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Foreword
Asia is not only the largest and most populated continent in the world, but

also the region with the most diverse development models and most dynamic
economies. In the past half century, Asia has been witnessing rapid economic
growth and playing an increasingly more important role in world’s political and 
economic arena. At the same time, Asia has developed the commonly-called
“Asia Model”, which has attracted worldwide attention. The Asia Model shows
a new way for the developing nations or late-development countries on how to
realize industrialization and modernization. All these achievements are made
by Asian countries with a focus on the advantages of their late development, re-
examination of their internal cultural values, active absorption of modern S&T
and management experiences and constant exploration and innovation.

These social progresses have made great contributions to the realization
of the UN Millennium Development Goals and have played a pioneering and
demonstration role on what can be accomplished in today’s world. However,
Asia is facing big challenges. The most prominent one is that the rapid
development of Asian economies is based on large input of production factors 
at the huge expense of natural resources and environment, which has been
sharpening the conflicts in population, resources, environment, socio-economic
development. The sustainable development in the region is being severely 
threatened and challenged. The rethinking and questioning of the Asia Model
in the international community is growing especially in the era of post Asia
Financial Crisis and Global Financial Crisis.

It is not only a common challenge for the governments of Asian countries,
but also a common task for the Asian scientific communities to cope with
the resources and environment crisis and to seek a new way of sustainable 
development in Asia. AASA, as a non-governmental and regional international
scientific organization with 26 member academies, is mandated to initiate
and conduct investigation on issues concerning S&T, economic and social
development. As early as April 2007, AASA proposed to initiate a project on
“Sustainable Development in Asia” (SDA) within AASA framework in the hopes
to provide consultation and advice for national and regional governments in
Asia and relative international organizations. This study proposal was approved
at AASA board meeting held in Russia in August 2007 with the Chinese
Academy of Sciences as the initiator. The project covers environment, energy,
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resources and culture with the establishment of four working groups among
AASA member academies.

Soon after, the SDA project was officially launched and implemented at 
different levels. The efforts include the clarification of the research content,
emphasis, structure and division of tasks. Various meetings at the working 
level and international workshops have been held to coordinate the research
activities and project progress: the first international workshop under this 
project was held in February 2008; the AASA Workshop on Sustainable Energy 
Development in Asia in November 2008; the AASA Workshop on Agricultural
Culture and Asian Sustainable Development in August 2009; and the AASA
Workshop on Environment and Resources in September 2009.

With the joint efforts of AASA member academies, the SDA project 
has now come up with a series of studies including four thematic reports,
namely, “Towards a Sustainable Asia: Energy”, “Towards a Sustainable Asia:
Environment and Climate Change”, “Towards a Sustainable Asia: Natural 
Resources”, and “Towards a Sustainable Asia: The Cultural Perspectives” . Based
on these four reports, a synthesis report has also been written entitled: “Toward
a Sustainable Asia: Green Transition and Innovation”. All these reports have
looked deeply into the common issues and challenges for the Asian sustainable
development from different perspectives.   

The synthesis report is an integration and extension of the four thematic 
reports. It aims at the major resource and environmental challenges and issues 
in Asia in the general context of the challenges of financial crisis and climate
change, and in line with green transition and innovation in Asia. Of its major
findings, it includes: the diagnosis of key resource and environmental issues
in Asia, such as water, minerals, land resource, environmental pollution, eco-
degradation, energy and environment and climate change, the revelation and
reflection of the diverse, different, complicated and severe nature of resource
and environmental issues in Asia, the systematic analysis of the main driving
forces and future trends of resource and environmental changes in Asia, the
empirical analysis and discretion of current evolution of the relationship
between environment and development in Asia with the establishment of 
theoretical and conceptual models, the initiation of principals, strategic 
framework, focus and advice for promoting the green development of Asia on 
the basis of summarizing Asia’s advantages and disadvantages.

The synthesis report differs from other similar reports. It focuses more 
on the combination of theoretical and empirical research in the evolution of 
environment and development, on the combination of trends analysis in time
series and comparative study at spatial scale, and on the combination of Asia’s 
integrated analysis and regional and national differences. Besides, attempts have
been made here on the innovative modeling of the evolutionary and theoretical
relationship between environment and development, analysis of the driving
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forces in environmental evolution, and utilization of newly developed composite 
index to conduct empirical research of Asia’s environment and development 
relation in the evolution.

We hope the reports will be of good value to the facilitation of the 
green development in Asia, providing advice on dealing with the shortage of 
conventional resources, environment pollution and climate change, fostering 
new economic growth and enhancing Asia’s competitive advantages. This is 
the first time that AASA has ever undertaken such a study, and it surely leaves 
grounds for more detailed study and analysis of various issues and challenges
that Asian countries face in the future. 

The SDA project is sponsored by AASA. I want to give my special 
thanks to all AASA member academies for their consistent support, advice 
and assistance, without which, the accomplishment of such an internationally 
interdisciplinary scientific project would be impossible. My thanks also go to all
the members in the working groups, especially Professors Namık Aras and Yi 
Wang, co-chairs of this study, without whom, efficiency and quality of the study 
would not be guaranteed. I also need to thank United Nations Environment 
Programme (UNEP), InterAcademy Council (IAC) and InterAcademy Panel 
(IAP) etc. for providing us the references and various advice and inspirations.
Last but not the least, I want to express my thanks to all friends and the
institutions that have rendered us encouragement and assistance all the way 
along. 

The SDA project features with a wide range of fields and a huge amount of 
data, some of which are still in their early stage of development. Any comments 
or suggestions from our friends and various international institutions are 
warmly appreciated.

                                                    

Prof. Jinghai Li

                                               President 

The Association of Academies of Sciences in Asia (AASA)

September 20, 2010

                                                

Foreword
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Preface
Vision of the Association of Academies of Sciences in Asia (AASA) is to

provide a forum to discuss and provide advice on issues related to science and
technology and the application of technology for national development. During
the year 2008, two workshops were organized by AASA in Beijing. These
workshops were devoted to sustainable energy development in Asia. This report
was based on presentation paper and meeting discussion. The whole project is
coordinated by Prof. Wang Yi from the Chinese Academy of Sciences and Prof.
Namik K. Aras, the secretary general of AASA, from the Turkish Academy of 
Sciences. The energy group work is coordinated by Prof. Yan Luguang from
China and Prof. Seung Mo Oh from Republic of Korea.

Yan Luguang, Seung Mo Oh, Alvin B. Culaba, Andrei G. Korzhubaev,
Bundit Fungtammasan, Harsh Gupta, Hassan Zohoor, Huang Changgang,
Indral K. Perera, Lee Yee Cheong, M.Shamsher Ali, Mahmood Yaghoubi,
Muhammad Yahaya, Oktay Kerimov, Rishi K. B. Shah, Saran Solongo and
Volkan S. Ediger participated in the writing of this report. Indral K.Perera made
a contribution to amending English writings.

 This report is inevitable to be imperfect due to the limitation of 
knowledge and time of the Study Group. Comments and corrections are
welcomed.

Study Group on Energy

August 2010
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 Introduction�

�  Introduction

The Association of Academies of Sciences in Asia (AASA) is a non-
profiff t organization, established in 2000, comprising 26 Academies.

The vision of AASA is to provide a foff rum to discuss and provide advice on
issues related to science and technology and the application of technology foff r
national development. Since its establishment, AASA has held many symposia,
confeff rences and scientific meetings. Based on several proposals frff om member
academies, it was decided in April 2007 to organize a new project termed
as “Sustainable Development in Asia”, covering foff ur main areas: energy,yy
environment, natural resources and social & cultural development. The whole
project is coordinated by Prof.ff WaWW ng Yi frff om the Chinese Academy of Sciences
and Prof.ff Namik K. Aras, the secretary general of AASA, frff om the TuTT rkish
Academy of Sciences. The energy group work is coordinated by Prof.ff YaYY n
Luguang frff om China and Prof.ff Seung Mo Oh frff om Republic of Korea.

During the year 2008 two workshops were organized in Beijing. The
first workshop was held during February 25-26 and was devoted to the whole
project “Sustainable Development in Asia”, including the foff ur groups—energy,yy
environment, natural resources and social development & culture, 27 experts
frff om 10 countries attended, 8 papers related to energy frff om 8 countries were
presented (see ApAA pendix A). From the infoff rmation exchange and discussion that
foff llowed it was clear that the energy situation and conditions are quite diffeffff rent
in diffeffff rent Asian countries. So to make a more reliable report foff r sustainable
energy development in Asia, it was suggested that every country should provide
a national report concerning its energy situation, perspective, main feff atures,
challenges and opportunities, policies and sustainable development suggestions.
Based on these national reports a summary report foff r the whole of Asia was to
be foff rmulated. As such, it was decided to organize a second workshop in winter
2008 devoted entirely to sustainable energy development in Asia.

Since the InterAcademy Council (IAC) had carried out a sustainable
energy study in 2005-2007 and published a report entitled “Lighting the WaWW yaa :
ToTT ward a sustainable energy fuff ture” in October 2007, Nobel Laureate Steven
Chu pointed out that “This report represents the convergence of some of the
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best minds and top institutions in the world to establish the necessary direction
foff r governments, scientists, engineers, and industry—indeed society as a
whole—to secure clean, sustainable energy required foff r our prosperity” and that
it can serve as some basis foff r our fuff ture work foff r Asia. Accepting this proposal,
the IAC and InterAcademy Panel (IAP) very actively supported to organize
this second workshop. This second workshop was held during November 17-
18, 2008, and was attended by 31 experts frff om 11 countries, who presented
15 papers and 3 papers frff om the fiff rst workshop frff om Russia, Mongolia and
Azerbaiji an were also included. Thus representing totally 14 national reports
frff om 14 countries. On behalf of IAC, Prof. Dato Engr. Lee YeYY e Cheong
presented the IAC report “Lighting the WaWW y: ToTT ward a sustainable energy
fuff ture” (see ApAA pendix A). On the basis of all reports and discussions held after
each presentation, a half dayaa special session devoted to discuss the content and
organization of the final report was held. AtAA this discussion, it was decided to
organize a study panel with 17 members to provide maximum possible material
and data, mobilize all AASA member-countries to provide their national
reports with all necessary data, infoff rmation and suggestion, and also to collect
all possible statistical data and suggestion frff om offff iff cial publications. A small
group was assigned to plan and write the draftff report “Sustainable Energy
Development in Asia”, the fiff rst draftff report was sent to all panel members to
get their comments, modififf cations and opinions. Aftff er amendments based
on the comments and opinions, the present report—the second draftff report
was prepared. Finally the complete report will be sent to Prof.ff Yi WaWW ng and
Prof.ff Namik K. Aras and the project office to foff rm the synthesis report and to
organize the necessary peer review.ww
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� �General Situation of
Energy Development 
in Asia

There are many publications with statistical data of the energy
development in the world, in Appendix 3 we have presented in 6

tables the current data foff r 2005-2007, including the area, population, GDP,PP the
primary energy consumption and its structure, the primary energy production
and its balance with consumption, the electricity generation, installed capacity
and its structure foff r all 48 Asia countries. Since RuRR ssia is located such that a part
of it belongs to Asia and the remainder to Europe, it is difficult to separate the
corresponding data foff r Asia and Europe, so the data cited foff r Russia, refeff rs to
the entire country and as such, the figures mayaa include those belonging to the
European part of RuRR ssia.

From Appendix B, it can be seen that the total land area of Asia is
48.9 Mkm2, it is 32.7% of the total earth land area (149.5 Mkm2); the total
population of Asia in 2007 was 4,108 millions, it is 62.3% of the total world
population (6,596 millions); the total GDP of Asia in 2007 was 14,713 billion
US dollars, it is 27.1% of the world GDP(54,347 billion US dollars); the GDP
per population in Asia was 3,582 US dollars/person in 2007,it is 43.5% of the
world avaa erage(8,240 US dollars/person); the total energy consumption in 2006
was 5,290 Mtoe in Asia, it is 44.7% of the world consumption(11,844 Mtoe).
The energy consumption per unit GDP in 2006 was 0.417 toe/k US dollars
in Asia. It is 170% of the world average (0.246 toe/k US dollars). Per capita
energy consumption in Asia is 1.30 toe/(person·year), it is 71.4% of the world
avaa erage(1.82 toe/(person·year)). Figures 2.1-2.4 illustrate respectively the world
population, GDP,PP energy consumption, per capita energy consumption and
their distribution among diffeffff rent countries.

Geographically,yy Asia is divided into 6 regions, i.e.: East Asia, South-East
Asia, South Asia, WeWW st Asia, Central Asia and North Asia. The East Asia has
5 countries (China, DPR of Korea, Republic of Korea, Mongolia and Japan)
with a total area of 11.76 Mkm2 (24.0% of that of Asia), 1,525 M population
(37.1% of the total population of Asia), 8,630 Billion US dollars GDP (58.7%
of the Asia GDP) and 2,702 Mtoe energy consumption (51.1% of the Asia
energy consumption). South-East Asia has 11 countries (Vietnam, Lao PDR,
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Cambodia, Burma, Thailand, Malaysia, Singapore, Indonesia, Philippines,
Brunei and Timor-Leste ), with a total area of 4.51 Mkm2 (9.2% of that of Asia),
574.8 M population (14.0% of the total population of Asia), 1,261 Billion US
dollars GDP (8.6% of the Asia GDP) and 396 Mtoe energy consumption (7.5%
of the Asia energy consumption). South Asia has 7 countries (India, Pakistan,
Sri Lanka, Bangladesh, Nepal, Bhutan and Maldives) with a total area of 4.5
Mkm2 (9.2% of that of Asia), 1,496 M population (36.4% of the total population
of Asia), 1,427 Billion US dollars GDP (9.7% of the Asia GDP) and 531 Mtoe
energy consumption (10.0% of the Asia energy consumption). WeWW st Asia has
16 countries (Afgff hanistan, Iran, TuTT rkey,yy Cyprus, Syria, Lebanon, Jordan, Iraq,
Kuwait, Saudi Arabia, YeYY men Arab Republic, Oman, United Arab Emirates,
Qatar, Bahrain and Israel), with a total area of 6.8 Mkm2 (14.0% of that of
Asia), 295 M population (7.2% of the total population of Asia), 1,907 Billion
US dollars GDP (13.0% of the Asia GDP) and 703 Mtoe energy consumption
(13.3% of the Asia energy consumption). Central Asia has 8 countries
(TuTT rkmenistan, Uzbekistan, Kirgizstan, Kazakhstan, Taja ikistan, Armenia,
Azerbaiji an and Georgia) with a total area of 4.2 Mkm2 (8.6% of that of Asia),
76 M population (1.86% of the Asia population), 197 Billion US dollars GDP
(1.34% of The Asia GDP) and 191 Mtoe energy consumption (3.6% of the Asia
energy consumption). North Asia is Russia with a total area of 17.1 Mkm2

(34.9% of that of Asia), a population of 141.4 M (3.4% of that of Asia), GDP is
1,291 Billion US dollars (8.8% of that of Asia), energy consumption is 768 Mtoe
(14.5% of that of Asia). The countries in each of the above regions havaa e close
similarities, though diffeffff rent regions are quite diverse.

62.7%

0.515%

World 6,519.26 (Millions)

14.2%

8.91%

6.97%

6.71%

North America 438.68 (Millions) 
Central & South America 453.94 (Millions)
Europe 587.68 (Millions)
Africa 913.71 (Millions)
Oceania 33.16 (Millions)
Asia 4,061.92 (Millions)

Figure 2.1 Percent and value of world population in 2006
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North America

Central & South America
Europe 
Africa
Oceania
Asia

17,869,294(33.3%)

1,302,191(2.43%)

14,712,859(27.9%)

16,030,940(29.9%)

2,494,251(4.65%)
987,127(1.84%)

Unit: millions of US dollars
World Total: 54,347,038

Figure 2.2 World GDP and it’s distribution in 2007

North America

Central & South America
Europe 
Africa
Oceania
Asia

5,290.478(45.6%)

365.274(3.07%)

2,275.906(19.1%)

3,053.724(25.7%)

609.215(5.12%)
168.664(1.42%)

Unit: Mtoe
World Total: 11,843.693 Mtoe

Figure 2.3 Percent of world energy consumption in 2006
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Canada
USA

Australia

Russia

Japan
Germany

United Kingdom

North America Ave.

Oceania Ave.

Europe Ave.
World Ave.

Central & South America Ave.
Asia Ave.

Africa Ave.

China

India

0 2 4 6 8 10
Per Capita Energy Consumption (toe/person)

Figure 2.4 Per capita energy consumption of world in 2006

The economic development level of every country can be determined by
its GDP and per Capita GDP values. Figures 2.5-2.7 present the corresponding
curves foff r 2007. It can be seen that Japan, China, Russia, India and Republic
of Korea havaa e a total GDP of over 1,000 Billion US dollars, the sum of their
contribution reaching 74.1% of the total GDP of Asia, the total contribution

Turkey  657,091

Japan  4,376,705

China  3,280,053

Russia  1,291,011
India  1,170,968
Republic of Korea  969,795

Indonesia  432,817
Saudi Arabia  381,683 
Iran  270,937
Thailand  245,818
Other  1,880,892

29.3%

21.9%
12.6%

8.63%

7.83%

6.48%

4.39%
2.89%

2.55%1.81%1.64%

Asia Total GDP in 2007: 14,712,859 (millions of US dollars)

GDP (millions of US dollars)

Figure 2.5 Asia total GDP in 2007 and it’s distribution
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Figure 2.6 GDP in 2007
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y
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i
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Th il d
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Figure 2.7 Per capita GDP in 2007

frff om the next five countries TuTT rkey,yy Indonesia, Saudi Arabia, Iran and Thailand
is 13.3% , while the remaining 38 countries havaa e only 12.6% . Only 10 countries
havaa e per Capita GDP over 20 kilo- US dollars/person, they are Qatar,rr KuKK wait,
Singapore, Japan, Brunei, United Arab Emirates, Cyprus, Israel, Bahrain and
Republic of Korea. The well developed countries like Japan, Republic of Korea
and Russia are always in the frff ont both foff r total GDP and per Capita GDP.PP
Large developing countries like China, India and Indonesia are very important
with their large GDP.PP Some small countries with quite good resources and
economical conditions, as Qatar, Kuwait, Singapore, Brunei, United Arab
Emirates, Cyprus, Israel and Bahrain have per Capita GDP frff om 20 kilo-US
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dollars/person to 46 kilo- US dollars/person.
Figures 2.8-2.12 present the energy consumption situation of the Asian

countries and their energy structure. It can be seen that the foff ur large countries
China, Russia, Japan, and India consumed 1,862-446 Mtoe primary energy
in 2006, their sum being 67.2% of the total energy consumed in all the Asian
countries. Their avaa erage energy consumption per person was 1.36 toe/person,
which was 104% of the entire Asian average (1.30 toe/person) and was 72%
of the avaa erage of the whole world (1.82 toe/person). The energy consumption
per GDP varies widely,yy frff om about 0.03 toe/ kilo- US dollars (Cambodia) to
3.24 toe/ kilo-US dollars (Uzbekistan).It depended on many faff ctors such as
avaa ailable resources, economical and technological development level, etc. But
foff r all countries the most important parameter is the reduction of the energy
consumption per GDP.PP The avaa erage Asia value was 0.42 toe/ kilo- US dollars
which is 70% higher than the world avaa erage (0.25 toe/ kilo-US dollars).
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Figure 2.8 Asia primary energy consumption in 2006

The primary energy structure in Asia is similar to the whole world, i.e.,
up to now,ww the foff ssil energy still remains the main energy resource, foff r the
whole world, the foff ssil energy percentage being 86.8% (coal—27.2%, oil—
36.6%, gas—23%), foff r Asia—91.5% (coal—37.5%, oil—31.7%, gas—22.3%),
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the special feff atures foff r Asia is that: the coal percentage is about 10% higher,rr the
hydro, nuclear and renewable percentage is about 5% lower than that foff r the
whole world. The energy structure foff r each country is highly dependent on the
avaa ailability of the relevant resource. The import-export reality,yy foff r example, coal
is still the main resource foff r China (70.5%), India (53.4%), Mongolia (72%) and
DPR of Korea (83.2%), gas is foff r Russia (55%) and many other central Asian
and WeWW st Asian countries with good resources, oil is foff r the resources-rich
countries. For west Asian and some countries that rely on imports, oil is still the
main used energy source, as foff r Japan (46.1%), Republic of Korea (47.1%), Iraq
(94.3%), Saudi Arabia (60.6%) etc.
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Figure 2.9 Asia energy consumption in 2006 (Top 24)
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Figure 2.11 World energy structure in 2006

1,981.84(37.5%)

1,674.97(31.7%)

1,181.76(22.3%)

260.777(4.93%)
169.388(3.2%)

21.748(0.411%)

Unit: Mtoe
Total Energy Consumption in Asia 2006:5,290.478 Mtoe

Nuclear Electric Power

Hydroelectric Power

Coal 

Dry Natural Gas

Others 

Petroleum 

Figure 2.12 Asia energy structure in 2006

Figures 2.13-2.14 present the situation of the energy production minus
energy consumption and the values of (production�consumption/consumption)
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foff r diffeffff rent Asian countries that existed in 2005. They reflect the energy import
and export situation foff r these selected countries. It can be seen that 16 countries
mainly in the North, WeWW st and Central Asia are energy exporting, and 13
countries in the East, South-East and South Asia are mainly importing energy,yy
the resource that we cite as the commodity that is exported and imported are
mainly concentrated on oil and gas. The other 19 countries rely on their own
production. The largest oil and gas exporting countries in 2005 were RuRR ssia (565
Mtoe), Saudi Arabia (475 Mtoe), Iran (145 Mtoe), United Arab Emirates (133
Mtoe), KuKK wait (125 Mtoe), Indonesia (100 Mtoe). The largest energy importing
countries in 2005 were Japan (465 Mtoe), Republic of Korea (196 Mtoe), India
(113 Mtoe) and China (97 Mtoe). Some WeWW st Asian countries export energy at
the rate of 2-7 times higher than their own consumption, while Japan, Republic
of Korea and some small countries import more than 40% of their energy
requirement frff om outside.
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Figure 2.13 (Energy production�energy consumption) in 2005

Electric energy can be considered as the main secondary energy source foff r
practical use. The total installed power capacity in 2006 in Asia was 1587 MkWkk ,WW
which is approximately 40% of the world capacity (4,012 MkWkk ), while the total
generated electricity in Asia was 7,447 Billion kWkk ·h, which is 41% of the world
generation (18,015 Billion kW·h). Figures 2.15-2.17 present the 2006 data foff r
total installed capacity,yy installed capacity per capita and the generated electricity
per capita foff r Asian countries. The installed capacity in China was 517 MkW.WW
While in Japan—251MkW,WW in Russia—218 MkW,WW and in India—144MkW,WW a
figure higher than 100MkWk .WW The sum of these foff ur countries accounts foff r 71%
of the total Asian capacity.yy The installed electricity per capita and the generated
electricity per capita foff r most countries are similar to each other. In frff ont are the
small countries with rich resources in WeWW st Asia and South-East Asia and the
well developed countries. For instance, foff r these two parameters, KuKK wait has the
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highest values such as 4.5 kWkk /person and 18,500 kWkk ·h/person, while India has
almost the lowest of 0.13kW/person and 630 kW·h/person. The world avaa erage
was 0.6 kWkk /person and 2,800 kWkk ·h/person respectively,yy and the avaa erage values
foff r Asia are 0.4 kWkk /person and 1,800 kWkk ·h/person respectively,yy i.e. about 2/3 of
the world avaa erages.
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Figure 2.16 Electricity installed capacity per capita in 2006 (top 30)
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Figure 2.17 Per capita electricity generation in 2006 (top 30)

Figure 2.18 shows the electric energy structure in Asia, 2006. The electric
energy structure foff r the world in 2006 comprised : foff ssil energy thermal sta-
tions—66.3%, hydroelectric stations—16.6%, nuclear stations—14.8%, non-
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hydro renewable stations—2.3%, and the corresponding values foff r Asia are:
76%, 14.0%, 9.1% and 0.9%. The installed power capacity structure foff r Asia in
2006 is: foff ssil energy thermal stations—70.4%, Hydroelectric stations—18.6%,
nuclear stations—9.0%, non-hydro renewable stations—2.0%.
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Figure 2.18 Electric energy structure in Asia, 2006

Figures 2.19-2.20 present the per capita CO2 emission frff om energy
consumption in the yeyy ar 2006 foff r some countries in the woww rld. The CO2 emission
per capa ita of Australia was 20.58 Metric ToTT ns/(capa ita·year), USA –19.78 Metric
ToTT ns/(capita·year), Germany–10.4 Metric ToTT ns/(capita·year), Japan–9.78 Metric
ToTT ns/(capita·year), China–4.58 Metric ToTT ns/(capita·year), India–1.16 Metric
ToTT ns /(capita·year), and the world avaa erage was 4.48 Metric ToTT ns/(capita·year).
The CO2 emission per capita foff r most of the developed countries was foff und to
be higher than those of developing countries. Figure 2.21 shows the per capita
CO2 emission foff r some countries during the period of 1980-2006. It can be
seen that developed countries maintain a high CO2 emission foff r a long period
of time. On the other hand, the population in Asia was over 60%of the world
population and the economic development was much faff ster,rr it has been foff und
that the rate of CO2 emission was much higher in the recent years. As such, the
Asian CO2 emission frff om energy consumption is a very important indicator foff r
the global warming.
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Figure 2.19 Per capita carbon dioxide emissions from the energy consumption (Asia top 20)
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Figure 2.21 Per capita carbon dioxide emissions of selected countries from 1980 to 2006
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�  Main Features

The main feff atures of the Asia energy development approach mayaa be
summarized as below:

(1) As an important part of the world, the development tendency
should be almost identical to that of the whole world. Figure 3.1 presents
the changes in the world primary energy structure during the 1850-2007
period and estimation foff r 2050. It is clear that the 20th century is a foff ssil
energy century foff r the whole world. Recently,yy the world primary energy
structure is 86.8% foff ssil energy (petroleum 36.6%, dry natural gas 23%, coal
27.2%), hydro electric power 6.33%, nuclear electric power 5.91% , others
1.01%(Figure 2.11). For Asia foff ssil energy is 91.5%(petroleum 31.7%, dry
natural gas 22.3%, coal 37.5%), hydro electric power 4.93%, nuclear electric
power 3.2% , others 0.4%(Figure 2.12). The Asia foff ssil energy percentage
is 5% higher, coal percentage is 10% higher, while the hydro and nuclear
power are 4% lower than those of the whole world. So the pollution and
climate change problems caused by energy consumption alone are more
serious in Asia, and such, the needs foff r energy structure change to establish
a fuff ture energy sustainable system is more urgent in Asia.

(2) Since most Asian countries are developing countries with quite
fast industrialization, urbanization and motorization development, its
energy consumption is growing swiftly. The energy consumption per
capita in 2006 in Asia was 1.30 toe/(person·year), i.e. 71.5% of the world
average 1.82 toe/(person·year) (Figure 2.4). It is faff st approaching the world
average value, and as such, to ensure a reliable energy supply foff r its fuff ture
development, it is more important and diffff iff cult foff r Asia than foff r the rest of
the world.
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(3) Due to the large differences of the development stage, energy 
resource, area and population etc. the energy condition is very different 
for different countries. Each country needs to define its development
strategy in accordance with its real situation. For example, Japan, RuRR ssia and
Republic of Korea are well developed countries in Asia, with a total population
of 320 M (8%of that in whole of Asia) and as energy consumption of 1,582
Mtoe (30%of that in whole of Asia), average energy consumption per capita
is 5.0 toe/(person·year). (3.8 times higher than the Asian avaa erage). The Russia
consumption entirely relies on the inner production with an annual 565 Mtoe
oil and gas export, Japan and Republic Korea have very limited resources
internally and more than 80% of the consumption relies mainly oil and gas
on import. For energy imports alone, Republic of Korea spent more money
than what they gained frff om semiconductor and automobile export. The large
developing countries with population over 100 M persons in 2006 included
China(1,314 M), India(1,112 M), Indonesia(232 M), Pakistan(162 M), and
Bangladesh(147 M), with a total population of about 3000M (74% of that of
whole Asia), and a total energy consumption of 2,492 Mtoe(47% of that of whole
Asia), their avaa erage consumption per capita was 0.83 toe/(person·year) (~64%
of the average of whole Asia average). Due to the large area and population
their energy consumption relies mainly on their own resources, with less than
30% imports to cover the resource and production deficit. The other 40 middle
and small countries havaa e a total population of 740M persons(18% of that of the
total Asia population), and they consumed 1,190 M toe energy(23%of that of
the whole Asia), and as such, accounted foff r a avaa erage consumption per capita
of 1.6 toe/(person·year). (124% of the Asia avaa erage). Some west Asian countries
have quite rich oil and gas resources, each of them exported over 70 Mtoe
energy per year to the world. Good examples are, Saudi Arabia (476 Mtoe),
Iran (147 Mtoe), United Arab Emirates (133 Mtoe), KuKK wait (126 Mtoe), Qatar
(77 Mtoe), and Iraq (70 Mtoe) (Figure 2.13). Some least developing countries,
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like Nepal and Sri Lanka still mainly use the traditional biomass. So the energy
development will be quite diffff eff rent foff r diffff eff rent countries in accordance with
their real situations.

(4) Relatively high percentage of people is still in energy poverty and 
without electricity. ToTT dayaa an estimated 2-3 billion people use coal, charcoal,
firewood, agriculture residues or dung as their primary fuff el, roughly 1.6 billion
people world-wide live without electricity,yy a large percentage of these people is
in the developing countries of Asia. The provision of modern foff rms of energy
to such poor people could generate multiple benefits, and as such, top priority
must be given to solve the global poverty in the fuff ture energy development
process.

(5) The energy efficiency is still quite low (Figure 2.10), in 2006 the 
average energy consumption per GDP for whole Asia is 0.42 toe/103 US
dollars, which is almost 70% higher than the world average(0.25 toe/103 US
dollars). If the energy efficiencies of China, which has 0.7 toe/103 US dollars,
and India, which has 0.5 toe/103 US dollars, are considered, it can be seen that
there are 3 and 2 times higher than world avaa erage, and also 5.3 and 3.7 times
higher than the lowest value of Asia (Japan, 0.13 toe/103 US dollars). Energy
efficiency depends on many faff ctors, mainly: economical structure of the whole
society,yy energy saving in industry,yy transportation and building, technology
improvements and innovations etc. ToTT improve the situation, governments
of every country should develop and implement corresponding policies and
regulations to achieve higher energy efficiency foff r a great variety of processes,
services and products. The science and technology community should step up
its effoffff rts to research and develop new and low-energy technologies.

(6) With the fast increase of the fossil energy consumption the environ-
ment protection and climate change problem become more serious. Coal and
oil burnings are the maja or source of pollution and CO2 emission. Pollution of
air,rr water and solid waste has serious influence on the envnn ironmental conditions
and public health, as CO2 as green house gas emission causes global warming.
Due to pollution caused by such processes air quality in many Asian cities has
dropped below the required air quality standards, many lands havaa e been con-
verted into deserts or are affeffff cted by acid rain, leading to the pollution of a lot of
the existing water systems. Due to the green house gas emission the earth’s sur-
faff ce temperature has already increased by about 0.4 frff om 1960 to 2000. The
related effeffff cts of the temperature rise had already caused serious concern among
the people. Although the CO2 emission per capita is much higher in developed
countries than foff r developing countries, where foff r example (Figures 2.19-2.21)
in 2006, USA had 19.78 Metric ToTT ns CO2/(person·year), Japan—9.78 Metric
ToTT ns CO2/(person·year), China—4.58 Metric ToTT ns CO2/(person·year), India—
1.16 Metric ToTT ns CO2/(person·year), with the world avaa erage being 4.48 Metric
ToTT ns CO2/(person·year). The Asian countries are mostly developing countries,
but the Asian population is over 60% of that of the world population and the
economic development has become much faff ster in rececc nt years. Although CO2
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emissions in Asian countries, which are mostly developing countries, are much
lower than those of developed countries, leaders and people in Asia are payaa ing
increasing attention to envnn ironmental protection and climate change. However
practical effoffff rts to solve the problems are at their initial stages.

(7) Advanced technology research, development and application 
are very important for future energy development. The necessary and the
associated activities to change the energy structure, and thereby enhance the
energy effff iff ciency with signififf cant energy saving, which would also ensure
environment protection and reduce climate change problems associated with
energy consumption and to guarantee a reliable and sustainable energy supply,yy
are receiving increasing attention and support frff om government, industrialists
and scientists, and also frff om almost all established institutions established foff r
energy management, research and development. But these effff off rts should be
fuff rther strengthened. There is a wide technological gap between the developed
and developing countries in Asia, which reinfoff rces the need foff r intra-Asian
international cooperation.
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�  Main Challenges

Based on the presentation and discussion at two of our workshops
(ApAA pendix A) and the collected data of the energy situation of Asian

countries foff r 2006-2007 (ApAA pendix B), the energy development in Asia is faff cing
many challenges, of which some are listed below:

(1) To provide an adequate, reliable and a sustainable energy supply 
to meet the fast growing energy needs. Reliable energy supply is the basis foff r
healthy and faff st social and economic development foff r every country.yy Therefoff re,
special attention should be diverted to the extension of basic energy services
to the people who currently lack access to modern foff rms of energy to solve the
global poverty problem. It is estimated that the global energy demand will be
about 60% higher in 2030 than 2000, while the avaa erage demand per capita in
Asia will approach in 2030 the world avaa erage (presently is 71.5%). The total Asia
demand will be 2.2 times higher than todayaa ,yy i.e. almost 11.9 billions toe, which
is quite a big challenge. Sustainability depends on many faff ctors such as: the
avaa ailable primary energy resources, the production capability,yy the envnn ironment
protection, the climate change, the import and export possibility etc. so its
strategy and policies mayaa be diffeffff rent foff r diffeffff rent countries.

(2) To guarantee the energy security mainly with the oil supply. Many
Asian countries have neither any or suffff iff cient oil resources and production
capabilities and as such they havaa e to import quite a large quantity of oil frff om
outside. For example, Japan imported annually 230 Mt, China—230 Mt (includ-
ing 50 Mt foff r TaTT iwan), Republic of Korea—100 Mt, India—80 Mt, Singapore—
40 Mt, Thailand—30 Mt, the total sum being about 32%of the total Asian oil
production(2,210 Mt)and 18% of the total world oil production(4,000 Mt). Due
to the rapid development of transportation the oil consumption in the Asian
countries grew very quickly,yy but due to limited resource and production capa-
bility the world oil production will increase slowly and after 2030 it mayaa even
being to decrease, so oil supply security will become the fiff rst energy security
problem foff r the world. Many effeffff ctive measures should be taken to solve this
problem and thereby reduce fuff ture geopolitical conflict and economic vulner-
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ability.yy
(3) To reduce pollution from energy consumption and improve the

environment protection. Over 90% of the used primary energy is foff ssil
energy.yy Many important pollutants appear with foff ssil energy combustion in
air,rr water and land. The air quality in the cities drops to a relatively lower value,
even below the minimum standard requirement. Many lands were affff eff cted
by acid rain and can even get transfoff rmed to a desert, water is polluted by
many harmfuff l materials, their influence on the living condition and health of
the people becoming more and more un-acceptable. Although environment
protection receives much more attention in all countries, up to now only
particle and SO2 emissions are under active control. Activities relating to
the control of fiff ne particle, mercury,yy ozone, NOX and others had just begun.
Following the experience of advanced countries the protection work with
detailed measurement, the quality standard establishment and practical control
should be strengthened.

(4) To reduce the CO2 emission caused by energy consumption and 
the possible global warming. The green house gas CO2 emission in the world
is due mostly to the use of foff ssil fuff el. Coal is still the main resource foff r power
generation in this century,yy and it generates almost twice as much CO2 per unit
of energy supplied than natural gas. Recently the coal percentage in Asia was
foff und to be 37.5% in the primary energy structure, which is about 10%higher
than in the world. With the sharp increase of the energy consumption, the CO2

emission becomes much more serious. The CO2 capturing and sequestering
technology development is just under discussion and small scale research and
development work havaa e just started. The global warming consideration mayaa be
the main faff ctor to limit the fuff ture use of foff ssil energy in Asia, and it is necessary
to aggressively pursue effff off rts to develop advanced coal technologies and the
carbon capture and storage technology.yy

(5) To establish the future sustainable energy development system with 
significant changes in the primary energy structure. The world energy situ-
ation has already entered into a new phase to establish gradually the sustain-
able energy development system with significant reduction of the foff ssil energy
percentage and large increase of non—carbon nuclear and renewable energy
percentage. Asia will foff llow the same path but with more difficulties. For this
purpose Asia mayaa need to work in a more coordinate and effeffff ctive manner in
five diffff eff rent areas as listed below: Based on the development of high—
effff iff ciency,yy clean and low—carbon emission technologies, to continue the
active utilization of coal within the allowable limits of the resource, envi-
ronment and climate change allowable limits. Use all possible resources
in the development of alternative oil sources and ensure the reduction of
transportation, which is heavily dependent on oil and thereby ensure a suf-ff
fiff cient oil supply.yy On the basis of available resources, as much as possible
to develop hydro and nuclear power. Large scale development and appli-
cation of non-hydro renewable energy,yy mainly solar,r wind and biomass ener-
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gies. Actively support research and development of the fuff ture novel energy
resources, mainly,yy nuclear fuff sion and methane hydrate. Hopefuff lly,yy the basis foff r
this sustainable system could be foff rmed during the first half of this century.yy

(6) To enhance the energy efficiency with significant energy saving.
The avaa erage energy consumption per GDP in Asia is almost 70% higher than
the world avaa erage, the diffeffff rence between diffeffff rent countries being quite high.
For instance Japan has 0.13 toe/103 US dollars GDP,PP Uzbekistan has 3.2 toe/103

US dollars GDP.PP The enhancement of the energy effff iff ciency is very important
to reduce the total energy consumption and to slow down the increase of the
energy demand foff r every country.yy Although many governments in Asia had
already paid attention to adjd ust its economical structure, to establish strict
regulation foff r energy saving approaches in diffff eff rent areas and to mobilize
people to savaa e energy in their daily lives, in order to havaa e significant results, and
to ensure that all these effoffff rts are continued foff r a long time.

(7) To strengthen the research, development and application of the 
advanced technology and the cooperation among Asia countries. It is well
recognized that foff r fuff ture sustainable development we need to improve existing
technologies to a high degree, and to innovate and develop new technologies
to create an entirely new basis foff r new industry. Most Asian countries
established recently their institutions foff r technology research, development and
management, foff r training high level experts and foff r organization of effff eff ctive
international cooperation. Though the related work has just begun, such
activities should be strengthened in the fuff ture.

(8) To form the development strategy and policies in different
countries. Though the conditions are quite diffeffff rent foff r diffeffff rent countries in
Asia, energy development has very close relation with many important areas of
the whole country,yy such as practical needs, primary energy resources, industrial
production capability,yy environment protection, global warming, import
and export situation etc. In particular, the capacity to deliver the policy and
regulatory refoff rms that are required foff r such development would be a critical
challenge foff r each country.yy Based on its real situation every country needs to
study its own development strategy,yy to foff rm its own development program, to
define the necessary policies and regulations to guide its own development. The
corresponding work should be strengthened.

Since Asia is still in the faff st developing stage, foff r fuff ture development
it could adopt the world’s best practices and technologies foff r infrff astructure
expansion, new infrastructural projects (power plants, transportation,
residential buildings and new industries) and in effff eff ct Asia could adopt the
most effff iff cient technologies. Such an approach would provide Asia with many
good opportunities to overcome the above challenges and to create a global
revolution in the wayaa we produce and use energy.yy
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�  Main Recommendations

For the present situation, based on the main feff atures and the main
challenges of the energy development in Asia, the probable main

recommendations foff r fuff ture sustainable energy development in Asia are:
(1) To establish a sustainable energy system for Asia is the main 

objective and guide line for the future development. Sustainability means the
exploitation of natural resource foff r the generation of energy within acceptable
levels of global resource depletion and environmental pollution, but without
destroying the ecological balance of the earth. The system could provide
sufficient, reliable energy to cover the necessary consumption requirement. This
approach will significantly reduce the foff ssil energy dependence and will lead to
a large increase of non-carbon nuclear and renewable energy percentage. Each
country should establish its own energy indicators foff r sustainable development,
and foff rmulataa e strategies that will continuously improve them.

(2) High priority should be given to the energy saving and the
enhancement of the efficiency to reduce as high as possible the total energy 
consumption requirement. All countries should develop and implement
policies and regulation to achieve significant energy savaa ing and greater energy
efficiency foff r all processes, service and products. The main areas that should be
targeted foff r energy savaa ing are industry,yy transportation, building and commercial
establishments. It is especially important to enhance the dissemination of
technology improvement and innovation between industrialized and developing
countries, so that the developing countries can adopt cleaner and more efficient
technologies as their industrialized counterparts.

(3) Active high-efficiency, low pollution and low carbon emission
utilization of coal should be further developed and strengthened. As the
world’s most abundant fuff el, coal will continue to playaa an important role in the
world’s energy mix, though at present, its utilization cause serious pollution and
generates almost twice as much CO2 per unit of supplied energy than natural
gas. Although in the process of the establishment of a sustainable energy system
the coal percentage in the world primary energy supply will decrease gradually,yy
the utilized quantity of coal will still increase in the coming decades, as many
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coal fiff red power station will be constructed and put into operation in Asia.
Coal can only be used as an energy resource, within the allowable limits of
envnn ironment and climate change. So it is important to continue and strengthen
the development and application of the advanced high-efficiency,yy clean and low-
carbon emission technologies, such as IGCC (Integrated Gasification Combined
Cycle), pollution measurement and control, carbon capture and storage etc. For
pollution measurement and control foff r coal consumption, besides the particle
and SO2 measurements, the other important pollutants such as O3, Hg and NOX

etc should also be measured and controlled. The carbon capture and storage
activities have just started in Asia, mainly at the discussion and preparation
stage, it is necessary to develop regulation and introduce a price signal foff r
carbon emission to accelerate the development of biomass and other renewable
energy technologies. The development of the potential retrofiff t technologies
foff r post-combustion carbon capture at existing pulverized coal plants and the
most effff iff cient technologies foff r the new coal plants should get more attention
and support foff r experimental studies and also foff r the demonstration of their
reliability,yy safeff ty and economic perfoff rmance, so that global warming will not be
the main faff ctor limiting the utilization of coal.

(4) Provision of a reliable oil supply to overcome the most critical ener-
gy security problem in Asia. As mentioned befoff re, many Asian countries lack
sufficient oil resource and the production capabilities and as such, they havaa e to
import a large quantity of oil. With the rapid development of transportation,
the oil consumption also increases very faff st. But, as the world oil production is
expected to reach its maximum in 2020-2030, the competition foff r oil supply has
the potential to become a source of growing geopolitical tension and economic
vulnerability.yy ToTT guarantee a reliable oil supply,yy it is needed: ToTT reduce the
oil consumption especially foff r transport system development by improving the
automobile, train, ship and aircraft energy efficiency and by developing electric
cars, trains and maglev to use electric energy instead of oil. ToTT develop alter-
native to replace oil foff r transportation needs, such as extracting oil frff om uncon-
ventional sources (tar sands and shale oil), coal and gas liquefaff ction and bio-
mass fuff els. ToTT use other resources to replace oil, such as compressed natural
gas, hydrogen etc. Although most of these methods already exist, but to playaa an
import role to replace oil, they should be developed to be of large scale produc-
tion and application.

(5) On the basis of available resources, hydro and nuclear power should 
be developed as much as possible. As sustainable, low-carbon resources, hydro
and nuclear power plants generate no CO2 and conventional air pollution
emission during operation, and as such, they havaa e already become large scale
energy resources in the world. In Asia in 2006 the total installed capacity of
hydropower (RuRR ssia not included) was 212GW and nuclear power was 103GW,WW
i.e. 18.6% and 9% respectively of the total Asian installed capacity of power.
ToTT solve the present situation of pollution and global warming associated with
foff ssil energy utilization and to foff rm the fuff ture sustainable energy system,
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priority should be given to the large and faff st development of hydro- and nuclear
power in the near fuff ture. In places where large hydropower deployment mayaa
not be acceptable, small to medium alternatives such as run-of-ff river type
schemes should be explored. Hopefuff lly,yy all Asian countries will use their hydro
resources to build hydro-plants where the ecological condition and emigration
will allow.ww Presently,yy in Asia only countries such as Russia, Japan, Republic of
Korea, China, India, Pakistan and Armenia have nuclear plants. Large scale
nuclear power development is still faff cing the problems associated with plant
safeff ty,yy capital cost, waste management and weapon prolifeff ration. As such, it is
needed to solve all these problems to encourage more countries to havaa e nuclear
power and to enhance its signififf cance foff r energy supply.yy The present nuclear
power plants uses pressurized water reactor,rr and the natural uranium resource
are also limited. As such, foff r fuff ture large scale development of nuclear power
it is needed to strengthen the faff st breeder development and thorium resource
application study.yy

(6) Wind power to be developed as the second large scale renewable
energy resource after hydro-energy, with its already matured technology 
and industry, good economic performance and with its bright large scale
commercialization in the near future. Since 1980’s grid connected wind
faff rms started to provide power to the network and by 2007 the total installed
capacity had already reached 94 GW in the world, with a contribution of 14GW
frff om Asia (India—7.8GW,WW China—5.9GW). The importance of the rapid
development of wind power is already well recognized by Asian countries and
many new large wind faff rms are under construction. ToTT promote its faff st and
large scale development, it is needed to strengthen the detailed wind resource
measurement, to develop 5-10MW large units with good quality and reliability.yy
ToTT reduce fuff rther capital invnn estment and energy cost to improve its economical
perfoff rmance, to enhance the network regulation capability to overcome its
unstable drawback, its development should be coordinated with the whole
power system development.

(7) The development of the contribution of solar energy, which is, even
at present, one of main renewable energy resource to a relatively large scale, 
in future sustainable energy system with a good basis for small scale heat
and power application. Heat application foff r cooking, heating, drying, air con-
ditioning and building methods foff r energy savaa ing etc should be increased sig-
nificantly to provide a large percentage of the total energy supply.yy Power appli-
cation should become an important partner in the whole power system. There
are two typyy es of solar power. They are solar photovoltaic and solar thermal. The
development of PV’s (PhotoVoltaic ) Power has been very rapid in the recent
years and in 2007 the worlrr d total installed power reached 12.6GW,WW PV cell pro-
duction reached 4GW.WW China and Japan produced 2GW through PV cell. PV
power has the advantage of being used foff r diffeffff rent power supply regions rang-
ing frff om kWkk to GW.WW It possess low maintenance, including stand alone power
(<100kW) foff r remote area without any electricity supply.yy In the provision of
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grid connected building integrated power (<5MW) foff r distributed network in
the cities and large scale concentrated plant (up to 10GW) in the desert area, the
possible market is very wide. For its fuff ture large scale development it is needed
to reduce its capital investment and energy cost signififf cantly,yy to develop new
high efficiency PV cells and to havaa e privileged policies and the demonstration of
project supported by the government and also power systems. The principle of
solar thermal power is similar to the usual coal-fired plant, and it has advantag-
es foff r large scale application, such as: In industries where boiler,rr turbine, and
generator already exist. Energy can be stored in thermal state to overcome
the non-continuous solar resource problem. The boiler can be used even foff r
gas or coal burning to generate continuous power. Three solar thermal systems
(trough, tower,rr and disk) already havaa e demonstration plants in operation, but
foff r large scale application there is still a lot of development and commercializa-
tion work to be done.

(8) The growth of the role and significance of Biomass, which was the 
main energy resource for mankind for a very long time in the rural areas 
of many Asian countries, before the active utilization of fossil energy in
the process of forming the new sustainable energy systems. Biomass can be
used to provide heat and power. It is the only renewable energy which can be
converted into liquid fuff el foff r transportation. The use of agriculture and foff rest
residues and city wastes, foff r the generation of biomass power,rr in both liquid and
solid fuff els foff rms are already in commercialization stages. Due to the difficulties
of resource collection and transportation the unit power plants havaa e capacities
less than 50MW,WW and the fuff els are used locally.yy For large scale development, it is
needed to havaa e more concentrated resources, the energy crops should be grown
signififf cantly,yy taking into account that there is considerable scope to increase
the yield of energy crop production using biotechnology and good agricultural
practices. Processing biomass to increase energy density such as palletizing and
torrefaff ction can reduce transport cost substantially,yy and therefoff re should be
promoted. New commercial methods foff r producing liquid fuff els should get more
attention and support to be matured as soon as possible to avaa oid the conflicts
between biofuff el production and foff od production.

(9) The strengthening of long-term perspective advanced research and 
development work in the energy field. For example: Fusion is the most
important fuff ture sustainable energy resource on earth. Japan, China, Republic
of Korea and India has already been working in the area of fuff sion research foff r
a long period of time and hopefuff lly a fuff sion power station mayaa appear in Asia
very early.yy The energy potential of gas-hydrates is estimated to be twice the
energy contained in the world total foff ssil fuff el reserves. VeVV ry large reserves of
this resource has already been discovered in Asia (India, Japan, China) and with
innovative scientific and technological developments its utilization as a energy
resource can meet the fuff ture energy demand and reduce the envnn ironmental and
geo-hazards. The related work has already started and should be strengthened
with continuous stable support. Hydrogen is the new potential energy carrier
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foff r the fuff ture, it can be used foff r power generation, as a transport fuff el and can be
produced by solar,rr biomass and foff ssil energy.yy Study on the production, storage,
transportation and application of hydrogen has already started and should be
stably continued. In accordance with the avaa ailable resources, the geothermal,
tidal and ocean energy are also important foff r related countries. For effeffff ctive
energy utilization the improvement of the energy storage technologies (pumped
hydropower, compressed air, chemical batteries) and the development of the
new technologies (superconducting magnetic storage, redox flow cell, and su-
percapacitor) are also important.

(10) The need to organize studies to define their development 
strategies, program and privileged policies relevant to each country in
accordance with their real situation. As a basis foff r the practical research,
development, industrialization and application work. The international
exchange and cooperation, especially among Asian countries, should be highly
encouraged.
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�  Concluding Remarks

Asia is entering the phase of establishment of the fuff ture sustainable
energy system. Sustainability means to provide suffff iff cient, reliable

energy to cover the necessary,yy rapidly increasing consumption requirement with
avaa ailable natural resources within acceptable levels of global resource depletion
and environment pollution, but without destroying the ecological balance
of the earth. It is necessary to reduce gradually the dependence on the foff ssil
energy percentage and thereby enhance the reliance on low carbon nuclear and
renewable energy percentage.

Based on the two AASA workshops on sustainable energy development
in Asia, and the collected statistical data, this report presents the general
infoff rmation about the present energy development in Asia, the analysis of the
main feff atures, the main challenges and provides some main recommendations
foff r the near fuff ture development.

WeWW hope that this report will help the leaders, science and technology
communities and all people working in the energy field of all Asian countries to
go foff rward with more confidence and courage.
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Appendix A

List of the Energy Related Papers Presented at 1st 
Workshop and 2nd Workshop in Beijing

1st Workshop (Feb.25-26, 2008)

(1) Yan Luguang (China): “Study on the Energy Sustainable Development
in China for First Half of 21st Century”.

(2) Seung Mo Oh (Republic of Korea): “Energy Policy and R&Ds in Korea”.

(3) Christopher C. Bernido (Philippines): “Natural & Human Resources”.

(4) Harsh Gupta (India): “Emerging Energy Resources in India”.

(5) Oktay Kerimov (Azerbaijan): “Azerbaijan: Science, Economy, Power
Industry & Environment”.

(6) Saran Solongo (Mongolia): “Sustainable Development in Asia: Mogo-
lia”.

(7) A.G. Korzhubaev (Russia): “The forecast of development of the oil and
gas industry of Russia and Prospect of export of oil and gas to the Asia Pacific”.

(8) Hassan Zohoor (Iran): “Status of Energy in Iran”.

2nd Workshop (Nov.17-18, 2008)

(1) Dato Lee Yee Cheong (Malaysia, IAC Representative): “Lighting the
Way: Toward A Sustainable Energy Future, (Summary of IAC Report)”.

(2) Xavier Chen (BP China): “World Energy Developments and Chal-
lenges for Asia”.

(3) Wang Yi (China): “Briefing on the AASA Project ‘Sustainable
Development in Asia’”.

(4) Yan Luguang (China) : “Consideration of the Energy Sustainable
Development in China”.

(5) Hassan Zohoor (Iran): “Status of Energy in Iran”.
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(6) Volkan S. Ediger (Turkey): “National Energy Report of Turkey: Energy 
Situation, Challenges, and Policies for Sustainable Development”.

(7) Indral K. Perera (Sri Lanka) : “Development of Alternative Energy 
Sources with Special Emphasis to The Current Situation in Srilanka”.

(8) Rishi K. B. Shah (Nepal): “Energy Structure of the Nation and
the Prospects of Renewable Energy Resources Potential for Sustainable
Development against the Conventional Energy—Challenging Task Ahead for
Nepal”.

(9) Bundit Fungtammasan (Thailand): “Sustainable Energy Development
in Thailand: Recent Acheivements and Future challenges”.

(10) M. Shamsher Ali (Bangladesh): “Energy Mix Policy And Sustainable
Energy Development Issues of Third World Countries”.

(11) Seung Mo Oh (Republic of Korea): “Energy Policy and R&Ds in Ko-
rea”.

(12) M. Yaghoubi (Iran): “Studies of Environmental Compatible Buildings
Using Domed Roof Architectures for Passive Cooling in Hot Arid Regions of 
Iran”.

(13) H. K. Gupta (India): “The Indian Scenario of Gas Hydrates”.

(14) Muhammad Yahaya (Malaysia): “Sustainable Energy Development
and Strategies for Malaysia”.

(15) Alvin B. Culaba (Philippines): “The S&T Challenges in the Philippine
Energy Sector”.
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Appendix 	

!�"�	#0 3��4	���	���	����	����������	��	5���	��������	��	����

No Country
Oil Gas Coal

QBtu MTon TCF Gm3 MST MTon

1 Afghanistan 0 0 NA NA 0.10 0.094

2 Armenia 0 0 0 0 0 0

3 Azerbaijan 1.807 45.543 0.345 9.764 0 0

4 Bahrain 0.075 1.893 NA NA 0 0

5 Bangladesh 0.013 0.320 0.554 15.691 0 0

6 Bhutan 0 0 0 0 0.06 0.056

7 Brunei 0.351 8.840 NA NA 0 0

8 Burma 0.046 1.172 NA NA 0.88 0.801

9 Cambodia 0 0 0 0 0 0

10 China 8.001 201.636 2.446 69.230 2,803.93 2,543.167

11 Cyprus 0 0 0 0 0 0

12 Georgia 0.002 0.054 0.000,4 0.010 0.01 0.006

13 India 1.459 36.757 1.119 31.681 528.50 479.35

14 Indonesia 2.019 50.875 1.978 55.967 179.92 163.18

15 Iran 8.407 211.859 3.952 111.83 1.40 1.269,8

16 Iraq 4.432 111.684 NA NA 0 0

17 Israel 0.000,2 0 NA NA 0 0

18 Japan 0.012 0.307,6 0.132 3.727 0 0

19 Jordan 0.000,04 0.001 NA NA 0 0

20 Kazakhstan 2.920 73.577 0.985 27.864 103.19 93.592

21 DPR of Korea 0 0 0 0 37.29 33.822

22 Republic of 
Korea 0 0 0.014 0.390 3.18 2.885

23 Kuwait 5.325 134.198 NA NA 0 0

24 Kirgizstan 0.002 0.054 0.001 0.0180 0.35 0.313

25 Laos 0 0 0 0 0.34 0.309

26 Lebanon 0 0 0 0 0 0

27 Malaysia 1.223 30.823 2.278 64.462 0.74 0.675

28 Maldives 0 0 0 0 0 0

29 Mongolia 0 0 0 0 8.55 7.757

30 Nepal 0 0 0 0 0.01 0.012

31 Oman 1.522 38.347 0.851 24.086 0 0

32 Pakistan 0.137 3.464 1.088 30.782 5.15 4.672

33 Philippines 0.053 1.337 NA NA 2.69 2.436

34 Qatar 1.794 45.198 2.112 59.765 0 0
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Continued

No Country
Oil Gas Coal

QBtu MTon TCF Gm3 MST MTon

35 Russia 20.254 510.396 23.064 652.72 346.68 314.436

36 Saudi Arabia 18.814 474.103 2.680 75.856 0 0

37 Singapore 0 0 0 0 0 0

38 Sri Lanka 0 0 0 0 0 0

39 Syria 0.854 21.524 NA NA 0 0

40 Tajikistan 0.001 0.015 0.001 0.032 0.09 0.081

41 Thailand 0.492 12.399 0.897 25.385 20.11 18.235

42 Timor-Leste 0.153 3.848 0 0 NA NA

43 Turkey 0.089 2.254 0.032 0.892 84.17 76.342

44 Turkmenistan 0.351 8.848 2.432 68.840 0 0

45 United Arab 
Emirates 5.498 138.557 NA NA 0 0

46 Uzbekistan 0.127 3.193 2.302 65.152 3.64 3.299

47 Vietnam 0.692 17.450 NA NA 44.24 40.127

48 Yemen Arab 
Republic 0.666 16.783 0 0 0 0

World 156.065 3,932.829 NA NA 7,036.25 6,381.881

Asia 87.591 2,207.310 49.263 1,394.15 4,175.22 3,786.925

Note:
1. NA=Not available
2. 1�106 (Btu) = 0.025,2 (toe), 1 Quadrillion (1015) Btu = 0.025,2��109 (toe) = 25.2 ��106 toe 
3. 1 cubic foot =0.028,3 cubic meter, 1TCF=1012�0.0283 cubic meter =28.3 Gm3

4. 1 short ton =2000 pounds =0.907 ton
Source:
U.S. DOE. http://www.energy.gov/energysources. 2009-05-12
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