2.6 2.6 2.1 1.8 2.1
Non-energy 1.6 2.0 2.1 2.2 2.4 2.7 2.6 2.4 2.1 2.0 1.6 0.7 0.7 0.7 0.7
by Energy
Total 58.1 76.5 86.4 1051 121.1| 100 100/ 100 100 100 1.9 25 2.0 1.4 1.9
Coal 4.3 35 3.8 4.2 3.7 7.4 4.5 4.4 4.0 31 -14 2.0 08 -1.0 0.3
Oil 30.5 39.2 42.2 51.3 59.0 52.6 51.2| 489 488 487 1.7 15 2.0 14 1.7
Natural gas 8.8 12.0 14.7 17.7 20.3 152 157 170 169 16.8 2.1 4.1 1.9 1.4 2.1
Electricity 11.1 17.8 20.8 26.3 31.7( 19.1 232 241 250 262 3.2 3.2 2.4 1.9 2.3
Heat 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Others 3.3 4.1 4.8 5.6 6.3 5.7 5.4 5.6 5.3 5.2 14 3.3 14 1.3 1.8
Power generation TWh Share, % AAGR(%)
1990-| 2005- 2010- 2020-| 2005-
1990 2005] 2010 2020 2030 1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 1543 250.9| 289.6 3655 440.7] 100 100{ 100 100 100 3.3 2.9 2.4 1.9 2.3
Coal 119.0 201.1| 218.0 2728 317.7| 771 80.1| 753 746 721 3.6 1.6 2.3 15 1.8
Oil 4.2 1.9 11 1.2 1.4 2.7 0.8 0.4 0.3 03[ -51| -11.3 11 16/ -1.3
Natural gas 16.4 29.3 46.0 63.4 840 106 11.7| 159 174 19.1 4.0 9.5 3.3 2.9 4.3
Nuclear 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Hydro 14.1 15.7 15.9 16.3 18.4 9.2 6.3 55 4.5 4.2 0.7 0.3 0.2 1.2 0.6
Geothermal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Others 0.6 2.9 8.6 11.8 19.2 0.4 1.2 3.0 3.2 43 111 242 3.2 5.0 7.8
Power generation Mtoe Share, % AAGR(%)
Input 1990-| 2005- 2010- 2020-| 2005-
1990 2005] 2010 2020 2030f 1990 2005] 2010 2020 2030f 2005 | 2010 2020 2030 | 2030
Total 33.1 57.5 61.5 71.6 79.5 100 100/ 100 100 100 3.7 14 15 11 13
Coal 28.8 49.0 49.7 56.6 60.5| 86.9 853 80.8 79.1 76.1 3.6 0.3 13 0.7 0.8
Oil 0.9 0.6 0.6 0.6 0.7 2.6 1.0 0.9 0.8 08 -28/ -0.1 0.0 1.6 0.6
Natural gas 35 7.9 11.2 14.4 18.3] 105 13.7] 183 20.1 231 5.6 7.4 2.5 2.4 3.4
Thermal Efficiency % Share, % AAGR(%)

1995-| 2005- 2010- 2020-| 2005-
1990 2005 2010 2020 2030| 1990 2005| 2010 2020 2030f 2005 | 2010 2020 2030 | 2030

Total 36.2 34.8 37.1 40.5 43.6 -0.3 1.3 0.9 0.7 0.9
Coal 35.5 35.3 37.7 41.4 45.2 0.0 14 0.9 0.9 1.0
Qil 41.5 29.1 31.3 35.7 40.0 -2.3 1.5 1.3 1.1 1.3
Natural gas 40.5 32.1 35.7 42.9 50.0 -1.6 2.2 1.9 1.5 1.8
CO, emissions Mt-C Share, % AAGR(%)

1990-| 2005- 2010- 2020-| 2005-
1990 2005/ 2010 2020 2030[ 1990 2005] 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 72.9 103.4] 1114 1315 146.6 \ 2.4 15 1.7 1.1 1.4

Energy and economic indicators AAGR(%)
1990-| 2005- 2010- 2020-| 2005-
1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030

GDP (billions of 2000 US dollars) 280.6 468.4| 543.0 715.7 898.4 35 3.0 2.8 2.3 2.6
Population (millions of people) 171  20.3] 215 236 255 1.2 1.2 0.9 0.8 0.9
GDP per capita (thousands of 2000 USD/person) 16.4 23.0f 252 303 353 2.3 1.8 1.9 1.5 1.7
Primary energy consumption per capita (toe/person) 5.1 6.0 6.2 6.8 7.1 1.0 0.8 0.8 0.5 0.7
Primary energy consumption per unit of GDP (toe/million 2000 | 312 260 248 223 202 -12| -10 -10 -10/ -1.0
CO, emissions per unit of GDP (t-C/million 2000 US Dollars) 260 221 205 184 163 -1.1, -15 -11  -1.2] -1.2

CO, emissions per unit of primary energy consumption (t-C/toe)] 0.83 0.85| 0.83 0.82 0.81 0.1, -05 -01 -0.2| -0.2
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AUSTRALIA [APS]

Primary energy Mtoe Share, % AAGR(%)
demand 1990-| 2005- 2010- 2020-| 2005-
1990 2005| 2010 2020 2030f 1990 2005] 2010 2020 2030f 2005 | 2010 2020 2030 | 2030
Total 87.5 122.0/ 132.0 139.2 140.0f 100 100, 100 100 100 2.2 1.6 0.5 0.1 0.6
Coal 35.0 54.3 54.3 49.2 37.6| 40.0 445 412 354 269 3.0 00 -10 -26| -15
Oil 325 37.9 40.4 44.3 441 371 311 306 318 315 1.0 1.3 0.9 0.0 0.6
Natural gas 14.8 23.0 28.6 32.6 33.0 169 189 21.7 234 236 3.0 4.4 1.3 0.1 14
Nuclear 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Hydro 1.2 13 1.4 1.4 1.6 1.4 11 1.0 1.0 11 0.7 0.3 0.2 1.2 0.6
Geothermal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Others 4.0 5.4 7.2 11.7 23.7 4.6 4.4 5.5 84 16.9 1.9 6.1 4.9 7.4 6.1
Final energy Mtoe Share, % AAGR(%)
consumption 1990-| 2005- 2010- 2020-| 2005-
by Sector 1990 2005] 2010 2020 2030 1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 58.1 76.5 84.9 94.4 97.9 100 100 100 100 100 1.9 2.1 1.1 0.4 1.0
Industry 215 26.1 29.9 33.1 345 371 342 352 351 352 1.3 2.7 1.0 0.4 11
Transportation 22.7 30.2 329 37.1 38.8| 39.1 395 387 393 397 1.9 17 1.2 0.5 1.0
Others 12.3 18.1 20.1 22.0 222 212 237 237 233 227 2.6 21 0.9 0.1 0.8
Non-energy 1.6 2.0 2.1 2.2 2.4 2.7 2.6 2.4 2.3 2.4 1.6 0.7 0.7 0.7 0.7
by Energy
Total 58.1 76.5 84.9 94.4 97.9] 100 100/ 100 100 100 19 2.1 11 0.4 1.0
Coal 4.3 35 3.7 3.6 2.9 7.4 4.5 4.4 3.8 30 -14 14 -04 21, -0.7
Oil 30.5 39.2 41.4 44.7 439| 526 51.2| 488 474 449 1.7 1.1 0.8 -0.2 0.5
Natural gas 8.8 12.0 14.6 16.6 17.2| 152 157 172 176 176 2.1 4.0 1.3 0.3 1.5
Electricity 11.1 17.8 20.3 22.8 235 19.1 232 240 241 240 3.2 2.8 11 0.3 11
Heat 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Others 3.3 4.1 4.8 6.7 10.3 5.7 5.4 5.7 7.1 105 14 3.3 3.2 4.5 3.8
Power generation TWh Share, % AAGR(%)
1990-| 2005- 2010- 2020-| 2005-
1990 2005] 2010 2020 2030 1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 1543 250.9| 283.0 316.8 326.8/ 100 100{ 100 100 100 3.3 2.4 1.1 0.3 1.1
Coal 119.0 2011, 2143 2263 196.9| 771 80.1| 757 714 603 3.6 1.3 05 -14| -01
Oil 4.2 1.9 1.0 1.0 1.0 2.7 0.8 0.4 0.3 03[ -51| -11.8 02 -02| -25
Natural gas 16.4 29.3 43.1 54.1 55.4| 106 117 152 171 17.0 4.0 8.0 2.3 0.2 2.6
Nuclear 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Hydro 14.1 15.7 15.9 16.3 18.4 9.2 6.3 5.6 5.1 5.6 0.7 0.3 0.2 1.2 0.6
Geothermal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Others 0.6 2.9 8.6 19.1 55.0 0.4 1.2 3.0 6.0 16.8] 11.1] 242 83 11.2] 125
Power generation Mtoe Share, % AAGR(%)
Input 1990-| 2005- 2010- 2020-| 2005-
1990 2005] 2010 2020 2030f 1990 2005] 2010 2020 2030f 2005 | 2010 2020 2030 | 2030
Total 33.1 57.5 59.9 56.3 446/ 100 100/ 100 100 100 3.7 08 -06 -23] -1.0
Coal 28.8 49.0 48.8 44.0 33.2| 869 853 815 781 743 36/ -01 -10 -28| -16
Oil 0.9 0.6 0.6 0.5 0.5 2.6 1.0 0.9 0.9 11 -28] -07 -08 -02| -06
Natural gas 35 7.9 10.5 11.8 11.0f 105 13.7] 17.6 21.0 246 5.6 6.0 1.2 -0.7 1.3
Thermal Efficiency % Share, % AAGR(%)

1995-| 2005- 2010- 2020-| 2005-
1990 2005 2010 2020 2030| 1990 2005| 2010 2020 2030f 2005 | 2010 2020 2030 | 2030

Total 36.2 34.8 37.1 43.0 48.8 -0.3 1.3 15 1.3 14
Coal 35.5 35.3 37.7 44.3 51.0 0.0 14 1.6 14 15
Qil 41.5 29.1 31.3 35.7 40.0 -2.3 1.5 1.3 1.1 1.3
Natural gas 40.5 32.1 35.7 45.9 55.0 -1.6 2.2 2.5 1.8 2.2
CO, emissions Mt-C Share, % AAGR(%)

1990-| 2005- 2010- 2020-| 2005-
1990 2005/ 2010 2020 2030[ 1990 2005] 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 72.9 103.4] 109.1 109.3 96.7 \ 2.4 1.1 00 -1.2| -0.3

Energy and economic indicators AAGR(%)
1990-| 2005- 2010- 2020-| 2005-
1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030

GDP (billions of 2000 US dollars) 280.6 468.4| 543.0 715.7 898.4 35 3.0 2.8 2.3 2.6
Population (millions of people) 171  20.3] 215 236 255 1.2 1.2 0.9 0.8 0.9
GDP per capita (thousands of 2000 USD/person) 16.4 23.0f 252 303 353 2.3 1.8 1.9 1.5 1.7
Primary energy consumption per capita (toe/person) 5.1 6.0 6.1 5.9 5.5 1.0 04 -04 -0.7) -03
Primary energy consumption per unit of GDP (toe/million 2000 | 312 260 243 194 156| -1.2| -14 -22 22| -20
CO, emissions per unit of GDP (t-C/million 2000 US Dollars) 260 221 201 153 108 -1.1, -19 27 -34| -28

CO, emissions per unit of primary energy consumption (t-C/toe)] 0.83 0.85| 0.83 0.78 0.69 0.1, -05 -05 -13] -08
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BRUNEI DARUSSALAM [BAU]

Primary energy Mtoe Share, % AAGR(%)
demand 1990-| 2005- 2010- 2020-| 2005-
1990 2005| 2010 2020 2030f 1990 2005] 2010 2020 2030f 2005 | 2010 2020 2030 | 2030
Total 1.8 2.4 2.6 3.6 49| 100 100/ 100 100 100 2.0 17 3.1 3.2 2.9
Coal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Oil 0.1 0.6 0.7 1.2 1.9 6.8 24.4| 268 328 385 111 3.6 5.2 4.8 4.7
Natural gas 1.7 1.8 1.9 24 3.0/ 932 756| 732 672 615 0.6 1.1 2.2 2.3 2.0
Nuclear 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Hydro 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Geothermal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Others 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Final energy Mtoe Share, % AAGR(%)
consumption 1990-| 2005- 2010- 2020-| 2005-
by Sector 1990 2005] 2010 2020 2030 1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 0.4 0.7 0.9 1.4 2.2 100 100 100 100 100 4.2 3.5 5.1 4.6 4.6
Industry 0.1 0.1 0.1 0.1 0.2 155 11.0 9.3 7.9 7.0 1.9 0.0 35 3.3 2.7
Transportation 0.2 0.4 0.5 0.8 13| 584 56.2| 56.8 574 57.38 3.9 3.7 5.2 4.6 4.7
Others 0.1 0.2 0.3 0.5 0.8 26.1 325/ 337 345 351 5.8 4.2 5.4 4.8 4.9
Non-energy 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.2 0.1 0.1 - 0.0 0.0 0.0 0.0
by Energy
Total 0.4 0.7 0.9 1.4 22 100 100 100 100 100 4.2 3.5 5.1 4.6 4.6
Coal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Oil 0.3 0.5 0.6 0.9 14 775 6754 665 649 637 3.3 3.2 4.8 4.4 4.3
Natural gas 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Electricity 0.1 0.2 0.3 0.5 0.8 225 3254 335 351 363 6.8 41 5.6 4.9 5.0
Heat 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Others 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Power generation TWh Share, % AAGR(%)
1990-| 2005- 2010- 2020-| 2005-
1990 2005] 2010 2020 2030 1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 1.2 2.9 35 6.1 9.9/ 100 100/ 100 100 100 6.2 41 5.6 4.9 5.0
Coal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Oil 0.0 0.0 0.0 0.0 0.0 0.9 0.6 0.3 0.3 0.3 28| -9.6 5.7 4.9 21
Natural gas 1.2 2.9 35 6.1 99 99.1 99.4| 99.7 99.7 997 6.3 4.1 5.6 4.9 5.0
Nuclear 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Hydro 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Geothermal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Others 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Power generation Mtoe Share, % AAGR(%)
Input 1990-| 2005- 2010- 2020-| 2005-
1990 2005] 2010 2020 2030f 1990 2005] 2010 2020 2030f 2005 | 2010 2020 2030 | 2030
Total 0.5 1.0 11 15 2.1 100 100 100 100 100 5.1 19 3.7 3.3 3.2
Coal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Oil 0.0 0.0 0.0 0.0 0.0 0.6 0.4 0.2 0.3 0.3 2.0, -98 5.8 4.9 21
Natural gas 0.5 1.0 1.1 15 21| 994 99.6] 99.8 99.7 99.7 5.2 1.9 3.7 3.3 3.2
Thermal Efficiency % Share, % AAGR(%)

1995-| 2005- 2010- 2020-| 2005-
1990 2005 2010 2020 2030| 1990 2005| 2010 2020 2030f 2005 | 2010 2020 2030 | 2030

Total 21.8 255 28.4 34.2 40.0 1.1 2.2 1.9 1.6 1.8
Coal - - - - -
Oil 315 35.7 36.2 35.8 35.7 0.8 03 -01 0.0 0.0
Natural gas 21.8 255 28.4 34.2 40.0 1.1 2.2 1.9 1.6 1.8
CO, emissions Mt-C Share, % AAGR(%)

1990-| 2005- 2010- 2020-| 2005-
1990 2005/ 2010 2020 2030[ 1990 2005] 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 0.9 1.4] 1.5 2.2 3.1 \ 2.8 2.0 3.5 3.5 3.2

Energy and economic indicators AAGR(%)
1990-| 2005- 2010- 2020-| 2005-
1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030

GDP (billions of 2000 US dollars) 3.8 4.8 6.2 10.0 155 1.6 5.2 4.8 4.5 4.8
Population (millions of people) 0.3 0.4 0.4 0.6 0.7 25 35 2.4 2.4 2.6
GDP per capita (thousands of 2000 USD/person) 146 129 140 177 217 -0.8 1.7 2.3 2.1 2.1
Primary energy consumption per capita (toe/person) 6.9 6.5 6.0 6.4 6.9] -04| -17 0.7 0.8 0.2
Primary energy consumption per unit of GDP (toe/million 2000 | 473 504| 425 362 318 04/ -34 -16 -13| -1.8
CO, emissions per unit of GDP (t-C/million 2000 US Dollars) 241 288 247 218 198 12| -31 -12 -10/ -15

CO, emissions per unit of primary energy consumption (t-C/toe)] 0.51 0.57| 058 0.60 0.62 0.8 0.3 0.4 0.3 0.3
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BRUNEI DARUSSALAM [APS]

Primary energy Mtoe Share, % AAGR(%)
demand 1990-| 2005- 2010- 2020-| 2005-
1990 2005 2010 2020 2030] 1990 2005/ 2010 2020 2030| 2005| 2010 2020 2030 | 2030
Total 1.8 24 2.6 3.4 4.6 100 100 100 100 100 2.0 1.0 2.8 3.2 2.6
Coal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Qil 0.1 0.6 0.7 1.1 1.8 6.8 244, 265 329 39.0f 111 2.6 5.0 4.9 45
Natural gas 1.7 1.8 1.9 2.3 28| 932 756 735 67.1 61.0 0.6 0.5 1.8 2.2 1.7
Nuclear 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Hydro 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Geothermal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Others 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Final energy Mtoe Share, % AAGR(%)
consumption 1990-| 2005- 2010- 2020-| 2005-
by Sector 1990 2005] 2010 2020 2030 1990 2005| 2010 2020 2030| 2005| 2010 2020 2030 | 2030
Total 0.4 0.7 0.8 13 2.0 100 100 100 100 100 4.2 25 4.7 4.6 4.2
Industry 0.1 0.1 0.1 0.1 0.1] 155 11.0 9.2 7.8 6.8 19/ -10 2.9 33 23
Transportation 0.2 0.4 0.5 0.7 1.2 584 56.2| 57.1 581 58.6 3.9 2.9 4.9 4.7 4.4
Others 0.1 0.2 0.3 0.4 0.7] 261 3254 335 339 344 5.8 31 4.8 4.8 4.4
Non-energy 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.2 0.2 0.1 - 0.0 0.0 0.0 0.0
by Energy
Total 0.4 0.7 0.8 13 2.0 100 100 100 100 100 4.2 25 4.7 4.6 4.2
Coal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Qil 0.3 0.5 0.5 0.8 13| 775 675 66.7 655 644 3.3 2.3 4.5 4.4 4.0
Natural gas 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Electricity 0.1 0.2 0.3 0.4 0.7] 225 3254 333 345 356 6.8 3.0 5.1 4.9 4.6
Heat 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Others 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Power generation TWh Share, % AAGR(%)
1990-| 2005- 2010- 2020-| 2005-
1990 2005/ 2010 2020 2030f 1990 2005/ 2010 2020 2030 2005| 2010 2020 2030 | 2030
Total 1.2 2.9 34 55 8.9 100 100 100 100 100 6.2 3.0 5.0 4.9 4.6
Coal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Oil 0.0 0.0 0.0 0.0 0.0 0.9 0.6 0.3 0.3 0.3 2.8/ -105 5.0 4.9 1.7
Natural gas 1.2 2.9 34 55 89 99.1 994 99.7 99.7 99.7 6.3 31 5.0 4.9 4.6
Nuclear 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Hydro 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Geothermal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Others 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 - - 0.0 0.0 -
Power generation Mtoe Share, % AAGR(%)
Input 1990-| 2005- 2010- 2020-| 2005-
1990 2005 2010 2020 2030 1990 2005| 2010 2020 2030| 2005| 2010 2020 2030 | 2030
Total 0.5 1.0 1.0 1.4 1.9 100 100 100 100 100 5.1 0.8 3.1 33 2.7
Coal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Qil 0.0 0.0 0.0 0.0 0.0 0.6 0.4 0.2 0.3 0.3 2.0/ -101 5.0 5.1 1.8
Natural gas 0.5 1.0 1.0 14 19] 994 99.6|/ 99.8 99.7 99.7 5.2 0.9 3.1 33 2.7
Thermal Efficiency % Share, % AAGR(%)

1995-| 2005- 2010- 2020-| 2005-
1990 2005] 2010 2020 2030 1990 2005| 2010 2020 2030 2005 | 2010 2020 2030 | 2030

Total 21.8 255 28.4 34.2 40.0 11 22 1.9 16 1.8
Coal - - - - -
Oil 315 35.7 34.8 35.1 34.6 0.8/ -05 01 -01, -01
Natural gas 21.8 25.5 28.4 34.2 40.0 1.1 2.2 1.9 1.6 1.8
CO, emissions Mt-C Share, % AAGR(%)

1990-| 2005- 2010- 2020-| 2005-
1990 2005] 2010 2020 2030] 1990 2005] 2010 2020 2030| 2005 | 2010 2020 2030 | 2030
Total 0.9 1.4] 1.5 2.0 2.8 \ 2.8 1.2 3.2 3.5 2.9

Energy and economic indicators AAGR(%)
1990-| 2005- 2010- 2020-| 2005-
1990 2005/ 2010 2020 2030| 2005 | 2010 2020 2030 | 2030

GDP (billions of 2000 US dollars) 3.8 4.8 6.2 10.0 155 1.6 5.2 4.8 45 4.8
Population (millions of people) 0.3 0.4 0.4 0.6 0.7 2.5 3.5 2.4 2.4 2.6
GDP per capita (thousands of 2000 USD/person) 146 12.9| 140 177 217 -0.8 1.7 2.3 2.1 2.1
Primary energy consumption per capita (toe/person) 6.9 6.5 5.8 6.0 6.4 -04| -24 0.4 0.7 0.0
Primary energy consumption per unit of GDP (toe/million 2000 | 473 504 411 339 297 04| -40 -1.9 -1.3 2.1
CO, emissions per unit of GDP (t-C/million 2000 US Dollars) 241 288| 237 203 184 12| -38 -16 -1.0 -1.8

CO, emissions per unit of primary energy consumption (t-C/toe)) 0.51 0.57| 058 0.60 0.62 0.8 0.2 0.4 0.3 0.3
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CAMBODIA [BAU=APS]

Primary energy Mtoe Share, % AAGR(%)
demand 1995-| 2005- 2010- 2020-| 2005-
1995 2005] 2010 2020 2030f 1990 2005] 2010 2020 2030f 2005 | 2010 2020 2030 | 2030
Total 0.5 1.3 1.8 3.1 5.8 100 100 100 100 100 10.2 7.3 5.6 6.3 6.2
Coal 0.0 0.0 0.0 0.1 0.4 0.0 0.0 0.0 37 6.5 - - - 124 -
Oil 0.5 1.3 1.7 2.7 4.9| 100.0 99.1| 94.6 87.3 853| 10.1 6.3 4.7 6.0 5.6
Natural gas 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Nuclear 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Hydro 0.0 0.0 0.1 0.3 0.5 0.0 0.3 2.9 8.8 8.1 -l 69.1 18.0 55/ 21.3
Geothermal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Others 0.0 0.0 0.0 0.0 0.0 0.0 0.6 2.5 0.2 0.1 -| 435 -17.1 0.0 -0.3
Final energy Mtoe Share, % AAGR(%)
consumption 1995-| 2005- 2010- 2020-| 2005-
by Sector 1995 2005] 2010 2020 2030 1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 0.4 1.0 1.6 3.0 5.4( 100 100 100 100 100 10.2 9.6 6.7 6.1 7.0
Industry 0.0 0.1 0.1 0.2 0.4 0.9 5.1 5.9 6.8 7.6] 30.7| 12.6 8.2 7.4 8.7
Transportation 0.3 0.4 0.7 1.3 23| 75.0 432 427 418 429 4.2 9.3 6.5 6.4 7.0
Others 0.1 0.5 0.8 15 27| 240 517 515 515 495 189 9.5 6.7 5.7 6.9
Non-energy 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
by Energy
Total 0.4 1.0 1.6 3.0 54( 100 100/ 100 100 100 10.2 9.6 6.7 6.1 7.0
Coal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Oil 0.4 0.9 1.4 2.7 49| 975 936/ 92.0 90.7 89.7 9.7 9.2 6.6 6.0 6.9
Natural gas 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Electricity 0.0 0.1 0.1 0.3 0.6 2.5 6.4 8.0 9.3 10.3| 21.3| 146 8.2 7.3 9.1
Heat 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Others 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Power generation TWh Share, % AAGR(%)
1995-| 2005- 2010- 2020-| 2005-
1995 2005] 2010 2020 2030 1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 0.2 0.9 1.3 3.7 7.2 100 100 100 100 100 16.0 83 111 6.7 8.8
Coal 0.0 0.0 0.0 0.5 1.6 0.0 0.0 00 133 223 - - - 124 -
Oil 0.2 0.8 0.7 0.0 0.1f 100.0 95.0/ 53.1 1.0 16| 154 -3.6 -25.2 11.7| -7.6
Natural gas 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Nuclear 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Hydro 0.0 0.0 0.6 3.2 55 0.0 50/ 46.9 857 76.1 -| 69.3 18.0 55/ 21.3
Geothermal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Others 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Power generation Mtoe Share, % AAGR(%)
Input 1995-| 2005- 2010- 2020-| 2005-
1995 2005| 2010 2020 2030f 1990 2005] 2010 2020 2030f 2005 | 2010 2020 2030 | 2030
Total 0.1 0.3 0.3 0.1 0.4 100 100 100 100 100 11.4| -36 -7.4 123 0.8
Coal 0.0 0.0 0.0 0.1 0.4 0.0 0.0 0.0 882 888 - - - 124 -
Oil 0.1 0.3 0.3 0.0 0.0/ 100.0 100.0| 100.0 11.8 11.2| 114 -3.6 -252 117 -7.6
Natural gas 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Thermal Efficiency % Share, % AAGR(%)

1995-| 2005- 2010- 2020-| 2005-
1995 2005 2010 2020 2030| 1990 2005| 2010 2020 2030| 2005 | 2010 2020 2030 | 2030

Total 14.7 21.0 21.0 35.1 35.2 3.6 0.0 5.3 0.0 2.1
Coal 37.0 37.0 - - - 0.0 -
Oil 14.7 21.0 21.0 21.0 21.0 3.6 0.0 0.0 0.0 0.0
Natural gas - - - - -
CO, emissions Mt-C Share, % AAGR(%)

1995-| 2005- 2010- 2020-| 2005-
1995 2005/ 2010 2020 2030[ 1990 2005] 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 0.4 1.0] 1.4 2.3 4.3 \ 10.4 6.2 5.2 6.5 5.9

Energy and economic indicators AAGR(%)
1995-| 2005- 2010- 2020-| 2005-
1995 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030

GDP (billions of 2000 US dollars) 2.6 5.7 9.3 184 352 5.5/ 10.4 7.0 6.7 7.6
Population (millions of people) 114 141 149 164 178 1.4 1.1 1.0 0.8 0.9
GDP per capita (thousands of 2000 USD/person) 0.2 0.4 0.6 1.1 2.0 4.0 9.2 5.9 5.9 6.5
Primary energy consumption per capita (toe/person) 0.0 0.1 0.1 0.2 0.3 5.2 6.2 45 5.4 5.2
Primary energy consumption per unit of GDP (toe/million 2000 | 188 225 195 171 164 1.2 -28 -13 -04| -12
CO, emissions per unit of GDP (t-C/million 2000 US Dollars) 150 182| 149 126 124 13 -38 -1.7 -02| -15

CO, emissions per unit of primary energy consumption (t-C/toe)] 0.79 0.81| 0.77 0.74 0.75 01, -11 -04 0.2 -03
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Primary energy Mtoe Share, % AAGR(%)
demand 1990-| 2005- 2010- 2020-| 2005-
1990 2005] 2010 2020 2030] 1990 2005 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 662.8 1,493.6|/1,961.8 2,520.9 3,075.2| 100 100{ 100 100 100 5.6 5.6 25 2.0 2.9
Coal 528.5 1,087.6|1,374.9 1575.9 1,723.0 79.7 728 70.1 625 56.0 4.9 4.8 1.4 0.9 1.9
Oil 1104 318.4| 429.1 5714 6958 16.7 21.3] 219 227 226 7.3 6.2 2.9 2.0 3.2
Natural gas 12.8 40.1 61.7 146.0 357.8 1.9 2.7 3.1 58 116 7.9 9.0 9.0 9.4 9.1
Nuclear 0.0 13.8 21.0 65.8 91.3 0.0 0.9 11 2.6 3.0 - 8.7 121 3.3 7.8
Hydro 10.9 34.1 52.1 69.7 76.0 1.6 2.3 2.7 2.8 25 7.9 8.8 3.0 0.9 3.3
Geothermal 0.0 0.0 0.1 0.3 0.8 0.0 0.0 0.0 0.0 0.0 - - 158 9.8 -
Others 0.2 -0.5 23.0 91.7 130.6 0.0 0.0 1.2 3.6 4.2]-208.4| -312.4 148 3.6| -224.6
Final energy Mtoe Share, % AAGR(%)
consumption 1990-| 2005- 2010- 2020-| 2005-
by Sector 1990 2005| 2010 2020 2030| 1990 2005 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 462.5 890.3|1,162.9 1,516.7 1,861.9 100 100, 100 100 100 45 55 2.7 2.1 3.0
Industry 258.8 517.8| 6752 787.7 843.0/ 56.0 58.2| 581 519 453 4.7 55 1.6 0.7 2.0
Transportation 37.2 1142 158.6 246.7 344.2 80 128 136 16.3 185 7.8 6.8 4.5 3.4 4.5
Others 1421 208.4| 2746 4193 604.2| 30.7 234 236 276 324 2.6 5.7 4.3 3.7 4.3
Non-energy 245 49.9 54.5 63.0 70.5 5.3 5.6 4.7 4.2 3.8 4.9 1.8 1.4 1.1 14
by Energy
Total 462.5 890.3|1,162.9 1,516.7 1,861.9 100 100 100 100 100 45 55 2.7 2.1 3.0
Coal 314.7 373.3| 448.2 4585 4349| 68.0 419 385 302 234 1.1 3.7 02 -05 0.6
Oil 83.4 270.4| 355.3 505.1 6456 18.0 30.4| 305 333 347 8.2 5.6 3.6 2.5 3.5
Natural gas 9.7 31.9 50.6 100.6 187.9 21 3.6 44 6.6 10.1 8.2 9.7 7.1 6.4 7.4
Electricity 41.4 171.4| 2471 3551 461.0 9.0 19.2| 213 234 248 9.9 7.6 3.7 2.6 4.0
Heat 13.2 43.4 59.5 87.2 1155 2.9 4.9 51 5.8 6.2 8.2 6.5 3.9 2.8 4.0
Others 0.0 0.0 2.1 10.2 16.9 0.0 0.0 0.2 0.7 0.9 - - 170 5.2 -
Power generation TWh Share, % AAGR(%)
1990-| 2005- 2010- 2020-| 2005-
1990 2005| 2010 2020 2030| 1990 2005 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 621.2 2,497.4/3,529.6 5,006.6 6,449.0 100 100{ 100 100 100 9.7 7.2 3.6 2.6 3.9
Coal 442.8 1,972.3|2,710.9 3,509.4 4,223.2 713 79.00 76.8 70.1 655| 105 6.6 2.6 1.9 3.1
Oil 49.0 60.6 59.1 57.1 56.0 7.9 2.4 1.7 11 0.9 1.4 -0.5 -0.4 -0.2 -0.3
Natural gas 2.8 11.9 33.1 182.0 647.8 0.4 0.5 0.9 3.6 100 10.2| 226 186 135 173
Nuclear 0.0 53.1 80.4 2523 350.5 0.0 21 23 5.0 5.4 - 8.7 121 3.3 7.8
Hydro 126.7 397.0, 606.2 810.8 8835 204 159 172 16.2 137 7.9 8.8 3.0 0.9 3.3
Geothermal 0.0 0.0 0.1 0.4 0.9 0.0 0.0 0.0 0.0 0.0 - - 158 9.8 -
Others 0.0 2.5 39.8 1945 287.1 0.0 0.1 1.1 3.9 4.5 -| 738 17.2 4.0 20.9
Power generation Mtoe Share, % AAGR(%)
Input 1990-| 2005- 2010- 2020-| 2005-
1990 2005] 2010 2020 2030] 1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 1448 5455 691.2 870.6 1,088.1] 100 100 100 100 100 9.2 4.8 2.3 2.3 2.8
Coal 131.8 527.6/ 670.3 820.6 949.5/ 91.0 96.7| 97.0 943 873 9.7 4.9 2.0 15 24
Oil 12.4 15.3 13.8 12.7 12.0 8.5 2.8 2.0 15 11 14, -20 -09 -06 -1.0
Natural gas 0.6 2.6 7.1 37.3 126.6 0.4 0.5 1.0 43 11.6] 10.2] 22.0 180 13.0 16.7
Thermal Efficiency % Share, % AAGR(%)

1995-| 2005- 2010- 2020-| 2005-
1990 2005/ 2010 2020 2030| 1990 2005| 2010 2020 2030| 2005 2010 2020 2030 | 2030

Total 29.4 32.2 34.9 37.0 38.9 0.6 1.6 0.6 0.5 0.8
Coal 28.9 321 34.8 36.8 38.3 0.7 1.6 0.6 0.4 0.7
Oil 34.0 34.1 36.8 38.8 40.2 0.0 15 0.5 0.4 0.7
Natural gas 38.9 38.9 39.9 42.0 44.0 0.0 0.5 0.5 0.5 0.5
CO, emissions Mt-C Share, % AAGR(%)

1990-| 2005- 2010- 2020-| 2005-
1990 2005] 2010 2020 2030[ 1990 2005] 2010 2020 2030] 2005 | 2010 2020 2030 | 2030
Total 671.4 1,466.8[1,853.3 2,226.7 2,604.5 \ 5.3 4.8 1.9 1.6 2.3

Energy and economic indicators AAGR(%)
1990-| 2005- 2010- 2020-| 2005-
1990 2005/ 2010 2020 2030| 2005| 2010 2020 2030 | 2030

GDP (billions of 2000 US dollars) 445 1,890| 3,012 5,594 8,644 10.1 9.8 6.4 4.4 6.3
Population (millions of people) 1,143 1,308| 1,346 1,415 1,452 0.9 0.6 0.5 0.3 0.4
GDP per capita (thousands of 2000 USD/person) 0.4 1.4 2.2 4.0 6.0 9.1 9.1 5.9 4.2 5.8
Primary energy consumption per capita (toe/person) 0.6 1.1 1.5 1.8 2.1 4.6 5.0 2.0 1.7 2.5

Primary energy consumption per unit of GDP (toe/million 2000 || 1,491 790 651 451 356 -4.1 -3.8 -3.6 -2.3 -3.1
CO, emissions per unit of GDP (t-C/million 2000 US Dollars) 1,510 776 615 398 301| -43| -45 -43 27 -37
CO, emissions per unit of primary energy consumption (t-C/toe)] 1.01 0.98/ 0.94 0.88 0.85 -0.2 -0.8 -0.7 -0.4| -0.6

Automobile ownership volume (millions of vehicles) 55 31.8| 46.5 1175 2339 124 7.9 9.7 7.1 8.3
Automobile ownership volume per capita (vehicles per person) 0.00 0.02) 0.03 0.08 0.16f 11.4 7.3 9.2 6.8 7.9
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Primary energy Mtoe Share, % AAGR(%)
demand 1990-| 2005- 2010- 2020-| 2005-
1990 2005| 2010 2020 2030f 1990 2005] 2010 2020 2030f 2005 | 2010 2020 2030 | 2030
Total 662.8 1,493.6]1,841.3 2,155.,5 2,462.3| 100 100, 100 100 100 5.6 4.3 1.6 13 2.0
Coal 528.5 1,087.6|1,268.5 1,268.3 1,215.2| 79.7 728 689 588 494 4.9 3.1 00 -04 0.4
Oil 110.4 318.4| 415.6 4979 5335 16.7 21.3| 226 231 217 7.3 55 1.8 0.7 2.1
Natural gas 12.8 40.1 60.2 1335 3345 1.9 2.7 3.3 6.2 13.6 7.9 8.4 8.3 9.6 8.9
Nuclear 0.0 13.8 21.6 73.1 1279 0.0 0.9 1.2 3.4 5.2 - 9.3 13.0 5.8 9.3
Hydro 10.9 34.1 52.1 69.7 76.0 1.6 2.3 2.8 3.2 3.1 7.9 8.8 3.0 0.9 3.3
Geothermal 0.0 0.0 0.1 0.3 0.8 0.0 0.0 0.0 0.0 0.0 - - 158 9.8 -
Others 0.2 -0.5 23.1 112.8 1744 0.0 0.0 1.3 5.2 7.1] -208.4| -312.7 _17.2 4.5] -226.1
Final energy Mtoe Share, % AAGR(%)
consumption 1990-| 2005- 2010- 2020-| 2005-
by Sector 1990 2005] 2010 2020 2030 1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 462.5 890.3|1,119.0 1,342.9 1,545.3 100 100 100 100 100 4.5 4.7 1.8 1.4 2.2
Industry 258.8 517.8| 653.3 720.0 7455 56.0 582 584 53.6 482 4.7 4.8 1.0 0.3 15
Transportation 37.2 114.2| 151.8 2145 264.9 80 128 136 160 17.1 7.8 5.8 35 2.1 34
Others 142.1 208.4| 2594 3454 4645| 30.7 23.4| 232 257 301 2.6 45 2.9 3.0 3.3
Non-energy 24.5 49.9 54.5 63.0 70.5 5.3 5.6 4.9 4.7 4.6 4.9 1.8 1.4 1.1 1.4
by Energy
Total 462.5 890.3/1,119.0 1,342.9 1,545.3] 100 100/ 100 100 100 45 4.7 18 1.4 2.2
Coal 314.7 373.3| 430.4 403.6 357.4| 68.0 419 385 301 231 11 29 -06 -12| -0.2
Oil 83.4 270.4| 3409 4350 495.1| 18.0 30.4| 305 324 320 8.2 4.7 25 1.3 24
Natural gas 9.7 31.9 49.3 93.0 1733 21 3.6 4.4 6.9 11.2 8.2 9.1 6.5 6.4 7.0
Electricity 414 1714 2385 319.0 3928 9.0 19.2| 213 238 254 9.9 6.8 3.0 21 34
Heat 13.2 43.4 57.6 79.7 102.9 2.9 4.9 5.1 5.9 6.7 8.2 5.8 3.3 2.6 35
Others 0.0 0.0 2.3 12.7 23.7 0.0 0.0 0.2 0.9 15 - - 189 6.4 -
Power generation TWh Share, % AAGR(%)
1990-| 2005- 2010- 2020-| 2005-
1990 2005] 2010 2020 2030 1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 621.2 2,497.4|3,352.1 4,383.1 5,323.3| 100 100f 100 100 100 9.7 6.1 2.7 2.0 3.1
Coal 442.8 1,972.3|2,530.3 2,814.7 2,832.0/ 71.3 79.0/ 755 642 532 105 51 11 0.1 15
Oil 49.0 60.6 59.1 57.1 56.0 7.9 2.4 1.8 1.3 11 14/ -05 -04 -02] -03
Natural gas 2.8 11.9 33.8 1926 707.7 0.4 0.5 1.0 44 133| 10.2| 231 190 13.9| 177
Nuclear 0.0 53.1 829 280.4 490.6 0.0 2.1 25 6.4 9.2 - 9.3 13.0 5.8 9.3
Hydro 126.7 397.0/ 606.2 810.8 883.5| 204 159 181 185 16.6 7.9 8.8 3.0 0.9 3.3
Geothermal 0.0 0.0 0.1 0.4 0.9 0.0 0.0 0.0 0.0 0.0 - - 158 9.8 -
Others 0.0 2.5 39.8 227.1 3525 0.0 0.1 1.2 5.2 6.6 -| 738 19.0 45] 219
Power generation Mtoe Share, % AAGR(%)
Input 1990-| 2005- 2010- 2020-| 2005-
1990 2005] 2010 2020 2030f 1990 2005] 2010 2020 2030f 2005 | 2010 2020 2030 | 2030
Total 1448 5455| 610.1 646.8 7019/ 100 100/ 100 100 100 9.2 2.3 0.6 0.8 1.0
Coal 131.8 527.6| 589.9 5979 564.7| 91.0 96.7| 96.7 924 80.4 9.7 2.3 0.1 -0.6 0.3
Oil 12.4 15.3 13.1 11.6 10.7 8.5 2.8 2.1 1.8 1.5 1.4 -3.1 -1.2 -0.8 -1.4
Natural gas 0.6 2.6 7.1 37.3  126.6 0.4 0.5 1.2 5.8 18.0/ 10.2] 22.0 18.0 13.0] 16.7
Thermal Efficiency % Share, % AAGR(%)

1995-| 2005- 2010- 2020-| 2005-
1990 2005 2010 2020 2030| 1990 2005| 2010 2020 2030f 2005 | 2010 2020 2030 | 2030

Total 29.4 322 37.0 40.7 44.1 0.6 2.8 1.0 0.8 1.3
Coal 28.9 321 36.9 40.5 43.1 0.7 2.8 0.9 0.6 1.2
Oil 34.0 34.1 38.9 42.5 45.1 0.0 2.6 0.9 0.6 1.1
Natural gas 38.9 38.9 40.7 44.4 48.1 0.0 0.9 0.9 0.8 0.8
CO, emissions Mt-C Share, % AAGR(%)

1990-| 2005- 2010- 2020-| 2005-
1990 2005/ 2010 2020 2030[ 1990 2005] 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 671.4 1,466.8]/1,726.0 1,826.1 1,903.9 \ 5.3 3.3 0.6 0.4 1.0

Energy and economic indicators AAGR(%)
1990-| 2005- 2010- 2020-| 2005-
1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030

GDP (billions of 2000 US dollars) 445 1,890| 3,144 5594 8,644 10.1| 10.7 5.9 4.4 6.3
Population (millions of people) 1,143 1,308| 1,346 1,415 1,452 0.9 0.6 0.5 0.3 0.4
GDP per capita (thousands of 2000 USD/person) 0.4 1.4 2.3 4.0 6.0 9.1/ 101 5.4 4.2 5.8
Primary energy consumption per capita (toe/person) 0.6 1.1 1.4 15 1.7 4.6 3.7 11 11 1.6

Primary energy consumption per unit of GDP (toe/million 2000 || 1,491 790 586 385 285 -4.1| -58 -41 -3.0/ -4.0
CO, emissions per unit of GDP (t-C/million 2000 US Dollars) 1,510 776| 549 326 220 -43| -6.7 -51 -39 -49

CO, emissions per unit of primary energy consumption (t-C/toe)] 1.01 0.98| 0.94 085 0.77f -02| -09 -1.0 -09/ -1.0
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Primary energy Mtoe Share, % AAGR(%)
demand 1990-| 2005- 2010- 2020-| 2005-
1990 2005| 2010 2020 2030f 1990 2005] 2010 2020 2030f 2005 | 2010 2020 2030 | 2030
Total 186.4 379.3] 469.9 882.0 1,831.5/ 100 100/ 100 100 100 4.8 4.4 6.5 7.6 6.5
Coal 106.1 208.0/ 2285 3856 962.3] 569 54.8/ 486 43.7 525 4.6 19 5.4 9.6 6.3
Oil 62.6 128.6| 163.5 293.6 5819 33.6 339 348 333 318 4.9 4.9 6.0 7.1 6.2
Natural gas 9.8 28.8 50.4 139.6 201.0 5.3 7.6/ 10.7 158 11.0 7.4 118 10.7 3.7 8.1
Nuclear 1.6 45 10.8 345 42.4 0.9 1.2 2.3 3.9 2.3 72| 19.0 123 21 9.4
Hydro 6.2 8.6 16.0 28.0 43.1 3.3 2.3 3.4 3.2 2.4 22| 133 5.7 4.4 6.7
Geothermal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Others 0.1 0.8 0.7 0.7 0.8 0.1 0.2 0.2 0.1 0.0f 132 -19 -0.2 09/ -01
Final energy Mtoe Share, % AAGR(%)
consumption 1990-| 2005- 2010- 2020-| 2005-
by Sector 1990 2005] 2010 2020 2030 1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 116.8 199.1| 281.2 5215 1,019.8/ 100 100 100 100 100 3.6 7.1 6.4 6.9 6.8
Industry 60.4 90.3| 133.2 229.0 406.1| 51.7 453| 47.4 439 3938 2.7 8.1 5.6 5.9 6.2
Transportation 20.3 37.0 55.7 119.2 2920/ 174 186 198 229 286 4.1 8.5 7.9 9.4 8.6
Others 325 58.5 735 136.2 248.6| 278 29.4| 261 261 244 4.0 4.7 6.4 6.2 6.0
Non-energy 3.6 13.4 18.8 37.1 73.1 3.1 6.7 6.7 7.1 7.2 9.2 7.0 7.0 7.0 7.0
by Energy
Total 116.8 199.1| 281.2 5215 1,019.8/ 100 100/ 100 100 100 3.6 7.1 6.4 6.9 6.8
Coal 41.3 37.7 60.5 97.1 1575 354 189 215 186 154 -0.6 9.9 4.9 5.0 5.9
Oil 51.7 106.3| 146.3 2719 549.3| 442 534 520 521 539 4.9 6.6 6.4 7.3 6.8
Natural gas 5.6 13.9 17.7 31.8 59.8 4.8 7.0 6.3 6.1 5.9 6.2 4.8 6.0 6.5 6.0
Electricity 18.2 41.1 56.8 120.8 253.2| 156 20.6/ 20.2 232 248 5.6 6.7 7.8 7.7 7.5
Heat 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Others 0.0 0.1 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 -| -100.0 - -1 -100.0
Power generation TWh Share, % AAGR(%)
1990-| 2005- 2010- 2020-| 2005-
1990 2005] 2010 2020 2030 1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 289.4 699.0/ 966.6 2,048.3 4,303.2 100 100, 100 100 100 6.1 6.7 7.8 7.7 7.5
Coal 191.6 480.0) 550.3 963.7 2,812.0/ 66.2 687 569 47.1 653 6.3 2.8 58 113 7.3
Oil 10.0 31.2 10.4 9.6 13.1 35 45 11 0.5 0.3 79| -19.7 -0.8 32| -34
Natural gas 10.0 62.5| 167.0 596.0 774.0 3.4 89/ 173 29.1 180 13.0f 21.7 13.6 2.6/ 10.6
Nuclear 6.1 17.3 414 1325 162.8 2.1 25 4.3 6.5 3.8 7.2| 19.0 123 2.1 9.4
Hydro 71.7 100.0| 186.6 325.2 500.8 24.8 143 193 159 116 22| 133 5.7 4.4 6.7
Geothermal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Others 0.0 8.1 10.9 21.3 40.5 0.0 1.2 1.1 1.0 0.9[ 446 6.2 6.9 6.6 6.7
Power generation Mtoe Share, % AAGR(%)
Input 1990-| 2005- 2010- 2020-| 2005-
1990 2005] 2010 2020 2030f 1990 2005] 2010 2020 2030f 2005 | 2010 2020 2030 | 2030
Total 66.8 176.5| 178.2 348.0 862.6/ 100 100, 100 100 100 6.7 0.2 6.9 9.5 6.6
Coal 58.0 155.5| 146.9 2495 7350 86.9 881 824 717 852 6.8/ -1.1 54 114 6.4
Oil 53 8.2 29 2.7 3.6 8.0 4.7 1.6 0.8 0.4 29| -188 -0.8 32| -32
Natural gas 35 12.8 28.4 95.9 124.0 5.2 73] 160 276 144 9.1 173 129 2.6 9.5
Thermal Efficiency % Share, % AAGR(%)

1995-| 2005- 2010- 2020-| 2005-
1990 2005 2010 2020 2030| 1990 2005| 2010 2020 2030f 2005 | 2010 2020 2030 | 2030

Total 27.2 27.9 35.1 38.8 35.9 0.2 4.7 1.0 -0.8 1.0
Coal 28.4 26.5 322 33.2 32.9 -0.4 4.0 03 -01 0.9
Oil 16.3 32.7 31.0 31.0 31.0 48| -1.1 0.0 0.0/ -0.2
Natural gas 24.7 41.9 50.5 53.4 53.7 3.6 3.8 0.6 0.0 1.0
CO, emissions Mt-C Share, % AAGR(%)

1990-| 2005- 2010- 2020-| 2005-
1990 2005/ 2010 2020 2030[ 1990 2005] 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 167.2 329.2] 383.4 686.8 1,531.6 \ 4.6 3.1 6.0 8.4 6.3

Energy and economic indicators AAGR(%)
1990-| 2005- 2010- 2020-| 2005-
1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030

GDP (billions of 2000 US dollars) 274  655| 958 2,067 4,463 6.0 7.9 8.0 8.0 8.0
Population (millions of people) 850 1,095/ 1,163 1,326 1,460 1.7 1.2 1.3 1.0 1.2
GDP per capita (thousands of 2000 USD/person) 0.3 0.6 0.8 1.6 3.1 4.2 6.6 6.6 7.0 6.7
Primary energy consumption per capita (toe/person) 0.2 0.3 0.4 0.7 1.3 3.1 3.1 5.1 6.6 5.3
Primary energy consumption per unit of GDP (toe/million 2000 | 681 579| 491 427 410 -11, -33 -14 -04| -14
CO, emissions per unit of GDP (t-C/million 2000 US Dollars) 611 503 400 332 343 -13] -45 -18 03] ~-15

CO, emissions per unit of primary energy consumption (t-C/toe)] 0.90 0.87| 082 0.78 0.84 -0.2| -1.2 -05 0.7 -0.1
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Primary energy Mtoe Share, % AAGR(%)
demand 1990-| 2005- 2010- 2020-| 2005-
1990 2005| 2010 2020 2030f 1990 2005] 2010 2020 2030f 2005 | 2010 2020 2030 | 2030
Total 186.4 379.3] 435.0 744.7 1,329.7] 100 100/ 100 100 100 4.8 2.8 5.5 6.0 5.1
Coal 106.1 208.0) 203.2 258.7 4955| 56.9 54.8| 46.7 347 373 46| -05 24 6.7 35
Oil 62.6 128.6| 151.0 249.2 4325 33.6 339 347 335 325 4.9 3.3 5.1 5.7 5.0
Natural gas 9.8 28.8 48.8 129.2 189.9 53 76| 112 173 143 74| 111 10.2 3.9 7.8
Nuclear 1.6 45 13.7 711 1414 0.9 1.2 3.2 9.5 10.6 72| 249 179 7.1 1438
Hydro 6.2 8.6 16.1 28.2 43.6 3.3 2.3 37 3.8 3.3 22| 133 5.8 4.5 6.7
Geothermal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Others 0.1 0.8 2.3 8.4 26.8 0.1 0.2 0.5 1.1 20| 13.2] 239 139 123| 15.2
Final energy Mtoe Share, % AAGR(%)
consumption 1990-| 2005- 2010- 2020-| 2005-
by Sector 1990 2005] 2010 2020 2030 1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 116.8 199.1| 260.4 450.8 779.6/ 100 100{ 100 100 100 3.6 5.5 5.6 5.6 5.6
Industry 60.4 90.3| 124.2 1985 302.6| 51.7 453| 47.7 440 388 2.7 6.6 4.8 4.3 5.0
Transportation 20.3 37.0 46.6 88.2 186.7| 174 186 179 19.6 24.0 4.1 4.7 6.6 7.8 6.7
Others 325 58.5 70.8 1269 217.1| 278 29.4| 272 282 279 4.0 3.9 6.0 55 5.4
Non-energy 3.6 13.4 18.8 37.1 73.1 3.1 6.7 7.2 8.2 9.4 9.2 7.0 7.0 7.0 7.0
by Energy
Total 116.8 199.1| 260.4 450.8 779.6/ 100 100/ 100 100 100 3.6 5.5 5.6 5.6 5.6
Coal 41.3 37.7 54.6 77.3 90.2| 354 189| 210 172 116 -0.6 7.7 35 1.6 3.5
Oil 51.7 106.3| 133.7 226.8 396.7| 442 534 513 503 509 4.9 4.7 5.4 5.8 5.4
Natural gas 5.6 13.9 17.4 30.5 54.9 4.8 7.0 6.7 6.8 7.0 6.2 45 5.8 6.1 5.6
Electricity 18.2 41.1 53.2 1085 211.7| 156 20.6/ 204 241 27.2 5.6 5.3 7.4 6.9 6.8
Heat 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Others 0.0 0.1 1.6 7.7 26.0 0.0 0.1 0.6 17 3.3 -| 724 172 13.0] 24.8
Power generation TWh Share, % AAGR(%)
1990-| 2005- 2010- 2020-| 2005-
1990 2005] 2010 2020 2030 1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 289.4 699.0/ 9055 1,837.9 3,594.7[ 100 100, 100 100 100 6.1 5.3 7.3 6.9 6.8
Coal 191.6 480.0) 4825 655.1 1,704.6/ 66.2 68.7| 53.3 356 47.4 6.3 0.1 3.1 100 5.2
Oil 10.0 31.2 10.0 8.6 12.7 35 45 11 0.5 0.4 79| -203 -15 4.0/ -35
Natural gas 10.0 62.5| 162.4 5525 787.0 3.4 89| 179 30.1 219 13.0, 210 13.0 3.6/ 10.7
Nuclear 6.1 17.3 52.7 2728 5428 2.1 25 58 148 151 72| 249 179 7.1 148
Hydro 71.7 100.0| 187.0 327.7 507.2| 248 143 207 178 141 22| 133 5.8 4.5 6.7
Geothermal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Others 0.0 8.1 10.9 21.3 40.5 0.0 1.2 1.2 1.2 1.1 446 6.2 6.9 6.6 6.7
Power generation Mtoe Share, % AAGR(%)
Input 1990-| 2005- 2010- 2020-| 2005-
1990 2005] 2010 2020 2030f 1990 2005] 2010 2020 2030f 2005 | 2010 2020 2030 | 2030
Total 66.8 176.5| 1575 2324 457.7[ 100 100 100 100 100 6.7 -2.3 4.0 7.0 3.9
Coal 58.0 155.5| 127.4 1424 3354/ 86.9 881 809 613 733 6.8/ -3.9 11 8.9 3.1
Oil 53 8.2 2.8 24 35 8.0 4.7 1.8 1.0 0.8 29| -194 -15 4.0/ -3.3
Natural gas 35 12.8 27.3 87.6 118.7 5.2 73| 173 377 259 9.1 163 124 3.1 9.3
Thermal Efficiency % Share, % AAGR(%)

1995-| 2005- 2010- 2020-| 2005-
1990 2005 2010 2020 2030| 1990 2005| 2010 2020 2030f 2005 | 2010 2020 2030 | 2030

Total 27.2 27.9 35.8 45.0 47.1 0.2 5.1 2.3 0.4 2.1
Coal 28.4 26.5 32.6 39.6 43.7 -0.4 4.2 2.0 1.0 2.0
Oil 16.3 32.7 31.0 31.0 31.0 48/ -1.1 0.0 0.0 -0.2
Natural gas 24.7 41.9 51.2 54.2 57.0 3.6 4.1 0.6 0.5 1.2
CO, emissions Mt-C Share, % AAGR(%)

1990-| 2005- 2010- 2020-| 2005-
1990 2005/ 2010 2020 2030[ 1990 2005] 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 167.2 329.2] 3446 505.9 8953 \ 4.6 0.9 3.9 5.9 4.1

Energy and economic indicators AAGR(%)
1990-| 2005- 2010- 2020-| 2005-
1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030

GDP (billions of 2000 US dollars) 274  655| 958 2,067 4,463 6.0 7.9 8.0 8.0 8.0
Population (millions of people) 850 1,095/ 1,163 1,326 1,460 1.7 1.2 1.3 1.0 1.2
GDP per capita (thousands of 2000 USD/person) 0.3 0.6 0.8 1.6 3.1 4.2 6.6 6.6 7.0 6.7
Primary energy consumption per capita (toe/person) 0.2 0.3 0.4 0.6 0.9 3.1 15 4.1 5.0 3.9
Primary energy consumption per unit of GDP (toe/million 2000 | 681 579| 454 360 298| -1.1| -47 -23 -19| -26
CO, emissions per unit of GDP (t-C/million 2000 US Dollars) 611 503] 360 245 201 -13, -65 -3.8 -2.0/ -36

CO, emissions per unit of primary energy consumption (t-C/toe)) 0.90 0.87| 0.79 0.68 067 -02| -18 -15 -01 -1.0
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INDONESIA [BAU]

Primary energy Mtoe Share, % AAGR(%)
demand 1990-| 2005- 2010- 2020-| 2005-
1990 2005| 2010 2020 2030f 1990 2005] 2010 2020 2030f 2005 | 2010 2020 2030 | 2030
Total 64.6 135.1| 183.2 3140 5429 100 100, 100 100 100 5.0 6.3 5.5 5.6 5.7
Coal 3.9 254 36.1 76.8 163.1 6.1 18.8/ 19.7 245 30.0/ 132 7.3 7.8 7.8 7.7
Oil 34.2 66.2 81.4 1299 220.8/ 53.0 49.0) 444 414 407 45 4.2 4.8 5.4 4.9
Natural gas 18.5 30.6 36.8 56.3 106.9| 28.6 22.6/ 20.1 179 197 3.4 3.8 4.3 6.6 5.1
Nuclear 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Hydro 0.6 0.9 15 1.8 2.1 0.9 0.7 0.8 0.6 0.4 3.0/ 108 1.8 1.6 34
Geothermal 0.9 5.7 20.8 415 415 15 42| 114 132 7.6 12.7| 29.6 7.2 0.0 8.3
Others 6.4 6.3 6.6 7.7 8.5 9.9 4.7 3.6 2.5 16| -0.1 0.9 1.6 1.0 1.2
Final energy Mtoe Share, % AAGR(%)
consumption 1990-| 2005- 2010- 2020-| 2005-
by Sector 1990 2005] 2010 2020 2030 1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 43.9 89.8| 120.5 217.7 400.9( 100 100 100 100 100 4.9 6.1 6.1 6.3 6.2
Industry 16.5 344 47.9 90.7 1715/ 37.6 383 398 417 428 5.0 6.8 6.6 6.6 6.6
Transportation 11.0 26.1 389 740 139.6| 251 29.1) 323 34.0 348 5.9 8.3 6.6 6.6 6.9
Others 8.9 18.1 20.6 35.1 65.00 20.2 202 171 161 16.2 4.9 2.6 55 6.4 5.2
Non-energy 7.5 11.2 13.1 17.9 248 171 125 10.9 8.2 6.2 2.7 3.2 3.2 3.3 3.2
by Energy
Total 43.6 89.7| 120.5 217.7 400.7f 100 100/ 100 100 100 4.9 6.1 6.1 6.3 6.2
Coal 0.6 9.6 14.1 30.4 65.7 15 10.7| 11.7 140 164 1938 8.0 8.0 8.0 8.0
Oil 27.6 51.9 66.7 1151 205.7| 63.3 57.9| 554 529 513 4.3 5.1 5.6 6.0 5.7
Natural gas 6.6 12.7 18.8 34.8 59.4| 152 142 156 16.0 1438 4.4 8.2 6.4 55 6.4
Electricity 2.3 9.2 14.3 30.1 61.9 53 10.3] 119 138 154 9.6 9.2 7.7 7.5 7.9
Heat 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Others 6.4 6.3 6.6 7.3 8.0 14.7 7.0 5.5 34 20, -01 0.9 1.0 0.9 1.0
Power generation TWh Share, % AAGR(%)
1990-| 2005- 2010- 2020-| 2005-
1990 2005] 2010 2020 2030 1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 33.3 130.2| 201.7 4259 8758 100 100, 100 100 100 9.5 9.1 7.8 7.5 7.9
Coal 10.5 51.8 943 2235 506.3| 315 398/ 46.8 525 57.8] 11.2| 127 9.0 8.5 9.5
Oil 14.2 44.2 37.2 30.4 32.0 427 339 184 7.1 3.7 78| -34 20 0.5 -1.3
Natural gas 0.8 16.8 28.9 100.8 261.6 23 129| 143 237 299| 230/ 115 133 100/ 11.6
Nuclear 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Hydro 6.7 10.8 16.9 21.1 24.3| 20.2 8.3 8.4 5.0 2.8 3.2 9.4 2.2 1.4 3.3
Geothermal 11 6.6 24.2 48.3 48.3 3.3 51| 12.0 113 55| 12.7| 29.7 7.2 0.0 8.3
Others 0.0 0.0 0.2 1.8 3.3 0.0 0.0 0.1 0.4 0.4 - - 246 6.2 -
Power generation Mtoe Share, % AAGR(%)
Input 1990-| 2005- 2010- 2020-| 2005-
1990 2005] 2010 2020 2030f 1990 2005] 2010 2020 2030f 2005 | 2010 2020 2030 | 2030
Total 6.9 29.1 37.2 73.9 1487 100 100/ 100 100 100 10.1 5.0 7.1 7.2 6.7
Coal 2.7 15.8 22.7 49.4 99.9| 39.7 543| 61.0 66.8 672 124 7.5 8.1 7.3 7.7
Oil 3.8 9.8 8.2 6.5 6.5 55.7 337 220 8.8 4.4 6.5 -35 -23 0.0 -1.6
Natural gas 0.3 35 6.3 18.0 42.3 47 120/ 169 244 284 17.3| 125 111 8.9 105
Thermal Efficiency % Share, % AAGR(%)

1995-| 2005- 2010- 2020-| 2005-
1990 2005 2010 2020 2030| 1990 2005| 2010 2020 2030f 2005 | 2010 2020 2030 | 2030

Total 32.0 33.3 37.1 41.3 46.3 0.3 2.2 1.1 1.1 1.3
Coal 33.2 28.2 35.7 38.9 43.6 -1.1 4.8 0.9 1.1 1.8
Oil 321 38.8 39.0 40.2 42.3 1.3 0.1 0.3 0.5 0.4
Natural gas 20.2 41.3 39.5 48.2 53.2 4.9 -0.9 2.0 1.0 1.0
CO, emissions Mt-C Share, % AAGR(%)

1990-| 2005- 2010- 2020-| 2005-
1990 2005/ 2010 2020 2030[ 1990 2005] 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 41.6 90.6] 116.7 207.6 401.2 \ 5.3 5.2 5.9 6.8 6.1

Energy and economic indicators AAGR(%)
1990-| 2005- 2010- 2020-| 2005-
1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030

GDP (billions of 2000 US dollars) 109.2 207.9| 2724 499.5 937.6 4.4 5.6 6.3 6.5 6.2
Population (millions of people) 178.2 220.6| 234.1 263.8 288.5 1.4 1.2 1.2 0.9 1.1
GDP per capita (thousands of 2000 USD/person) 0.6 0.9 1.2 1.9 3.2 29 4.3 5.0 5.6 5.1
Primary energy consumption per capita (toe/person) 0.4 0.6 0.8 1.2 1.9 3.6 5.0 4.3 4.7 4.6
Primary energy consumption per unit of GDP (toe/million 2000 | 592 650 673 629 579 0.6 07 -07 -0.8/ -05
CO, emissions per unit of GDP (t-C/million 2000 US Dollars) 381  436| 428 416 428 09, -03 -03 03] -0.1

CO, emissions per unit of primary energy consumption (t-C/toe)] 0.64 0.67| 0.64 0.66 0.74 0.3 -1.0 0.4 1.1 0.4
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Primary energy Mtoe Share, % AAGR(%)
demand 1990-| 2005- 2010- 2020-| 2005-
1990 2005| 2010 2020 2030f 1990 2005] 2010 2020 2030f 2005 | 2010 2020 2030 | 2030
Total 64.6 135.1| 180.0 2740 383.8/ 100 100 100 100 100 5.0 5.9 4.3 3.4 4.3
Coal 3.9 254 33.7 56.9 84.5 6.1 18.8| 187 20.8 22.0| 132 5.8 5.4 4.0 4.9
Oil 34.2 66.2 80.5 113.2 152.6/ 53.0 49.0/ 447 413 3938 45 4.0 35 3.0 34
Natural gas 18.5 30.6 36.9 53.0 90.3| 286 226/ 205 193 235 3.4 3.8 3.7 5.5 4.4
Nuclear 0.0 0.0 0.0 0.0 4.3 0.0 0.0 0.0 0.0 11 - - - - -
Hydro 0.6 0.9 15 1.8 2.1 0.9 0.7 0.8 0.7 0.5 3.0/ 108 1.8 1.6 34
Geothermal 0.9 5.7 20.8 415 415 15 42| 116 151 10.8| 12.7| 29.6 7.2 0.0 8.3
Others 6.4 6.3 6.6 7.6 8.5 9.9 4.7 3.7 2.8 22| -01 0.9 1.4 1.1 1.2
Final energy Mtoe Share, % AAGR(%)
consumption 1990-| 2005- 2010- 2020-| 2005-
by Sector 1990 2005] 2010 2020 2030 1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 43.9 89.8| 118.3 187.8 2774 100 100 100 100 100 4.9 5.7 4.7 4.0 4.6
Industry 16.5 344 46.4 77.7 1175 37.6 383| 39.2 414 424 5.0 6.2 5.3 4.2 5.0
Transportation 11.0 26.1 38.6 63.9 949 251 29.1] 326 340 342 5.9 8.1 5.2 4.0 5.3
Others 8.9 18.1 20.2 28.3 40.2| 20.2 20.2| 171 151 145 4.9 2.2 34 3.6 3.2
Non-energy 7.5 11.2 13.1 17.9 248 171 125 11.1 9.5 8.9 2.7 3.2 3.2 3.3 3.2
by Energy
Total 43.6 89.7| 1183 188.0 277.2[ 100 100/ 100 100 100 4.9 5.7 4.7 4.0 4.6
Coal 0.6 9.6 13.4 23.8 36.2 15 107/ 11.3 127 13.1f 1938 6.9 5.9 4.3 55
Oil 27.6 51.9 65.7 98.0 136.9] 633 579 555 521 494 43 4.8 4.1 34 4.0
Natural gas 6.6 12.7 18.8 34.8 59.4( 152 142| 159 185 214 4.4 8.2 6.4 55 6.4
Electricity 2.3 9.2 13.8 241 36.7 53 10.3] 117 128 132 9.6 8.4 5.7 4.3 5.7
Heat 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Others 6.4 6.3 6.6 7.3 8.0 14.7 7.0 5.6 3.9 29| -01 0.9 1.0 0.9 1.0
Power generation TWh Share, % AAGR(%)
1990-| 2005- 2010- 2020-| 2005-
1990 2005] 2010 2020 2030 1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 33.3 130.2| 1947 340.7 519.4 100 100, 100 100 100 9.5 8.4 5.8 4.3 5.7
Coal 10.5 51.8 87.3 158.1 236.3] 315 39.8( 44.8 464 455 11.2| 11.0 6.1 4.1 6.3
Oil 14.2 44.2 37.2 31.8 33.5| 427 339 19.1 9.3 6.4 78| -34 -16 05| -1.1
Natural gas 0.8 16.8 289 79.6 157.3 23 129| 148 234 303| 230/ 115 107 7.0 9.4
Nuclear 0.0 0.0 0.0 0.0 16.4 0.0 0.0 0.0 0.0 3.2 - - - - -
Hydro 6.7 10.8 16.9 21.1 24.3| 20.2 8.3 8.7 6.2 4.7 3.2 9.4 2.2 1.4 3.3
Geothermal 11 6.6 24.2 48.3 48.3 3.3 51| 124 142 9.3] 12.7| 29.7 7.2 0.0 8.3
Others 0.0 0.0 0.2 1.8 3.3 0.0 0.0 0.1 0.5 0.6 - - 246 6.2 -
Power generation Mtoe Share, % AAGR(%)
Input 1990-| 2005- 2010- 2020-| 2005-
1990 2005] 2010 2020 2030f 1990 2005] 2010 2020 2030f 2005 | 2010 2020 2030 | 2030
Total 6.9 29.1 34.2 53.6 81.7( 100 100/ 100 100 100 10.1 3.3 4.6 4.3 4.2
Coal 2.7 15.8 20.3 33.1 48.3| 39.7 54.3| 59.4 618 59.1| 124 5.1 5.0 3.9 4.6
Oil 3.8 9.8 8.2 6.7 6.9] 557 337 240 125 8.4 6.5 -35 -20 03] -14
Natural gas 0.3 35 5.7 13.8 26.5 47 12,0/ 167 257 324 17.3] 10.2 9.2 6.7 8.4
Thermal Efficiency % Share, % AAGR(%)

1995-| 2005- 2010- 2020-| 2005-
1990 2005 2010 2020 2030| 1990 2005| 2010 2020 2030f 2005 | 2010 2020 2030 | 2030

Total 32.0 333 38.6 43.2 45.0 0.3 3.0 11 0.4 1.2
Coal 33.2 28.2 37.0 411 42.1 -1.1 5.6 11 0.2 1.6
Oil 32.1 38.8 39.0 40.8 41.8 1.3 0.1 0.5 0.2 0.3
Natural gas 20.2 41.3 43.6 49.6 51.0 4.9 1.1 1.3 0.3 0.9
CO, emissions Mt-C Share, % AAGR(%)

1990-| 2005- 2010- 2020-| 2005-
1990 2005/ 2010 2020 2030[ 1990 2005] 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 41.6 90.6] 113.7 168.9 246.8 \ 5.3 4.6 4.0 3.9 4.1

Energy and economic indicators AAGR(%)
1990-| 2005- 2010- 2020-| 2005-
1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030

GDP (billions of 2000 US dollars) 109.2 207.9| 2724 499.5 937.6 4.4 5.6 6.3 6.5 6.2
Population (millions of people) 178.2 220.6| 234.1 263.8 288.5 1.4 1.2 1.2 0.9 1.1
GDP per capita (thousands of 2000 USD/person) 0.6 0.9 1.2 1.9 3.2 29 4.3 5.0 5.6 5.1
Primary energy consumption per capita (toe/person) 0.4 0.6 0.8 1.0 1.3 3.6 4.7 3.1 25 3.2
Primary energy consumption per unit of GDP (toe/million 2000 | 592 650 661 549 409 0.6 03 -18 -29 -1.8
CO, emissions per unit of GDP (t-C/million 2000 US Dollars) 381  436| 417 338 263 09, -09 -21 -25/ -20

CO, emissions per unit of primary energy consumption (t-C/toe)] 0.64 0.67| 0.63 0.62 0.64 03 -1.2 -0.2 04| -0.2
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JAPAN [BAU]

Primary energy Mtoe Share, % AAGR(%)
demand 1990-| 2005- 2010- 2020-| 2005-
1990 2005| 2010 2020 2030f 1990 2005] 2010 2020 2030f 2005 | 2010 2020 2030 | 2030
Total 4445 530.5| 531.8 538.1 521.00 100 100/ 100 100 100 1.2 0.1 0.1 -03] -01
Coal 77.2 1121 101.2 99.9 97.7( 174 21.1] 19.0 186 187 25/ -20 -01 -0.2| -05
Oil 255.0 251.7| 236.0 2158 194.8| 574 474 444 401 374 -0.1 -1.3 -0.9 -1.0 -1.0
Natural gas 44.2 70.5 75.4 78.8 83.9 9.9 133 142 146 161 3.2 14 0.4 0.6 0.7
Nuclear 52.7 79.4| 100.7 1235 1235 119 150/ 189 229 237 2.8 4.9 21 0.0 1.8
Hydro 7.7 6.7 7.6 7.6 7.6 1.7 1.3 1.4 1.4 15 -0.9 2.4 0.0 0.1 0.5
Geothermal 1.6 3.0 3.2 3.2 3.2 0.4 0.6 0.6 0.6 0.6 4.4 11 0.0 0.0 0.2
Others 6.1 7.0 7.8 9.4 10.4 1.4 1.3 15 1.7 2.0 0.9 2.0 1.9 1.0 1.6
Final energy Mtoe Share, % AAGR(%)
consumption 1990-| 2005- 2010- 2020-| 2005-
by Sector 1990 2005] 2010 2020 2030 1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 304.4 350.8) 3434 3379 3252 100 100/ 100 100 100 10/ -04 -02 -04] -03
Industry 125.7 127.1) 1242 119.7 113.4| 413 36.2| 36.2 354 349 0.1 -04 -04 -05/ -05
Transportation 76.7 93.0 89.7 84.0 765 252 265 261 249 235 13| -07 -06 -09/ -08
Others 90.5 121.2| 1201 125.0 126.3| 29.7 3454 350 37.0 388 20| -0.2 0.4 0.1 0.2
Non-energy 11.4 9.6 9.4 9.1 9.0 3.8 2.7 2.7 2.7 28 -12/ -05 -02 -01] -03
by Energy
Total 304.4 350.8) 343.4 337.9 3252 100 100, 100 100 100 10/ -04 -02 -04] -03
Coal 31.8 26.1 23.1 21.3 18.8| 10.4 7.4 6.7 6.3 58 -13 -23 -08 -12| -1.3
Oil 189.6 208.4| 196.8 181.7 164.6/ 623 59.4| 573 538 50.6 06, -11 -08 -1.0/ -09
Natural gas 14.3 28.0 29.6 33.1 36.6 4.7 8.0 8.6 9.8 11.2 45 1.1 1.1 1.0 1.1
Electricity 64.6 84.6 90.0 97.4 1009 212 241, 262 288 310 1.8 1.2 0.8 0.4 0.7
Heat 0.2 0.6 0.6 0.6 0.6 0.1 0.2 0.2 0.2 0.2 79| -09 0.0 0.0 -0.2
Others 3.9 3.2 3.3 3.9 3.7 1.3 0.9 1.0 1.2 11 -1.2 0.6 16 -04 0.6
Power generation TWh Share, % AAGR(%)
1990-| 2005- 2010- 2020-| 2005-
1990 2005] 2010 2020 2030 1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 836.7 1,094.2|/1,141.2 1,234.6 1,281.3| 100 100{ 100 100 100 1.8 0.8 0.8 0.4 0.6
Coal 1169 309.3| 2722 289.0 303.1| 140 283 239 234 237 6.7 -25 0.6 0.5/ -0.1
Oil 249.8 146.0| 1135 87.6 7271 29.8 133 9.9 7.1 57( -35 -49 -26 -18 -27
Natural gas 166.1 231.4| 251.3 2569 291.1] 199 211 220 208 227 2.2 17 0.2 13 0.9
Nuclear 202.3 304.8| 386.3 473.8 473.8| 242 279 338 384 370 2.8 4.9 2.1 0.0 1.8
Hydro 89.3 78.2 88.1 87.9 88.7| 10.7 7.1 7.7 7.1 6.9 -0.9 24 0.0 0.1 0.5
Geothermal 1.7 3.2 34 34 34 0.2 0.3 0.3 0.3 0.3 4.2 1.1 0.0 0.0 0.2
Others 10.7 21.3 26.3 36.1 48.4 1.3 1.9 2.3 2.9 3.8 4.7 4.3 3.2 3.0 3.3
Power generation Mtoe Share, % AAGR(%)
Input 1990-| 2005- 2010- 2020-| 2005-
1990 2005] 2010 2020 2030f 1990 2005] 2010 2020 2030f 2005 | 2010 2020 2030 | 2030
Total 107.7 133.2| 1229 1187 117.7] 100 100/ 100 100 100 14| -16 -03 -0.1] -05
Coal 25.6 63.0 55.0 55.6 55.8| 23.8 47.3| 448 469 474 6.2 -2.7 0.1 0.0 -05
Oil 48.8 26.2 20.6 15.9 13.2| 453 19.7| 168 134 112 -41| -47 -26 -18] -2.7
Natural gas 33.3 44.0 47.3 47.2 48.7[ 30.9 33.00 385 39.7 414 1.9 15 0.0 0.3 0.4
Thermal Efficiency % Share, % AAGR(%)
1995-| 2005- 2010- 2020-| 2005-
1990 2005| 2010 2020 2030f 1990 2005] 2010 2020 2030f 2005 | 2010 2020 2030 | 2030
Total 42.6 44.3 44.6 45.9 48.7 0.3 0.1 0.3 0.6 0.4
Coal 39.2 42.2 425 44.7 46.7 0.5 0.1 0.5 0.4 0.4
Oil 44.0 47.9 47.4 47.4 47.4 0.6| -0.2 0.0 0.0 0.0
Natural gas 42.9 45.3 45.7 46.8 51.4 0.4 0.2 0.2 0.9 0.5
CO, emissions Mt-C Share, % AAGR(%)
1990-| 2005- 2010- 2020-| 2005-
1990 2005/ 2010 2020 2030[ 1990 2005] 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 204.9 342.0] 322.7 308.6 293.9 10/ -12 -04 -05 -0.6
Energy and economic indicators AAGR(%)
1990-| 2005- 2010- 2020-| 2005-
1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030
GDP (billions of 2000 US dollars) 4,111 4,993 5,168 5,822 6,431 13 0.7 1.2 1.0 1.0
Population (millions of people) 124 128 127 123 115 0.2 -0.1 -0.4 -0.6 -0.4
GDP per capita (thousands of 2000 USD/person) 33.3 39.1| 406 475 559 1.1 0.8 1.6 1.6 1.4
Primary energy consumption per capita (toe/person) 3.6 4.2 4.2 4.4 4.5 1.0 0.1 0.5 0.3 0.3
Primary energy consumption per unit of GDP (toe/million 2000 | 108 106 103 92 81 -01, -06 -1.1 -1.3] ~-11
CO, emissions per unit of GDP (t-C/million 2000 US Dollars) 72 68 62 53 46| -0.3] -18 -16 -15 -1.6
CO, emissions per unit of primary energy consumption (t-C/toe)] 0.66 0.64| 0.61 057 056 -02| -12 -06 -02| -05
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JAPAN [APS]

Primary energy Mtoe Share, % AAGR(%)
demand 1990-| 2005- 2010- 2020-| 2005-
1990 2005| 2010 2020 2030f 1990 2005] 2010 2020 2030f 2005 | 2010 2020 2030 | 2030
Total 4445 530.5| 529.3 5169 478.7] 100 100/ 100 100 100 1.2 00 -02 -08] -04
Coal 77.2 1121 103.1 95.2 90.9| 174 21.1] 195 184 19.0 25/ -16 -08 -05/ -0.8
Oil 255.0 251.7| 235.1 208.0 1759 57.4 474, 444 402 36.7 -0.1 -1.4 -1.2 -1.7 -14
Natural gas 44.2 70.5 71.8 68.5 64.6 9.9 133 136 133 135 3.2 04 -05 -06/ -04
Nuclear 52.7 79.4| 100.7 1235 1235/ 119 150/ 19.0 239 258 2.8 4.9 21 0.0 1.8
Hydro 7.7 6.7 7.5 7.7 7.7 1.7 1.3 1.4 15 16| -0.9 2.2 0.3 0.0 0.6
Geothermal 1.6 3.0 3.1 3.1 3.1 0.4 0.6 0.6 0.6 0.7 4.4 1.0 0.0 0.0 0.2
Others 6.1 7.0 7.9 10.9 13.1 1.4 1.3 15 2.1 2.7 0.9 25 3.2 1.8 2.5
Final energy Mtoe Share, % AAGR(%)
consumption 1990-| 2005- 2010- 2020-| 2005-
by Sector 1990 2005] 2010 2020 2030 1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 304.4 350.8) 340.2 326.0 299.7| 100 100/ 100 100 100 10/ -06 -04 -08] -0.6
Industry 125.7 127.1) 120.7 1149 106.4| 413 36.2| 355 353 355 0.1 -10 -05 -08/ -07
Transportation 76.7 93.0 90.9 83.3 67.9| 25.2 265 26.7 255 227 13| -05 -09 -20 -13
Others 90.5 121.2| 119.6 119.0 116.7| 29.7 3454 352 36,5 389 20/ -03 -01 -02| -01
Non-energy 11.4 9.6 9.1 8.8 8.7 3.8 2.7 2.7 2.7 29| -12| -11 -03 -01] -04
by Energy
Total 304.4 350.8] 340.2 326.0 299.7[ 100 100, 100 100 100 10/ -06 -04 -08] -0.6
Coal 31.8 26.1 22.3 21.6 18.6| 10.4 7.4 6.6 6.6 6.2 -13] -31 -03 -15/ -13
Oil 189.6 208.4| 1955 176.7 150.1] 623 59.4| 575 542 50.1 06, -13 -10 -16/ -1.3
Natural gas 14.3 28.0 28.9 30.3 33.0 4.7 8.0 8.5 9.3 11.0 45 0.7 0.5 0.9 0.7
Electricity 64.6 84.6 89.6 92.2 92,0 212 241 263 283 307 1.8 11 0.3 0.0 0.3
Heat 0.2 0.6 0.6 0.6 0.6 0.1 0.2 0.2 0.2 0.2 79| -09 0.0 0.0 -0.2
Others 3.9 3.2 3.4 4.6 5.4 1.3 0.9 1.0 14 18] -1.2 1.0 3.1 15 2.1
Power generation TWh Share, % AAGR(%)
1990-| 2005- 2010- 2020-| 2005-
1990 2005] 2010 2020 2030 1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 836.7 1,094.2|1,138.7 1,147.3 1,130.8/ 100 100{ 100 100 100 1.8 0.8 01 -0.1 0.1
Coal 1169 309.3| 286.1 261.8 264.1| 140 28.3| 251 228 234 6.7 -16 -09 0.1| -0.6
Oil 249.8 146.0| 109.9 52.5 21.8 29.8 133 9.7 4.6 19| -35 55 -7.1 -84 -73
Natural gas 166.1 231.4| 236.7 2185 208.2| 199 211 208 19.0 184 2.2 05 -08 -05/ -04
Nuclear 202.3 304.8| 386.3 473.8 473.8| 242 279 339 413 419 2.8 4.9 2.1 0.0 1.8
Hydro 89.3 78.2 87.2 89.6 89.7| 10.7 7.1 7.7 7.8 79 -0.9 2.2 0.3 0.0 0.6
Geothermal 1.7 3.2 3.4 3.4 3.4 0.2 0.3 0.3 0.3 0.3 4.2 1.0 0.0 0.0 0.2
Others 10.7 21.3 29.1 47.6 69.7 1.3 1.9 2.6 4.1 6.2 4.7 6.5 5.0 3.9 4.9
Power generation Mtoe Share, % AAGR(%)
Input 1990-| 2005- 2010- 2020-| 2005-
1990 2005] 2010 2020 2030f 1990 2005] 2010 2020 2030f 2005 | 2010 2020 2030 | 2030
Total 107.7 133.2| 1221 99.7 86.1f 100 100/ 100 100 100 14| -17 -20 -15] -1.7
Coal 25.6 63.0 57.8 50.6 49.2| 238 47.3| 474 507 57.1 6.2 -17 -13 -0.3] -1.0
Oil 48.8 26.2 20.0 9.5 40| 453 19.7| 163 9.6 46| -41, -53 -71 -84 -73
Natural gas 33.3 44.0 44.3 39.6 329 309 330 363 39.7 383 1.9 02 -11 -18] -1.1
Thermal Efficiency % Share, % AAGR(%)
1995-| 2005- 2010- 2020-| 2005-
1990 2005| 2010 2020 2030f 1990 2005] 2010 2020 2030f 2005 | 2010 2020 2030 | 2030
Total 42.6 44.3 44.6 46.0 49.3 0.3 0.1 0.3 0.7 0.4
Coal 39.2 42.2 425 445 46.2 0.5 0.1 0.5 0.4 0.4
Oil 44.0 47.9 47.4 47.4 47.4 0.6| -0.2 0.0 0.0 0.0
Natural gas 42.9 45.3 45.9 47.4 54.3 0.4 0.3 0.3 1.4 0.7
CO, emissions Mt-C Share, % AAGR(%)
1990-| 2005- 2010- 2020-| 2005-
1990 2005/ 2010 2020 2030[ 1990 2005] 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 204.9 3420/ 3229 2916 259.6 10/ -11 -10 -1.2] -1.1
Energy and economic indicators AAGR(%)
1990-| 2005- 2010- 2020-| 2005-
1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030
GDP (billions of 2000 US dollars) 4,111 4,993 5,168 5,822 6,431 13 0.7 1.2 1.0 1.0
Population (millions of people) 124 128 127 123 115 0.2 -0.1 -0.4 -0.6 -0.4
GDP per capita (thousands of 2000 USD/person) 33.3 39.1| 40.7 475 559 1.1 0.8 1.6 1.6 1.4
Primary energy consumption per capita (toe/person) 3.6 4.2 4.2 4.2 4.2 1.0 0.1 01 -01 0.0
Primary energy consumption per unit of GDP (toe/million 2000 | 108 106 102 89 74 -0.1| -0.7 -14 -17| -14
CO, emissions per unit of GDP (t-C/million 2000 US Dollars) 72 68 62 50 40 -0.3] -18 -22 -21] -21
CO, emissions per unit of primary energy consumption (t-C/toe)] 0.66 0.64| 0.61 056 054 -02| -11 -08 -04| -0.7
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KOREA [BAU]

Primary energy Mtoe Share, % AAGR(%)
demand 1990-| 2005- 2010- 2020-| 2005-
1990 2005| 2010 2020 2030f 1990 2005] 2010 2020 2030f 2005 | 2010 2020 2030 | 2030
Total 88.7 2185| 2321 297.0 323.7[ 100 100, 100 100 100 6.2 1.2 25 0.9 1.6
Coal 23.2 52.0 62.2 73.7 77.1| 26.1 238 26.8 248 238 5.5 3.6 1.7 0.5 1.6
Oil 47.7 96.5 96.0 1085 109.3| 53.8 44.2| 413 365 3338 48| -01 1.2 0.1 0.5
Natural gas 2.7 27.3 323 39.6 44.6 31 1254 139 133 13.8| 16.6 34 21 1.2 2.0
Nuclear 13.8 38.3 34.8 61.2 742 155 175 150 206 22.9 7.0/ -1.9 5.8 1.9 2.7
Hydro 0.5 0.4 0.5 0.5 0.5 0.6 0.2 0.2 0.2 0.1f -1.3 24 -09 0.2 0.2
Geothermal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Others 0.8 4.0 6.4 13.6 18.1 0.9 1.8 2.7 4.6 5.6 11.3] 10.0 7.9 2.9 6.3
Final energy Mtoe Share, % AAGR(%)
consumption 1990-| 2005- 2010- 2020-| 2005-
by Sector 1990 2005] 2010 2020 2030 1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 72.0 163.0)/ 176.0 221.0 2350/ 100 100/ 100 100 100 5.6 15 2.3 0.6 15
Industry 27.0 54.0 57.0 74.0 740 375 331 324 335 315 4.7 11 2.6 0.0 1.3
Transportation 14.2 34.0 37.0 42.0 46.0/ 19.7 20.9| 21.0 19.0 19.6 6.0 17 13 0.9 1.2
Others 24.8 39.0 41.0 53.0 62.0| 34.4 239 233 240 264 3.1 1.0 2.6 1.6 1.9
Non-energy 6.0 36.0 41.0 52.0 53.0 83 221 233 235 226| 127 2.6 2.4 0.2 1.6
by Energy
Total 71.8 163.1| 1757 221.3 2352 100 100 100 100 100 5.6 15 2.3 0.6 15
Coal 18.9 21.2 24.1 30.5 29.3| 26.3 13.0/ 137 138 124 0.8 2.6 24 -04 13
Oil 43.0 91.9 929 1074 1082 59.9 56.3] 529 485 46.0 5.2 0.2 15 0.1 0.7
Natural gas 0.9 16.0 21.0 29.1 32.7 1.3 9.8/ 119 131 139 211 55 3.3 1.2 2.9
Electricity 8.1 28.6 30.3 39.9 46.9] 113 175/ 173 180 19.9 8.8 1.2 2.8 1.6 2.0
Heat 0.1 15 1.7 3.3 4.2 0.1 0.9 0.9 15 18] 223 1.6 7.0 2.5 4.1
Others 0.8 3.9 5.7 11.1 14.1 1.1 2.4 3.3 5.0 6.0 11.2 8.0 6.9 2.4 5.3
Power generation TWh Share, % AAGR(%)
1990-| 2005- 2010- 2020-| 2005-
1990 2005] 2010 2020 2030 1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 107.7 361.9| 3784 4837 567.1f 100 100 100 100 100 8.4 0.9 25 1.6 1.8
Coal 20.0 133.7| 169.0 1946 220.4| 185 36.9| 447 402 389 135 4.8 1.4 1.3 2.0
Oil 18.9 17.7 11.8 0.9 13| 175 4.9 3.1 0.2 0.2 -0.4| -79 -223 3.0/ -10.0
Natural gas 9.6 58.1 55.7 37.9 38.6 89 16.1| 14.7 7.8 6.8] 128/ -08 -3.8 0.2 -1.6
Nuclear 529 146.8| 1335 2348 284.7| 49.1 40.6| 353 485 50.2 7.0/ -1.9 5.8 1.9 2.7
Hydro 6.4 52 5.9 5.3 5.4 5.9 1.4 15 1.1 1.0 -13 24  -1.0 0.2 0.2
Geothermal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Others 0.0 0.4 2.6 10.1 16.6 0.0 0.1 0.7 2.1 2.9 -| 452 145 51| 16.0
Power generation Mtoe Share, % AAGR(%)
Input 1990-| 2005- 2010- 2020-| 2005-
1990 2005] 2010 2020 2030f 1990 2005] 2010 2020 2030f 2005 | 2010 2020 2030 | 2030
Total 10.6 44.7 49.6 49.6 543 100 100/ 100 100 100 10.1 2.1 0.0 0.9 0.8
Coal 4.4 30.9 38.1 43.1 478/ 414 69.00 768 87.0 87.9] 139 4.3 1.2 1.0 1.8
Oil 4.2 4.1 22 0.2 0.3] 395 9.1 4.3 0.4 0.5 -0.2| -12.0 -20.8 2.6/ -10.3
Natural gas 2.0 9.8 9.3 6.2 6.3] 191 219 188 126 116] 111 -0.9 -3.9 0.1 -1.8
Thermal Efficiency % Share, % AAGR(%)

1995-| 2005- 2010- 2020-| 2005-
1990 2005 2010 2020 2030| 1990 2005| 2010 2020 2030f 2005 | 2010 2020 2030 | 2030

Total 39.4 40.3 41.0 40.5 41.2 0.1 04 -01 0.2 0.1
Coal 39.3 37.3 38.2 38.8 39.7 -0.3 0.5 0.2 0.2 0.3
Oil 38.9 37.4 46.9 38.7 40.0 -0.3 46 -1.9 0.3 0.3
Natural gas 40.9 51.1 51.4 52.3 52.9 1.5 0.1 0.2 0.1 0.1
CO, emissions Mt-C Share, % AAGR(%)

1990-| 2005- 2010- 2020-| 2005-
1990 2005/ 2010 2020 2030[ 1990 2005] 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 67.6 136.0] 146.3 167.0 1745 \ 4.8 15 1.3 0.4 1.0

Energy and economic indicators AAGR(%)
1990-| 2005- 2010- 2020-| 2005-
1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030

GDP (billions of 2000 US dollars) 284 640 739 1,103 1,450 5.6 2.9 4.1 2.8 3.3
Population (millions of people) 429 481 489 493 48.6 0.8 0.3 0.1 -0.1 0.0
GDP per capita (thousands of 2000 USD/person) 6.6 133 151 224 298 4.8 2.6 4.0 2.9 3.3
Primary energy consumption per capita (toe/person) 21 4.5 4.7 6.0 6.7 5.4 0.9 2.4 1.0 15
Primary energy consumption per unit of GDP (toe/million 2000 | 313 342| 314 269 223 06/ -17 -15 -19| -17
CO, emissions per unit of GDP (t-C/million 2000 US Dollars) 238 213 198 151 120 -0.8) -14 27 23] -22

CO, emissions per unit of primary energy consumption (t-C/toe)] 0.76 0.62| 0.63 0.56 0.54 -1.3 03 -11 -04| -0.6
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KOREA [APS]

Primary energy Mtoe Share, % AAGR(%)
demand 1990-| 2005- 2010- 2020-| 2005-
1990 2005| 2010 2020 2030f 1990 2005] 2010 2020 2030f 2005 | 2010 2020 2030 | 2030
Total 88.7 2185| 2321 277.1 2915 100 100 100 100 100 6.2 1.2 1.8 0.5 1.2
Coal 23.2 52.0 62.2 63.5 449| 26.1 238 268 229 154 5.5 3.6 02 -34| -06
Oil 47.7 96.5 96.0 99.1 94.2| 53.8 442 413 358 323 48| -01 03 -05/ -0.1
Natural gas 2.7 27.3 323 30.8 32.6 31 125 139 111 11.2| 16.6 34 -05 0.5 0.7
Nuclear 13.8 38.3 34.8 66.3 87.0/ 155 175/ 150 239 2938 7.0/ -1.9 6.7 2.8 3.3
Hydro 0.5 0.4 0.5 0.8 0.8 0.6 0.2 0.2 0.3 03[ -1.3 2.4 5.0 0.0 25
Geothermal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Others 0.8 4.0 6.4 16.6 32.1 0.9 1.8 2.7 6.0 11.0f 11.3] 10.0 10.0 6.8 8.7
Final energy Mtoe Share, % AAGR(%)
consumption 1990-| 2005- 2010- 2020-| 2005-
by Sector 1990 2005] 2010 2020 2030 1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 720 163.0/ 176.0 197.0 199.0/ 100 100, 100 100 100 5.6 15 11 0.1 0.8
Industry 27.0 54.0 57.0 61.0 61.0f 375 331 324 310 307 4.7 11 0.7 0.0 0.5
Transportation 14.2 34.0 37.0 38.0 37.00 19.7 209| 21.0 193 186 6.0 17 03 -03 0.3
Others 24.8 39.0 41.0 47.0 49.0) 344 239 233 239 246 3.1 1.0 1.4 0.4 0.9
Non-energy 6.0 36.0 41.0 51.0 52.0 83 221| 233 259 26.1| 127 2.6 2.2 0.2 1.5
by Energy
Total 71.8 163.1| 1757 197.0 199.1f 100 100 100 100 100 5.6 15 12 0.1 0.8
Coal 18.9 21.2 24.1 19.7 7.8 26.3 13.0/ 13.7 10.0 3.9 0.8 26 -20 -89 -39
Oil 43.0 91.9 92.9 97.7 93.7] 599 56.3] 529 496 47.1 5.2 0.2 05 -04 0.1
Natural gas 0.9 16.0 21.0 243 26.7 1.3 9.8/ 119 123 134 211 55 15 1.0 2.1
Electricity 8.1 28.6 30.3 40.6 441 113 175 173 206 22.2 8.8 1.2 2.9 0.8 1.8
Heat 0.1 15 1.7 2.7 3.4 0.1 0.9 0.9 1.4 1.7 223 1.6 4.9 2.4 3.2
Others 0.8 3.9 5.7 12.0 234 1.1 2.4 3.3 6.1 11.7] 11.2 8.0 7.7 6.9 7.4
Power generation TWh Share, % AAGR(%)
1990-| 2005- 2010- 2020-| 2005-
1990 2005] 2010 2020 2030 1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 107.7 361.9] 4257 513.1 558.1] 100 100 100 100 100 8.4 3.3 1.9 0.8 1.7
Coal 20.0 133.7| 1849 2142 163.0 185 36.9] 434 418 29.2| 135 6.7 15 -27 0.8
Oil 18.9 17.7 20.4 3.2 11| 175 4.9 4.8 0.6 02 -04 28 -17.0 -10.3| -10.7
Natural gas 9.6 58.1 70.0 16.8 5.4 89 16.1| 16.4 3.3 1.0 128 38 -133 -10.7| -9.1
Nuclear 52,9 146.8| 1475 2543 333.7| 49.1 40.6| 347 49.6 598 7.0 0.1 5.6 2.8 3.3
Hydro 6.4 52 1.9 2.4 2.4 5.9 1.4 0.4 0.5 04 -1.3| -185 25 0.0/ -31
Geothermal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Others 0.0 0.4 1.0 22.2 52.6 0.0 0.1 0.2 4.3 9.4 -| 197 364 9.0] 215
Power generation Mtoe Share, % AAGR(%)
Input 1990-| 2005- 2010- 2020-| 2005-
1990 2005] 2010 2020 2030f 1990 2005] 2010 2020 2030f 2005 | 2010 2020 2030 | 2030
Total 10.6 44.7 57.0 475 35.00 100 100/ 100 100 100 10.1 50 -18 -3.0/ -1.0
Coal 4.4 30.9 375 43.2 33.6| 414 69.0/ 657 910 96.1| 13.9 4.0 14 -25 0.3
Oil 4.2 4.1 7.7 14 0.5| 395 9.1| 134 29 13| -0.2| 135 -158 -10.2| -83
Natural gas 2.0 9.8 11.9 2.9 0.9] 191 219 20.9 6.1 26 111 4.0 -13.1 -109] -9.0
Thermal Efficiency % Share, % AAGR(%)

1995-| 2005- 2010- 2020-| 2005-
1990 2005 2010 2020 2030| 1990 2005| 2010 2020 2030f 2005 | 2010 2020 2030 | 2030

Total 39.4 40.3 41.5 42.4 41.6 0.1 0.6 02 -0.2 0.1
Coal 39.3 37.3 42.4 42.6 41.7 -0.3 2.6 0.0 -0.2 0.4
Oil 38.9 37.4 22.8 19.9 19.7 -0.3] 94 -14 -01] -25
Natural gas 40.9 51.1 50.6 49.5 50.6 1.5 -0.2 -0.2 0.2 0.0
CO, emissions Mt-C Share, % AAGR(%)

1990-| 2005- 2010- 2020-| 2005-
1990 2005/ 2010 2020 2030[ 1990 2005] 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 67.6 136.0] 146.3 151.2 128.8 \ 4.8 15 03 -16] -0.2

Energy and economic indicators AAGR(%)
1990-| 2005- 2010- 2020-| 2005-
1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030

GDP (billions of 2000 US dollars) 284 640 811 1,235 1,624 5.6 4.9 4.3 2.8 3.8
Population (millions of people) 429 481 489 493 48.6 0.8 0.3 0.1 -0.1 0.0
GDP per capita (thousands of 2000 USD/person) 6.6 133 16.6 250 334 4.8 4.5 4.2 2.9 3.8
Primary energy consumption per capita (toe/person) 21 4.5 4.7 5.6 6.0 5.4 0.9 17 0.6 11
Primary energy consumption per unit of GDP (toe/million 2000 | 313 342 286 224 179 06/ -35 -24 22| -25
CO, emissions per unit of GDP (t-C/million 2000 US Dollars) 238 213] 181 122 79 -08 -32 -38 -42| -39

CO, emissions per unit of primary energy consumption (t-C/toe)] 0.76 0.62| 0.63 0.55 0.44| -1.3 03 -14 -21] -14
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LAO PDR [BAU]

Primary energy Mtoe Share, % AAGR(%)
demand 1990-| 2005- 2010- 2020-| 2005-
1990 2005| 2010 2020 2030f 1990 2005] 2010 2020 2030f 2005 | 2010 2020 2030 | 2030
Total 0.3 0.6 0.8 3.8 59 100 100 100 100 100 4.9 7.7 164 4.4 9.7
Coal 0.0 0.0 0.1 3.3 3.6 0.0 5.1 7.7 861 611 -| 16.8 482 0.8 21.1
Oil 0.2 0.4 0.5 11 22 793 625 601 275 374 3.3 6.9 7.7 7.6 7.5
Natural gas 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Nuclear 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Hydro 0.1 0.3 1.2 4.1 41| 252 524| 1459 1075 70.2 10.2| 322 129 0.0/ 11.0
Geothermal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Others 0.0 -0.1 -1.0 -4.6 -4.0] -45 -20.0/-113.7 -121.1 -68.7] 159| 525 171 -14| 15.3
Final energy Mtoe Share, % AAGR(%)
consumption 1990-| 2005- 2010- 2020-| 2005-
by Sector 1990 2005] 2010 2020 2030 1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 0.3 0.5 0.8 1.7 3.5/ 100 100/ 100 100 100 4.7 7.5 7.9 7.8 7.8
Industry 0.0 0.1 0.2 0.4 09 143 217 225 236 248 7.6 8.3 8.4 8.3 8.4
Transportation 0.2 0.4 0.5 1.0 21| 720 655 637 619 607 4.0 7.0 7.6 7.6 7.5
Others 0.0 0.1 0.1 0.2 0.5 13.7 128/ 138 145 145 4.2 9.1 8.5 7.7 8.3
Non-energy 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
by Energy
Total 0.3 0.5 0.8 1.7 35 100 100 100 100 100 4.7 7.5 7.9 7.8 7.8
Coal 0.0 0.0 0.1 0.2 0.5 0.0 55 83 116 136 -l 16.8 116 9.5/ 11.8
Oil 0.2 0.4 0.5 11 22| 813 66.8/ 648 634 624 3.3 6.9 7.7 7.6 7.5
Natural gas 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Electricity 0.0 0.1 0.1 0.3 0.8 52 16.1| 184 207 217| 129| 104 9.2 8.3 9.1
Heat 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Others 0.0 0.1 0.1 0.1 0.1] 135 115 8.4 4.3 2.3 3.6 1.0 1.0 1.0 1.0
Power generation TWh Share, % AAGR(%)
1990-| 2005- 2010- 2020-| 2005-
1990 2005] 2010 2020 2030 1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 0.8 35 14.2 60.4 60.4| 100 100f 100 100 100f 10.2| 322 156 0.0 12.1
Coal 0.0 0.0 0.0 12.6 12.6 0.0 0.0 00 209 209 - - - 0.0 -
Oil 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Natural gas 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Nuclear 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Hydro 0.8 2.7 10.8 36.4 36.4| 975 769 76.1 603 60.3 84| 320 129 0.0/ 11.0
Geothermal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Others 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Power generation Mtoe Share, % AAGR(%)
Input 1990-| 2005- 2010- 2020-| 2005-
1990 2005] 2010 2020 2030f 1990 2005] 2010 2020 2030f 2005 | 2010 2020 2030 | 2030
Total 0.0 0.0 0.0 3.1 3.1 100 100 - - - 0.0 -
Coal 0.0 0.0 0.0 3.1 3.1 100.0 100.0 - - - 0.0 -
Oil 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Natural gas 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Thermal Efficiency % Share, % AAGR(%)

1995-| 2005- 2010- 2020-| 2005-
1990 2005 2010 2020 2030| 1990 2005| 2010 2020 2030f 2005 | 2010 2020 2030 | 2030

Total 35.0 35.0 - - - 0.0 -
Coal 35.0 35.0 - - - 0.0 -
Oil - - - - -
Natural gas - - - - -
CO, emissions Mt-C Share, % AAGR(%)

1990-| 2005- 2010- 2020-| 2005-
1990 2005/ 2010 2020 2030[ 1990 2005] 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 0.2 0.3] 0.5 4.6 5.9 \ 4.1 8.1 25.2 25 122

Energy and economic indicators AAGR(%)
1990-| 2005- 2010- 2020-| 2005-
1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030

GDP (billions of 2000 US dollars) 0.9 2.4 3.4 7.0 143 6.3 75 7.5 7.5 7.5
Population (millions of people) 4.1 5.7 6.0 7.0 9.0 2.2 1.2 1.6 2.5 1.9
GDP per capita (thousands of 2000 USD/person) 0.2 0.4 0.6 1.0 1.6 4.0 6.3 5.9 4.8 5.5
Primary energy consumption per capita (toe/person) 0.1 0.1 0.1 0.5 0.7 2.6 6.5 14.6 1.8 7.7
Primary energy consumption per unit of GDP (toe/million 2000 | 297 245 248 550 409 -1.3 0.2 83 -29 2.1
CO, emissions per unit of GDP (t-C/million 2000 US Dollars) 193 140/ 144 660 408 -2.1 05 16.4 4.7 4.4

CO, emissions per unit of primary energy consumption (t-C/toe)] 0.65 0.57| 058 1.20 1.00] -0.8 0.3 75 -1.8 2.3
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Primary energy Mtoe Share, % AAGR(%)
demand 1990-| 2005- 2010- 2020-| 2005-
1990 2005| 2010 2020 2030f 1990 2005] 2010 2020 2030f 2005 | 2010 2020 2030 | 2030
Total 0.3 0.6 0.8 3.8 59 100 100 100 100 100 4.9 7.7 164 4.4 9.7
Coal 0.0 0.0 0.1 3.3 3.6 0.0 5.1 7.7 861 611 -| 16.8 482 0.8 21.1
Oil 0.2 0.4 0.5 11 22 793 625 601 275 374 3.3 6.9 7.7 7.6 7.5
Natural gas 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Nuclear 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Hydro 0.1 0.3 1.2 4.1 41| 252 524| 146.0 1075 70.2 10.2| 322 129 0.0/ 11.0
Geothermal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Others 0.0 -0.1 -1.0 -4.6 -4.0] -45 -20.0/-113.8 -121.2 -68.7] 159| 525 171 -1.4| 15.3
Final energy Mtoe Share, % AAGR(%)
consumption 1990-| 2005- 2010- 2020-| 2005-
by Sector 1990 2005] 2010 2020 2030 1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 0.3 0.5 0.8 1.7 3.5/ 100 100/ 100 100 100 4.7 7.5 7.9 7.8 7.8
Industry 0.0 0.1 0.2 0.4 09 143 217 225 236 248 7.6 8.3 8.4 8.3 8.4
Transportation 0.2 0.4 0.5 1.0 21| 720 655 637 619 607 4.0 7.0 7.6 7.6 7.5
Others 0.0 0.1 0.1 0.2 0.5 13.7 128/ 138 145 145 4.2 9.1 8.5 7.8 8.3
Non-energy 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
by Energy
Total 0.3 0.5 0.8 1.7 35 100 100 100 100 100 4.7 7.5 7.9 7.8 7.8
Coal 0.0 0.0 0.1 0.2 0.5 0.0 55 83 116 136 -l 16.8 116 9.5/ 11.8
Oil 0.2 0.4 0.5 11 22| 813 66.8/ 649 634 624 3.3 6.9 7.7 7.6 7.5
Natural gas 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Electricity 0.0 0.1 0.1 0.3 0.8 52 16.1| 184 207 217| 129| 104 9.2 8.3 9.1
Heat 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Others 0.0 0.1 0.1 0.1 0.1] 135 115 8.4 4.3 2.3 3.6 1.0 1.0 1.0 1.0
Power generation TWh Share, % AAGR(%)
1990-| 2005- 2010- 2020-| 2005-
1990 2005] 2010 2020 2030 1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 0.8 35 14.2 60.4 60.4| 100 100f 100 100 100f 10.2| 322 156 0.0 12.1
Coal 0.0 0.0 0.0 12.6 12.6 0.0 0.0 00 209 209 - - - 0.0 -
Oil 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Natural gas 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Nuclear 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Hydro 0.8 2.7 10.8 36.4 36.4| 975 769 76.1 603 60.3 84| 320 129 0.0/ 11.0
Geothermal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Others 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Power generation Mtoe Share, % AAGR(%)
Input 1990-| 2005- 2010- 2020-| 2005-
1990 2005] 2010 2020 2030f 1990 2005] 2010 2020 2030f 2005 | 2010 2020 2030 | 2030
Total 0.0 0.0 0.0 3.1 3.1 100 100 - - - 0.0 -
Coal 0.0 0.0 0.0 3.1 3.1 100.0 100.0 - - - 0.0 -
Oil 0.0 0.0 0.0 0.0 0.0 - - - - -
Natural gas 0.0 0.0 0.0 0.0 0.0 - - - - -
Thermal Efficiency % Share, % AAGR(%)

1995-| 2005- 2010- 2020-| 2005-
1990 2005 2010 2020 2030| 1990 2005| 2010 2020 2030f 2005 | 2010 2020 2030 | 2030

Total 35.0 35.0 - - - 0.0 -
Coal 35.0 35.0 - - - 0.0 -
Oil - - - - -
Natural gas - - - - -
CO, emissions Mt-C Share, % AAGR(%)

1990-| 2005- 2010- 2020-| 2005-
1990 2005/ 2010 2020 2030[ 1990 2005] 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 0.2 0.3] 0.5 4.6 5.9 \ 4.1 8.1 25.2 25 122

Energy and economic indicators AAGR(%)
1990-| 2005- 2010- 2020-| 2005-
1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030

GDP (billions of 2000 US dollars) 0.9 2.4 3.4 7.0 143 6.3 75 7.5 7.5 7.5
Population (millions of people) 4.1 5.7 6.0 7.0 9.0 2.2 1.2 1.6 2.5 1.9
GDP per capita (thousands of 2000 USD/person) 0.2 0.4 0.6 1.0 1.6 4.0 6.3 5.9 4.8 5.5
Primary energy consumption per capita (toe/person) 0.1 0.1 0.1 0.5 0.7 2.6 6.5 14.6 1.8 7.7
Primary energy consumption per unit of GDP (toe/million 2000 | 297 245 248 549 408 -1.3 0.2 83 -29 2.1
CO, emissions per unit of GDP (t-C/million 2000 US Dollars) 193 140/ 144 660 408 -2.1 05 16.4 4.7 4.4

CO, emissions per unit of primary energy consumption (t-C/toe)] 0.65 0.57| 058 1.20 1.00] -0.8 0.3 75 -1.8 2.3
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MALAYSIA [BAU]

Primary energy Mtoe Share, % AAGR(%)
demand 1990-| 2005- 2010- 2020-| 2005-
1990 2005| 2010 2020 2030f 1990 2005] 2010 2020 2030f 2005 | 2010 2020 2030 | 2030
Total 21.3 58.6 64.6 103.1 158.8/ 100 100/ 100 100 100 7.0 2.0 4.8 4.4 4.1
Coal 1.0 5.9 11.4 20.5 34.8 4.9 100 177 199 219 122 143 6.0 5.4 7.4
Oil 13.0 26.5 34.0 51.6 748 61.2 453 527 501 47.1 4.9 51 4.3 3.8 4.2
Natural gas 6.8 25.6 18.1 29.2 47.4( 320 437/ 280 283 299 9.2 -6.7 4.9 5.0 25
Nuclear 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Hydro 0.3 0.5 1.0 1.6 1.6 1.6 0.8 15 15 1.0 25| 14.2 4.9 0.0 4.7
Geothermal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Others 0.1 0.1 0.1 0.2 0.3 0.3 0.2 0.2 0.2 0.2 2.9 3.8 4.1 4.1 4.0
Final energy Mtoe Share, % AAGR(%)
consumption 1990-| 2005- 2010- 2020-| 2005-
by Sector 1990 2005] 2010 2020 2030 1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 13.3 37.6 47.0 75.9 1179 100 100 100 100 100 7.2 4.6 4.9 4.5 4.7
Industry 5.3 15.0 19.2 31.3 49.1| 39.8 39.8/ 40.8 413 417 7.2 51 5.0 4.6 4.9
Transportation 55 15.3 18.7 30.0 46.2| 413 40.8/ 398 395 39.1 7.1 4.1 4.8 4.4 4.5
Others 1.7 5.2 6.8 115 18.8| 125 139 144 152 16.0 7.9 5.3 55 5.0 5.3
Non-energy 0.8 2.1 2.3 3.0 3.8 6.3 5.6 4.9 4.0 3.2 6.3 2.0 2.7 2.2 24
by Energy
Total 13.3 37.6 47.0 759 1179 100 100 100 100 100 7.2 4.6 4.9 4.5 4.7
Coal 0.4 11 1.6 2.9 4.7 3.1 3.0 34 3.8 4.0 7.0 7.2 6.0 4.9 5.8
Oil 10.0 23.0 28.3 43.0 63,5 753 61.1] 60.1 56.7 538 5.7 4.2 4.3 4.0 4.1
Natural gas 11 6.4 7.9 14.0 23.4 82 171, 16.8 185 19.9| 125 4.3 5.9 5.3 5.3
Electricity 1.7 6.9 9.1 15.8 26.1| 129 185 193 208 221 9.8 5.6 5.6 5.2 5.4
Heat 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Others 0.1 0.1 0.1 0.2 0.3 0.5 0.2 0.2 0.2 0.2 24 3.8 4.1 4.1 4.0
Power generation TWh Share, % AAGR(%)
1990-| 2005- 2010- 2020-| 2005-
1990 2005] 2010 2020 2030 1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 23.0 87.3] 1145 1984 328.0( 100 100 100 100 100 9.3 5.6 5.6 5.2 5.4
Coal 2.8 23.1 48.4 88.2 160.6| 12.2 26,5 423 445 49.00 15.1| 15.9 6.2 6.2 8.1
Oil 11.1 25 2.8 3.2 3.1| 483 2.9 2.4 1.6 09 -95 2.3 15 -04 0.9
Natural gas 5.1 55.9 52.1 88.8 146.2| 222 64.0 455 448 446| 17.3| -14 5.5 5.1 3.9
Nuclear 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Hydro 4.0 5.8 11.2 18.2 18.2| 17.4 6.6 9.8 9.2 5.5 25| 14.2 4.9 0.0 4.7
Geothermal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Others 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Power generation Mtoe Share, % AAGR(%)
Input 1990-| 2005- 2010- 2020-| 2005-
1990 2005] 2010 2020 2030f 1990 2005] 2010 2020 2030f 2005 | 2010 2020 2030 | 2030
Total 5.0 17.5 20.6 335 548 100 100/ 100 100 100 8.7 3.3 5.0 5.1 4.7
Coal 0.6 4.7 9.8 17.6 30.1| 125 26.9| 47.6 526 550 145 158 6.0 55 7.7
Oil 3.0 0.6 0.6 0.7 0.7] 60.2 33 3.1 21 12| -104 21 12  -07 0.6
Natural gas 1.4 12.2 10.2 15.2 24.00 273 69.8) 493 453 43.8] 158 -3.6 4.1 4.7 2.7
Thermal Efficiency % Share, % AAGR(%)

1995-| 2005- 2010- 2020-| 2005-
1990 2005 2010 2020 2030| 1990 2005| 2010 2020 2030f 2005 | 2010 2020 2030 | 2030

Total 32.8 40.1 43.2 46.3 48.6 1.3 15 0.7 0.5 0.8
Coal 38.7 42.2 42.5 43.1 45.8 0.6 0.1 0.1 0.6 0.3
Oil 31.9 37.2 37.6 38.9 39.9 1.0 0.2 0.3 0.3 0.3
Natural gas 32.2 39.4 44.1 50.4 52.4 1.3 2.3 1.3 0.4 1.2
CO, emissions Mt-C Share, % AAGR(%)

1990-| 2005- 2010- 2020-| 2005-
1990 2005/ 2010 2020 2030[ 1990 2005] 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 12.9 41.0]  46.2 74.8 118.0 \ 8.0 2.4 4.9 4.7 4.3

Energy and economic indicators AAGR(%)
1990-| 2005- 2010- 2020-| 2005-
1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030

GDP (billions of 2000 US dollars) 455 112.5| 135.2 230.9 358.6 6.2 3.7 5.5 4.5 4.7
Population (millions of people) 178 253| 278 329 381 2.4 1.9 1.7 1.5 1.6
GDP per capita (thousands of 2000 USD/person) 2.6 4.4 4.9 7.0 9.4 3.8 1.8 3.8 3.0 3.1
Primary energy consumption per capita (toe/person) 12 2.3 2.3 3.1 4.2 45 0.1 3.0 2.9 2.4
Primary energy consumption per unit of GDP (toe/million 2000 | 468 521| 478 446 443 07, -17 -0.7 -0.1f -0.6
CO, emissions per unit of GDP (t-C/million 2000 US Dollars) 284 365 341 324 329 17, -13 -05 0.2 -04

CO, emissions per unit of primary energy consumption (t-C/toe)] 0.61 0.70| 0.71 0.73 0.74 0.9 0.4 0.2 0.2 0.2
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Primary energy Mtoe Share, % AAGR(%)
demand 1990-| 2005- 2010- 2020-| 2005-
1990 2005| 2010 2020 2030f 1990 2005] 2010 2020 2030f 2005 | 2010 2020 2030 | 2030
Total 21.3 58.6 644 100.2 147.4| 100 100/ 100 100 100 7.0 19 45 3.9 3.8
Coal 1.0 5.9 10.7 18.0 27.4 4.9 100/ 16.7 18.0 186 12.2| 129 5.3 4.3 6.4
Oil 13.0 26.5 33.8 50.3 72.3| 612 453] 525 502 49.0 4.9 5.0 4.0 3.7 4.1
Natural gas 6.8 25.6 17.9 27.1 39.5| 320 43.7| 278 270 268 9.2 -6.9 4.2 3.8 1.7
Nuclear 0.0 0.0 0.0 0.0 1.4 0.0 0.0 0.0 0.0 0.9 - - - - -
Hydro 0.3 0.5 1.0 1.7 1.8 1.6 0.8 1.6 1.7 1.2 25| 15.1 5.2 0.4 5.2
Geothermal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Others 0.1 0.1 0.9 3.1 5.1 0.3 0.2 14 3.1 3.5 29| 574 131 5.00 17.3
Final energy Mtoe Share, % AAGR(%)
consumption 1990-| 2005- 2010- 2020-| 2005-
by Sector 1990 2005] 2010 2020 2030 1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 13.3 37.6 46.8 73,5 109.0/ 100 100 100 100 100 7.2 45 4.6 4.0 4.3
Industry 5.3 15.0 19.0 29.4 42.2| 39.8 39.8/ 405 399 387 7.2 4.9 45 3.7 4.2
Transportation 55 15.3 18.7 30.0 46.2| 413 40.8/ 40.1 408 423 7.1 4.1 4.8 4.4 4.5
Others 1.7 5.2 6.8 111 16.9| 125 139 144 151 155 7.9 5.2 5.1 4.3 4.8
Non-energy 0.8 2.1 2.3 3.0 3.8 6.3 5.6 4.9 4.1 3.5 6.3 2.0 2.7 2.2 24
by Energy
Total 13.3 37.6 46.8 73,5 109.00 100 100 100 100 100 7.2 45 4.6 4.0 4.3
Coal 0.4 11 1.6 2.7 4.0 3.1 3.0 34 3.7 3.6 7.0 7.1 5.4 3.8 5.1
Oil 10.0 23.0 28.1 41.7 60.9| 753 61.1] 60.0 56.7 559 5.7 4.1 4.0 3.9 4.0
Natural gas 1.1 6.4 7.9 13.4 20.5 82 17.1| 169 182 18.8| 125 4.2 54 4.3 4.7
Electricity 1.7 6.9 9.1 15.0 226 129 185 194 204 207 9.8 55 51 4.2 4.8
Heat 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Others 0.1 0.1 0.1 0.7 1.1 0.5 0.2 0.2 1.0 1.0 24 38 20.1 4.7] 104
Power generation TWh Share, % AAGR(%)
1990-| 2005- 2010- 2020-| 2005-
1990 2005] 2010 2020 2030 1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 23.0 87.3] 1140 1838.0 283.8( 100 100 100 100 100 9.3 5.5 5.1 4.2 4.8
Coal 2.8 23.1 45.1 76.6 125.0| 123 26,5 39.6 40.7 44.1| 150 143 5.4 5.0 7.0
Oil 11.1 25 2.7 3.3 3.1| 484 2.9 2.4 1.7 1.1 -95 2.0 18 -05 0.9
Natural gas 5.1 55.9 51.5 79.8 1153| 22.0 64.00 451 424 406 17.4| -1.6 45 3.8 2.9
Nuclear 0.0 0.0 0.0 0.0 52 0.0 0.0 0.0 0.0 1.8 - - - - -
Hydro 4.0 5.8 11.7 19.5 20.4| 173 6.6/ 10.2 104 7.2 25| 151 5.2 0.4 5.2
Geothermal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Others 0.0 0.0 3.0 8.9 14.8 0.0 0.0 2.6 4.7 5.2 - - 116 5.2 -
Power generation Mtoe Share, % AAGR(%)
Input 1990-| 2005- 2010- 2020-| 2005-
1990 2005] 2010 2020 2030f 1990 2005] 2010 2020 2030f 2005 | 2010 2020 2030 | 2030
Total 5.0 17.5 19.8 29.7 43.2] 100 100/ 100 100 100 8.7 25 4.1 3.8 3.7
Coal 0.6 4.7 9.1 15.3 235 125 26.9| 46.1 515 543 145 141 5.3 4.4 6.6
Oil 3.0 0.6 0.6 0.7 0.7] 60.2 33 3.2 25 16| -10.4 1.8 15 -08 0.6
Natural gas 1.4 12.2 10.0 13.7 19.1] 273 69.8)] 50.7 46.1 44.1] 1538 -3.9 3.2 34 1.8
Thermal Efficiency % Share, % AAGR(%)

1995-| 2005- 2010- 2020-| 2005-
1990 2005 2010 2020 2030| 1990 2005| 2010 2020 2030f 2005 | 2010 2020 2030 | 2030

Total 32.9 40.1 43.2 46.2 48.5 1.3 15 0.7 0.5 0.8
Coal 39.1 42.2 42.5 43.1 45.8 0.5 0.1 0.1 0.6 0.3
Oil 32.0 37.2 375 38.9 39.9 1.0 0.2 0.4 0.3 0.3
Natural gas 32.0 394 44.1 50.1 52.0 1.4 2.3 1.3 0.4 1.1
CO, emissions Mt-C Share, % AAGR(%)

1990-| 2005- 2010- 2020-| 2005-
1990 2005/ 2010 2020 2030[ 1990 2005] 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 12.9 40.7] 452 69.6 102.9 \ 8.0 2.1 4.4 4.0 3.8

Energy and economic indicators AAGR(%)
1990-| 2005- 2010- 2020-| 2005-
1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030

GDP (billions of 2000 US dollars) 455 112.5| 135.2 230.9 358.6 6.2 3.7 5.5 4.5 4.7
Population (millions of people) 178 253| 278 329 381 2.4 1.9 1.7 1.5 1.6
GDP per capita (thousands of 2000 USD/person) 2.6 4.4 4.9 7.0 9.4 3.8 1.8 3.8 3.0 3.1
Primary energy consumption per capita (toe/person) 12 2.3 2.3 3.0 3.9 45 0.0 2.8 2.4 2.1
Primary energy consumption per unit of GDP (toe/million 2000 | 468 521| 477 434 411 0.7/, -18 -09 -0.5 -0.9
CO, emissions per unit of GDP (t-C/million 2000 US Dollars) 284  362| 334 301 287 16/ -16 -1.0 -05/ -0.9

CO, emissions per unit of primary energy consumption (t-C/toe)] 0.61 0.70| 0.70 0.69 0.70 0.9 02 -01 0.0 0.0
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Primary energy Mtoe Share, % AAGR(%)
demand 1990-| 2005- 2010- 2020-| 2005-
1990 2005| 2010 2020 2030f 1990 2005] 2010 2020 2030f 2005 | 2010 2020 2030 | 2030
Total 2.0 4.3 6.7 13.8 27.3] 100 100/ 100 100 100 5.4 9.3 7.5 7.1 7.7
Coal 0.1 0.1 0.2 1.3 3.8 34 2.2 2.3 9.2 139 24| 104 233 11.6/ 159
Oil 0.7 2.0 3.3 6.9 139 374 47.0 488 50.2 510 7.0/ 10.1 7.8 7.2 8.0
Natural gas 0.8 1.6 2.3 3.7 59| 386 37.7| 349 266 216 5.2 7.7 4.6 4.8 5.3
Nuclear 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Hydro 0.1 0.3 0.6 1.6 3.2 5.2 6.0 9.1 112 117 6.3 18.9 9.7 7.5/ 10.6
Geothermal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Others 0.3 0.3 0.3 0.4 05| 154 7.1 4.8 2.7 1.8 0.0 1.3 1.6 2.6 1.9
Final energy Mtoe Share, % AAGR(%)
consumption 1990-| 2005- 2010- 2020-| 2005-
by Sector 1990 2005] 2010 2020 2030 1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 1.3 3.3 5.4 11.4 23.1 100 100 100 100 100 6.3| 10.2 7.8 7.3 8.1
Industry 0.7 11 1.6 3.4 7.0 528 319/ 29.7 29.7 303 2.8 8.7 7.8 7.5 7.9
Transportation 0.5 1.3 2.4 5.4 11.4| 341 404 443 474 492 75| 123 8.6 7.7 8.9
Others 0.1 0.8 11 2.1 4.0 6.0 23.6| 207 18.7 174 164 7.4 6.7 6.6 6.8
Non-energy 0.1 0.1 0.3 0.5 0.7 7.1 4.2 5.2 4.2 3.1 26| 151 5.5 4.3 6.8
by Energy
Total 1.3 3.3 5.4 11.4 23.1f 100 100/ 100 100 100 6.3 10.2 7.8 7.3 8.1
Coal 0.1 0.1 0.2 0.4 0.8 3.9 29 29 3.1 3.3 43| 104 8.6 7.7 8.6
Oil 0.6 1.8 3.0 6.5 13.4| 449 53.0/ 552 57.0 58.0 75/ 111 8.2 7.5 8.5
Natural gas 0.2 0.8 1.3 2.6 48| 170 254| 247 226 206 9.2 9.6 6.9 6.3 7.2
Electricity 0.1 0.3 0.6 1.6 3.7 113 95/ 111 139 159 51| 13.7 103 8.7 103
Heat 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Others 0.3 0.3 0.3 0.4 0.5 23.0 9.2 6.0 3.3 2.1 0.0 1.3 1.6 2.6 1.9
Power generation TWh Share, % AAGR(%)
1990-| 2005- 2010- 2020-| 2005-
1990 2005] 2010 2020 2030 1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 2.5 6.0 10.7 25.6 535 100 100 100 100 100 6.1 123 9.1 7.6 9.1
Coal 0.0 0.0 0.0 3.7 12.4 1.6 0.0 0.0 145 23.2(-100.0 - - 1238 -
Oil 0.3 0.6 0.5 0.6 0.6 10.9 103 4.9 2.2 1.0 57| -3.1 0.5 0.0 -04
Natural gas 1.0 2.4 3.1 3.2 32| 393 39.8| 287 127 6.1 6.2 5.2 0.5 0.0 1.2
Nuclear 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Hydro 1.2 3.0 7.1 18.1 37.3| 481 498 66.4 706 69.7 6.3| 18.9 9.7 7.5| 10.6
Geothermal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Others 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Power generation Mtoe Share, % AAGR(%)
Input 1990-| 2005- 2010- 2020-| 2005-
1990 2005] 2010 2020 2030f 1990 2005] 2010 2020 2030f 2005 | 2010 2020 2030 | 2030
Total 0.5 0.9 11 2.1 42| 100 100/ 100 100 100 3.9 3.9 6.6 7.4 6.3
Coal 0.0 0.0 0.0 0.9 3.0 2.4 0.0 0.0 443 72.6|-100.0 - - 1238 -
Oil 0.1 0.2 0.1 0.1 0.1| 126 17.6| 124 6.9 3.4 6.2 -3.1 0.5 0.0 -04
Natural gas 0.4 0.7 1.0 1.0 1.0/ 85.0 824 876 488 24.0 3.7 5.2 0.5 0.0 1.2
Thermal Efficiency % Share, % AAGR(%)

1995-| 2005- 2010- 2020-| 2005-
1990 2005 2010 2020 2030| 1990 2005| 2010 2020 2030f 2005 | 2010 2020 2030 | 2030

Total 21.6 28.8 28.5 314 33.2 19| -0.2 1.0 0.6 0.6
Coal 28.0 35.0 35.0 -100.0 - - 0.0 -
Oil 36.2 33.6 33.7 33.6 33.7 -0.5 0.0 0.0 0.0 0.0
Natural gas 19.3 27.7 27.7 27.7 27.7 2.4 0.0 0.0 0.0 0.0
CO, emissions Mt-C Share, % AAGR(%)

1990-| 2005- 2010- 2020-| 2005-
1990 2005/ 2010 2020 2030[ 1990 2005] 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 1.1 2.7] 4.2 9.2 19.0 \ 6.3 9.0 8.1 7.6 8.1

Energy and economic indicators AAGR(%)
1990-| 2005- 2010- 2020-| 2005-
1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030

GDP (billions of 2000 US dollars) 3.7 133| 247 629 1395 9.0/ 131 9.8 8.3 9.8
Population (millions of people) 40.1 48.00 50.7 56.0 60.6 1.2 1.1 1.0 0.8 0.9
GDP per capita (thousands of 2000 USD/person) 0.1 0.3 0.5 1.1 2.3 7.7 119 8.7 7.4 8.8
Primary energy consumption per capita (toe/person) 0.0 0.1 0.1 0.2 0.5 4.1 8.1 6.4 6.2 6.7
Primary energy consumption per unit of GDP (toe/million 2000 | 535 323 273 220 196 -3.3| -3.3 -21 -12| -2.0
CO, emissions per unit of GDP (t-C/million 2000 US Dollars) 294 204 169 146 136 -24| -36 -15 -0.7] -16

CO, emissions per unit of primary energy consumption (t-C/toe)] 0.55 0.63| 0.62 0.66 0.70 0.9, -03 0.6 0.5 0.4
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MYANMAR [APS]

Primary energy Mtoe Share, % AAGR(%)
demand 1990-| 2005- 2010- 2020-| 2005-
1990 2005| 2010 2020 2030f 1990 2005] 2010 2020 2030f 2005 | 2010 2020 2030 | 2030
Total 2.0 4.3 6.7 13.3 26.0( 100 100/ 100 100 100 5.4 9.3 7.0 6.9 7.5
Coal 0.1 0.1 0.2 1.2 3.6 34 2.2 2.3 9.3 139 24| 104 229 114 156
Oil 0.7 2.0 3.3 6.5 13.00 374 47.0f 487 491 50.0 7.0, 101 71 7.1 7.7
Natural gas 0.8 1.6 2.4 3.5 56| 386 37.7| 353 266 214 5.2 7.9 4.0 4.6 5.0
Nuclear 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Hydro 0.1 0.3 0.6 1.4 2.8 5.2 6.0 8.8 103 107 6.3 18.2 8.7 7.3] 10.0
Geothermal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Others 0.3 0.3 0.3 0.6 11] 154 7.1 4.8 4.7 4.1 0.0 1.3 6.8 5.4 5.1
Final energy Mtoe Share, % AAGR(%)
consumption 1990-| 2005- 2010- 2020-| 2005-
by Sector 1990 2005] 2010 2020 2030 1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 1.3 3.3 5.4 10.9 21.9 100 100 100 100 100 6.3] 10.1 7.4 7.2 7.9
Industry 0.7 11 1.6 3.0 6.2 52.8 319 298 276 283 2.8 8.7 6.6 7.5 7.4
Transportation 0.5 1.3 2.4 5.4 11.2| 341 40.4| 443 491 510 75| 122 8.5 7.6 8.9
Others 0.1 0.8 11 2.1 3.8 6.0 236/ 206 189 17.3| 164 7.3 6.5 6.3 6.5
Non-energy 0.1 0.1 0.3 0.5 0.7 7.1 4.2 5.2 4.4 3.3 26| 151 5.5 4.3 6.8
by Energy
Total 1.3 3.3 5.4 10.9 21.9( 100 100/ 100 100 100 6.3 10.1 7.4 7.2 7.9
Coal 0.1 0.1 0.2 0.3 0.7 3.9 29 29 3.0 3.1 43| 104 7.6 7.7 8.2
Oil 0.6 1.8 3.0 6.1 12.4| 449 53.0/ 552 558 56.8 7.5/ 11.0 7.5 7.4 8.2
Natural gas 0.2 0.8 1.3 24 45| 170 254| 248 223 203 9.2 9.6 6.2 6.2 6.9
Electricity 0.1 0.3 0.6 1.4 3.3 11.3 9.5/ 11.0 133 150 51| 134 9.4 8.5 9.8
Heat 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Others 0.3 0.3 0.3 0.6 1.1] 23.0 9.2 6.0 5.7 4.8 0.0 1.3 6.8 5.4 5.1
Power generation TWh Share, % AAGR(%)
1990-| 2005- 2010- 2020-| 2005-
1990 2005] 2010 2020 2030 1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 25 6.0 10.6 233 47.7( 100 100, 100 100 100 6.1 12.1 8.2 7.4 8.6
Coal 0.0 0.0 0.0 3.7 11.9 1.6 0.0 0.0 15.8 24.9|-100.0 - - 124 -
Oil 0.3 0.6 0.5 0.6 0.5 109 103 5.1 2.4 11 57| -25 0.1 -03] -06
Natural gas 1.0 2.4 3.2 3.2 3.1 39.3 39.8/ 299 138 6.5 6.2 5.8 0.1 -03 11
Nuclear 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Hydro 1.2 3.0 6.9 15.9 32.2| 481 498 65.0 680 67.4 6.3 18.2 8.7 7.3] 10.0
Geothermal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Others 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Power generation Mtoe Share, % AAGR(%)
Input 1990-| 2005- 2010- 2020-| 2005-
1990 2005] 2010 2020 2030f 1990 2005] 2010 2020 2030f 2005 | 2010 2020 2030 | 2030
Total 0.5 0.9 11 2.0 4.0/ 100 100/ 100 100 100 3.9 45 6.1 7.0 6.2
Coal 0.0 0.0 0.0 0.9 2.9 2.4 0.0 0.0 443 72.6|-100.0 - - 124 -
Oil 0.1 0.2 0.1 0.1 0.1| 126 17.6| 124 6.9 3.4 6.2 -25 01 -03] -06
Natural gas 0.4 0.7 1.0 1.0 1.0/ 85.0 824 876 488 24.0 3.7 5.8 0.1 -0.3 1.1
Thermal Efficiency % Share, % AAGR(%)

1995-| 2005- 2010- 2020-| 2005-
1990 2005 2010 2020 2030| 1990 2005| 2010 2020 2030f 2005 | 2010 2020 2030 | 2030

Total 21.6 28.8 28.5 314 33.2 19| -0.2 1.0 0.6 0.6
Coal 28.0 35.0 35.0 -100.0 - - 0.0 -
Oil 36.2 33.6 33.6 33.7 33.6 -0.5 0.0 0.0 0.0 0.0
Natural gas 19.3 27.7 27.7 27.7 27.7 2.4 0.0 0.0 0.0 0.0
CO, emissions Mt-C Share, % AAGR(%)

1990-| 2005- 2010- 2020-| 2005-
1990 2005/ 2010 2020 2030[ 1990 2005] 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 1.1 2.7] 4.2 8.7 17.8 \ 6.3 9.1 7.5 7.5 7.8

Energy and economic indicators AAGR(%)
1990-| 2005- 2010- 2020-| 2005-
1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030

GDP (billions of 2000 US dollars) 3.7 133| 247 629 1395 9.0/ 131 9.8 8.3 9.8
Population (millions of people) 40.1 48.00 50.7 56.0 60.6 1.2 1.1 1.0 0.8 0.9
GDP per capita (thousands of 2000 USD/person) 0.1 0.3 0.5 1.1 2.3 7.7 119 8.7 7.4 8.8
Primary energy consumption per capita (toe/person) 0.0 0.1 0.1 0.2 0.4 4.1 8.1 6.0 6.1 6.4
Primary energy consumption per unit of GDP (toe/million 2000 | 535 323 273 211 186 -3.3| -3.3 -25 -13] -22
CO, emissions per unit of GDP (t-C/million 2000 US Dollars) 294 204 170 138 127 -24, -36 -21 -0.8/ -1.9

CO, emissions per unit of primary energy consumption (t-C/toe)] 0.55 0.63| 0.62 0.65 0.68 09, -0.2 0.5 0.5 0.3
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NEW ZEALAND [BAU]

Primary energy Mtoe Share, % AAGR(%)
demand 1990-| 2005- 2010- 2020-| 2005-
1990 2005| 2010 2020 2030f 1990 2005] 2010 2020 2030f 2005 | 2010 2020 2030 | 2030
Total 13.8 16.9 17.9 22.0 245 100 100/ 100 100 100 1.4 1.2 2.1 11 15
Coal 1.1 2.0 1.3 0.8 1.6 82 11.8 7.0 34 6.3 39| -9.0 -49 74| -1.0
Oil 4.0 6.8 7.1 8.1 8.6 28.8 40.3| 394 36.8 349 3.7 0.7 1.4 0.6 0.9
Natural gas 3.9 3.2 3.5 4.0 34| 283 189 194 183 138 -1.3 1.7 1.5 -1.7 0.2
Nuclear 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Hydro 2.0 2.0 2.3 2.4 27| 146 119, 130 107 108 0.0 2.9 0.1 1.2 11
Geothermal 2.2 1.9 2.7 5.4 6.8 16.1 11.4| 150 245 27.8[ -09 6.8 7.2 2.4 5.2
Others 0.5 0.9 1.1 1.4 1.6 4.0 5.6 6.2 6.3 6.4 3.7 34 2.2 1.3 2.1
Final energy Mtoe Share, % AAGR(%)
consumption 1990-| 2005- 2010- 2020-| 2005-
by Sector 1990 2005] 2010 2020 2030 1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 9.5 12.7 13.0 14.6 15.7 100 100 100 100 100 2.0 0.5 1.2 0.7 0.8
Industry 3.4 3.7 4.0 4.6 51 36.2 29.3| 307 312 326 0.5 1.4 1.3 11 1.3
Transportation 3.4 5.6 5.4 6.0 6.3 36.1 44.2| 415 414 402 34| -08 11 0.4 0.5
Others 2.3 3.1 3.3 3.7 39| 244 243| 256 252 250 19 15 1.0 0.6 0.9
Non-energy 0.3 0.3 0.3 0.3 0.3 3.3 2.2 2.2 2.2 22| -07 0.5 1.2 0.7 0.8
by Energy
Total 9.5 12.7 13.0 14.6 157[ 100 100 100 100 100 2.0 0.5 12 0.7 0.8
Coal 0.7 0.5 0.5 0.4 0.4 7.1 3.8 35 3.0 28| -22| -13 -03 -01] -04
Oil 4.4 6.8 6.6 7.3 7.6/ 46.6 53.4| 505 49.8 484 29| -0.6 1.0 0.4 0.4
Natural gas 1.3 1.4 1.5 1.7 19( 136 10.7| 114 117 121 0.4 1.7 1.4 1.0 1.3
Electricity 2.4 3.2 35 4.0 45| 251 250/ 26.8 276 289 1.9 1.9 15 1.2 1.4
Heat 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Others 0.7 0.9 1.0 1.1 1.2 7.6 7.1 7.8 7.8 7.8 15 2.4 1.2 0.7 1.2
Power generation TWh Share, % AAGR(%)
1990-| 2005- 2010- 2020-| 2005-
1990 2005] 2010 2020 2030 1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 323 42.9 47.1 54,5 61.2 100 100f 100 100 100 1.9 1.9 15 1.2 14
Coal 0.6 5.8 3.2 13 4.6 1.9 136 6.9 25 76| 16.2| -11.0 -84 132 -09
Oil 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -4.5/-100.0 - -| -100.0
Natural gas 5.7 9.5 10.4 12.4 8.0 176 2211 221 227 131 35 19 18 -42| -07
Nuclear 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Hydro 23.3 235 27.0 27.4 30.9| 723 547 574 503 505 0.0 2.9 0.1 1.2 11
Geothermal 2.2 2.9 4.2 9.0 11.6 6.9 6.6 89 16.6 189 1.7 8.0 8.0 2.5 5.8
Others 0.4 1.3 2.2 4.3 6.0 1.3 3.0 4.7 7.9 9.9 8.0/ 11.3 6.9 34 6.4
Power generation Mtoe Share, % AAGR(%)
Input 1990-| 2005- 2010- 2020-| 2005-
1990 2005] 2010 2020 2030f 1990 2005] 2010 2020 2030f 2005 | 2010 2020 2030 | 2030
Total 1.4 3.2 2.7 25 25 100 100 100 100 100 55/ -37 -0.7 -0.1] -1.0
Coal 0.2 15 0.8 0.3 11| 145 476/ 306 135 456 14.2| -11.8 -84 128 -1.2
Oil 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 -6.6/-100.0 - -| -100.0
Natural gas 1.2 1.7 1.9 2.2 14 853 524 694 865 544 2.2 1.9 1.5 -4.6 -0.9
Thermal Efficiency % Share, % AAGR(%)

1995-| 2005- 2010- 2020-| 2005-
1990 2005 2010 2020 2030| 1990 2005| 2010 2020 2030f 2005 | 2010 2020 2030 | 2030

Total 37.6 40.6 43.7 47.0 43.7 0.5 15 0.7 -07 0.3
Coal 25.2 325 34.0 34.0 35.0 1.7 0.9 0.0 0.3 0.3
Oil 23.9 33.4 2.3| -100.0 - -1 -100.0
Natural gas 39.7 48.0 48.0 49.0 51.0 1.3 0.0 0.2 0.4 0.2
CO, emissions Mt-C Share, % AAGR(%)

1990-| 2005- 2010- 2020-| 2005-
1990 2005/ 2010 2020 2030[ 1990 2005] 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 6.8 9.7] 9.3 9.9 10.7 \ 24| -09 0.7 0.8 0.4

Energy and economic indicators AAGR(%)
1990-| 2005- 2010- 2020-| 2005-
1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030

GDP (billions of 2000 US dollars) 39.8 624 650 88.7 108.8 3.0 0.8 3.2 2.1 2.2
Population (millions of people) 3.4 4.1 4.3 4.7 5.1 1.2 0.9 0.9 0.7 0.8
GDP per capita (thousands of 2000 USD/person) 115 151 150 188 215 1.8 -0.1 2.3 1.3 1.4
Primary energy consumption per capita (toe/person) 4.0 4.1 4.1 4.7 4.8 0.2 0.2 1.2 0.4 0.7
Primary energy consumption per unit of GDP (toe/million 2000 | 345 271 276 248 225 -1.6 04 -11 -09| -0.7
CO, emissions per unit of GDP (t-C/million 2000 US Dollars) 170  155| 142 112 99| -06| -17 -24 -12| -18

CO, emissions per unit of primary energy consumption (t-C/toe)] 0.49 0.57| 052 0.45 0.44 10, -20 -14 03] -11
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NEW ZEALAND [APS]

Primary energy Mtoe Share, % AAGR(%)
demand 1990-| 2005- 2010- 2020-| 2005-
1990 2005| 2010 2020 2030f 1990 2005] 2010 2020 2030f 2005 | 2010 2020 2030 | 2030
Total 13.8 16.9 16.6 20.3 214 100 100/ 100 100 100 14| -04 2.1 0.5 0.9
Coal 1.1 2.0 1.0 11 0.7 82 11.8 5.8 5.4 34 39| -13.6 14 -41] -40
Oil 4.0 6.8 6.7 6.7 6.0l 28.8 40.3| 405 327 278 37 -03 -01 -11] -05
Natural gas 3.9 3.2 2.7 3.0 27| 283 189 163 145 125 -13] -3.2 09 -10 -07
Nuclear 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Hydro 2.0 2.0 2.3 2.4 27| 146 119| 140 116 124 0.0 2.9 0.1 1.2 11
Geothermal 2.2 1.9 2.7 5.4 6.8 16.1 11.4| 16.2 265 318 -09 6.8 7.2 2.4 5.2
Others 0.5 0.9 1.2 1.9 2.6 4.0 5.6 7.1 9.3 120 3.7 4.6 4.8 3.2 4.1
Final energy Mtoe Share, % AAGR(%)
consumption 1990-| 2005- 2010- 2020-| 2005-
by Sector 1990 2005] 2010 2020 2030 1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 9.5 12.7 12.7 135 139 100 100, 100 100 100 20[ -01 0.7 0.3 0.3
Industry 3.4 3.7 4.0 4.5 50( 36.2 29.3| 314 334 363 0.5 1.4 1.3 11 1.2
Transportation 3.4 5.6 5.2 5.4 52 36.1 442 409 39.7 373 34| -16 03 -04| -03
Others 2.3 3.1 3.2 3.3 33| 244 243| 254 246 240 19 0.7 0.3 0.0 0.3
Non-energy 0.3 0.3 0.3 0.3 0.3 3.3 2.2 2.3 2.4 25| -07 0.5 1.2 0.7 0.8
by Energy
Total 9.5 12.7 12.7 135 139 100 100 100 100 100 20| -01 0.7 0.3 0.3
Coal 0.7 0.5 0.4 0.4 0.4 7.1 3.8 35 3.1 29| -22| -17 -07 -04/ -08
Oil 4.4 6.8 6.3 6.0 53| 46.6 53.4| 494 443 38.0 29, -16 -04 -12| -1.0
Natural gas 1.3 1.4 1.5 1.7 19( 136 10.7| 117 126 135 0.4 1.6 1.4 1.0 1.3
Electricity 2.4 3.2 3.4 3.8 41| 251 250/ 269 278 294 1.9 1.3 1.0 0.8 1.0
Heat 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Others 0.7 0.9 1.1 1.6 2.2 7.6 7.1 85 122 16.1 15 3.7 4.3 3.1 3.7
Power generation TWh Share, % AAGR(%)
1990-| 2005- 2010- 2020-| 2005-
1990 2005] 2010 2020 2030 1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 323 42.9 41.7 49.9 53.9 100 100 100 100 100 19| -0.6 1.8 0.8 0.9
Coal 0.6 5.8 2.1 2.8 1.4 1.9 136 5.1 5.6 26| 16.2| -18.1 28 -6.6/ -55
Oil 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -4.5/-100.0 - -| -100.0
Natural gas 5.7 9.5 6.1 6.4 40| 176 221 147 127 7.4 35| -84 04 -46| -34
Nuclear 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Hydro 23.3 235 27.0 27.4 30.9| 723 547 649 549 573 0.0 2.9 0.1 1.2 11
Geothermal 2.2 2.9 4.2 9.0 11.6 6.9 6.6/ 10.0 181 215 1.7 8.0 8.0 25 5.8
Others 0.4 1.3 2.2 4.3 6.0 1.3 3.0 5.3 86 11.2 8.0/ 11.3 6.9 34 6.4
Power generation Mtoe Share, % AAGR(%)
Input 1990-| 2005- 2010- 2020-| 2005-
1990 2005] 2010 2020 2030f 1990 2005] 2010 2020 2030f 2005 | 2010 2020 2030 | 2030
Total 1.4 3.2 1.6 1.8 1.0/ 100 100/ 100 100 100 5.5 -12.8 1.1 57| -45
Coal 0.2 15 0.5 0.7 0.3 145 476 33.1 39.0 343 14.2| -189 28 -6.9| -58
Oil 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 -6.6/-100.0 - -| -100.0
Natural gas 1.2 1.7 1.1 1.1 0.7] 853 524| 66.9 61.0 65.7 2.2 -8.4 0.2 -5.0 -3.7
Thermal Efficiency % Share, % AAGR(%)

1995-| 2005- 2010- 2020-| 2005-
1990 2005 2010 2020 2030| 1990 2005| 2010 2020 2030f 2005 | 2010 2020 2030 | 2030

Total 37.6 40.6 43.4 43.1 45.5 0.5 1.3 -01 0.5 0.5
Coal 25.2 325 34.0 34.0 35.0 1.7 0.9 0.0 0.3 0.3
Oil 23.9 33.4 2.3| -100.0 - -1 -100.0
Natural gas 39.7 48.0 48.0 49.0 51.0 1.3 0.0 0.2 0.4 0.2
CO, emissions Mt-C Share, % AAGR(%)

1990-| 2005- 2010- 2020-| 2005-
1990 2005/ 2010 2020 2030[ 1990 2005] 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 6.8 9.7] 8.2 8.4 7.2 \ 24| -3.4 03 -15 -12

Energy and economic indicators AAGR(%)
1990-| 2005- 2010- 2020-| 2005-
1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030

GDP (billions of 2000 US dollars) 39.8 624 650 88.7 108.8 3.0 0.8 3.2 2.1 2.2
Population (millions of people) 3.4 4.1 4.3 4.7 5.1 1.2 0.9 0.9 0.7 0.8
GDP per capita (thousands of 2000 USD/person) 115 151 150 188 215 1.8 -0.1 2.3 1.3 1.4
Primary energy consumption per capita (toe/person) 4.0 4.1 3.8 4.3 4.2 0.2 -1.3 1.2  -02 0.1
Primary energy consumption per unit of GDP (toe/million 2000 | 345 271 255 229 197 -16/ -12 -11 -15] -1.3
CO, emissions per unit of GDP (t-C/million 2000 US Dollars) 170  155| 126 95 66/ -06/ -42 -28 -35 -34

CO, emissions per unit of primary energy consumption (t-C/toe)] 0.49 0.57| 0.49 041 0.34 10, -30 -1.7 -20/ -21
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PHILIPPINES [BAU]

Primary energy Mtoe Share, % AAGR(%)
demand 1990-| 2005- 2010- 2020-| 2005-
1990 2005 2010 2020 2030 1990 2005| 2010 2020 2030/ 2005 | 2010 2020 2030 | 2030
Total 19.3 37.0 442 77.2 130.0f 100 100/ 100 100 100 4.4 3.6 5.7 5.3 5.1
Coal 13 5.7 7.6 22.4 45.8 6.7 153| 173 29.0 352 103 6.1 114 7.4 8.7
Oil 12.0 15.2 17.1 29.4 48.3| 622 41.0/ 388 38.0 37.2 1.6 2.5 5.5 5.1 4.7
Natural gas 0.0 2.7 25 7.2 16.2 0.0 7.2 5.8 9.4 125 - -1.1 110 8.4 7.5
Nuclear 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Hydro 0.5 0.7 0.8 0.8 0.8 2.7 1.9 1.9 1.1 0.6 2.2 2.6 0.0 0.0 0.5
Geothermal 4.7 8.5 10.8 10.8 10.8| 243 23.0/ 244 140 8.3 4.0 4.8 0.0 0.0 1.0
Others 0.8 4.3 5.3 6.6 8.0 4.1 115 119 8.6 6.2 12.0 4.3 2.4 1.9 2.6
Final energy Mtoe Share, % AAGR(%)
consumption 1990-| 2005- 2010- 2020-| 2005-
by Sector 1990 2005| 2010 2020  2030f 1990 2005| 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 10.3 23.1 26.9 47.5 80.3] 100 100{ 100 100 100 5.5 3.1 5.8 5.4 5.1
Industry 3.9 8.6 10.0 14.6 211 380 37.1] 373 308 263 5.4 3.2 3.8 3.8 3.7
Transportation 2.7 9.8 12.2 21.2 35.6| 25.8 424 453 446 444 9.1 4.4 5.7 5.3 5.3
Others 35 45 4.7 11.7 236 340 195/ 174 246 293 17 0.8 9.6 7.3 6.8
Non-energy 0.2 0.2 0.0 0.0 0.0 2.3 1.0 0.0 0.0 0.0 0.1] -100.0 - -1 -100.0
by Energy
Total 10.3 23.1 26.9 475 80.3| 100 100/ 100 100 100 5.5 3.1 5.8 5.4 5.1
Coal 0.4 1.2 1.4 1.8 21 4.3 5.0 51 3.8 2.6 6.5 35 2.6 1.6 2.4
Oil 7.3 13.8 15.6 28.1 47.3| 70.6 59.8/ 581 59.3 58.9 44 25 6.1 5.3 5.0
Natural gas 0.0 0.0 0.1 0.1 0.2 0.0 0.0 0.3 0.2 0.2 - - 3.1 5.9 -
Electricity 1.8 3.9 4.6 10.8 2271 174 16.8| 17.0 227 282 5.3 3.3 9.0 7.7 7.3
Heat 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Others 0.8 4.3 5.3 6.6 8.0 76 184 196 140 10.0[f 120 4.3 2.4 1.9 2.6
Power generation TWh Share, % AAGR(%)
1990-| 2005- 2010- 2020-| 2005-
1990 2005] 2010 2020 2030f 1990 2005| 2010 2020 2030 2005| 2010 2020 2030 | 2030
Total 252 56.6 66.3 156.8 329.8/ 100 100/ 100 100 100 5.5 3.2 9.0 7.7 7.3
Coal 1.9 15.3 22.7 85.2 2035 7.7 270 342 543 617 148 83 141 9.1 10.9
Qil 11.8 6.1 5.5 4.0 25| 46.7 109 8.2 25 08| -43 -23 -31 -45 -35
Natural gas 0.0 16.9 16.0 455 101.7 0.0 298/ 241 290 308 - -11 110 8.4 75
Nuclear 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Hydro 6.1 8.4 9.6 9.6 9.6 240 148 144 6.1 2.9 2.2 2.6 0.0 0.0 0.5
Geothermal 55 9.9 125 125 125 217 175 189 8.0 3.8 4.0 4.8 0.0 0.0 0.9
Others 0.0 0.0 0.1 0.1 0.1 0.0 0.0 0.1 0.0 0.0 -| 802 0.0 0.0 125
Power generation Mtoe Share, % AAGR(%)
Input 1990-| 2005- 2010- 2020-| 2005-
1990 2005 2010 2020 2030 1990 2005/ 2010 2020 2030/ 2005 | 2010 2020 2030 | 2030
Total 3.2 8.5 10.0 28.7 60.5] 100 100/ 100 100 100 6.7 3.2 111 7.7 8.1
Coal 0.5 4.5 6.3 20.6 437 145 53.0/ 627 718 723| 164 6.7 126 7.8 9.5
Oil 2.7 13 1.2 0.9 05| 855 155/ 11.8 3.0 09 -47 -23 -31 -45 -35
Natural gas 0.0 2.7 2.5 7.2 16.2 00 315 255 252 2638 - -11 110 8.4 7.5
Thermal Efficiency % Share, % AAGR(%)

1995-| 2005- 2010- 2020-| 2005-
1990 2005| 2010 2020 2030f 1990 2005| 2010 2020 2030| 2005 2010 2020 2030 | 2030

Total 36.8 38.6 38.0 40.4 43.8 0.3] -03 0.6 0.8 0.5
Coal 35.7 29.0 31.2 35.6 40.0 -1.4 15 1.3 1.2 13
Oil 37.0 39.9 39.9 39.9 39.9 0.5 0.0 0.0 0.0 0.0
Natural gas 54.0 54.0 54.0 54.0 - 0.0 0.0 0.0 0.0
CO, emissions Mt-C Share, % AAGR(%)

1990-| 2005- 2010- 2020-| 2005-
1990 2005] 2010 2020 2030] 1990 2005] 2010 2020 2030] 2005| 2010 2020 2030 | 2030
Total 9.8 204] 240 52.9 99.3 | 5.0 3.3 8.2 6.5 6.5

Energy and economic indicators AAGR(%)
1990-| 2005- 2010- 2020-| 2005-
1990 2005/ 2010 2020 2030| 2005| 2010 2020 2030 | 2030

GDP (billions of 2000 US dollars) 56.2 94.5| 122.2 233.7 4185 3.5 5.3 6.7 6.0 6.1
Population (millions of people) 61.1 83.1] 913 107.0 118.1 2.1 1.9 1.6 1.0 14
GDP per capita (thousands of 2000 USD/person) 0.9 1.1 1.3 2.2 35 1.4 3.3 5.0 5.0 4.6
Primary energy consumption per capita (toe/person) 0.3 0.4 0.5 0.7 1.1 2.3 1.7 4.1 4.3 3.7
Primary energy consumption per unit of GDP (toe/million 2000y 343 392 362 331 311 0.9 -1.6 -0.9 -0.6 -0.9
CO, emissions per unit of GDP (t-C/million 2000 US Dollars) 175 216 196 226 237 14| -1.9 1.4 0.5 0.4

CO, emissions per unit of primary energy consumption (t-C/toe)] 0.51 0.55| 0.54 0.68 0.76 0.5/ -0.3 2.3 11 1.3
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PHILIPPINES [APS]

Primary energy Mtoe Share, % AAGR(%)
demand 1990-| 2005- 2010- 2020-| 2005-
1990 2005 2010 2020 2030 1990 2005| 2010 2020 2030/ 2005 | 2010 2020 2030 | 2030
Total 19.3 37.0 423 745 1233 100 100/ 100 100 100 4.4 2.7 5.8 5.2 4.9
Coal 13 5.7 6.5 19.8 385 6.7 153| 154 266 31.2[ 103 28 117 6.9 8.0
Oil 12.0 15.2 16.4 28.0 46.0 62.2 41.0/ 387 376 373 1.6 15 5.5 5.1 4.5
Natural gas 0.0 2.7 2.1 6.0 135 0.0 7.2 5.0 8.0 109 -l -45 108 8.5 6.7
Nuclear 0.0 0.0 0.0 0.0 3.2 0.0 0.0 0.0 0.0 2.6 - - - - -
Hydro 0.5 0.7 0.8 1.0 11 2.7 1.9 2.0 1.3 0.9 2.2 3.0 1.6 1.0 1.6
Geothermal 4.7 8.5 11.2 13.2 132 243 23.0/ 266 17.7 107 4.0 5.7 1.6 0.0 1.8
Others 0.8 4.3 5.2 6.6 7.9 4.1 115 124 8.8 6.4 12.0 4.2 2.3 1.9 25
Final energy Mtoe Share, % AAGR(%)
consumption 1990-| 2005- 2010- 2020-| 2005-
by Sector 1990 2005| 2010 2020  2030f 1990 2005| 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 10.3 23.1 25.6 45.0 75.8] 100 100f 100 100 100 5.5 2.1 5.8 5.4 4.9
Industry 3.9 8.6 9.7 14.1 20.3| 380 37.1] 380 314 268 5.4 25 3.8 3.7 35
Transportation 2.7 9.8 115 20.0 336 258 424 448 444 443 9.1 3.2 5.7 5.3 5.1
Others 35 45 4.4 10.9 219 340 195 172 243 289 1.7, -04 9.5 7.2 6.5
Non-energy 0.2 0.2 0.0 0.0 0.0 2.3 1.0 0.0 0.0 0.0 0.1] -100.0 - -1 -100.0
by Energy
Total 10.3 23.1 25.6 45.0 75.8] 100 100 100 100 100 5.5 2.1 5.8 5.4 4.9
Coal 0.4 1.2 1.3 17 2.0 4.3 5.0 5.0 3.8 2.6 6.5 2.2 2.8 1.6 2.2
Oil 7.3 13.8 14.8 26.8 450 70.6 59.8/ 57.9 595 594 44 1.4 6.1 5.3 4.8
Natural gas 0.0 0.0 0.1 0.1 0.2 0.0 0.0 0.3 0.2 0.3 - - 3.1 5.9 -
Electricity 1.8 3.9 4.2 9.8 2071 174 16.8| 163 219 273 5.3 15 8.9 7.7 6.9
Heat 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Others 0.8 4.3 5.2 6.6 7.9 76 184 205 146 10.5[ 12.0 4.2 2.3 1.9 2.5
Power generation TWh Share, % AAGR(%)
1990-| 2005- 2010- 2020-| 2005-
1990 2005] 2010 2020 2030f 1990 2005| 2010 2020 2030 2005| 2010 2020 2030 | 2030
Total 252 56.6 60.7 143.0 300.2] 100 100| 100 100 100 5.5 1.4 9.0 7.7 6.9
Coal 1.9 15.3 19.0 749 169.8 7.7 27.0/ 313 524 56.6] 148 45 147 8.5/ 10.1
Qil 11.8 6.1 5.5 4.0 25| 46.7 109 9.0 2.8 08| -43 -23 -31 -45 -35
Natural gas 0.0 16.9 134 37.4 87.7 0.0 298| 221 261 292 -l -45 108 8.9 6.8
Nuclear 0.0 0.0 0.0 0.0 12.3 0.0 0.0 0.0 0.0 4.1 - - - - -
Hydro 6.1 8.4 9.7 11.4 12.5| 24.0 14.8| 16.0 7.9 4.2 2.2 3.0 1.6 1.0 1.6
Geothermal 55 9.9 13.1 15.3 153] 217 175 215 107 51 4.0 5.7 1.6 0.0 1.8
Others 0.0 0.0 0.1 0.1 0.1 0.0 0.0 0.1 0.0 0.0 -| 802 0.0 0.0 125
Power generation Mtoe Share, % AAGR(%)
Input 1990-| 2005- 2010- 2020-| 2005-
1990 2005 2010 2020 2030 1990 2005/ 2010 2020 2030/ 2005 | 2010 2020 2030 | 2030
Total 3.2 8.5 8.5 249 50.5] 100 100| 100 100 100 6.7 00 113 7.3 7.4
Coal 0.5 4.5 5.2 18.1 36.5| 145 53.0/ 613 727 723 164 3.0 132 7.3 8.7
Oil 2.7 13 1.2 0.9 05| 855 155/ 138 35 11| -47 -23 -31 45 -35
Natural gas 0.0 2.7 2.1 6.0 13.5 00 315 249 239 266 - 45 108 8.5 6.7
Thermal Efficiency % Share, % AAGR(%)

1995-| 2005- 2010- 2020-| 2005-
1990 2005| 2010 2020 2030f 1990 2005| 2010 2020 2030| 2005 2010 2020 2030 | 2030

Total 36.8 38.6 38.1 40.2 443 0.3] -0.2 0.5 1.0 0.6
Coal 35.7 29.0 31.2 35.6 40.0 -1.4 15 1.3 1.2 13
Oil 37.0 39.9 39.9 39.9 39.9 0.5 0.0 0.0 0.0 0.0
Natural gas 54.0 54.0 54.0 56.0 - 0.0 0.0 0.4 0.1
CO, emissions Mt-C Share, % AAGR(%)

1990-| 2005- 2010- 2020-| 2005-
1990 2005] 2010 2020 2030] 1990 2005] 2010 2020 2030] 2005| 2010 2020 2030 | 2030
Total 9.8 204] 219 48.1 84.8 | 5.0 1.4 8.2 5.8 5.9

Energy and economic indicators AAGR(%)
1990-| 2005- 2010- 2020-| 2005-
1990 2005/ 2010 2020 2030| 2005| 2010 2020 2030 | 2030

GDP (billions of 2000 US dollars) 56.2 94.5| 122.2 233.7 4185 3.5 5.3 6.7 6.0 6.1
Population (millions of people) 61.1 83.1] 913 107.0 118.1 2.1 1.9 1.6 1.0 14
GDP per capita (thousands of 2000 USD/person) 0.9 1.1 1.3 2.2 35 1.4 3.3 5.0 5.0 4.6
Primary energy consumption per capita (toe/person) 0.3 0.4 0.5 0.7 1.0 2.3 0.8 4.1 4.1 35
Primary energy consumption per unit of GDP (toe/million 2000y 343 392 346 319 295 0.9 -2.5 -0.8 -0.8 -1.1
CO, emissions per unit of GDP (t-C/million 2000 US Dollars) 175 216 179 206 203 14| -3.6 14 -02| -0.2

CO, emissions per unit of primary energy consumption (t-C/toe)] 0.51 0.55| 0.52 0.65 0.69 0.5 -1.2 2.3 0.6 0.9
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SINGAPORE [BAU=APS]

Primary energy Mtoe Share, % AAGR(%)
demand 1990-| 2005- 2010- 2020-| 2005-
1990 2005| 2010 2020 2030f 1990 2005] 2010 2020 2030f 2005 | 2010 2020 2030 | 2030
Total 13.4 30.2 33.1 39.9 48.4] 100 100/ 100 100 100 5.6 1.8 1.9 2.0 1.9
Coal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Oil 13.4 23.8 254 29.3 34.1| 100.0 78.8| 76.8 735 70.4 3.9 1.3 1.4 15 1.4
Natural gas 0.0 6.1 7.3 10.2 14.0 0.0 20.2| 222 256 289 - 3.7 34 3.2 34
Nuclear 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Hydro 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Geothermal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Others 0.0 0.3 0.3 0.3 0.3 0.0 1.0 1.0 0.9 0.7 - 3.0 0.0 0.0 0.6
Final energy Mtoe Share, % AAGR(%)
consumption 1990-| 2005- 2010- 2020-| 2005-
by Sector 1990 2005] 2010 2020 2030 1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 6.8 15.6 17.3 21.4 27.2 100 100 100 100 100 5.7 2.0 2.2 24 2.2
Industry 2.9 7.9 8.3 9.5 11.3| 42,6 505 48.1 445 415 6.9 1.0 1.4 17 1.4
Transportation 3.3 5.7 6.7 8.8 11.7| 47.6 36.6| 38.7 41.0 428 3.8 3.1 2.8 2.9 2.9
Others 0.7 2.0 2.3 3.1 4.3 9.7 129| 132 145 156 7.6 2.6 3.1 3.3 3.1
Non-energy 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
by Energy
Total 6.8 15.6 17.3 214 27.2[ 100 100/ 100 100 100 5.7 2.0 2.2 2.4 2.2
Coal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Oil 5.8 125 13.7 16.5 205 84.2 800 796 773 751 53 1.9 1.9 2.2 2.0
Natural gas 0.0 0.3 0.3 0.4 0.4 0.0 2.2 2.0 1.7 1.4 - 0.5 0.5 0.5 0.5
Electricity 1.1 2.8 3.2 45 6.4 158 17.8| 183 21.0 234 6.5 2.6 3.6 3.6 34
Heat 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Others 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Power generation TWh Share, % AAGR(%)
1990-| 2005- 2010- 2020-| 2005-
1990 2005] 2010 2020 2030 1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 15.7 38.2 43.2 60.4 849 100 100f 100 100 100 6.1 25 34 3.5 3.2
Coal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Oil 15.7 8.6 7.6 8.3 7.8 100.0 22.6| 175 137 9.2 -39 -26 09 -06| -04
Natural gas 0.0 28.4 343 50.8 75.7 0.0 744 794 841 892 - 3.8 4.0 4.1 4.0
Nuclear 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Hydro 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Geothermal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Others 0.0 1.1 1.3 1.3 1.3 0.0 3.0 3.1 2.2 1.6 - 3.0 0.0 0.0 0.6
Power generation Mtoe Share, % AAGR(%)
Input 1990-| 2005- 2010- 2020-| 2005-
1990 2005] 2010 2020 2030f 1990 2005] 2010 2020 2030f 2005 | 2010 2020 2030 | 2030
Total 4.4 7.8 8.8 11.9 155 100 100 100 100 100 3.9 2.4 3.0 2.7 2.8
Coal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Oil 4.4 1.9 1.7 1.8 1.7 100.0 243 189 154 11.1 -5.5 -2.6 0.9 -0.6 -0.4
Natural gas 0.0 5.9 7.2 10.0 13.8 00 757/ 811 846 889 - 3.8 3.4 3.2 3.4
Thermal Efficiency % Share, % AAGR(%)

1995-| 2005- 2010- 2020-| 2005-
1990 2005 2010 2020 2030| 1990 2005| 2010 2020 2030f 2005 | 2010 2020 2030 | 2030

Total 30.6 40.7 40.8 42.8 46.2 19 0.1 0.5 0.8 0.5
Coal - - - - -
Oil 30.6 39.0 39.0 39.0 39.0 1.6 0.0 0.0 0.0 0.0
Natural gas 41.2 41.2 43.5 47.1 - 0.0 0.5 0.8 0.5
CO, emissions Mt-C Share, % AAGR(%)

1990-| 2005- 2010- 2020-| 2005-
1990 2005/ 2010 2020 2030[ 1990 2005] 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 7.8 13.3] 148 18.8 23.9 \ 3.6 2.2 2.4 2.4 2.4

Energy and economic indicators AAGR(%)
1990-| 2005- 2010- 2020-| 2005-
1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030

GDP (billions of 2000 US dollars) 447 112.7| 1339 192.6 282.3 6.4 35 3.7 3.9 3.7
Population (millions of people) 3.0 4.3 4.6 5.0 5.3 2.4 1.2 0.8 0.5 0.8
GDP per capita (thousands of 2000 USD/person) 147 26.0/ 29.1 385 534 39 2.3 2.8 3.3 2.9
Primary energy consumption per capita (toe/person) 4.4 7.0 7.2 8.0 9.2 3.1 0.6 11 14 11
Primary energy consumption per unit of GDP (toe/million 2000 | 299 268 247 207 172 -0.7| -16 -1.7 -19| -1.8
CO, emissions per unit of GDP (t-C/million 2000 US Dollars) 176  118] 111 98 84l -26| -12 -12 -14 -13

CO, emissions per unit of primary energy consumption (t-C/toe)] 0.59 0.44| 0.45 0.47 0.49] -19 0.4 0.5 0.4 0.5
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THAILAND [BAU]

Primary energy Mtoe Share, % AAGR(%)
demand 1990-| 2005- 2010- 2020-| 2005-
1990 2005| 2010 2020 2030f 1990 2005] 2010 2020 2030f 2005 | 2010 2020 2030 | 2030
Total 354 89.9] 1019 1534 231.4( 100 100/ 100 100 100 6.4 25 4.2 4.2 3.9
Coal 3.7 10.6 12.9 245 34.6| 106 11.8| 127 16.0 14.9 7.2 4.0 6.6 35 4.8
Oil 19.7 45.4 48.4 722 1112 55.7 50.5| 475 471 48.1 5.7 1.3 4.1 4.4 3.7
Natural gas 5.7 259 315 43.2 62.1| 16.0 288 309 282 26.8] 10.7 4.0 3.2 3.7 3.6
Nuclear 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Hydro 11 1.6 1.7 1.7 1.7 3.1 1.8 1.7 11 0.7 2.6 11 0.0 0.0 0.2
Geothermal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Others 5.2 6.3 7.4 11.7 21.9] 146 7.0 7.2 7.7 9.5 1.3 3.1 4.8 6.4 5.1
Final energy Mtoe Share, % AAGR(%)
consumption 1990-| 2005- 2010- 2020-| 2005-
by Sector 1990 2005] 2010 2020 2030 1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 25.4 59.7 66.3 1045 165.6 100 100 100 100 100 59 2.1 4.6 4.7 4.2
Industry 8.7 27.1 29.1 42.1 63.3| 345 453 439 403 382 7.8 15 3.8 4.2 35
Transportation 11.4 221 25.6 435 721 449 369 386 416 435 45 3.0 5.4 5.2 4.9
Others 52 10.6 11.6 18.9 30.2| 206 17.7| 175 181 182 4.8 19 5.0 4.8 4.3
Non-energy 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
by Energy
Total 254 59.7 66.3 1045 165.6/ 100 100/ 100 100 100 5.9 2.1 4.6 4.7 4.2
Coal 1.3 5.7 6.4 12.1 20.7 5.3 9.6 9.6 11.6 125 10.2 2.2 6.6 55 5.3
Oil 17.6 36.3 38.6 57.3 90.3| 69.4 609 582 548 545 5.0 1.2 4.0 4.7 3.7
Natural gas 0.3 1.9 2.9 6.6 8.8 1.0 3.1 4.4 6.3 53 13.9 9.3 8.6 2.9 6.4
Electricity 3.3 10.4 12.5 222 389 129 174 188 212 235 8.0 3.7 5.9 5.8 5.4
Heat 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Others 2.9 5.4 6.0 6.3 69| 114 9.0 9.0 6.0 4.2 4.2 2.0 0.6 0.9 1.0
Power generation TWh Share, % AAGR(%)
1990-| 2005- 2010- 2020-| 2005-
1990 2005] 2010 2020 2030 1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 442 130.6| 158.7 240.1 347.7| 100 100f 100 100 100 7.5 4.0 4.2 3.8 4.0
Coal 11.1 20.6 27.8 58.1 68.5| 25.0 158 175 242 197 4.2 6.1 7.7 17 4.9
Oil 10.4 7.8 0.4 2.4 2.0 235 6.0 0.3 1.0 0.6 -19/ -449 198 -19/ 53
Natural gas 17.8 945/ 1205 169.1 266.8 40.2 723| 759 704 76.7[ 11.8 5.0 34 4.7 4.2
Nuclear 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Hydro 5.0 5.7 6.1 6.1 6.1 11.3 4.4 3.8 25 1.7 0.9 11 0.0 0.0 0.2
Geothermal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Others 0.0 2.0 4.0 4.3 4.3 0.0 15 2.5 1.8 1.2 -| 153 0.8 0.0 3.2
Power generation Mtoe Share, % AAGR(%)
Input 1990-| 2005- 2010- 2020-| 2005-
1990 2005] 2010 2020 2030f 1990 2005] 2010 2020 2030f 2005 | 2010 2020 2030 | 2030
Total 9.4 25.7 30.2 44.4 625 100 100/ 100 100 100 7.0 3.3 4.0 35 3.6
Coal 25 4.9 6.5 12.4 139/ 27.2 19.00 216 278 222 4.4 5.9 6.6 1.2 4.3
Oil 25 1.8 0.1 0.6 0.5| 27.0 6.9 0.3 1.2 0.7] -23| -449 198 -19| -53
Natural gas 4.3 19.0 23.5 31.5 48.2| 458 74.1] 781 709 77.1] 104 4.4 3.0 4.3 3.8
Thermal Efficiency % Share, % AAGR(%)

1995-| 2005- 2010- 2020-| 2005-
1990 2005 2010 2020 2030| 1990 2005| 2010 2020 2030f 2005 | 2010 2020 2030 | 2030

Total 36.0 41.2 42.4 44.4 46.4 0.9 0.6 0.5 0.4 0.5
Coal 37.3 36.3 36.6 40.4 42.4 -0.2 0.2 1.0 0.5 0.6
Oil 35.3 37.8 37.8 37.8 37.8 0.4 0.0 0.0 0.0 0.0
Natural gas 35.7 42.7 44.0 46.1 47.6 1.2 0.6 0.5 0.3 0.4
CO, emissions Mt-C Share, % AAGR(%)

1990-| 2005- 2010- 2020-| 2005-
1990 2005/ 2010 2020 2030[ 1990 2005] 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 21.4 52.1] 585 94.3 144.4 \ 6.1 2.3 4.9 4.4 4.2

Energy and economic indicators AAGR(%)
1990-| 2005- 2010- 2020-| 2005-
1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030

GDP (billions of 2000 US dollars) 79.4 156.9| 182.8 303.4 480.3 4.6 3.1 5.2 4.7 4.6
Population (millions of people) 546 651 673 701 70.6 1.2 0.7 0.4 0.1 0.3
GDP per capita (thousands of 2000 USD/person) 15 2.4 2.7 4.3 6.8 3.4 2.4 4.8 4.6 4.2
Primary energy consumption per capita (toe/person) 0.6 1.4 15 2.2 3.3 5.2 1.9 3.7 4.1 35
Primary energy consumption per unit of GDP (toe/million 2000 | 446 573 558 505 482 1.7/ -05 -10 -05| -0.7
CO, emissions per unit of GDP (t-C/million 2000 US Dollars) 270 332 320 311 301 14| -08 -03 -03] -04

CO, emissions per unit of primary energy consumption (t-C/toe)] 0.61 0.58 057 0.61 0.62[ -0.3] -0.2 0.7 0.1 0.3
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THAILAND [APS]

Primary energy Mtoe Share, % AAGR(%)
demand 1990-| 2005- 2010- 2020-| 2005-
1990 2005| 2010 2020 2030f 1990 2005] 2010 2020 2030f 2005 | 2010 2020 2030 | 2030
Total 354 89.9 92.2 1327 196.0/ 100 100/ 100 100 100 6.4 0.5 3.7 4.0 3.2
Coal 3.7 10.6 8.2 16.0 23.6| 106 118 8.8 121 120 72| -5.2 7.0 3.9 3.2
Oil 19.7 45.4 41.7 58.2 89.4( 557 50.5| 452 439 456 5.7 -1.7 34 4.4 2.8
Natural gas 5.7 259 28.3 37.8 53.8 16.0 288 30.7 285 274 107 1.8 2.9 3.6 3.0
Nuclear 0.0 0.0 0.0 1.8 3.7 0.0 0.0 0.0 1.4 1.9 - - - 7.2 -
Hydro 11 1.6 1.7 1.8 1.8 3.1 1.8 1.9 1.3 0.9 2.6 1.3 0.1 0.1 0.3
Geothermal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Others 5.2 6.3 12.3 17.1 23.8| 14.6 7.0 134 129 121 1.3] 143 3.3 34 5.4
Final energy Mtoe Share, % AAGR(%)
consumption 1990-| 2005- 2010- 2020-| 2005-
by Sector 1990 2005] 2010 2020 2030 1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 254 59.7 60.2 91.0 139.6/ 100 100, 100 100 100 5.9 0.2 4.2 4.4 3.5
Industry 8.7 27.1 275 36.8 53.2| 345 453| 458 405 381 7.8 0.4 3.0 3.7 2.7
Transportation 11.4 221 215 38.0 60.9| 449 369 357 418 436 45| -05 5.9 4.8 4.1
Others 52 10.6 11.2 16.2 255 206 17.7| 185 17.7 182 4.8 1.0 3.8 4.7 3.6
Non-energy 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
by Energy
Total 254 59.7 60.2 91.0 139.6/ 100 100 100 100 100 5.9 0.2 4.2 4.4 35
Coal 1.3 5.7 2.1 6.0 12.1 5.3 9.6 34 6.5 8.7 10.2| -186 11.2 7.4 3.0
Oil 17.6 36.3 32.0 43.8 68.6] 69.4 60.9] 53.1 481 492 5.0, -25 3.2 4.6 2.6
Natural gas 0.3 1.9 4.6 10.7 13.8 1.0 31 76 118 9.9] 139 199 8.8 2.6 8.4
Electricity 3.3 10.4 10.6 15.5 265 129 174 177 170 19.0 8.0 0.5 3.8 55 3.8
Heat 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Others 2.9 5.4 10.9 15.1 18.5| 114 9.0 182 16.6 132 42| 152 3.3 2.0 5.1
Power generation TWh Share, % AAGR(%)
1990-| 2005- 2010- 2020-| 2005-
1990 2005] 2010 2020 2030 1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 442 130.6| 1348 197.8 3135 100 100 100 100 100 7.5 0.6 3.9 4.7 3.6
Coal 11.1 20.6 26.1 48.6 59.6| 25.0 158 194 245 19.0 4.2 4.8 6.4 2.1 4.3
Oil 10.4 7.8 0.0 0.5 13| 235 6.0 0.0 0.2 0.4 -1.9/-100.0 - 10.7| -6.8
Natural gas 17.8 94.5 98.0 1279 219.1| 402 723| 727 646 69.9] 118 0.7 2.7 55 34
Nuclear 0.0 0.0 0.0 7.0 14.0 0.0 0.0 0.0 3.5 45 - - - 7.2 -
Hydro 5.0 5.7 6.2 6.4 6.7 11.3 4.4 4.6 3.2 2.1 0.9 17 0.3 0.4 0.6
Geothermal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Others 0.0 2.0 4.4 7.5 12.8 0.0 15 3.3 3.8 4.1 -| 175 5.5 5.4 7.8
Power generation Mtoe Share, % AAGR(%)
Input 1990-| 2005- 2010- 2020-| 2005-
1990 2005] 2010 2020 2030f 1990 2005] 2010 2020 2030f 2005 | 2010 2020 2030 | 2030
Total 9.4 25.7 24.8 322 46.6/ 100 100/ 100 100 100 70| -0.7 2.7 3.8 24
Coal 25 4.9 6.1 10.1 11.4| 27.2 19.00 246 313 245 4.4 4.6 5.2 13 35
Oil 25 1.8 0.0 0.1 0.3] 27.0 6.9 0.0 0.3 0.7 -2.3/-100.0 - 107 -6.8
Natural gas 4.3 19.0 18.7 22.0 349 458 741 754 684 748 104 -0.4 1.7 4.7 2.5
Thermal Efficiency % Share, % AAGR(%)

1995-| 2005- 2010- 2020-| 2005-
1990 2005 2010 2020 2030| 1990 2005| 2010 2020 2030f 2005 | 2010 2020 2030 | 2030

Total 36.0 41.2 43.1 47.2 51.6 0.9 0.9 0.9 0.9 0.9
Coal 37.3 36.3 36.8 41.4 44.8 -0.2 0.3 1.2 0.8 0.8
Oil 35.3 37.8 37.8 37.8 0.4| -100.0 - 0.0 0.0
Natural gas 35.7 42.7 45.2 49.9 54.0 1.2 1.1 1.0 0.8 0.9
CO, emissions Mt-C Share, % AAGR(%)

1990-| 2005- 2010- 2020-| 2005-
1990 2005/ 2010 2020 2030[ 1990 2005] 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 21.4 52.1] 457 70.2  109.3 \ 6.1 -2.6 4.4 4.5 3.0

Energy and economic indicators AAGR(%)
1990-| 2005- 2010- 2020-| 2005-
1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030

GDP (billions of 2000 US dollars) 79.4 156.9| 182.8 303.4 480.3 4.6 3.1 5.2 4.7 4.6
Population (millions of people) 546 651 673 701 70.6 1.2 0.7 0.4 0.1 0.3
GDP per capita (thousands of 2000 USD/person) 15 2.4 2.7 4.3 6.8 3.4 2.4 4.8 4.6 4.2
Primary energy consumption per capita (toe/person) 0.6 1.4 1.4 1.9 2.8 5.2 -0.2 3.3 3.9 2.8
Primary energy consumption per unit of GDP (toe/million 2000 | 446 573 505 438 408 1.7\ -25 -14 -07] -13
CO, emissions per unit of GDP (t-C/million 2000 US Dollars) 270 332 250 231 227 14| -55 -08 -02| -15

CO, emissions per unit of primary energy consumption (t-C/toe)] 0.61 0.58 050 0.53 0.56 -0.3] -3.1 0.7 0.5/ -0.2
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VIET NAM [BAU]

Primary energy Mtoe Share, % AAGR(%)
demand 1990-| 2005- 2010- 2020-| 2005-
1990 2005| 2010 2020 2030f 1990 2005] 2010 2020 2030f 2005 | 2010 2020 2030 | 2030
Total 5.4 27.3 39.5 95.6 2133 100 100/ 100 100 100 11.4 7.7 9.2 8.4 8.6
Coal 2.2 8.1 13.1 33.2 83.7| 41.0 298| 331 347 393 9.0 10.0 9.8 9.7 9.8
Oil 2.7 12.4 18.7 43.5 92.6 505 454 473 455 434 106 8.6 8.8 7.8 8.4
Natural gas 0.0 4.9 3.6 7.8 22.2 0.1 18.0 9.1 8.2 10.4| 638 -6.2 8.2 11.0 6.2
Nuclear 0.0 0.0 0.0 3.7 7.3 0.0 0.0 0.0 3.8 3.4 - - - 7.2 -
Hydro 0.5 1.8 4.2 7.4 7.4 8.5 6.8 10.6 7.8 35 9.7| 17.8 5.9 0.0 5.7
Geothermal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Others 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -| -100.0 - -1 -100.0
Final energy Mtoe Share, % AAGR(%)
consumption 1990-| 2005- 2010- 2020-| 2005-
by Sector 1990 2005] 2010 2020 2030 1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 4.2 21.6 33.9 79.3 170.2 100 100/ 100 100 100 115 9.4 8.9 7.9 8.6
Industry 1.7 9.2 15.3 374 78.7| 414 428| 451 47.1 46.2 11.8/ 10.6 9.3 7.7 8.9
Transportation 14 7.0 10.6 24.0 52.4| 335 325/ 314 303 308 113 8.6 8.5 8.1 8.4
Others 1.1 5.3 8.0 17.9 39.1| 251 247 235 226 230 114 8.3 8.5 8.1 8.3
Non-energy 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
by Energy
Total 4.2 21.6 33.9 79.3 1702 100 100/ 100 100 100 115 9.4 8.9 7.9 8.6
Coal 1.3 6.0 9.7 222 453| 315 27.7| 286 280 26.6/ 10.6| 10.1 8.7 7.4 8.4
Oil 24 11.6 17.6 41.0 89.8] 559 536/ 519 517 528 11.2 8.7 8.8 8.2 8.5
Natural gas 0.0 0.1 0.4 1.3 3.1 0.0 0.5 1.1 1.6 1.8 -l 30.3 13.0 9.1 147
Electricity 0.5 3.9 6.2 14.8 32,00 126 182 184 187 188 143 9.7 9.1 8.0 8.7
Heat 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Others 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Power generation TWh Share, % AAGR(%)
1990-| 2005- 2010- 2020-| 2005-
1990 2005] 2010 2020 2030 1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 8.7 53.5 81.4 189.6 404.4[ 100 100, 100 100 100] 12.9 8.8 8.8 7.9 8.4
Coal 2.0 8.9 14.5 48.8 1746 231 16.7| 17.8 258 432 1054 101 129 136 126
Oil 1.3 25 2.0 4.1 5.1 15.0 4.6 25 2.1 1.3 44| -38 7.1 2.2 2.9
Natural gas 0.0 20.6 16.2 36.2 110.3 0.1 385/ 198 19.1 273 721| -47 84 11.8 6.9
Nuclear 0.0 0.0 0.0 14.0 28.0 0.0 0.0 0.0 7.4 6.9 - - - 7.2 -
Hydro 5.4 21.5 48.8 86.5 86.5| 61.8 40.1| 59.9 456 214 9.7| 17.8 5.9 0.0 5.7
Geothermal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Others 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Power generation Mtoe Share, % AAGR(%)
Input 1990-| 2005- 2010- 2020-| 2005-
1990 2005] 2010 2020 2030f 1990 2005] 2010 2020 2030f 2005 | 2010 2020 2030 | 2030
Total 1.3 7.7 7.2 18.6 59.0( 100 100/ 100 100 100f 12.8) -14 10.0 122 8.5
Coal 0.9 2.1 3.4 11.0 38.4| 69.8 276/ 47.0 589 652 6.0 9.7 125 134 123
Oil 0.4 0.8 0.6 11 1.3 30.0 10.0 8.5 5.8 23 48| -45 5.8 21 2.2
Natural gas 0.0 4.8 3.2 6.6 19.2 0.2 624 445 353 325 636 -7.8 75 113 5.7
Thermal Efficiency % Share, % AAGR(%)

1995-| 2005- 2010- 2020-| 2005-
1990 2005 2010 2020 2030| 1990 2005| 2010 2020 2030f 2005 | 2010 2020 2030 | 2030

Total 22.4 35.7 39.1 41.2 42.3 3.2 1.8 0.5 0.3 0.7
Coal 19.4 36.1 36.8 38.3 39.0 4.2 0.4 0.4 0.2 0.3
Oil 29.4 27.6 28.6 32.3 32.7 -0.4 0.7 1.2 0.1 0.7
Natural gas 17.2 36.8 43.4 47.3 49.4 5.2 3.4 0.9 0.4 1.2
CO, emissions Mt-C Share, % AAGR(%)

1990-| 2005- 2010- 2020-| 2005-
1990 2005/ 2010 2020 2030[ 1990 2005] 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 4.6 22.9] 323 77.6 185.1 \ 11.3 7.1 9.2 9.1 8.7

Energy and economic indicators AAGR(%)
1990-| 2005- 2010- 2020-| 2005-
1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030

GDP (billions of 2000 US dollars) 15,0 448 67.3 1522 328.6 7.6 8.5 8.5 8.0 8.3
Population (millions of people) 66.2 831 878 97.0 104.0 1.5 1.1 1.0 0.7 0.9
GDP per capita (thousands of 2000 USD/person) 0.2 0.5 0.8 1.6 3.2 59 7.3 7.4 7.3 7.3
Primary energy consumption per capita (toe/person) 0.1 0.3 0.4 1.0 21 9.7 6.5 8.2 7.6 7.6
Primary energy consumption per unit of GDP (toe/million 2000 | 361 609 587 628 649 3.5 -0.7 0.7 0.3 0.3
CO, emissions per unit of GDP (t-C/million 2000 US Dollars) 308 512| 480 510 563 3.4 -13 0.6 1.0 0.4

CO, emissions per unit of primary energy consumption (t-C/toe)] 0.85 0.84| 082 0.81 0.87[ -0.1| -05 -0.1 0.7 0.1
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VIET NAM [APS]

Primary energy Mtoe Share, % AAGR(%)
demand 1990-| 2005- 2010- 2020-| 2005-
1990 2005| 2010 2020 2030f 1990 2005] 2010 2020 2030f 2005 | 2010 2020 2030 | 2030
Total 5.4 27.3 37.2 89.3 200.8] 100 100/ 100 100 100 11.4 6.4 9.1 8.4 8.3
Coal 2.2 8.1 11.6 28.8 749 410 298| 312 322 373 9.0 7.4 9.5 10.0 9.3
Oil 2.7 12.4 18.2 42.4 90.4( 505 454 49.0 475 450 10.6 8.1 8.8 7.9 8.3
Natural gas 0.0 4.9 31 6.9 20.4 0.1 18.0 8.4 7.7 10.2] 63.8] -85 82 114 5.9
Nuclear 0.0 0.0 0.0 3.6 7.3 0.0 0.0 0.0 4.1 3.6 - - - 7.2 -
Hydro 0.5 1.8 4.2 7.5 7.6 8.5 6.8 11.3 8.4 3.8 9.7| 17.8 6.0 0.1 5.8
Geothermal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Others 0.0 0.0 0.0 0.1 0.2 0.0 0.0 0.1 0.1 0.1 -| 38.0 118 5.3 138

Final energy Mtoe Share, % AAGR(%)
consumption 1990-| 2005- 2010- 2020-| 2005-
by Sector 1990 2005] 2010 2020 2030 1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 4.2 21.6 32.2 747 161.0 100 100 100 100 100f 11.5 8.3 8.8 8.0 8.4
Industry 1.7 9.2 14.2 344 724 414 428| 440 46.0 449 118 8.9 9.3 7.7 8.6
Transportation 14 7.0 10.6 239 52.2| 335 325/ 329 320 324 113 8.5 8.5 8.1 8.4
Others 1.1 5.3 7.5 16.4 36.4| 251 247 232 220 226 114 6.9 8.2 8.3 8.0
Non-energy 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -

by Energy

Total 4.2 21.6 322 747 1610 100 100 100 100 100 115 8.3 8.8 8.0 8.4
Coal 1.3 6.0 8.7 19.6 40.5| 315 27.7| 271 263 251| 106 7.8 8.5 7.5 7.9
Oil 24 11.6 17.2 40.0 87.7] 559 53.6| 535 535 545 11.2 8.3 8.8 8.2 8.4
Natural gas 0.0 0.1 0.3 1.2 2.8 0.0 0.5 1.1 1.6 1.7 -| 283 129 9.1| 14.3
Electricity 0.5 3.9 5.9 13.9 30.00 12,6 182 183 186 186 14.3 8.5 8.9 8.0 8.5
Heat 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Others 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - 270 6.7 -

Power generation TWh Share, % AAGR(%)

1990-| 2005- 2010- 2020-| 2005-
1990 2005| 2010 2020 2030| 1990 2005| 2010 2020 2030 2005 | 2010 2020 2030 | 2030

Total 8.7 53.5 772 177.6 379.1f 100 100, 100 100 100] 12.9 7.6 8.7 7.9 8.2
Coal 2.0 8.9 12.5 40.8 156.4( 231 16.7| 161 23.0 412 105 6.9 126 144 121
Oil 1.3 25 1.8 3.7 49| 15.0 4.6 2.3 2.1 1.3 44| -64 7.6 2.9 2.8
Natural gas 0.0 20.6 14.1 31.4 100.9 0.1 385/ 183 177 26.6| 721 -7.3 83 124 6.6
Nuclear 0.0 0.0 0.0 14.0 28.0 0.0 0.0 0.0 7.9 7.4 - - - 7.2 -
Hydro 5.4 21.5 48.4 86.3 86.5| 61.8 40.1| 62.7 486 22.8 9.7 17.7 5.9 0.0 5.7
Geothermal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - - - - -
Others 0.0 0.0 0.4 1.4 2.3 0.0 0.0 0.6 0.8 0.6 - - 117 5.3 -

Power generation Mtoe Share, % AAGR(%)
Input 1990-| 2005- 2010- 2020-| 2005-
1990 2005] 2010 2020 2030f 1990 2005] 2010 2020 2030f 2005 | 2010 2020 2030 | 2030

Total 1.3 7.7 6.2 15.9 53.3] 100 100/ 100 100 100 12.8] -4.2 9.8 129 8.0
Coal 0.9 2.1 2.9 9.2 344 69.8 276/ 46.6 577 64.6 6.0 6.4 121 142 11.8
Oil 0.4 0.8 0.5 1.0 1.3 30.0 10.0 8.6 6.2 24 48| -7.0 6.3 2.8 21
Natural gas 0.0 4.8 2.8 5.7 17.6 0.2 624 448 36.1 33.0f 63.6] -10.3 74 119 5.3

Thermal Efficiency % Share, % AAGR(%)

1995-| 2005- 2010- 2020-| 2005-
1990 2005 2010 2020 2030| 1990 2005| 2010 2020 2030f 2005 | 2010 2020 2030 | 2030

Total 22.4 35.7 39.1 41.2 42.3 3.2 1.8 0.5 0.3 0.7
Coal 19.4 36.1 36.8 38.3 39.0 4.2 0.4 0.4 0.2 0.3
Oil 29.4 27.6 28.6 32.3 32.7 -0.4 0.7 1.2 0.1 0.7
Natural gas 17.2 36.8 43.4 47.2 49.4 5.2 3.4 0.8 0.5 1.2
CO, emissions Mt-C Share, % AAGR(%)

1990-| 2005- 2010- 2020-| 2005-
1990 2005/ 2010 2020 2030[ 1990 2005] 2010 2020 2030 2005 | 2010 2020 2030 | 2030
Total 4.6 22.9]  30.0 711 172.1 \ 11.3 5.6 9.0 9.2 8.4

Energy and economic indicators AAGR(%)
1990-| 2005- 2010- 2020-| 2005-
1990 2005/ 2010 2020 2030 2005 | 2010 2020 2030 | 2030

GDP (billions of 2000 US dollars) 15,0 448 67.3 1522 328.6 7.6 8.5 8.5 8.0 8.3
Population (millions of people) 66.2 831 878 97.0 104.0 1.5 1.1 1.0 0.7 0.9
GDP per capita (thousands of 2000 USD/person) 0.2 0.5 0.8 1.6 3.2 59 7.3 7.4 7.3 7.3
Primary energy consumption per capita (toe/person) 0.1 0.3 0.4 0.9 1.9 9.7 5.3 8.1 7.7 7.3
Primary energy consumption per unit of GDP (toe/million 2000 | 361 609 553 587 611 3.5 -1.9 0.6 0.4 0.0
CO, emissions per unit of GDP (t-C/million 2000 US Dollars) 308 512| 446 467 524 3.4, -27 0.5 1.2 0.1

CO, emissions per unit of primary energy consumption (t-C/toe)] 0.85 0.84| 081 0.80 0.86 -0.1| -0.8 -0.1 0.7 0.1
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