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Preface

Energy is essential to socio-economic development in modern society.
China is the largest developing country and the second largest energy pro-
ducer and consumer in the world, as well as the second largest producer of
CO2 emissions after the USA. CO2 emissions in China has become a common
focus of academic communities and governments worldwide. Therefore, the
study of China’s CO2 emissions is not only helpful in terms of fully imple-
menting scientific development, but also significant in working towards the
sustainable development of China and mitigating global climate change.

Beginning with energy use and CO2 emissions, Energy Economics: CO2

Emissions in China discusses topical issues related to the present CO2 emis-
sions status and its historical evolution. In addition, it analyzes CO2 emis-
sion reduction technologies, the CO2 market and CO2 emissions reduction
strategies and policies, in the hope of providing a reference resource for deci-
sion making in future CO2 emission reduction and climate change resolution
strategies and policies in China. The book focuses on several key issues,
which are discussed further as below.

1) Energy use and CO2 emissions
Global CO2 emissions are increasing constantly and rapidly, resulting in a

continuous rise in average temperature worldwide, and making global warm-
ing an indisputable fact. By analysing features of global energy consumption,
Energy Economics: CO2 Emissions in China examines the relationship be-
tween climate change and CO2 emissions from an energy use perspective and
describes the far-reaching impacts of global warming. This book also dis-
cusses the opportunities and challenges faced by China from the view point
of CO2 emissions reduction, within the parameters of sustainable develop-
ment.

2) Characteristics of energy consumption and CO2 emissions in
China

The impacts of CO2 emissions are global and continuous, and different
countries assume different responsibilities for CO2 emissions reduction. Un-
derstanding the history and characteristics of CO2 emissions in different coun-
tries is helpful in working towards scientific and impartial emission reduction.
The authors of Energy Economics: CO2 Emissions in China provide a sys-
tematic analysis of China’s CO2 emissions by looking at accumulative emis-
sions, per capita emissions, the intensity of CO2 emissions, the evolutionary
process of CO2 emissions and end energy consumption.
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3) Factors affecting CO2 emissions at different economic devel-
opment levels

To mitigate climate change, it is necessary to slow down the growth speed
of greenhouse gas emissions. However, at different stages of economic devel-
opment, the key determinant factors of CO2 emissions vary greatly. There-
fore, Energy Economics: CO2 Emissions in China considers the factors that
result in CO2 emissions, which of those are decisive and the impact that dif-
ferent income levels have on emissions. Such points are already the subject
of intense research within the scientific community.

4) Evolution characteristics of CO2 emissions in CO2-intensive
sectors

CO2-intensive industrial sectors are key areas of CO2 emission reduction,
and such sectors should be paid close attention when formulating emission
reduction strategies. To understand the relationships between CO2 emis-
sions, economic growth, technical advancement and energy consumption, it
is necessary to analyse the evolution of the quantity and intensity of China’s
CO2 emissions in those sectors and find out the causes. The primary aim
of Energy Economics: CO2 Emissions in China here is to assist in provid-
ing scientific reference points for the formulation of future greenhouse gas
emission reduction strategies.

5) The analysis of regional CO2 emissions in China
China’s CO2 emissions are characterized not only by the growth of gross

emissions, but also by the change in regional emissions. The unbalanced
regional energy resource distribution and economic development in China, as
well as the variation in economic development, industrial structure and energy
intensity, have resulted in different levels of CO2 emissions in different regions.
Therefore, the regional comparison of regional CO2 emissions, per capita
CO2 emissions, CO2 emission intensity and the variation of CO2 emissions in
power generation provided by Energy Economics: CO2 Emissions in China
will help to increase current understanding and facilitate scientific decision-
making in relation to reducing emissions.

6) Potential for, and impacts of, CO2 emission reduction tech-
nologies

Technological advancement and innovation are essential ways of reducing
CO2 emissions. With efforts being made by different countries, a range of
emission reduction technologies is in developing or has already been devel-
oped. Different CO2 emission reduction technologies have different techni-
cal economic characteristics, emission reduction potential and development
prospects. As Energy Economics: CO2 Emissions in China discusses, the
formulation of CO2 emission reduction policies requires a detailed analysis
on these technologies.
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7) Simulation research on CO2 emission reduction policies
Energy environmental policies will have significant impacts on CO2 emis-

sion reduction. By introducing policies that are favourable to promote emis-
sions reduction, the cost of emissions can play a part; for example, by regulat-
ing market behavior, production methods and consumption can be changed to
decrease CO2 emissions. The research in Energy Economics: CO2 Emissions
in China analyses two major emission reduction policies: (i) carbon taxes;
and (ii) CO2 trading; and discusses the potential impacts of different carbon
tax schemes on major socio-economic indicators such as economic growth,
residents’ income, consumption and investment, the impacts of different tax
schemes on the production and international competition capability of en-
ergy intensive sectors, and the sensitivity of different countries to the CO2

emission trading polices of China.
8) International CO2 trading mechanism and its impact on emis-

sion reduction
The launch of the “Kyoto Protocol” draft in 1997 not only meant that the

greenhouse gas emission reduction goal for all countries is legally binding,
but also began the process of using market mechanisms to reduce greenhouse
gas emissions. Currently, global CO2 trading schemes are taking shape and
promoting CO2 emission reduction to a large extent. For the purpose of
facilitating the understanding and utilisation of international CO2 markets,
Energy Economics: CO2 Emissions in China analyses the trading volume
of international CO2 markets, transaction values, factors influencing CO2

trading, relationships between the CO2 markets and energy markets, the
liquidity of CO2 markets and the social-economic impacts of CDM (clean
development mechanism) projects.

9) China’s CO2 emissions prospects
What are the CO2 emissions prospects for China? What are the effective

ways to reduce emissions? What are their social-economic impacts? Energy
Economics: CO2 Emissions in China discusses such vital issues and offers
corresponding policy advice on the basis of predictive analysis.

As well as the policy analysis on specific issues, Energy Economics CO2

Emissions in China also discusses the model-based research approaches of
each issue and the characteristics of data sources and processing. In addition
to offering a reference resource for decision makers, the book also aims to
encourage interactions between energy and environmental policy researchers.

Energy Economics: CO2 Emissions in China is based on the second vol-
ume of the “China Energy Report” series in Chinese, biennial research re-
ports compiled by the Center for Energy and Environmental Policy Research
(CEEP), with each volume focusing on specific themes. Since its publication,
the Chinese version has received positive responses from domestic and inter-
national energy-economy and management study counterparts, governmental
agencies and energy-related enterprises. With the specific aim of broaden-
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ing and opening up communication with international researchers, Energy
Economics: CO2 Emissions in China has now been published in English by
CEEP.

The overall deployment of this project was conducted under the leader of
Prfessor Yiming Wei. The authors of the chapters are as follows: Yi-Ming
Wei, Gang Wu, Hua Liao and Haibo Wang (Chapter 1); Hua Liao, Gang
Wu, Lancui Liu, Xiaowei Ma and Yiming Wei (Chapter 2); Lancui Liu, Ying
Fan and Yiming Wei (Chapter 3); Lancui Liu and Yiming Wei (Chapter
4); Lancui Liu and Yiming Wei (Chapter 5); Yiming Wei and Lancui Liu
(Chapter 6); Bin Fang, Qiaomei Liang, Yiming Wei and Lancui Liu (Chapter
7); Qiaomei Liang, Jie Guo and Yiming Wei (Chapter 8); Yuejun Zhang, Kai
Wang, Yiming Wei and Lancui Liu (Chapter 9); Hua Liao, Qiaomei Liang,
Gang Wu, Ying Fan and Yiming Wei (Chapter 10). Zhiyong Han, Jianling
Jiao and Lele Zou participated in the research, discussion and proof-reading
of certain chapters. This book is the pearl of wisdom of the CEEP.

This research project and writing of this book received support from
the National Natural Science Foundation (No.70733005), ‘11th Five-Year
Plan’ National Science and Technology Support Program (2006BAB08B01)
and the National Outstanding Youth Foundation (No.70425001), as well as
encouragement, guidance, support and selfless help from experts and offi-
cials, including Shupeng Chen (academician), Shu Sun (academician), Sup-
ing Peng (academician), Weixuan Xu, Jiankun He, Jianguo Song, Yanhe Ma,
Hong Sun, Baoguo Tian, Jianzhong Shen, Jisheng Yan, Maoming Li, Jiapei
Wu, Shantong Li, Jizhong Zhou, Xiaotian Chen, Wei Zhang, Liexun Yang,
Zhengxiang Ge, Chaoliang Fang, Yande Dai, Yongfa Xu, Keyu Liu, Jing
Huang, Xiaofeng Fu, Qinlin Gang, Jingming Li, Sanli Feng, Aimei Hu, Xi-
uyuan Liu, Xuyan Tu, Lei Ji, Chen Cai, Zhijie Li, Xiaosu Dai, Hong Chi
and others. Our overseas colleagues, including Richard Simon Jozef, Bert
Hofman, Eric Martinot, Thomas E. Drennen, Henry Jacoby, John Parsons,
Keith Burnard, Norio Okada, Hirokazu Tatano, Chris Nielsen, Clare Lehane,
Tad Murty, were invited to visit the Center for Academic Intercommunion.
They gave us great support and assistance, and we express our sincere appre-
ciation to them. Special thanks are also given to all the authors mentioned
in the references of Energy Economics: CO2 Emissions in China.

Yiming Wei
Xiangshan, Beijing

March 8, 2010
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Energy, as the basic element supporting economic growth, is essential
for the survival and development of modern society. During the past few
decades, the global economy has witnessed substantial growth. In the mean-
time, considerable energy have been consumed, and the resulting greenhouse
gas emissions (CO2 mainly) have given rise to global climate change, which
has become one of primary element that affecting sustainable socio-economic
development throughout the world.

This chapter will mainly discuss and analyze two closely related issues:
energy use and CO2 emissions.

• What are the characteristics of global energy consumption?
• What are the impacts of energy use and CO2 emissions on climate

change?
• What are the characteristics and variation trend of global CO2 emis-

sions?
• Which actions and measures have the international community taken

to mitigate CO2 emissions?
• What are the opportunities and challenges that China is facing during

the mitigation of CO2 emissions?



2 Chapter 1 Energy Use and Carbon Dioxide Emissions

1.1 Characteristics of world energy use

1.1.1 Energy is an important driver of socio-economic develop-
ment

Since the Industrial Revolution, the swift growth of world economy and
the constant variation of economic structure have driven the growth of to-
tal energy demand. Besides being closely related, energy consumption and
economic growth are also featured by certain extent of complexity and non-
linearity. Such relationship will differ greatly at different development
stages.

In 2007, the gross global product hit USD 60 trillions (at constant PPPS
dollars of 2000), and the mean annual growth rate has reached 3.0% since
1973. In 2007, the global energy consumption reached 12.2 billion toe ,
with average annual growth rate hitting 2.1% when compared with the 6.128
billion toe in 1973. According to data from World Bank (2007a) and IEA
(2007a), we calculated the global economic output and energy consumption,
as indicated in Figure 1.1. The economic growth rate is about 1.5 times of
the growth rate of energy demand, and the energy demand elasticity is about
0.7. The elasticity of energy consumption may be different from country to
country, and negative values may be obtained during certain years.

Figure 1.1 Global economic outputs and energy consumption during 1973—2007

[Data Source: World Bank (2007a), IEA (2007a) and data calculation by authors]

The GDP and energy consumption data of certain countries are given in
Table 1.1. According to the data from world Bank (2007a), IEA (2007a)

Calculated in line with heat equivalent method, including non-commercial enegy.
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and BP (2007). The energy consumption of 2006 is preliminarily calculated,
as shown in Table 1.1. United States is the largest economy in the world,
as well as the largest energy consumption country. During 1950—2006, its
average annual GDP growth reached 3.36%, while its average annual growth
of energy consumption hit 1.91%. During the period of first oil crisis, the
economy declined in United States, with GDP dropping by 0.7% and energy
consumption dropping by 4.9% in 1975 compared with 1973. During the
past 30 years, economic aggregate and energy consumption in developing
countries have witnessed rapid growth. During 1975—2006, the GDP grew
by 150% and 390% respectively in Brazil and India, with energy consumption
growing by 130% and 170% respectively.

Table 1.1 GDP and energy consumption of some countries

[Unit: GDP: USD 1 billion (USD constant prices of 2000); energy consumption: 100

million toe]

Country Year 1975 1980 1985 1990 1995 2000 2004 2006

Germany
Energy Consumption 3.17 3.60 3.61 3.56 3.42 3.44 3.48 3.48

GDP 116.7 137.2 145.4 172.2 192.0 212.0 217.9 226.1

Russia
Energy Consumption — — — — 6.28 6.14 6.42 6.78

GDP — — — — 94.6 102.5 129.8 147.4

France
Energy Consumption 1.69 1.94 2.06 2.27 2.41 2.58 2.75 2.76

GDP 86.7 101.6 112.3 131.5 139.8 160.5 170.8 176.3

Canada
Energy Consumption 1.67 1.93 1.93 2.09 2.31 2.50 2.69 2.77

GDP 40.4 48.4 55.1 63.4 69.1 84.6 93.2 98.6

US
Energy Consumption 16.61 18.12 17.81 19.28 20.88 23.04 23.26 23.16

GDP 427.7 512.8 601.1 705.5 797.3 976.5 1070.4 1141.1

Japan
Energy Consumption 3.08 3.47 3.65 4.46 5.02 5.29 5.33 5.28

GDP 157.7 195.5 227.6 287.7 310.1 325.4 340.5 357.1

Italy
Energy Consumption 1.24 1.32 1.31 1.48 1.61 1.73 1.84 1.83

GDP 79.9 99.3 108.0 126.0 134.2 147.5 152.3 155.2

UK
Energy Consumption 2.02 2.01 2.04 2.12 2.23 2.33 2.34 2.32

GDP 87.5 95.6 105.6 124.0 134.9 158.2 174.4 182.5

Brazil
Energy Consumption 0.91 1.12 1.23 1.34 1.55 1.86 2.05 2.18

GDP 60.1 83.0 87.6 96.8 112.6 124.4 138.3 147.7

India
Energy Consumption 2.06 2.40 2.95 3.62 4.36 5.12 5.73 5.66

GDP 68.7 80.1 104.0 140.6 181.2 240.2 307.8 367.1

China
Energy Consumption 4.84 5.99 6.94 8.67 10.52 11.23 16.09 19.02

GDP 55.4 75.9 126.4 184.6 329.1 497.5 711.9 868.5

World
Energy Consumption 61.22 71.42 76.83 86.10 91.19 99.15 110.26 117.08

GDP 1987.1 2409.1 2768.6 3319.7 3764.2 4533.0 5236.6 5775.8

Data Source: World Bank (2007a), IEA (2007a) and BP (2007). The energy consumption
of 2006 is preliminarily calculated data (including non-commercial energy).

Data Source: US Bureau of Economic Analysis and US Energy Information Ad-

ministration.
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Along with economic development and industrialization, the energy con-
sumption of developing countries is taking greater shares in the increment
of global energy consumption. According to International Energy Agency
(IEA), the global energy consumption will hit 17.721 billion toe by 2030, and
the average annual growth rate will hit 1.8% during 2005—2030. Among
them, the total energy consumption of OECD countries will hit 6.8 billion
tons (annual growth rate: 0.8%), China will hit 3.82 billion tons (annual
growth rate: 3.2%), and India will hit 1.3 billion tons (annual growth rate:
3.6%) (IEA, 2007b).

In order to meet the growing demand for energy and ensure energy supply,
the energy investment will continue to grow in the future. According to IEA
(2007b), by 2030, the worldwide investment on energy will reach USD 550
billion per year (2005), and the gross investment on energy in Middle East
will exceed USD 1,000 billion in the future 25 years. In order to meet the
new demands for energy and renovate aged infrastructures, the Europe will
invest more than 1000 billions Euro in the future 20 years.

1.1.2 World energy intensity decreases continually with great dif-
ference from country to country

Affected by the economical reconstruction and technical advancements, the
intensity of world energy consumption is decreasing continually, with energy
efficiency increasing gradually. The acceleration rate of energy consumption
falls below that of economy, and the energy consumption per unit of GDP
and per unit of product yield is decreasing gradually. During 1973—2006,
the world energy consumption per unit of GDP dropped by 40.0%, among
which US dropped by 49.7%, Japan dropped by 39.7%, India dropped by
41.8% and China dropped by 73.0%. According to the data source from
word Bank (2007), IEA (2007a) and BP (2007), the data are calculated as
shown in Figure 1.2. The rapid fall of energy consumption per unit of GDP
in China has played a positive role in easing the acceleration speed global
energy demand and greenhouse gas emissions. Among low-income countries,
Vietnam has witnessed comparatively fast drop of energy consumption per
unit of GDP. However, not all developing countries nor low-income countries
have experienced fast drop of energy consumption per unit of GDP. For ex-
ample, the drop rate of Pakistan during 1973—2005 was 22.3%, which is far
below the world average level. In Africa, the energy consumption per unit
of GDP is even increasing in some countries. As a result of insufficient tech-
nological development and higher proportion of energy-intensive industries,
developing countries will enjoy a higher potential of energy conservation and
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emission reduction. However, more appropriate development strategies will
be required in order to fully exploit such potentialities.

Figure 1.2 Energy intensities of the world and major countries during 1973—2006

[Data Source: World Bank (2007), IEA (2007a) and BP (2007). The energy consumption

per unit of GDP (2006) is the preliminarily calculated data (including non-commercial

energy)]

1.1.3 Differences of energy consumption distribution among sec-
tors in different development phases

At different stages of economic and social development, the quantified re-
lationship between economic growth and energy demand varies greatly, and
so does the energy consumption distribution among sectors. Since devel-
oped countries have completed the industrialization process, service industry
constitutes a greater proportion in national economy, and economic growth
has less influence on energy demand. The energy use in transportation/
communication and domestic living sector plays a vital role in the gross in-
crement of energy consumption. Being in the process of industrialization
and urbanization, the developing countries will need to construct numerous
infrastructures and require such energy-intensive products as steel and con-
struction materials, and economic growth will contribute to the growth of
energy demand. The energy consumption in industrial sector constitutes a
greater proportion of energy consumption increment. Compared with 1973,
the world end-use energy consumption grew by 3.62 billion toe in 2005, with
16.2% from the secondary industry, 30.3% from transportation sector and
33.7% from domestic living. The final energy use of OECD countries grew
by 1.01 billion toe, with 57.0% from the transportation sector and 17.3% from
domestic living. The energy consumption of secondary industry dropped by
0.94 billion tons of oil equivalent(IEA, 2007a).
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Speaking of the energy type, the world final coal use reached 0.66 billion
toe in 2005, 78.0% of which was consumed by the secondary industry, repre-
senting a growth rate of 20.6% when compared with 1973. The world end-use
oil consumption reached 3.431 billion toe, 60.3% of which was consumed by
the transportation sector, representing a growth rate of 14.9% when com-
pared with 1973. The world final natural gas use reached 1.233 billion toe,
35.1% of which was consumed by the industrial sector, representing a drop
rate of 14.9% when compared with 1973; 48.5% of which was consumed by
agriculture, commerce, public service and domestic living sectors, represent-
ing a growth rate of 7.8% when compared with 1973. The final use of electric
power reached 1.292 billion toe, 41.2% of which was consumed by the in-
dustrial sector, representing a drop rate of 10.1% when compared with 1973
(IEA, 2007a).

1.1.4 Fossil energy dominates world energy consumption struc-
ture

While the total energy consumption grows swiftly, the energy consumption
structure is also changing. During the first Industrial Revolution, the propor-
tion of coal in energy consumption increased rapidly, and the coal exploitation
and consumption center was also the industrial center. The rapid develop-
ment of automobile industry and the emergence of transnational petroleum
companies have helped petroleum gradually replace the coal and become the
most important primary energy in the world. Currently, the primary energy
consumption in the world is dominated by such fossil fuel energy as oil, coal
and natural gas, while the energy consumption of different countries or re-
gions may vary from each other as a result of different energy reserves. When
calculated by heat equivalent, the gross energy consumption of the world hit
11.434 billion toe in 2005, in which coal, petroleum, natural gas, nuclear en-
ergy, hydropower, biomass energy and other energy sources constitute 25.3%,
35.0%, 20.7%, 6.3%, 2.2%, 10.0% and 0.5% respectively. According to the
data from IEA (2007a), the results of Figure 1.3 are get. Compared with 1973,
the proportion of oil dropped by 11.2%, and that of natural gas and nuclear
energy increased by 3.3% and 5.4% respectively (IEA, 2007a). According
to IEA (2007b), under reference scenario, the consumption proportions of
coal, petroleum, natural gas, nuclear energy, hydropower, biomass energy
and wastes and other renewable energy will reach 28%, 32%, 22%, 5%, 2%,
9% and 2% respectively in 2030.

Excessive exploitation and consumption of fossil fuel energy has resulted
in severe environmental pollution, ecological damage and the emission of
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greenhouse gases, and is considered as the major cause for environmental de-
terioration and global climate change. Fossil fuel energy, especially the coal,
contain substantial sulphur, nitrogen compound and other mineral matters,
which will generate such pollutants as sulfuric dioxide, oxynitride and dusts
during combustion and use. Threatening human life and health, fossil fuel
energy are considered as the main causes of bronchitis, pneumonia and other
respiratory diseases. Sulfuric dioxide is also the major cause of acid rain,
resulting in retarded growth and yield reduction of farm crops and corrosion
of buildings. The coal mining process also brings about destruction to the
ecological environment and underground water. Excessive greenhouses gases,
such as carbon dioxide and methane, are generated during fossil fuel energy
production and consumption, making “greenhouse effect” even worse.

Figure 1.3 World energy consumption structure in 1973 and 2005

[Data Source: IEA (2007a)]

(Note: The left figure indicates the world energy consumption structure in 1973, and the

total energy consumption was 6.128 billion TOE; the right figure indicates the world

energy consumption structure in 2005, and the total energy consumption was 11.43

billion tons standard oil equivalent.)

The energy consumption structure differs from country to country (or
region to region) as a result of different resource reserve, stage of economic
development and energy strategy. Petroleum and natural gas consumption
constitutes the largest proportion in developed countries. In 2005, the total
energy consumption of OECD countries hit 5.546 billion toe, including 40.6%
petroleum, 20.4% coal, 21.8% natural gas, 11.0% nuclear energy, 2.0% hy-
dropower, 3.5% biomass energy, and 0.7% other energy sources. In countries
which are in shortage of per capita petroleum resources (i.e., China, India,
etc), the coal is still the dominant energy source. In Brazil and Canada, which
are rich in abundant water resources, the hydropower constitutes the largest
proportion. In France, the nuclear power takes up higher shares. Since fos-
sil fuel energy is non-renewable, and owing to the fact that the combustion
of fossil fuel energy will result in environmental pollution and global climate
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change, all countries are making positive efforts to develop new and renewable
energy. The substantial rise of world crude oil price during 2004—2007 and
the widespread concern on climate change speeded up this process. Accord-
ing to Global Wind Energy Council, new wind turbines with a total capacity
of 20.1GW were installed worldwide in 2007, allowing the gross capacity of
worldwide wind turbines to reach 94.1GW (GWEC, 2008).

Owing to the fluctuation of primary energy consumption structure and
driven by technological advancements and increase of environmental aware-
ness, the end-use energy consumption structure is improving constantly. In
2005, the world final energy use hit 7.912 billion toe, in which petroleum,
natural gas, electric power, coal, biomass energy and other energy sources
constitute 43.4%, 15.6%, 16.3%, 8.3%, 12.9% and 3.5% respectively. Com-
pared with 1973, the proportion of electric power grew by 7%, and the level of
electrification improves gradually. The final energy use in OECD countries is
now featured by environmental protection and low carbon. In 2005, the final
energy use hit 3.853 billion toe, in which the petroleum, natural gas, elec-
tric power, coal, biomass energy and other energy sources constitute 51.9%,
19.2%, 20.0%, 3.3%, 3.5% and 2.1% respectively. Compared with 1973, the
proportion of electric power increased by 8.6% (IEA, 2007a).

During recent years, the climbing oil price has compelled all countries to
increase the proportion of renewable energy, so as to guarantee energy sup-
ply security, enhance energy self-sufficiency rate and reduce energy supply
risks. The governments of some western US states have planned to increase
the proportion of renewable energy power to 10% of gross power genera-
tion in the next 10—20 years. EU has issued the proposal in early 2007
to increase the proportion of renewable energy consumption to 20% of to-
tal energy consumption and to increase the proportion of renewable energy
power to 30% of gross power output by 2020. In 2005, India announced to
increase the proportion of renewable energy power from 5% to 25% of gross
power output by 2030. According to IEA (2007a), by 2030, the proportion
of renewable energy consumption will hit 10% of world energy consumption.

Transnational energy companies are increasing their investments on re-
newable energy and transforming into integrative energy enterprises. Ever
since 2000, Shell Oil has invested USD 1 billion on renewable energy, and the
gross investment of Petroleo Brasileiro on reproducible fuel will exceed USD
0.3 billion during 2007—2011.

1.1.5 Uneven energy consumption

Despite the huge volume of world energy consumption, the energy con-
sumption is uneven among countries and regions, with developed countries
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consuming the majority of energy. In 2006, the energy consumption of OECD
countries hit 5.55 billion toe, accounting for 47% of world consumption.
United States is the largest developed country in the world, as well as the
largest energy consumption country. In 2006, the gross energy consumption
of United States hit 2.32 billion toe, accounting for 20% of world energy
consumption. The per capita energy consumption of United States hits 7.9
toe, which is 4.4 times of world average. Even in Japan which is famed for
higher energy efficiency ratio, the per capita energy consumption still hits
4.1 toe.

As the largest developing country in the world, China is currently in the
process of industrialization and urbanization, with the economy volume and
energy consumption growing rapidly. In 2006, the gross energy consumption
hit 1.9 billion toe, accounting for 16% of world energy consumption. The
per capita energy consumption of China is 1.3 ton of standard oil equivalent,
which is only 73% of world average and 16% of the per capita energy con-
sumption in United States. Based on the data from world Bank (2007), IEA
(2007a) and BP (2007), the results are shown in Figure 1.4.

Figure 1.4 Energy consumption per capita of OECD countries in 2006

[Data Source: World Bank (2007), IEA (2007a) and BP (2007)]

1.2 Fossil energy use and climate change

1.2.1 Global warming directly threats the human environment

The fact of global climate change has been highly concerned by the interna-
tional community. The Second Assessment Report of IPCC states that: ever
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since the late 19th century, the global average surface temperature has in-
creased by 0.3—0.6◦C. The temperature rise is especially obvious in Northern
Europe, East Asia, South Africa, North American and Australia (increase by
0.8%—1.0% on average). During the past 100 years, the global sea level has
also risen by 10—25cm (IPCC, 1995a).

According to the Third Assessment Report of IPCC, the global aver-
age surface temperature has risen by 0.6◦C (0.4—0.8◦C) during 1901—2000.
During the past 50 years, the global average surface temperature increases
by 0.13◦C every 10 years. The speed of global warming has been doubled
when compared with the past 100 years (IPCC, 2001).

According to the Fourth Assessment Report of IPCC, 1995—2006 are the
warmest 12 years since 1850. During 1906—2005, the global average surface
temperature has risen by 0.74◦C (0.56—0.92◦C), which is far above the 0.6◦C
indicated in the Third Assessment Report. Asia is featured by the quickest
temperature rise, the speed of which even exceeds 1◦C during recent years
(IPCC, 2007).

The impacts of climate change are multi-scaled, all-inclusive and multi-
leveled. Firstly, climate change will have a strong impact on the living en-
vironment. The global climate change has changed the natural ecosystem
of many regions, such as the extinction of species, the migration of plants,
insects, birds and fishes to high-latitude and high-altitude areas, etc. The
global warming will not only result in the rise of global surface tempera-
ture, meltdown of polar ice and rise of sea level, but also cause a series of
severe problems, such as the change of climate pattern, frequent incurrence
of storm, flood, Elnino, warming and drying. The global warming will bring
about more climate damages and economic losses. Ever since the mid 20th
century, the occurrence rate of weather anomalies has been increasing con-
stantly from over 10 times in 1950s/1960s to over 70 times in 1990s (by 6
times). The economic losses have also increased year by year from USD 4
billion in 1950s to USD 50 billion in 1990s.

Secondly, the climate change had a strong impact on the survival and
development of human society.

On one hand, climate change will have direct influence on different aspects
of social economy to different extents. The agriculture is the most sensitive
sector to climate change: Increase of uncertainties in agricultural produc-
tion and greater output fluctuation; Fluctuation of agricultural production
structure and layout and greater change of crop growing system; Change
of agricultural production conditions and substantial increase in agricultural
costs and investments. Peasants are the most vulnerable group under cli-
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mate change. The incomes of a majority of peasant population are relatively
low, while the climate change will worsen their living environment. The tem-
perature rise may bring about the increase in the yield of crops in certain
mid-latitude zones. However, a majority of tropical zones, subtropical zones
and mid-latitude zones will suffer from crop failure, which will bring about
considerable impacts on world agriculture production. The climate change
will also impose notable influence on industrial production. For example, ex-
treme temperature, fresh gale, rainstorm, extreme humidity, snow and poor
visibility will directly affect the efficiency and quality of industrial produc-
tion and increase energy consumption, especially for such sectors as energy,
building, mining, transportation, foodstuff and petrochemical engineering.
Meanwhile, the climate change may also cause the spread of “heat” related
diseases and infectious diseases.

On the other hand, the indirect influence caused by climate change could
be even worse. The shortage of water resource, agricultural production and
rise of sea level etc., all these could result in strained international relations
and regional conflicts.

In conclusion, while climate warming is threatening the human being, it
has stronger influence on developing countries than developed countries. Be-
ing weak in economic foundation and underdeveloped in technological attain-
ment, developing countries have weak capacity to respond to climate change
and disasters, and they have to pay direct and considerable costs. Although
Africa is featured by the lowest greenhouse gas emissions, it suffers the most
from the climate change caused by human activities. If the air temperature
rises by 2◦C, the agricultural output of Africa will drop by 5%—10%, and
at least 40—60 million people will be threatened by malaria (Stern, 2006).
For African people who are still in poverty, this will mean a greater scale of
famine. Africa has to suffer from more natural disasters caused by climate
change, and the level of poverty could be even worse.

1.2.2 Industrial production is the major cause of global climate
change

Besides natural factors, the global warming results mainly from human
activities, and this point of view is underpinned by more and more scien-
tific research outputs. According to the Third Assessment Report of IPCC,
the probability that global warming results from human activities reaches
66%, while this figure was raised to 90% in the Fourth Assessment Report of
IPCC.

Since the industrial revolution in 1750, the modern production and life
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style of human has resulted in the excessive emission of greenhouse gases, es-
pecially the rapid increase of CO2 emissions. The concentration of CO2, CH4

and NxO contained in the atmospheric layer increases substantially, and has
currently exceeded the concentration value obtained from the pre-industrial
ice core record. The CO2 concentration value has increased from the pre-
industrial value of 280ppm to 379ppm in 2005, the CH4 concentration
value has increased from the pre-industrial value of 715ppb to 1774ppb in
2005, and the NxO concentration value has increased from the pre-industrial
value of 270ppb to 319ppb in 2005 (IPCC, 2007).

According to the research findings, the global surface temperature is
closely related to the CO2 concentration level in the atmosphere. Based
on the data from Marland (2007), the results are calculated and shown in
Figure 1.5.

Figure 1.5 Changes of CO2 concentration and temperature during 1959—2004

[Data Source: Marland (2007)]

According to the statistical data of IPCC (2007), as a result of exces-
sive use of fossil energy after industrial revolution, the greenhouse gas emis-
sions caused by human production and living activities account for over 90%
of the gross greenhouse gas emissions of the world, while five major green-
house gas emission sectors (energy supply, industry, forestry, agriculture and
transportation) are mainly fossil fuel energy intensive sectors. In 2004, the
greenhouse gas emissions of the energy supply, industry and transportation
sectors constituted 58.4% of total emissions of the world, which is to say, hu-
man production and life style have contributed to 60% of global greenhouse
gas emissions. The results of Figure 1.6 are calculated based on the data from
IPCC (2007). Therefore, human activities are the main source of greenhouse
gas emissions, as well as one of the major reasons causing global warming.

1ppm=1 × 10−6.
1ppb=1 × 10−9.
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Figure 1.6 Global GHG emissions shares of different sectors in 2004

[Data Source: IPCC (2007)]

1.2.3 CO2 emissions caused by fossil fuels combustion are the
main sources of greenhouse gases

The global climate change is mainly caused by the excessive emissions of
greenhouse gases, while CO2 is the primary greenhouse gas. According to the
statistical data of EDGAR (2007), in 2004, the CO2 emissions accounted for
76.7% of global greenhouse gas emissions. Therein, the CO2 emissions caused
by fossil energy consumption accounted for 56.6% of global greenhouse gas
emissions, the CO2 emissions caused by forest cutting and organism death
accounted for 17.3% and CO2 emissions from other sources only accounted
for 2.8%. The CH4 emissions accounted for 14.3% of total greenhouse gas
emissions, while the nitrous oxide accounted for 7.9% and the fluoride and
other greenhouse gases accounted for 1.1%. The results of Figure 1.7 are
calculated based on the data from IPCC (2007). We can conclude that the
fossil fuel energy consumption is the main source of CO2 emissions (73.79%).
How to mitigate CO2 emissions caused by fossil fuel energy consumption is
the key to reduce global greenhouse gas emissions. Currently, some countries
are making efforts to study CO2 capture and storage technologies in order to
reduce CO2 emissions caused by fossil fuel energy consumption. This tech-
nology is capable of capturing 90% carbon dioxide emitted during the power
generation using fossil fuel energy. However, it has not been commercialized
as a result of cost problem.
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Figure 1.7 Global GHG emissions in 2004

[Data Source: IPCC (2007)]

1.3 Basic characteristics of world CO2 emissions

1.3.1 CO2 emissions increase continually

Compared with the agricultural society, the world economy has been grow-
ing at a high speed since the industrial revolution. The proportion of indus-
try and transportation sectors in economy grows continually for long periods,
with fossil fuel consumption increases rapidly. This has resulted in the sharp
rise of CO2 emissions. In 1850, the global CO2 emissions only reached 54
million tons, which increased to 7.910 billion tons in 2004. Generally speak-
ing, the global CO2 emissions have been increasing steadily and constantly.
The results of Figure 1.8 are calculated based on the data from IPCC (2007).

Figure 1.8 Global CO2 emissions during the year of 1751—2004

[Data Source: IPCC (2007)]
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1.3.2 Electricity, industry and transportation sectors account for
60%—70% emissions of total CO2 emissions

Since the global fossil fuel consumption focus mainly on industry, electric-
ity and transportation sectors, the global CO2 emissions during 1970—2004
are mainly from electricity, industry (exclusive of cement industry) and trans-
portation sectors, which accounted for 63.09%—72.96% of global CO2 emis-
sions, while CO2 emissions of the electric power and transportation sectors
are growing rapidly. The results of Figure 1.9 are calculated based on the
data from IPCC (2007). Since these two sectors are energy intensive sectors,
they are featured by high CO2 emission intensity. Therefore, many industrial
countries are gradually transforming their energy consumption structure and
upgrading from fossil fuel clean energy, so as to decrease their dependence
on fossil fuels and promote the R&D and application of emission reduction
technologies. Positive effects have also been made to explore and promote
CO2 capture and storage technology to decrease CO2 emissions caused by
fossil fuel energy consumption and to slow down the speed of global warm-
ing. However, owing to the restrictions in resource characteristics and tech-
nological level and along with the improvement of electrification level and
economic development of developing countries, the electricity, industry and
transportation sectors will still be the primary CO2 emission sectors during
recent years.

Figure 1.9 Global CO2 emissions of different sectors during 1970—2004

[Data Source: IPCC (2007)]

1.3.3 Industrialized countries account for 80% of world accumu-
lated CO2 emissions

The invention of steam engine had allowed the coal to replace fuel wood
and become primary energy source of industrial countries, and substantial
amount of CO2 was emitted during the combustion of coal. Along with the
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proceeding of industrialization process, the invention of internal combustion
engine had enabled the petroleum to gradually replace the coal and become
the most important energy of industrial countries. Especially after the Second
World War, the booming development of industry and economy in industrial
countries has also brought the rapid growth of fossil fuel energy consumption
and CO2 emissions. The results of Figure 1.10 are calculated based on the
data from IPCC (2007).

Figure 1.10 World and major industrialized countries’ energy consumption and CO2

emissions during 1971—2004

[Data Source: IPCC (2007)]

In recent years, technological advancement has enabled clean energy to
take up an increasingly higher share in the energy consumption structure
of industrial countries, while the shares of such fossil fuel energy energies
as coal are dropping gradually. Nonetheless, fossil fuel energy consumption
and CO2 emissions are still concentrated in industrial countries. Therefore,
either in the past or at present, the industrial countries are the primary
sources of CO2 emissions. During 1900—2004, 80% of world accumulated
CO2 emissions are from industrial countries, while US, Central Europe and
Western Europe accounted for 58.98% of world accumulated emissions. The
historical accumulated CO2 emissions of United States accounted for 28.03%
of world accumulated emissions, which is 3.5 times of that of China. Africa
is featured by the lowest accumulated CO2 emissions (2.56% only). In 2004,
the CO2 emissions of industrial countries accounted for 70% of the total
CO2 emissions of the world. As the No.1 emission country in the world, US
accounted for 21% of the total emissions. The results of Figure 1.11 and
Figure 1.12 are calculated based on the data from IPCC (2007).

Since developing countries are lagged in the industrialization process,
their historical fossil fuel consumption is very limited, and the historical
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Figure 1.11 World major regions and countries’ CO2 emissions and their shares during

1900—2004

[Data Source: IPCC (2007)]

Figure 1.12 World major regions and countries’ CO2 emissions shares in 2004

[Data Source: IPCC (2007)]

accumulated CO2 emissions are particularly low (about 20% of the total
emissions of the world, as indicated in Figure 1.11). During recent years,
the industry and economy of some developing countries have experienced
rapid growth, and the fossil fuel consumption and CO2 emissions have also
increased quickly. However, either the per capita emissions or the gross CO2
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emissions are far lower than developed countries. In 2004, the CO2 emis-
sions of developing countries only accounted for 30% of total emissions of the
world. Therefore, the CO2 emissions of developing countries can be classified
into survival-oriented emissions at the early stage of the industrialization pro-
cess. In the future, the energy consumption and CO2 emissions of developing
countries will be prone to grow instantly, which is a necessary trend of the
industrialization process.

1.4 CO2 emissions mitigation and sustainable develop-

ment

1.4.1 CO2 emissions and socio-economic development

According to the development history of different countries, the economic
development level is the most important factor associated with CO2 emis-
sions. Although the differences in the carbon content of energy may result in
different CO2 emissions under the same energy consumption, the comprehen-
sive carbon intensity of energy is determined by the energy supply structure,
which is hard to change in the short run. For example, the energy supply
structure of China is dominated by coal, and such a structure cannot be
transformed into an oil and gas and renewable energy dominated structure
easily. Therefore, the variation of CO2 emissions in different countries is
closely related to the level of economic development, and CO2 emissions will
generally grow along with the growth of real GDP per capita. Based on
the data from CDIAC (2007) and SIMA (2007), the data are calculated and
shown in Figure 1.13.

In order to further analyze the relationship between CO2 emissions and
economic development at different stages of economic development, we have
studied the variation of relationship between CO2 emissions and real GDP
per capita of world average, typical developed countries (US and Japan) and
typical developing countries (China and India). For this purpose, we have
analyzed the figures about CO2 emissions and real GDP per capita (year
2000, USD) of world, United States, Japan, India and China (1978—2004)
during 1960—2004 (CDIAC, 2007; SIMA, 2007).

According to the variance in trend of worldwide CO2 emissions and real
GDP per capita, they have obvious linear relationship, with correlation coeffi-
cient hitting 0.98, and the increase of CO2 emissions is directly influenced. As
indicated in Figure 1.13, CO2 emissions grow with the increase of real GDP
per capita. During 1960—2004, the world CO2 emissions dropped by four
times. The declines of real GDP per capita during 1973—1975, 1979—1983
and 1990—1993 have resulted in the corresponding drop of CO2 emissions.
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The three stages are the periods of three world oil crises. The upsurge of oil
price has caused considerably adverse impacts and resulted in the decline of
real GDP per capita. Meanwhile, the energy consumption was also severely
affected by the high oil price and the depressed economy, resulting in the drop
of CO2 emissions. In addition, the world CO2 emissions also dropped during
1997—1999, but the real GDP per capita didn’t decline. This is because the
CO2 emissions dropped substantially in China during this period.

Figure 1.13 A comparison between world CO2 emissions and real GDP per capita

[Data Source: CDIAC (2007) and SIMA (2007)]

The CO2 emissions and real GDP per capita of United States and Japan
are represented by non-linear relationship. The economic growth is the pri-
mary driver of CO2 emissions, which fluctuates along with the growth of real
GDP per capita. During 1960—2004, the CO2 emissions in United States and
Japan dropped during 1973—1975, 1979—1982 and 1989—1992 respectively
(three world oil crises), while the real GDP per capita of both countries
declined accordingly. Since United States and Japan are major petroleum
importing countries, the oil crises have severely influenced the economy and
energy consumption of both countries, resulting the concurrent drop of real
GDP per capita and CO2 emissions of both countries. Based on the data
from CDIAC (2007) and SIMA (2007), the data are calculated and shown in
Figure 1.14 and Figure 1.15.

Because China has become a net oil importer only since 1996, the three
world oil crises had little impacts on the economy and energy consumption
of China. Therefore, China’s real GDP per capita keeps growing swiftly, and
CO2 emissions dropped sharply only during 1996—2000. Based on the data
from CDIAC (2007) and SIMA (2007), the data are calculated and shown in
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Figure 1.16. In general, if the existing energy structure and energy intensity
maintain unchanged, the economic growth of China will still be the primary
driver of CO2 emissions (non-linear relationship). Although China’s real
GDP per capita has experienced a rapid growth during 1996—2000, China’s
energy intensity dropped sharply in the corresponding period, resulting in the
decrease of total energy consumption by 6.19%. Therefore, CO2 emissions
dropped substantially as well by 17.12%. Since 2002, China’s real GDP per
capita and CO2 emissions have been growing quickly.

Figure 1.14 A comparison between CO2 emissions and real GDP per capita in the

United States

[Data Source: CDIAC (2007) and SIMA (2007)]

Figure 1.15 A comparison between CO2 emissions and real GDP per capita in Japan

[Data Source: CDIAC (2007) and SIMA (2007)]
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During 1960—2004, the CO2 emissions and real GDP per capita of India
has indicated a logarithmic relationship. Since the oil import volume of India
is on the low side, and its energy consumption is mainly dominated by coal
and renewable energy, the economic development and energy consumption of
India wasn’t affected by three world oil crises. However, with the booming
of economy, the CO2 emissions in India grow quickly. Based on the data
form CDIAC (2007) and SIMA (2007), the data are calculated and shown in
Figure 1.17.

Figure 1.16 A comparison between CO2 emissions and real GDP per capita in China

[Data Source: CDIAC (2007) and SIMA (2007)]

Figure 1.17 A comparison between CO2 emissions and real GDP per capita in India

[Data Source: CDIAC (2007) and SIMA (2007)]
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Based on the historical data of CO2 emissions and real GDP per capita
of the world and some representative countries, our research indicates:

CO2 emissions and economic development are positively correlated. The
CO2 emissions and real GDP per capita of world are featured by linear re-
lationship, while United States, Japan and China are featured by non-linear
relationship and India is featured by logarithmic relationship. Therefore,
both in developing countries and developed countries, CO2 emissions and
economic development are closely related, and CO2 emissions will increase
along with the growth of economic aggregate. Hence, in future years, the
global CO2 emissions will increase along with the proceeding of industri-
alization process in different countries. This will be a great challenge for
the smooth accomplishment of emission reduction goal indicated in “Kyoto
Protocol” and the formulation of future emission reduction framework.

It is extremely hard to reduce the absolute emission of greenhouse gases on
a global scale in the near future. Since CO2 emissions and economic growth
are positively correlated, it will be a difficult choice for any country to slow
down economic growth in order to decrease CO2 emissions, especially for de-
veloping countries which are weak in economic foundation. Therefore, it is
an important consideration of the CO2 emission reduction strategy to take
what steps and approaches to implement such strategy in order to achieve
the best balance between slow-down and adaptation, between socio-economic
development and emission reduction, between economic growth and environ-
mental protection, and between contemporary interests and interests of our
future generations.

1.4.2 CO2 emissions mitigation has become one of the new ele-
ments of sustainable development

As the major driver of global climate change, greenhouse gases as CO2

will have global and long-term influences, and are closely related to economic
development and energy consumption. Therefore, CO2 emission reduction
is not only a scientific problem and an environmental problem, but also a
historical problem, energy problem, economic problem and political issue.

Climate change and CO2 emission reduction have drawn the attention of
all circles in the world. In order to mitigate climate warming and avoid its
disastrous impacts on human being, “UN Framework Convention on Climate
Change” (hereafter referred to as “Convention”) was concluded at the UN
Conference on Environment and Development held in June 1992 in Rio de
Janeiro, Brazil. This Convention took effect as of March 21, 1994. Up to
June 2007, 191 countries and regions have signed on the Convention, indicat-
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ing that an important move has been made by the residents of global village
to protect the ecological environment of the world. The Convention is com-
posed of Preface and 26 chapters, and is considered as the first international
convention aimed to control CO2 emissions in order to address the adverse
impacts on human economy and society caused by global warming. It is
also a fundamental framework of international cooperation on global climate
change. This Convention adopts the equity principle and the common but
differentiated responsibilities principle insisted by “Group of Seventy-seven
and China”. The “commitment” of emission monitoring is only applicable to
developed countries, which, as the major countries of greenhouse gas emis-
sions, shall take measures to restrict greenhouse gas emissions and finance
developing countries to fulfill their obligations under the Convention. The
Convention has developed a mechanism through which the developing coun-
tries can be provided with funds and technologies to fulfill their obligations
under the Convention. The purpose of this convention is to control the emis-
sions of CO2, methane and other greenhouse gases and maintain greenhouse
gas concentration within the range in which the climate system will not be
affected.

An annual conference attended by all contracting parties is required by
the Convention. The third Conference of the Parties (COP3) held in Tokyo,
Japan on December 11, 1997 and approved the “Kyoto Protocol”, which took
effect as of Feb 16, 2005 and put forward legally binding CO2 emission re-
duction goals for developed countries for the first time, while the “Kyoto
Mechanism” oriented by joint implementation (JI), emissions trading (ET)
and clean development mechanism (CDM) was also introduced. “Kyoto Pro-
tocol” stipulates that 1990 shall be the baseline year for CO2, CH4 and N2O
emissions, while 1995 shall be the baseline year for HFC, PFC and SF6 emis-
sions. The first commitment period will be 2008—2012, during which the
CO2 emissions of developed countries shall be reduced by 5.2% on the aver-
age (Japan −6%, United States −7%, European Union −8%, Canada −6%,
Russia 0%, Australia +8%, New Zealand 0% and Sweden +1%). Develop-
ing countries are encovraged to propose the detailed plans to decrease the
absorption strength of absorption sources and enhance the energy efficiency
use.

“Kyoto Protocol” is not only an international environmental convention,
but also an international CO2 emissions trading agreement. The implemen-
tation of “Kyoto Protocol” will involve the fulfillment of emission reduction
goal of respective countries, international CO2 emissions trading and clean
development mechanism, and will certainly have far-reaching influence on



24 Chapter 1 Energy Use and Carbon Dioxide Emissions

worldwide economic development, environmental change and political con-
figuration.

Up to December 2007, 13 COPs have been held. The subject of each
COP mainly focuses on what obligations should developed countries and de-
veloping countries assume in order to mitigate global warming, and how to
develop a feasible emission reduction framework to allow emission reduction.
However, owing to the disputes on interests and obligations, many specific
problems have not been addressed yet. Currently, developing countries are
not obliged to assume the direct obligation of greenhouse gas emission reduc-
tion, while developed countries keep exerting pressure on developing countries
and request such developing countries as China, India and Brazil to partici-
pate in CO2 emission reduction as early as possible. It can be foreseen that
China will be confronted with tougher negotiation on greenhouse gas emis-
sion reduction in the future. In particular, it has become an urgent need for
Chinese scientists to study and answer all scientific problems involved in the
negotiation and to provide decision-making and theoretical reference for the
government.

However, in order to mitigate global warming, it is not enough to pro-
mote emission reduction merely during 2008—2012. Comparatively speak-
ing, greenhouse gas emission reduction at the post-Kyoto age is even more
important.

1.4.3 Challenges and opportunities of CO2 emission abatement
for China

China is confronted with both challenges and opportunities during the
mitigation of CO2 emissions.

Firstly, earth is the common homeland of human being. The climate
warming is exerting adverse influences on China, and it is our common wish
to mitigate climate change through emission reduction.

Secondly, we have paid huge environmental costs during the economic
development in the past years. The mitigation of CO2 emissions accords
with our political goal of energy conservation and emission reduction. It is
necessary for us to take related measures to improve and optimize the energy
structure and economic structure, develop low-carbon technologies and take
initiative in the new round of international competition.

Thirdly, along with the exacerbation of global warming trend, the
negotiation on the greenhouse gas emission reduction at “Post-Kyoto” age
has been kicked off already. Many developed countries insisted that devel-
oping countries shall share a certain part of emission reduction obligations.
China, as the largest developing country and second largest CO2 emission
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country, will be faced with greater emission reduction pressure at the “Post-
Kyoto” age. The “Bali Road Map” developed in the end of 2007 requests
that both developing countries and developed countries shall take “measur-
able, verifiable and reportable” actions on greenhouse gas emission reduction.

Fourthly, China is still faced with the severe challenge of future CO2 emis-
sions. To compulsorily restrict CO2 emissions will certainly slow down eco-
nomic growth and urbanization process. How to find out a way of low-carbon
energy development while still maintaining sufficient development space re-
mains a major challenge to China in the future years.
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Global warming is closely related to human activities, especially the ex-
cessive consumption of fossil fuels. Therefore, in order to mitigate global
warming and reduce its disastrous impacts on human society, the greenhouse
gas (GHG) emissions such as CO2 must be reduced. The impacts of CO2

emissions are global and constant. Since the development history varies from
country to country, we must correctly recognize the CO2 emission situations
in different countries in order to make the “common but differentiated re-
sponsibilities” clear for different countries.

Therefore, this chapter will analyze the characteristics of the CO2 emis-
sions of China in terms of historical accumulated emission, per capita emis-
sion, CO2 emission intensity, development stage and end use. It will provide
scientific and detailed supportive information for the correct understanding
of China’s CO2 emissions, differentiation of China’s responsibilities in CO2

emissions and the negotiation of global GHG emission reduction.
This chapter has analyzed and discussed the following issues:
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• Compared with developed countries, what are the characteristics of
China’s gross CO2 emissions and historical accumulated emissions?

• Comparing the current stage with the corresponding stage of economic
growth of developed countries, what are China’s per capita CO2 emissions?

• What is the difference of the variation in CO2 emission intensity between
China and developed countries at the same development stage?

• Which factors have affected CO2 emissions and the emission intensity
from China’s primary energy consumption? What is the impact of each
factor?

2.1 Characteristics of energy consumption in China

2.1.1 Huge energy consumption with high growth rate

Since the founding of People’s Republic of China, especially the reform and
opening up, China’s economy and gross energy consumption have been grow-
ing rapidly. As indicated in Table 2.1, the GDP grows from RMB 0.38 trillion
in 1953 to RMB 1.53 trillion in 1978, and further to RMB 22.76 trillion in
2007 (at constant prices of 2005). The annual growth rate during 1953—1978
and 1979—2007 reached 5.8% and 9.75% respectively. The energy consump-
tion grows from 54 million tons of coal equivalent (Mtce) in 1953 to 571 Mtce
in 1978 and further to 2655 Mtce in 2007. The annual growth rate during
1953—1978 and 1979—2008 reached 9.9% and 5.4% respectively.

In 2007, China’s gross energy consumption increased by 7.8% over the
previous year. The coal consumption was 2.58 billion tons, up 7.9%; crude
oil 340 million tons, up 6.3%; natural gas 67.3 billion cubic meters, up 19.9%;
and electric power 3,263.2 billion kWh, up 14.1%, in which the hydropower
consumption was 482.88 billion kWh (increasing by 10.8%) and the nuclear
power consumption was 62.6 billion kWh (increasing by 14.1%) (China Elec-
tricity Council, 2008; National Bureau of Statistics, 2008). In 2007, the
energy consumption per unit of GDP decreased by 3.23% over the previous
year.

The rapidly growing energy consumption has also brought about consid-
erable pressure on China’s energy supply. China became a net importer of
petroleum products once again in 1993, and ever since 1997, China’s energy
self-reliance rate has been below 100%. China’s net oil imports have been
increasing rapidly since 2000, together with the quick rise of foreign depen-
dency rate. In 2007, the net import of crude oil hit 159.28 million tons, and
that of petroleum products hit 18.29 million tons. The foreign dependency
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rate of petroleum reached almost 50% . It is expected that China’s net oil
imports will keep growing. Owing to the increase of domestic demands and
adjustment of foreign trade policies, China will gradually transform from a
major coal exporter into a net importer. According to the customs statistics,
in 2007, China’s net export of coal hit 2.15 million tons, and that of charred
coal hit 15.3 million tons. The drop of energy self-reliance rate and the rapid
rise of net oil imports have endangered the national security of China.

Compared with developed countries, China’s future energy needs will keep
growing at a high speed. If the average annual acceleration rate of economic
growth should reach 7.5% and that of energy consumption should reach 3.5%,
then the gross energy consumption will exceed 4 billion tce by year 2020.
If China’s future per capita energy consumption reach the level of Japan,
which is famed for its outstanding energy efficiency, the annual energy needs
of China, with an estimated population of 1.45 billion, will exceed 8.5 billion
tce. If China’s future per capita energy consumption reach the level of United
States, the annual energy needs of China will exceed 16 billion tce. Such a
huge but uncertain energy need prospect will become a great challenge to
China’s economic and social development. The great uncertainty of energy
demand can also be our historical opportunity. If effective measures are
taken, the energy efficiency can be improved substantially, and a lower per
capita energy consumption level may be accomplished by China.

2.1.2 Low carbon energy grows fast in recent years while small in
proportion

Currently, the Chinese government is making great efforts to develop re-
newable energy. According to the “Middle- and Long-term Planning of Re-
newable Energy Development”, the proportion of high-quality clean renew-
able energy in the energy structure shall be increased gradually, so that the
renewable energy consumption can reach 10% of gross energy consumption
by 2010 and 15% by 2020. During the past two years, renewable energy have
witnessed booming development in China. In 2007, China’s wind power gen-
eration has accomplished a breakthrough over the previous year. According
to Global Wind Energy Council (GWEC, 2008), the capacity of newly in-
stalled wind turbines in China hit 3,450MW in 2007, increasing by 156% or
605MW over the previous year, ranking No.5 in the world. On Nov 8, 2007,
the first offshore wind farm of China was put into production in the oil field
of Bohai, marking the beginning of effective offshore wind energy use (China

Source: “Customs Statistics Express” and “Statistical Communique of the People’s

Republic of China on the 2007 National Economic and Social Development”.
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Electricity Council, 2008).

Figure 2.1 China’s energy consumption and its structure during 1953—2007

[Data Sources: prepared and calculated in line with “Comprehensive Statistical Data and

Materials on 50 Years of New China” (Department of Comprehensive Statistics, National

Bureau of Statistics, 2005), “China Statistical Yearbook 2007” (National Bureau of

Statistics, 2007a) and “Statistical Communiqué of the People’s Republic of China on the

2007 National Economic and Social Development” (National Bureau of Statistics, 2008)]

Restricted by resource endowments, coal takes up the greatest share of
primary energy consumption. Data in Figure 2.1 are prepared and calculated
in line with “Comprehensive Statistical Data and Materials on 50 Years of
New China”, “China Statistical Yearbook (2007)” and “ Statistical Commu-
nique of the People’s Republic of China on the 2007 National Economic and
Social Development”, in the initial period of China, China’s coal consump-
tion constitutes over 90% of primary energy consumption. Along with the
development of China’s petroleum and natural gas industry and hydropower
industry, the proportion of coal consumption dropped gradually. Since 1978,
the proportion of hydropower consumption has been increasing gradually in
China’s primary energy consumption structure from 3.4% in 1978 to 7.4% in
2007. Currently, China has developed the energy production and consump-
tion structure “based by coal and featured by diverse development”. The
considerable proportion of coal in gross energy consumption has brought
about severe environmental pollution and great pressure on the mitigation of
GHG emissions.

2.1.3 Big difference in energy structure with certain potential

No matter in terms of the primary energy supply structure, the final en-
ergy structure or the energy consumption distribution among sectors, China
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differs a lot from developed countries. This might be attributable to resource
reserves or the development stage. Figure 2.2, China’s energy flow chart
of 2006, is drawn in line with China’s energy balance sheet (standard elec-
trothermal equivalent) and indicates the energy production, imports/exports,
processing/transformation and final energy use flows of China, as well as the
aforementioned three structures.

Figure 2.2 China’s energy flow in 2005

[Note: (1) drawn in line with electrothermal equivalent method; (2) the import volume

includes the fueling volume of Chinese ships and aircrafts in overseas countries; the

export volume includes the fueling volume of foreign ships and aircrafts in China. Unit:

10,000 tce]

In 2005, China’s total energy supplies hit 2329.96 Mtce (electrother-
mal equivalent), with foreign dependence rate reaching 8.8%. The energy
processing/trans- formation losses hit 635.34 Mtce, and the total final energy
use hit 1716.22 Mtce. In respect of final energy use, the industrial sector
constituted 69%, the transportation, storage, postal and telecommunications
services sector constituted 9.9%, and the domestic consumptions of urban
and rural residents constituted 6.2% and 3.9% respectively. In OECD coun-
tries, the energy consumption of industrial sector accounts for 22% of final
energy use, while the resident consumption accounts for 19% (exclusive of the
energy consumption from the private transport of residents). Since China is
currently in the process of industrialization, the energy consumption of in-
dustrial sector will maintain at a high level for a long period in the future,
but downward adjustment is still possible.

Since 1980, the proportion of coal in the final energy use has been declining
continuously from 62.0% to 26.8% in 2006, and the proportion of coal used
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for power generation has been increasing constantly from 20.2% to 47.3%.
In 2006, the coal supply volume of China hit 2,357.81 million tons, including
1187.64 million tons for thermal power generation, 145.61 million tons for
heat supply, 52.79 million tons lost in the preparation by washing, 12.57
million tons for gas making, and 2.21 million tons for coal product processing.
The total volume of coal used for final energy use hit 616.84 million tons
and that used for the domestic consumption of residents hit 83.86 million
tons. The drop in the proportion of coal in final energy use has facilitated
the transition towards clean energy, and will help improve the efficiency of
comprehensive coal utilization and improve the environmental performance,
which will also facilitate large-scale and centralized CO2 emission reduction
activities. Despite such a drop, there is still a big gap between China and
developed countries. In OECD countries, 73% of coal is used for power
generation, 11% used for final energy use and only 1% is used for resident
consumption.

China is also a major country of coke production, consumption and ex-
portation. In 2006, 374.5 million tons of coal was used for coke making. With
coke making efficiency reaching 97.77%, 294.62 million tons of coke and 52.1
billion cubic meters of coke-oven gas were generated, as well as 4.58 million
tons of other coke products and 0.24 million tons of other coal gases. In
2006, the export volume of coke hit 14.47 million tons. China is also a major
country of iron and steel production, with the total output of steel products
reaching 568.94 million tons in 2007 (National Bureau of Statistics, 2008),
and about 85% of coke were used in the iron and steel industry. With the
slowdown of iron and steel consumption in the future, the growth of coke
demand will slow down as well.

In 2006, China’s crude oil consumption hit 322.49 million tons, including
310.46 million tons for oil refining. With efficiency reaching 96.86%, the
oil refining process has generated 55.95 million tons of gasoline, 9.75 tons
of kerosene, 117.62 million tons of diesel oil, 17.85 million tons of fuel oil,
17.45 million tons of LPG, 9.83 million tons of refinery gas, and 69.22 million
tons of other petroleum products. As for the final energy use, a majority
of oil products were consumed by the industry and transportation sectors
(37.6% and 34.2% respectively), while the domestic consumption of residents
(including the consumption from the private transport of residents) accounted
for 6.3%. There is a big gap between China and developed countries. In
OECD countries, about 63% of petroleum is consumed by the transportation
sector (including the consumption from the private transport of residents).
Along with the improvement of the consumption level of Chinese residents,
private cars are owned by more and more people, and the oil consumption
from residents’ transportation needs is taking up greater shares. In 2006, 9.28
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million tons of fuel oil was used for power generation in China, accounting
for 35.9% of its gross fuel oil consumption.

In China, natural gas accounts for a limited proportion in energy production
and consumption. In 2006, the proportion of natural gas in final energy use
was 3.2%, while this proportion could be 15.6% in OECD countries. Among
the 56.6 billion cubic meters of natural gas supply volume of China in 2006,
3.76 billion cubic meters were used for power generation, 2.13 billion cubic
meters were used for heat supply, and 48.4 billion cubic meters were used for
end-use consumption. 34.6 trillion cubic meters were consumed by industrial
sectors (8.65 trillion cubic meters were used as the raw material to produce
synthetic ammonia), and 10.26 trillion cubic meters were used for the do-
mestic consumption of residents (urban residents mainly). Since the natural
gas is a low-carbon and clean energy source, the increase in the proportion
of natural gas in energy supply structure is of great significance for China
to mitigate CO2 emissions and improve environmental performance. On Feb
22, 2008, China started up its Second West-East Pipeline project, with total
length reaching 9,102 kilometers. To be completed in 2011, this project will
be able to supply 30 billion cubic meters of natural gas per year. In OECD
countries, natural gas constitutes 20% of the power generation fuels. Owing
to the limited reserves of China, the natural gas cannot be used for large-scale
power generation.

There is still great potential for China to optimize its energy structure.
By developing renewable energy and speeding up the development and in-
troduction of natural gases, China’s energy supply structure can be further
optimized. The promotion of coal-electricity conversion and the increase of
electricity’s proportion in final energy use will help further optimize the final
energy use structure, enhance the energy efficiency and improve environmen-
tal performance. The sector distribution structure of energy consumption
can also be optimized by actively guiding industrial structure adjustment
and promoting the development of low-energy industries.

2.1.4 Low energy efficiency and big differences among regions

Despite the notable achievements in energy conservation, the energy ef-
ficiency is still on the low side in China. Since 1978, as a result of tech-
nical progress and economic structure shifting, China has made remarkable
progress in energy efficiency improvement. In 2007, China’s energy con-
sumption per RMB 10,000 of GDP was 1.16 tce, decreasing by 68.6% over
year 1978. Data in Figure 2.3 are prepared and calculated in line with
“Comprehensive Statistical Data and Materials on 50 Years of New China”,
“China Statistical Yearbook (2007)” and “Statistical Communique of the
People’s Republic of China on the 2007 National Economic and Social Devel-
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opment”. Major energy intensive products have witnessed the sharp drop of
energy consumption per unit production. The data are collected from Energy
Research Institute of National Development and Reform Commission (2006)
and Shown in Table 2.2, the comprehensive energy consumption of steel has

Table 2.2 Energy consumption per product of major energy intensive
products in China during 1980—2005

Key unit consumption indicator Unit 1980 1990 2000 2005

Comprehensive energy kce/ton 2039 1611 898 741
consumption of steel
Comprehensive energy kce/ton 2028 1705 1277 780
consumption of copper
smelting
Comprehensive power kWh/ton 20342 16316 15480 14622
consumption of
aluminum ingot
Comprehensive energy kce/ton 830 920 721 630
consumption of
lead smelting
Comprehensive energy kce/ton — 2437 2307 1997
consumption of
electrolytic zinc
Comprehensive energy kce/ton 207 185 172 149
consumption
of cement
Comprehensive energy kce/ton 32 35 30 22
consumption of
plate glass
Comprehensive energy kce/ton 1431 1343 1327 1300
consumption of
synthetic ammonia
(large-scale)
Comprehensive energy kce/ton 2439 2176 1892 1860
consumption of
synthetic ammonia
(medium-scale)
Comprehensive energy kce/ton 3021 2263 1801 1760
consumption of
synthetic ammonia
(small-scale)
Sodium hydroxide kce/ton 1870 1660 1563 1460
(dissepiment)
Sodium hydroxide kce/ton — — 1090 1050
(ion film)
Sodium hydroxide kce/ton 571 613 468 450
(ammonia-soda process)
Sodium hydroxide kce/ton 450 391 313 307
(Hou’s process)
Comprehensive energy koe(kg oil equivalent)/ton 129 103 83 73
consumption of
oil refining
Comprehensive energy koe (kg oil equivalent)/ton — 1121 787 690
consumption of ethene

Data Source: Energy Research Institute of National Development and Reform Com-

mission (2006).
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dropped from 2039kce/ton(kg coal equivalent) in 1980 to 741kce/ton in 2005.
Despite all the achievements made by China in energy conservation, China’s

energy efficiency is still on the low side when compared with that of developed
countries. There is still good potential for China to improve its industrial
structure and energy consumption per unit of product. According to the
statistics of IEA (2006c), China’s energy consumptions per unit of such en-
ergy intensive products as ordinary steel, cement and synthetic ammonia are
50%, 60% and 33% higher than that of the most developed countries. Even
if China’s energy efficiency reaches the level of developed countries, there is
still room for improving it.

Figure 2.3 China’s energy consumption per unit of GDP during 1953—2007

[Data Sources: prepared and calculated in line with “Comprehensive Statistical Data and

Materials on 50 Years of New China” (Department of Comprehensive Statistics, National

Bureau of Statistics, 2005), “China Statistical Yearbook 2007” (National Bureau of

Statistics, 2007a) and “Statistical Communiqué of the People’s Republic of China on the

2007 National Economic and Social Development” (National Bureau of Statistics, 2008)]

Despite the tense situation of energy conservation, energy intensive
industries keep expanding rapidly. Restricted by development stage, tech-
nological level and incentive mechanism, China is currently faced with tense
situations of energy conservation: investment-driven economic growth, quick
urbanization, resident consumption structure at the upgrading stage, boom-
ing demands for high energy consuming goods, difficult drop of the propor-
tion of energy intensive industries; extensive growth of foreign trade, and
huge export volume of energy-intensive products; the mechanism with the
energy conservation awareness of the market subjects is yet to develop, the
information channel of energy conservation is not clear enough, and the gov-
ernment’s administration and service related to energy conservation remains
to be improved; insufficient technology innovation and promotion of energy
conservation, and weak conservation awareness of the entire society.
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Since 2002, China’s economy has entered into a new growth period. The
capital investments grow quickly, the heavy chemical industries are increas-
ing their shares, and energy intensive industries such as iron and steel, build-
ing materials and electrolytic aluminum expand rapidly etc., all these have
resulted in the booming growth of energy consumption, which has even ex-
ceeded the speed of economic growth. The energy consumption per unit of
GDP kept growing during 2003—2005. Since 2006, the central government
has further strengthened energy conservation efforts and stipulated the goal
of reducing energy consumption per unit of GDP by 20% during the “11th
Five-year Period (2006—2010)”.

As the largest energy consuming sector in China, the iron and steel in-
dustry took up 18.9% of the energy consumption of all industrial sectors in
2002, and it has increased to 24.4% in 2006. During 2002—2006, about 83%
of the energy consumption increment of industrial sectors came from coal,
petroleum processing, chemical engineering, construction materials, iron and
steel, non-ferrous metal and electricity sectors, with iron and steel sector ac-
counting for 32.6%. Characterized by high energy consumption per value
added, data in Table 2.3 are prepared and calculated in line with China Sta-
tistical Yearbook (2007), these seven sectors are key industries which shall be
subject to energy conservation and consumption reduction. Besides keeping
relying on technical progress, energy conservation and consumption reduc-
tion initiatives shall pay more attention to the importance of optimizing and
adjusting industrial structure.

However, in 2007, no matter from the perspective of the output growth
rate of energy intensive products, the value-added growth rate of energy in-
tensive industries, or the capital investment acceleration of energy intensive
industries, China’s industrial structure is still featured by energy intensive
development, with a significant part of energy conservation achieved by tech-
nical progress and the added value raise of products offset by the change of
industrial structure. This fact can be proved by the newly disclosed data
of electricity consumption. In 2007, the gross power consumption of China
increased by 14.42%, in which the growth rate of primary industry, secondary
industry and tertiary industry and urban/rural residents were 5.19%, 15.66%,
12.08% and 10.55% respectively. As for power consumption in industry,
the light industry and heavy industry hit 450.2 billion kWh and 2006.4 bil-
lion kWh respectively, 9.81% and 17.34% (China Electricity Council, 2008).
72.50% of the increase came from the heavy industry.

China is a country featured by unbalanced regional development. The
energy efficiency and its improvement potential vary from region to region.
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Table 2.3 Energy consumption per value added of different

industries in 2006

Industry

Energy

consumption per

unit of value

added

Industry

Energy

consumption per

unit of value

added

All industries 1.92
Chemical feedstock and

4.59
chemical products

Coal exploitation
1.89 Medicine 0.64

and washing

Petroleum and

0.61 Chemical fiber 2.36natural gas

exploitation

Ferrous mineral mining
1.89 Rubber products 1.65

and dressing

Non-ferrous mineral
1.06 Plastic products 0.93

mining and dressing

Non-metallic mineral
2.37

Non-metallic
5.46

mining and dressing mineral products

Non-staple foodstuff
0.62

Ferrous metal smelting
6.11

processing and processing

Foodstuff production 0.86
Non-ferrous smelting

2.70
and processing

Beverage production 0.66 Metal products 1.16

Tobacco 0.10 General-purpose equipments 0.61

Textile 1.45
Specialized

0.59
equipments

Costume, shoes

0.34

Transport and

0.43
and hat production

communication

equipments

Leather, fur, feather
0.30

Electrical machinery
0.29

and related products and equipments

Furniture production 0.29

Instrumentation and

0.24cultural/office

machinery

Papermaking and
2.48

Handicraft and
1.83

paper products others

Printing and

0.53

Electricity/heat

2.52duplication of production

recording media and supply

Culture, education
0.43

Fuel gas production
3.37

and sports products and supply

Petroleum processing,

5.34

Water production

2.38
coke making and and supply

nuclear fuel

Note: (1) Data Sources: prepared and calculated in line with “China Statistical Year-

book 2007” (National Bureau of Statistics, 2007a); (2) The industry sector includes all

industries. The unit of energy consumption per unit of value added is: RMB 10,000/tce,

current year’s prices.
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Generally, the energy consumption per unit of GDP is more or less cor-
related to the level of economic development. As indicated in Figure 2.4
(data in Figure 2.4 are prepared and calculated in line with China Statistical
Yearbook (2007)), the regions with higher economic development level (ex-
pressed in GDP per capita) are always featured by low energy consumption
per unit of GDP. The correlation coefficient between them is −0.58. In 2006,
Beijing boasted the highest energy efficiency, with energy consumption per
unit of GDP hitting 0.760 tce/RMB 10,000, while Ningxia had the lowest
energy efficiency (4.099 tce/RMB 10,000). Regions with great energy conser-
vation potential mainly include: Shandong, Henan, Hebei, Liaoning, Sichuan,
Hubei, Hunan, Heilongjiang, Shanxi and Inner Mongolia. Although Ningxia,
Guizhou and Qinghai have high energy consumption per unit of GDP, their
GDP and energy consumption take up minor shares in China, and the po-
tential of energy conservation is relatively small.
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Figure 2.4 Regional energy consumption per unit of GDP and GDP per capita in 2006

[Data Source: China Statistical Yearbook (2007)]

For regions with higher energy consumption per unit of GDP, the cost
of energy conservation is relatively smaller. Appropriate financial, tax and
industrial policies shall be adopted to encourage the transformation of ad-
vanced energy-saving technologies into regions with low energy efficiency, so
as to allow advanced regions to guide backward regions and to optimize re-
gional industrial layout. It will be of far reaching importance for promoting
balanced development among regions, shortening the gaps between regions
and saving more energy resources with less costs.
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2.2 Overview of CO2 emissions in China

Owing to its limited energy reserves, China is one of a few countries with
coal being the major subject of energy consumption. Since the economic
reform and opening-up in 1978, China’s economy has witnessed booming
development. The rapid economic development and the energy consumption
structure dominated by coal have determined the characteristics of China’s
CO2 emissions. The data of gross CO2 emissions as analyzed in this chapter
are from CDIAC. CO2 emissions are mainly caused by solid fuel, liquid fuel,
gas fuel and cement production (CDIAC, 2007).

2.2.1 CO2 emissions grow fast while accumulated emission is lower
than that of major developed countries

Owing to the rapid growth of economy and energy consumption, the CO2

emissions caused by the use of fossil fuels and cement production grow quickly.
According to the statistical data of CDIAC (2007), China’s energy consump-
tion and CO2 emissions increase rapidly after the reform and opening-up.
Despite the year-over-year decrease during 1996—1999, the energy consump-
tion and CO2 emissions rebounded suddenly and have been growing rapidly
since 2000. In 2004, China’s CO2 emissions caused by fossil fuel consumption
hit 1.37 billion tons (right behind US). During 1970—1996, China’s CO2

emissions grew at a speed of 5.3% per year. The fossil fuel consumption and
cement production in 1996 have resulted in the increase of CO2 emissions
by 39% over 1990. The main reason was the growth in coal consumption in
1996, which increased by 38% over 1990. Generally, China’s CO2 emissions
grew rapidly during 1970—2004, though the CO2 emissions did drop during
1996—1999 as a result of the decline in the energy consumption. Since 2002,
China’s CO2 emissions have been increasing rapidly.

(1) China’s CO2 emissions are mainly represented by the increase of emis-
sions caused by solid fuel consumption.

As one of a few countries with coal being the major source of energy
consumption, 98.7% of China’s CO2 emissions in 1950 were caused by coal
consumption. With the decrease of the proportion of coal in energy con-
sumption structure and the development of clean coal technology, the CO2

emissions caused by coal consumption dropped to 71.9% in 2004. Based on
the data from CDIAC (2007), the results are calculated and shown in Fig-
ure 2.5. CO2 emissions caused by the use of liquid fuel accounted for less
than 18%, with proportion increasing gradually. CO2 emissions caused by
the use of gas fuel accounted for less than 2% as a result of the fact that the
natural gas takes up little shares in China’s energy consumption structure.
CO2 emissions caused by cement production is increasing quickly year by
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year, and hit 9.65% in 2004 as a result of China’s infrastructure construction
needs during recent years.

However, according to Figure 2.6, based on the data from CDIAC (2007),
the results are calculated and shown in Figure 2.6, we can find out that
the share of China’s CO2 emissions in the world of the cement industry is
increasing year after year, and hit 44.27% in 2004. That’s because China’s
cement production grows quickly and has been ranking top in the world since
1990. However, China has been exporting 1.3% of its cement products since
1994. China’s CO2 emissions per unit of cement produced are apparently
higher than that of developed countries.

Figure 2.5 China’s CO2 emission sources during 1950—2004

[Data Source: CDIAC (2007)]

Figure 2.6 Share of China’s CO2 emissions in the world of the cement industry

[Data Source: CDIAC (2007)]
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(2) The share of China’s CO2 emissions in the world increases year by year,
while the growth rate is apparently lower than that of developed countries at
the same stage of economic development.

The quick growth of China’s CO2 emissions has resulted in the gradual
growth of the share of China’s CO2 emissions in the world. Based on the
data from CDIAC (2007), the results are calculated and shown in Figure 2.7.
In 2000, China’s CO2 emissions hit 910.82 million tons of carbon, accounting
for 13.05% of worldwide CO2 emissions and 56.01% of CO2 emissions of
United States. The CO2 emissions of United States hit 1626.14 million tons
of carbon, accounting for 23.29% of worldwide CO2 emissions. In 2004, the
CO2 emissions of China reached 1366.55 million tons of carbon, accounting
for 17.28% of worldwide CO2 emissions and 82.82% of that of United States.
The CO2 emission of United States hit 1650.02 million tons of carbon in 2004,
accounting for 20.86% of worldwide CO2 emissions of the same year.

Figure 2.7 Shares of China, US, West Europe’s CO2 emissions in the world during

1910—2004

[Data Source: CDIAC (2007)]

Despite the gradual increase in the share of China’s CO2 emissions in the
world since 1960, the historical CO2 emissions of United States accounted for
over 40% of worldwide emissions during 1910—1950, and a share of 20% was
achieved by Western Europe during 1910—1940, indicating that economic
development will certainly result in more CO2 emissions. Currently, China
can be classified into a country with survival-oriented CO2 emissions.

(3) The historical accumulated CO2 emissions of China are apparently
lower than that of major developed countries.

Since global warming is mainly caused by the rise of greenhouse gas con-
centration in the atmospheric layer, it is necessary to analyze China’s CO2

emissions from the aspect of historical accumulated emissions.
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The accumulated CO2 emissions of China are not as high as some industrial
countries. During 1900—2004, the accumulated CO2 emissions accounted for
7.96% of worldwide emissions. Based on the data from CDIAC (2007), the
results are calculated and shown in Figure 2.8. This proportion is apparently
lower than that of United States, Western Europe and Central Europe. The
United States has the greatest accumulated CO2 emissions (28.03%), followed
by Central Europe (17.01%) and Western Europe (13.94%). China’s accu-
mulated CO2 emissions are only 28.39% of that of United States. Therefore,
despite the notable CO2 emissions and its rapid growth speed, China’s histor-
ical accumulated CO2 emissions are apparently lower than major industrial
countries.

Figure 2.8 Shares of accumulated CO2 emissions of major countries and regions

[Data Source: CDIAC (2007)]

(4) The contribution of China’s CO2 emissions to the increase of world
emissions is lower than major developed countries.

Figure 2.9 (Based on the data from CDIAC (2007), the results are calculated
and shown in Figure 2.9) indicates that: Since 1970, the contribution of
China’s CO2 emissions to the increase of worldwide CO2 emissions has been
increasing year by year, with growth rate during 2000—2004 exceeding 40%,
which is higher than that of United States and Western Europe. However, in
the historical perspective, United States and Western Europe were the major
contributors to the increase of worldwide CO2 emissions during 1800—1950.
Despite the decrease during 1800—1900, the contribution of Western Europe
to the increase of worldwide CO2 emissions remained above 20%. The con-
tribution of United States grew gradually during 1800—1920, and the con-
tribution rate even exceeded 100% during 1910—1920, indicating that CO2

emissions can be closely correlated to the stage of economic growth.
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Owing to the unbalanced economic development among different coun-
tries, we cannot analyze the features of CO2 emissions of a certain country
merely from the current emission level. Therefore, in order to compare the
CO2 emission levels of different countries in a scientific and objective way,
we have compared the contribution of different countries to the increase of
worldwide CO2 emissions at the same stage of economic development. Based
on the data from CDIAC (2007), the results are calculated and shown in
Figure 2.10. At the same stage of economic development when GDP per
capita was between USD 500—3500 (USD of 1990), major industrial coun-
tries (especially the US) were at their early stage of industrialization process
and the economy development relied on huge energy consumption and high
CO2 emission. At this stage, the CO2 emission increase of United States
to the worldwide increase accounted for 32%, Western Europe accounted for
22%, and China accounted for 14%, indicating that the contribution of China
to the increase of worldwide CO2 emissions is lower than major developed
countries.

Figure 2.9 Contributions from the CO2 emissions increase of major regions and

countries to world emission increase in each decade from 1800 to 2004

[Data Source: CDIAC (2007)]

Figure 2.10 Shares of major regions and countries’ CO2 emissions in the world with

their GDP per capita between USD 500—3500

[Data Source: CDIAC (2007)]
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2.2.2 CO2 emissions per capita is lower than the level in developed
countries and worldwide average

The current per capita CO2 emissions of China are apparently lower than
that of major developed countries and world average. Despite the consider-
able gross emissions, the per capita emissions of China are always lower than
world average. In 2000, the per capita CO2 emissions of China were only 0.72
ton, which was only 62.61% of world average (1.15 tons per capita), 12.50%
of that of United States (5.76 tons per capita), 27.59% of that of Japan (2.61
tons per capita) and 41.38% of that of Western Europe (1.74 tons per capita).
In 2004, the per capita CO2 emissions of China increased to 1.05 ton, which
was only 84.6% of world average (1.24 tons per capita), 18.68% of that of
United States (5.62 tons per capita), 39.03% of that of Japan (2.69 tons per
capita) and 56.45% of that of Western Europe (1.86 tons per capita). As in-
dicated in Figure 2.11 (Based on the data from CDIAC (2007), the results are
calculated and shown in Figure 2.11), during 1960—2004, the per capita CO2

emissions of both the world and major countries and regions were increasing
gradually, while Japan was featured by the quickest growth of per capita CO2

emissions (6.62%), followed by China (5.06%). The growth rate of world per-
capita CO2 emissions was about 1.02% during this period. Therefore, along
with the instant development of economy, China’s needs on fossil fuels and
per capita CO2 emissions will also grow instantly. However, the per capita
CO2 emissions of China will still be far lower than that of United States,
Japan, Western Europe and other developed countries.

Figure 2.11 CO2 emissions per capita of the major regions and countries during

1960—2004

[Data Source: CDIAC (2007)]
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The CO2 emissions per capita of China are apparently lower than those of
major developed countries at the same stage of economic development. Since
different countries are featured by different sizes, populations and economic
development levels, it is unfair to simply compare the total CO2 emissions of
each country. In order to reflect the CO2 emission level of each country in a
scientific and objective way, we have compared the per capita CO2 emissions
of countries at the same stage of economic growth. As indicated in Figure
2.12 (Based on the data from CDIAC (2007), the results are calculated and
shown in Figure 2.12), at the early stage of industrialization in major in-
dustrial countries, the economic development was always coupled with high
energy consumption and high CO2 emissions, especially in the United States.
Through calculation, it has occurred to us that: At the same stage when
GDP per capita was between USD 500—3500 (USD of 1990), the per capita
CO2 emissions grew quickly in all countries, while US was with the quickest
growth speed, about 2 times of that in Western Europe, Japan and China. At
the same development stage, the per capita CO2 emissions of China equal to
that of Japan and were slightly lower than that of Western Europe. The CO2

emissions of United States accounted for 22.85% of worldwide emissions dur-
ing 1820—1896; the CO2 emissions of Western Europe accounted for 36.19%
during 1820—1923; the CO2 emissions of China accounted for 7.37% during
1903—2001. Therefore, at the same stage of economic development, either
the accumulated CO2 emissions or the share of China in worldwide CO2

Figure 2.12 CO2 emissions per capita of different regions and countries with their GDP

per capita between USD 500—3500

(The GDP per capita is expressed in USD of 1990)

[Data Source: CDIAC (2007) and Maddison (2005)]
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emissions were all on the low side. Therefore, like the CO2 emissions at
the early development stage of industrial countries, the current CO2 emis-
sions of China can be classified as survival-oriented emissions. Furthermore,
compared with the CO2 emissions of other industrial countries at the same
development stage, China’s CO2 emissions are far lower than that in United
States, Western Europe and other industrial countries. Based on the data
from CDIAC (2007), the results are calculated and shown in Figure 2.12.

2.2.3 CO2 emission intensity is higher than world average while
decreases fast

The CO2 emission intensity refers to the CO2 emissions per unit of GDP. In
1960, China’s CO2 emission intensity was 3.02kg CO2/USD (USD of 2000),
which was 8.71 times of the world average of 0.35kg CO2/USD. In 1978,
China’s CO2 emission intensity was 2.56kg CO2/USD, 8.25 times of the world
average of 0.31kg CO2/USD. In 2004, it was 0.79kg CO2/USD, 3.43 times
of the world average of 0.23kg CO2/USD. Based on the data from CDIAC
(2007) and Maddison (2005), the results are calculated and shown in Figure
2.13. Although China’s CO2 emission intensity is far higher than that of US
and Japan, it has been dropping quickly and constantly. However, the CO2

emission intensity increased during 1967—1972 and 1974—1977 which was
the result of extremely low GDP growth during these two periods (only 3%,
or even negative growth for several years). Since the reform and opening-up,
the CO2 emission intensity of China has been dropping instantly and reached

Figure 2.13 CO2 emission intensities of major countries during 1960—2004
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the historical lowest point in 2002 (about 0.69kg CO2/USD, very close to that
of India at the same stage). However, China’s CO2 emission intensity kept
growing during 2002—2004 as a result of the quick growth of CO2 emissions.
The average growth rate of CO2 emissions hit 13.69% during 2002—2004,
while the world average was 3.61% only during this period.

Nonetheless, when compared with that of developed countries at the same
stage of economic development, the CO2 emission intensity of China was still
on the low side: the CO2 emission intensity of China kept dropping, while
that of developed countries kept rising; the CO2 emission intensity of
China was lower than that of United States, United Kingdom, Germany and
Canada at the same stage of economic development. Based on the data from
CDIAC (2007) and Maddison (2005), the results are calculated and shown in
Figure 2.14.

Figure 2.14 Comparison of CO2 emission intensities of different countries

(Data Sources: the GDP per capita is expressed at constant PPPS dollars of 2000 and

the data are from Maddison, 2005; the data of CO2 emissions are from CDIAC)

2.3 Study on characteristics of CO2 emissions from pri-

mary energy consumption in China

2.3.1 CO2 emissions and its intensity during 1980—2005

Since the reform and opening-up in 1978, China’s economy has been grow-
ing rapidly, and the average annual growth of China’s GDP was 9.84% during
1980—2005. Along with economic development, the primary energy con-
sumption of China also grew from 603 Mtce in 1980 to 2247 Mtce in 2005,
with energy consumption increasing by 272.64%. In the meantime, CO2 emis-
sions increased apparently from 4.0271 million tons in 1980 to 1.439 billion
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tons in 2005, growing by 257.43%. The average annual growth of CO2 emis-
sions was lower than 9% during 1980—2002 but were 16.79%, 15.76% and
9.95% respectively in 2002, 2004 and 2005.

The CO2 emission intensity kept dropping during 1980—2002 by 68.93%
but increased by 11.17% during 2002—2005. Based on the data from China
Statistical Yearbook (1990) and China Statistical Yearbook (2006), the re-
sults are calculated and shown in Figure 2.15.

Figure 2.15 Changes of the primary energy consumption, CO2 emissions, and CO2

emission intensity of China in 1980—2005

[Data Source: China Statistical Yearbook (1990; 2006)]

Despite the rebound of CO2 emission intensity from primary energy con-
sumption of China during 2002—2005, the track of variation in CO2 emis-
sion intensity of China is opposite to that of developed countries at the same
stage of economic development (as indicated in Figure 2.14). Calculated in
line with the Purchasing Power Parity (PPP) of 1990, the GDP per capita of
China was USD 1067—3425 during 1980—2000, and was similar to that in
developed countries from 1870 to the First World War Therefore, the cause
for such variations and whether such decline trend can be maintained in the
future remain to a major concern. This section utilizes the Log-Mean Divisia
Index (LMDI) method to quantitatively study the cause for the change of
CO2 emissions in China.

Currently, there are many research findings about CO2 emissions, includ-
ing quite a few on CO2 emissions of developed countries and limited research
on that of developing countries.

Davis et al. (2003) have analyzed the causes for the decline of energy
intensity and CO2 emission intensity of United States during 1996—2000. It
is believed that the adjustment of energy structure is not the leading cause,
which, instead, shall be the weather variations. Greening et al. have applied
Divisia Index Decomposition method to analyze the CO2 emission intensity



50 Chapter 2 Analysis of Energy Consumption and CO2 Emissions in China

of the material production sector (1971—1991), the freight transport sector
(1971—1993), the resident end service sector (1970—1993) and the private
transport sector (1970—1993) of 10 OECD countries (Denmark, Finland,
France, West Germany, Italy, Japan, Norway, Swedish, United Kingdom and
United States). It is considered that the drop of energy intensity of the
material production sector is the leading cause for the drop of CO2 emission
intensity, which might have also been influenced by other factors such as
energy price (Greening et al., 1998). The increase of CO2 emission intensity
of the freight transport sector is mainly resulted from the transformation of
traffic pattern into the CO2 intensive, while such measures as fuel price and
automobile tax cannot effectively decrease energy consumption (Greening et
al., 1999). In the resident and service sector, the final energy use structure,
fuel structure for power generation and energy intensity will have different
impacts on the decrease of CO2 emission intensity, but the mode of final
energy use will have the opposite effect on the decrease of CO2 emission
intensity (Greening et al., 2001). The drop of energy intensity in the private
transport sector will have a major impact on the decrease of CO2 emission
intensity. However, it is not enough to merely rely on policies aimed to
decrease the energy intensity to reduce CO2 emissions (Greening, 2004).

In fact, the study on the change of CO2 emissions in developing countries
will be of greater significance and provide detailed decision-making references
to help optimize the energy structure and industrial structure, avoid the
development path of “resolution only after pollution” incurred in developed
countries and mitigate global climate change.

Zhang (2003) has applied the non-residual Laspeyres method to ana-
lyze the change of energy consumption of China’s industrial sectors during
1990—1997. The research findings indicate that 87.8% of energy conserva-
tion achieved by the industrial sectors during 1990—1997 was resulted from
the decline of real energy intensity, which took place in ferrous metal sector,
chemical sector, non-metallic mineral sector and mechanical manufacturing
sector. Wu et al. (2006) have adopted the LMDI method to study the
change of CO2 emissions in China during 1980—2002 from the aspects of
supply and demand. They believed that: before 1996, the economic devel-
opment, energy structure and energy intensity of the energy demand side
drove the change of China’s CO2 emissions, while the industrial structure
adjustment and energy efficiency promotion have played limited roles. The
final energy use and the enhancement of energy efficiency during 1996—2000
are considered as the major causes for the drop of China’s CO2 emissions. In
accordance with the data of respective Chinese provinces, Wu et al. (2005)
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have adopted a new three-layer decomposition method to study the “sudden
drop” of China’s CO2 emissions during 1996—1999. The research findings
indicate that: the decline speed of energy intensity in the industrial sec-
tors and the slow falling of labor productivity are the decisive factors of the
drop of CO2 emissions from fossil fuel consumption. Wang et al. (2005) has
used LMDI method to study the change of CO2 emissions of China during
1957—2000, and the findings indicate that: theoretically, China’s CO2 emis-
sions decreased by 2.466 billion tons during 1957—2000, 95% of which were
resulted from the drop of energy intensity, and only 1.6% and 3.2% were
caused by the adjustment of fossil fuel energy structure and the consump-
tion of renewable energy. In accordance with the conditions of 2582 large-
and medium-sized energy-intensive enterprises of China, Fisher-Vanden et al.
(2004) have adopted Divisia method to analyze the impacts of the changes
in energy price, R&D input, pattern of ownership and industrial structure
on the drop of energy consumption during 1997—1999. It was believed that
50% of energy consumption and variation in intensity were resulted from the
increase in the energy efficiency of enterprises, while the variation of relative
price and R&D inputs were key factors in the drop of energy intensity of
enterprises. Fan et al. (2007) has studied the changes of primary energy
consumption and the intensity of CO2 emissions of the final energy use of
material production sectors, and found out that the drop of energy intensity
was the major cause for the decline of China’s CO2 emission intensity.

2.3.2 Method for studying CO2 emission change

In respect of the research method, many decomposition methods are now
being used by researchers, research institutes and policy makers to analyze
energy consumption and CO2 emissions. Each method has the corresponding
assumption, which will have direct influence on the decomposition result
(Greening et al., 1998). Ang (2004) has pointed out that the Laspeyres
decomposition method is easy to understand, while Divisia decomposition
method is more scientific. Therefore, in this section, we will adopt LMDI
method to study the change of CO2 emissions of China’s primary energy
consumption and the change of CO2 emission intensity.

1) Decomposition of CO2 emission intensity of primary energy consump-
tion

The CO2 emission intensity of primary energy consumption can be decom-
posed into energy consumption structure, energy intensity and CO2 emission
coefficients of different energy, as indicated in Formula (2.1).

Gt ≡ Ct

Yt
=

Ct

Et

Et

Yt
= It

Ct

Et
= It

n∑
i=1

Cit

Eit

Eit

Et
= It

n∑
i=1

eitRit (2.1)
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2) Decomposition of CO2 emissions from primary energy consumption
The CO2 emissions from primary energy consumption can be decomposed

into population, GDP per capita, energy intensity and energy consumption
structure, as indicated in Formula (2.2).

Ct =
n∑

i=1

Cit =
n∑

i=1

Pt × GDPt

Pt
× Et

GDPt
× Eit

Et
(2.2)

Here, Gt refers to CO2 intensity of primary energy consumption; Yt refers to
GDP; Ct refers to CO2 emissions of primary energy consumption; Et refers
to primary energy consumption; It refers to energy intensity; Eit refers to
the i kind of primary energy consumption; eit refers to share of the i kind
of primary energy consumption; Rit refers to CO2 emission coefficient of the
i kind of primary energy consumption; Pt refers to population; Cit refers to
CO2 emissions from the i kind of primary energy consumption.

The primary energy include coal, petroleum, natural gas and hydropower.
Since hydropower takes up a minor share (7.8% in 2002) and brings about
no CO2 emissions, the primary energy as mentioned herein shall include
coal, petroleum and natural gas. The primary energy consumption data
are derived from “China Statistical Yearbook 1990” and “China Statistical
Yearbook 2006”. The GDP data of 1980—2005 are expressed at constant
prices of 2005. The constant price GDP of 2005 was calculated in line with
the GDP indicators of three major industries indicated at comparable prices
in “China Statistical Yearbook 2006”. The population data are derived from
“China Statistical Yearbook 2006”.

2.3.3 Structure decomposition analysis on CO2 emission intensity

In accordance with Formula (2.1), we can use the LMDI method to analyze
the change of CO2 emission intensity of primary energy consumption.

Compared with 1980, the CO2 emission intensity of China’s primary en-
ergy consumption dropped by 1.4838 tons/RMB 10,000 in 2005. Data are
calculated according to China Statistical Yearbook (1990) and (2006) and
shown in Figure 2.16. The primary energy intensity decreased by 64.20%
during 1980—2005, resulting in the drop of CO2 emission intensity by 1.4491
tons/RMB 10,000. The variation of primary energy consumption structure
was mainly represented by the change of coal proportion, which dropped from
72.20% in 1980 to 68.9% in 2005. This also means the increase of low-carbon
energy consumption. Therefore, the variation of primary energy consumption
structure has also facilitated the drop of emission intensity, but the impact
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was limited (only 0.0347 tons/RMB 10,000). It can be observed that the con-
tinual improvement of China’s energy efficiency and the low-carbon energy
oriented development of primary energy consumption structure have more or
less slowed down the growth of CO2 emissions.

Figure 2.16 Impacts from energy structure and energy intensity on CO2 emission

intensity of primary energy consumption in 1980—2005

[Data Source: China Statistical Yearbook (1990; 2006)]

However, the changes of primary energy intensity and primary energy con-
sumption structure might not be able to facilitate the drop of CO2 emission
intensity, which can be told from the variation track of CO2 emission inten-
sity of China’s primary energy consumption during 1980—2005. Data are
calculated according to China Statistical Yearbook (1990) and (2006) and
shown in Figure 2.17. Such a variation was mainly caused by the change
of energy intensity. The drops in CO2 emission intensity during 1980—
1988, 1989—2002 and 2004—2005 were mainly caused by the decline of
energy intensity, which contributed over 75% to the drop. The impact of
the change of energy intensity on the CO2 emission intensity was 0.0025
tons/RMB 10,000 during 1988—1989, offsetting partially the impact of pri-
mary energy consumption structure on CO2 emission intensity, which only
dropped by 0.0006 tons/RMB 10,000. The changes of primary energy inten-
sity during 2002—2003 and 2003—2004 have helped increase CO2 emission
intensity by 0.0388 tons/RMB 10,000 and 0.0410 tons/RMB 10,000 respec-
tively, while the impact of primary energy consumption structure has in-
creased and decreased CO2 emission intensity by 0.0095 tons/RMB 10,000
and 0.0025 tons/RMB 10,000 respectively. Generally speaking, the CO2 emis-
sion intensity of China’s primary energy consumption has increased by 0.0819
tons/RMB 10,000 during 2002—2004. The rebound in energy intensity dur-
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ing 2004—2005 has resulted in minor rebound of China’s CO2 emission in-
tensity during 2002—2005.

Therefore, the future decline in the CO2 emission intensity of China’s
primary energy consumption shall be achieved by further reducing its energy
intensity and adjusting the proportion of coal consumption in energy con-
sumption structure. If only the decrease of energy intensity is emphasized
while the adjustment of primary energy consumption structure is neglected,
the impact of primary energy consumption structure on CO2 emission inten-
sity might partially offset the contribution of energy intensity to the drop.
According to the experiences of developed countries, China has great poten-
tial to decrease energy intensity and improve energy structure. Therefore,
China’s CO2 emission intensity will certainly keep declining in the future.

Figure 2.17 Impacts from China’s energy structure and primary energy intensity on

CO2 emission intensity of primary energy consumption in 1980—2005

[Data Source: China Statistical Yearbook (1990; 2006)]

2.3.4 Structure decomposition analysis on CO2 emissions

In the previous section, we have analyzed the change of CO2 emission
intensity of China’s primary energy consumption. How about the change of
CO2 emissions of China’s primary energy consumption? How are the impacts
of major factors? In accordance with Formula 2.2, this section has adopted
the LMDI method to make related analysis.

Compared with 1980, CO2 emissions of China’s primary energy consump-
tion increased by 1.037 billion tons in 2005. Data are calculated according to
China Statistical Yearbook (2006) and shown in Figure 2.18. During 1980—
2005, China’s population grew by 35.84%, resulting in the increase of CO2

emissions by 194 million tons. China’s GDP per capita grew by 6.81 times,
resulting in the increase of CO2 emissions by 1.566 billion tons. The GDP
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per capita is the major factor of the increase in CO2 emissions. The primary
energy intensity of China was reduced by 64.20% in 2005 over 1980, resulting
in the decrease of CO2 emissions by 692 million tons. The proportion of
coal in the primary energy consumption of 2005 has reduced from 72.20% in
1980 to 68.9% in 2005, resulting in the decrease of CO2 emissions of primary
energy consumption by 31 million tons.

Figure 2.18 Impacts from population, GDP per capita, primary energy intensity, and

energy consumption structure on CO2 emissions

[Data Source: China Statistical Yearbook (1990; 2006)]

Figure 2.19 indicates the changes of CO2 emissions of China’s primary
energy consumption during 1980—2005, as well as the impacts of different
factors. In Figure 2.19 (Data are calculated according to China Statistical
Yearbook (2006) and shown in Figure 2.19), it is observed that: the growth
of GDP per capita is the major cause for the increase of CO2 emissions from
China’s primary energy consumption, and the growth of population has also
contributed to the increase of CO2 emissions, with impact following GDP
per capita. The change of energy intensity is the most important factor
to mitigate CO2 emissions of China’s primary energy consumption. The
impact of energy intensity has helped reduce CO2 emissions during 1980—
1988, 1989—2002 and 2004—2005, and can completely offset the impact of
population on CO2 emissions or 39% of the impact of GDP per capita on
CO2 emissions (only 5.1% during 2004—2005), or even 100% of such impact
during 1996—1998. During 1988—1989, 2002—2003 and 2003—2004, the
rebounds of energy intensity by 0.016%, 4.78% and 5.50% respectively have
helped increase CO2 emissions by 1.0248 million tons, 48.8642 million tons
and 65.1885 million tons respectively. Since GDP per capita and energy
intensity have increased CO2 emissions during 2002—2004, the growth of
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CO2 emissions during this period was apparently higher than other years.
The primary energy consumption structure has smaller impact on CO2

emissions, and no apparent rule of variation can be found (as indicated in
Figure 2.19).

Therefore, the above analysis indicates that: The economic development
(population growth and increase of GDP per capita) is the utmost factor de-
termining the increase of China’s CO2 emissions, while the decline of energy
intensity can more or less mitigate such increase. Therefore, the mitiga-
tion of CO2 emissions cannot be achieved by slowing down economic growth
but through the control of population, adjustment of economic structure,
promotion of technical advancements, enhancement of energy efficiency and
adjustment of energy consumption structure.

Figure 2.19 Impacts of population, GDP per capita, energy structure and energy

intensity on China’s CO2 emissions

[Data Source: China Statistical Yearbook (2006)]

In summary, this section has adopted LMDI method to analyze the changes
of CO2 emission intensity and gross CO2 emissions of China’s primary energy
consumption, and the result shows that: the drop of CO2 emission intensity
of China’s primary energy consumption during 1980—2002 mainly resulted
from the decline of energy intensity, while the increase of CO2 emission inten-
sity during 2003—2004 was mainly caused by the rebound of energy intensity.
Despite the drop of CO2 emission intensity, CO2 emissions from primary
energy consumption demonstrated the trend of growth, which was mainly
caused by the increase of GDP per capita and population growth. The energy
intensity reduction during 1980—2002 has mitigated the increment speed of
CO2 emissions but increased CO2 emissions during 2002—2005, making the
acceleration of CO2 emissions apparently higher than other years.

Therefore, despite the potential drop of China’s CO2 emission intensity in



2.4 Conclusion 57

the future, the economic development will certainly be accompanied by the
increase of CO2 emissions. The keys to mitigate the increase of CO2 emissions
shall be the reduction of energy intensity, decrease of the proportion of high-
carbon energy in energy consumption structure, increase of low-carbon energy
consumption and the control of population growth.

2.4 Conclusion

This chapter first analyzes the characteristics of China’s CO2 emissions, and
then analyzes the impacts of China’s urban/rural residents and export trade
on CO2 emissions. The research findings indicate that:

(1) China’s historical accumulated CO2 emissions are on the low side,
and the per capita CO2 emissions are even lower, but the growspeed of CO2

emission is quick.
China’s CO2 emissions grew rapidly during 1960—2004, though the CO2

emission did drop during 1996—1999 as a result of the decline in the en-
ergy consumption. Since 2002, China’s CO2 emissions have been increasing
rapidly. However, the accumulated CO2 emissions of China are not as high
as those of some industrial countries. During 1900—2004, the accumulated
CO2 emissions of China accounted for 7.96% of worldwide emissions and only
28.39% of that of United States.

Despite the notable total CO2 emissions, the per capita emissions of China
are on the low side. In 2000, the per capita CO2 emissions of China was only
0.72 ton, which was only 62.61% of world average (1.15 tons per capita),
12.50% that of United States (5.76 tons per capita), 27.59% that of Japan
(2.61 tons per capita) and 41.38% of that of Western Europe (1.74 tons per
capita). In 2004, the per capita CO2 emissions of China increased to 1.05
ton, which was only 84.6% of world average (1.24 tons per capita), 18.68%
that of United States (5.62 tons per capita), 39.03% that of Japan (2.69 tons
per capita) and 56.45% that of Western Europe (1.86 tons per capita).

Through calculation, it has occurred to us that: At the same stage when
GDP per capita was between USD 500—3500 (USD of 1990), the per capita
CO2 emissions grew quickly in all countries, while US was featured by the
quickest growth rate, about 2 times that of Western Europe, Japan and
China. At the same development stage, the per capita CO2 emissions of
China equal to that of Japan and were slightly lower than that of Western
Europe. Therefore, like the CO2 emissions at the early development stage
of industrial countries, the current CO2 emissions of China can be classified
as survival-oriented emissions. Furthermore, compared with the CO2 emis-
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sions of other industrial countries at the same development stage, China’s
CO2 emissions are far lower than United States, Western Europe and other
industrial countries.

(2) The drop of CO2 emission intensity of China’s primary energy con-
sumption during 1980—2002 mainly resulted from the decline of energy in-
tensity, while the increase of CO2 emission intensity during 2003—2004 was
mainly caused by the rebound of energy intensity. Despite the drop of CO2

emission intensity, CO2 emissions from primary energy consumption demon-
strated the trend of growth.

The increase in CO2 emissions was mainly caused by the increase of GDP
per capita and population growth. The reduction of energy intensity dur-
ing 1980—2002 has mitigated the increment speed of CO2 emissions but
increased CO2 emissions during 2002—2005, making the acceleration of CO2

emissions apparently higher than other years. Therefore, despite the po-
tential drop of China’s CO2 emission intensity in the future, the economic
development will certainly be accompanied by the increase of CO2 emissions.
The keys to mitigate such an increase shall be the reduction of energy in-
tensity, decrease of the proportion of coal in primary energy consumption
structure, and control of population growth.
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Global warming has now become an undisputed fact. With the deep
research and analysis on this phenomenon, scientists believe that the great
concentration of greenhouse gases including CO2 contributes to global tem-
perature rise (IPCC, 1995b). Therefore, it has become the inescapable re-
sponsibility of countries from all over the world to control the increase of
the emission of greenhouse gases including CO2 in order to mitigate climate
change. To effectively curb the rapid increase of CO2 emissions, it is partic-
ularly important to study the impact factors of CO2 emissions. Since those
impact factors are directly related to the measures, policies and strategies on
CO2 emissions, they have come into the focus of scholars from various coun-
tries. Therefore, this chapter carries out researches on following questions:

• Which factors have impacts on CO2 emissions?
• How do CO2 emissions vary under different income levels?
• How do population, economy and technology affect CO2 emissions?
• How do population structure and urbanization level affect CO2 emis-

sions?
• How do the impacts of population, economy and technology differ on
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CO2 emissions from countries with different income levels, the world as a
whole and China?

3.1 Population, economy, technology and CO2 emissions

CO2 emissions of a country are jointly determined by its technical level,
affluence, energy structure, economic structure, population constitution, etc.
But the impacts of these factors on CO2 emissions are different. According to
traditional viewpoints, the increase of CO2 emissions was due primarily to the
growing energy consumption, without population and technology taken into
account (Shi, 2003). However, some researchers believed that population,
economy and technology were all key factors to determine CO2 emissions
(Cole et al., 1997; Engleman, 1994; Meyerson, 1998; Schmalensee et al., 1998;
YE Yong, 1996). These determinative factors made different contributions to
CO2 emissions in different countries (Shi, 2003). What kind of relationships
on earth exists between different economic conditions, population structures,
technical levels and CO2 emissions in different countries?

In order to solve the problems above, scholars at home and abroad have
carried out numerous studies. With the help of STIRPAT Model, Dieta and
Rosa (1997), York et al. (2003), and Shi (2003) studied the relationship
between CO2 emissions and population. Dieta and Rosa (1997) and York et
al. (2003) believed that the elasticity of emissions with respect to population
change is nearly 1; while Shi (2003) argued this elasticity varying between
1.41 and 1.65. However, these researches were based on the average values
of overall CO2 emissions and population from a number of countries without
detailed analysis on specific countries. Thus, the results lack of guidance for
the CO2 emission reduction strategies of various countries. Fan et al. (2006),
Wei Yiming et al. (2006), and Liu Lancui (2006) analyzed the impacts of
population, economy and technology on the CO2 emissions in China, of the
world, high income countries, upper middle income countries, lower middle
income countries and low income countries during 1975—2000. They found
that the impacts were different.

3.1.1 Change of CO2 emissions

During 1975—2003, overall CO2 emissions in high income countries, low
income countries, upper middle income countries, lower middle income coun-
tries, as well as China and the world all show an increasing trend. During this
period, CO2 emissions of the whole world rose by 58.24% in total; although
there was some decrease in 1980s, the overall CO2 emissions in high income
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countries also rose by 37.92% during 1975—2003; while in upper middle in-
come countries, CO2 emissions increased by 39.71% during 1975—1988, but
decreased by 17.94% during 1988—2003; in lower middle income countries,
CO2 emissions surged by 141.78%; CO2 emissions of low income countries
were apparently less than high income and middle income countries, but
with a greater increase rate of 190.85%; though there was a drop of 17.00%
in China’s CO2 emissions during 1996—2000, its overall trend was climbing
with an increase of 1.63 times, based on the data from SIMA of WB (2004),
the results are calculated and shown in Figure 3.1 below.

Figure 3.1 CO2 emissions of countries with different income levels

[Data Source: SIMA of WB (2004)]

3.1.2 Change of population

Upper middle income countries have the least total population in the world.
During 1975—2003, overall populations in the world, high income countries,
low income countries, upper middle income countries, lower middle income

Figure 3.2 Populations of countries with different income levels

[Data Source: SIMA of WB (2004)]
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countries and China were on the rise. The world population had a linear
growth of 55.24%; the population in high income countries had a slower
growth of 23.30%; there was a faster population growth of 44.73% and 50.39%
in upper middle income countries and lower middle income countries, respec-
tively; the population growth of low income countries reached the fastest rate
of 87.38%; while in China, the growth was by 40.59%, based on the data from
SIMA of WB (2004), the results are calculated and shown in Figure 3.2.

3.1.3 Change of GDP per capita

During 1975—2003, there was a continuous increase of real GDP per capita
(all in constant 2000 dollars herein) in the world, high income countries,
low income countries, upper middle income countries, lower middle income
countries and China, based on the data from SIMA of WB (2004), the results
are calculated and shown in Figure 3.3. Among them, the real GDP per
capita of lower middle income countries recorded the fastest growth. To
be specific, the average real GDP per capita of the world rose by 48.80%;
the percentages were 79.97%, 33.59%, 208.81% and 74.61% for high income
countries, upper middle income countries, lower middle income countries and
low income countries respectively; while that of China showed an increase of
over six times.

Figure 3.3 Real GDP per capita of countries with different income levels

[Data Source: SIMA of WB (2004)]

3.1.4 Change of energy intensity

High income countries have the lowest energy intensities. During 1975—
2003, there was a trend of energy intensity decline in the world, high income
countries, low income countries, upper middle income countries, lower middle
income countries and China, based on the data from SIMA of WB (2004),
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the results are calculated and shown in Figure 3.4. During 1975—2003, there
was a continuous decline of overall energy intensity in the world, but with a
low decrease of only 25.47%; the energy intensity of high income countries
dropped by 29.39%; while the percentages were 29.12%, 50.30% and 29.73%
in upper middle income countries, lower middle income countries and low in-
come countries respectively. There was a dramatic drop of 75.57% on China’s
energy intensity.

Figure 3.4 Energy intensities of countries with different income levels

[Data Source: SIMA of WB (2004)]

The analysis above shows that the growth rate of overall CO2 emissions,
population and real GDP per capita of the world is apparently higher than
the decrease rate of energy consumption per unit of GDP, while the growth
of population and GDP per capita surpasses that of CO2 emissions. In high
income countries, the increase of real GDP per capita outdistanced the pop-
ulation growth, the decrease of energy consumption per unit of GDP and the
increase of CO2 emissions. In upper middle income countries, the growth of
population and GDP per capita exceeded that of CO2 emissions while the
decrease of energy consumption per unit of GDP also exceeded it. In lower
middle income countries, the increase of real GDP per capita was apparently
higher than that of CO2 emissions, while population growth and the energy
consumption decrease per unit of GDP were slower than the increase of CO2

emissions. In low income countries, the increase of CO2 emissions exceeded
the growth of population and real GDP per capita as well as the decrease of
energy consumption per unit of GDP. The increase of real GDP outdistanced
that of CO2 emissions in China. It is evident that the relationships between
the variance in impact factors and the increase of CO2 emissions are different
in different countries. In that way, how do these factors affect CO2 emissions
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on earth and to what extent can they explain the growth of CO2 emissions?
Therefore, with the method of Partial Least Squares, we have established

the STIRPAT Model and conducted an overall quantitative analysis on his-
torical data of high income countries, upper middle income countries, lower
middle income countries, low income countries, the world and China during
1975—2003. Results show that for the past twenty years, the impacts of
population, in particular the 15—64 year-old population, on CO2 emissions
were comparatively large in both high income countries and low income coun-
tries. While the impacts of real GDP per capita and energy intensity on CO2

emissions were large in upper middle income countries, showing that further
optimization of economic structure and the increase of energy conservation
efforts should be made in high income countries. These findings have proved
different impacts of population, economy and technology on CO2 emissions
of countries with different development levels. Therefore, decision makers
should take all of those factors into full account when they develop long-term
strategies on CO2 emission reduction.

3.2 Method for analysis

3.2.1 STIRPAT Model

Ehrlich and Holden (1971; 1972) were the first to put forward that the
establishment of “I = PAT” equation helps to reflect the impacts of pop-
ulation on environmental pressure. The equation combines environmental
impact (I) and population size (P ), affluence per capita (A) and techno-
logical levels of environmental damage (T ), known as “I = PAT”. It is a
well-recognized equation that analyzes the environmental impact of popula-
tion and is still under wide-spread use for analyzing the determinative factors
of environmental change (York et al., 2002).

However, the “I = PAT” model is limited to some extent, in that it
analyzes a problem by changing a factor while keeping others still, resulting
in the proportionate impacts on the dependent variable. In order to overcome
this, scholars analyzed the non-proportional impacts of population on the
environment by establishing a stochastic model. On the basis of I = PAT ,
York et al. (2003) set up the STIRPAT (i.e., Stochastic Impacts by Regression
on Population, Affluence, and Technology) Model:

Ii = aP b
i Ac

iT
d
i ei (3.1)

The model keeps the multiplication structure of “I = PAT” Model, tak-
ing the three major factors of population (P ), per capita affluence (A) and
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technology (T ) as the determinative factors for the change of emissions. After
taking logarithms for the model, Formula (3.1) turns into:

ln Iit = a + b (lnPit) + c (lnAit) + d (lnTit) + eit (3.2)

Here, suffixes i and t refer to countries and years respectively; P represents
population; A stands for affluence per capita; T stands for technology or the
energy efficiency of economic activities; and the dependent variable I stands
for CO2 emissions.

Factors P and A are decomposable (Dieta and Rosa, 1994), so is T (York
et al. 2003). Therefore, in order to analyze the impacts of population struc-
ture and urbanization level on CO2 emissions, the percentage of population
aged 15—64 and the percentage of the population living in the urban areas
are introduced into the model, thus Formula (3.2) is changed to Formula
(3.3):

ln It = a + b1 (lnPt) + b2 (lnUt) + b3 (lnLt) + c (lnAt) + d (lnTt) + et (3.3)

Here, U and L stand for the percentage of population aged 15—64 and of
the population living in the urban areas respectively.

3.2.2 Data sources

According to STIRPAT Model introduced by York et al. (2003), we adopt
the data of population, real GDP per capita and energy consumption per
unit of GDP(namely the energy intensity) during 1975—2003 to analyze their
impacts on CO2 emissions.

Affluence is represented by real GDP per capita (in constant 2000 dollars).
Technology is by energy intensity. The less the energy consumption per
unit of GDP is, the higher the energy efficiency of economy activities is and
the less CO2 emission are produced in economic activities. Population is
decomposed to two variables: the percentage of population aged 15—64 and
the proportion of population living in urban areas. Normally, the higher the
percentages of population between ages of 15 and 64 and of urbanization are,
the more energy consumption there is, but, at the same time, the higher the
awareness of environmental protection and technology are. Table 3.1 shows
the definitions of variables used herein.

The data used in this study are all from the Statistical Information Man-
agement and Analysis (SIMA) database of the World Bank (2004). In con-
formance with other studies, we express the unit of CO2 emissions as the
unit of carbon. The conversion ratio is a unit of carbon to 3.664 units of CO2

emissions (Engleman, 1998).
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Table 3.1 Definition of variables in the model

Variable Definition Unit

CO2 emissions
CO2 emissions from fossil fuel

burning and cement production

kton C (Thousand tons

of carbon)

GDP per capita Real GDP per capita Constant 2000 USD

Total population Total population Person

Energy intensity
Energy consumption

per unit of GDP

kg of oil equivalent per USD

million (PPP, 2000)

Urbanization level
Proportion of urban population

in total population
%

Proportion of population

aged 15—64

The proportion of population

aged 15—64 in total population
%

In order to contrast the effects of population, affluence and technology
on CO2 emissions at different development levels, this study analyzes the
world, high income countries, upper middle income countries, lower middle
income countries and low income countries on an overall basis instead of
sample analysis on each of them. In 1995, the World Bank’s definitions of
the income levels were: low income countries refer to 59 countries with GNP
per capita of $765 or less, lower-middle income countries refer to 54 countries
with GNP per capita between $766 and $3035, upper-middle income countries
refer to 40 countries with GNP per capita between $3036 and $9385, and the
high income countries refer to 59 countries with GNP per capita above $9386
(World Bank, 2004). Country names are detailed in the official website of
the World bank. The population of high income, upper middle income, lower
middle income and low income countries are the aggregates of countries of
each category. The world total population is the total of countries in the
above four categories with different income levels.The CO2 emissions and
populations at different income levels are their respective aggregates of all
countries at different income levels. GDP per capita at different income
levels are their average GDP per capita, and energy intensity, urbanization,
population aged 15—64 at different income levels are their average in each
category. These data are directive from SIMA database of the World Bank.

3.3 Impact analysis of population, economy and tech-

nology on CO2 emissions

The correlation coefficients between CO2 emissions, population and tech-
nology are all high in China, the world, high income countries, upper middle
income countries, lower middle income countries and low income countries,
as shown in Tables 3.2, 3.3, 3.4, 3.5, 3.6 and 3.7. We find considerable
multi-collinearity among data after calculating the VIF (Variance Inflation
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Factor). Thus, the establishment of a regression model with OLS (Ordinary
Least Squares) will result in bigger standard errors in parameter estimation
of regression coefficients, wider variables in confidence intervals, lower sta-
bility of estimated values, and failure to pass the coefficient test or to get
correct estimated values of coefficients, etc.(Yi Danhui, 2002).

Table 3.2 Correlation coefficients between CO2 emissions, population, real

GDP per capita and technology in China

Variable CO2 emissions Real GDP per capita Technology Population

CO2 emissions 1

Real GDP per capita 0.96576 1

Technology –0.95114 –0.99763 1

Population 0.97626 0.99242 –0.98893 1

Table 3.3 Correlation coefficients between CO2 emissions, population, real

GDP per capita and technology in high income countries

Variable CO2 emissions Real GDP per capita Technology Population

CO2 emissions 1

Real GDP per capita 0.92071 1

Technology –0.81698 –0.97206 1

Population 0.91465 0.99467 –0.97645 1

Table 3.4 Correlation coefficients between CO2 emissions, population, real

GDP per capita and technology in upper middle income countries

Variable CO2 emissions Real GDP per capita Technology Population

CO2 emissions 1

Real GDP per capita 0.08683 1

Technology 0.47949 –0.81860 1

Population –0.05860 0.87699 –0.84231 1

Table 3.5 Correlation coefficients between CO2 emissions, population, real

GDP per capita and technology in lower middle income countries

Variable CO2 emissions Real GDP per capita Technology Population

CO2 emissions 1

Real GDP per capita 0.94838 1

Technology –0.91159 –0.99354 1

Population 0.97322 0.98516 –0.96866 1

Table 3.6 Correlation coefficients between CO2 emissions, population, real

GDP per capita and technology in low income countries

Variable CO2 emissions Real GDP per capita Technology Population

CO2 emissions 1

Real GDP per capita 0.94095 1

Technology –0.72280 –0.90312 1

Population 0.98915 0.97371 –0.79264 1
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Table 3.7 Correlation coefficients between CO2 emissions, population, real

GDP per capita and technology of the world

Variable CO2 emissions Real GDP per capita Technology Population

CO2 emissions 1

Real GDP per capita 0.98789 1

Technology –0.83920 –0.89092 1

Population 0.97639 0.99118 –0.89626 1

In order to avoid multi-collinearity among a number of variables of the
model, a regression relation is established between population, economy, tech-
nology and CO2 emissions with the method of PLS (Partial Least Squares).
The model result is achieved with the use of software SAS V8 as shown in
Table 3.8.

Table 3.8 Impacts of population, capital, technology on CO2

emissions in 1975----2003

Variable

High

income

countries

Upper

middle

income

countries

Lower

middle

income

countries

Low income

countries
World China

C –2.63 2.77 5.29 2.03 5.03 –10.03

GDP per capita 1.33 0.91 0.07 0.20 0.42 0.89

Total population 0.31 0.34 0.31 0.43 0.30 0.87

Technology 0.93 1.39 0.22 0.27 0.26 1.50

Urbanization

level/%
0.48 0.60 0.24 0.44 0.30 0.61

Proportion of

population aged

15—64

–0.35 –0.64 0.57 0.15 0.21 0.10

Model indicator:

A 3 4 3 3 4 4

PRESS 0.1553 0.2179 0.1725 0.1119 0.1444 0.1419

Prob 0.29 1 0.24 1 1 1

Explanation on

population

variance

of major

components

on independent

variables/%

99.9056 99.9944 99.8969 99.90 99.9981 99.9894

Explanation on

population

variance

of major

components

on dependent

variables/%

98.4291 96.5897 98.1946 99.05 98.5873 98.6175

R2 0.94 0.89 0.95 0.93 0.95 0.93

We can see from the regression coefficient symbols in Table 3.8 that during
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the past 20 years, the effect of population, economy and technology on CO2

emissions accords with the viewpoints of most scholars represented by Bidsall
(1992), in another word, larger population will certainly result in greater
energy demand in industry, electric power and transport, except that those
effects (i.e. negative impacts) of the proportion of population aged 15—64 on
CO2 emissions in high income countries and upper middle income countries
which coincides with the viewpoint of Simon (1980).

Meanwhile, in order to better demonstrate the explanation capability of
each independent variable to dependent variables, we take into account the
indicator of VIP (variable importance in projection): VIP shows the impor-
tance of every independent variable when explaining the dependent variable.
If a predictor has a relatively small VIP value ((Wold, 1995) considering those
less than 0.8 to be “small”), it will not provide much help to the explanation
of dependent variables then it is a prime candidate for deletion. It can be
expressed as the following formula:

VIPj =

√√√√ p

Rd (Y ; t1, · · · , tm)

m∑
h=1

Rd (Y ; th)w2
hj (3.4)

Here, VIPj is the VIP of xj ; p is the number of independent variables,

Rd(Y ; t1,· · ·, tm) =
m∑

h=1

Rd (Y ; th) is the accumulative explanation capabil-

ity; t1, · · · , tm are components extracted in the variable X; whj is No. j

component of wh which is measured by the marginal contribution of xj for
constitution th, and for any h = 1, 2, · · · ,m,

p∑
j

w2
hj = w′

hwh = 1

Figures 3.5 to 3.11 show the VIP of population, urbanization, the per-
centage aged 15—64, real GDP per capita, and energy consumption per unit
of GDP are greater than 0.8, which means each independent variable plays
an important role in explaining the growth of CO2 emissions.

(1) During the period of 1975—2000, the impact of population on emis-
sions is the greatest at the upper-middle income level, followed by the low
income level, and is the least at the lower middle income level. Thus, for
emissions abatement, it is important for the upper middle income countries
to mitigate the growth of population and optimize people’s production and
living style.
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Figure 3.5 The VIP of population

Figure 3.6 The VIP of urbanization

(2) The effect of urbanization on emissions is different from that of popu-
lation. It is the greatest at the upper middle income level followed by the low
income level, and is the least in the lower middle income level. This shows
that higher urbanization further increases energy consumption per capita
and CO2 emissions with low energy efficiency, energy saving technology and
awareness of environmental protection. Therefore, for the countries at the
upper-middle income level, urbanization should make efforts in guiding the
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way of energy consumption in urban life and advocate energy-saving during
the process of urbanization.

Figure 3.7 The VIP of the percentage of population of aged 15—64

Figure 3.8 VIP value of real GDP per capita

(3) The effect on emissions of the population aged 15—64 is the greatest,
and its effect is the greatest and negative, at the high income level, while it is
still great but positive at the lower middle income level. Because of the high
awareness of environmental protection, energy efficiency and energy-saving
technology in high income countries, the increase of labor force favors the
abatement of CO2 emissions. This illustrates that the role of population on
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CO2 emissions is not only constrained by impersonal conditions, but also
affected by subjective awareness; that is to say, the human behavior can
greatly affect CO2 emissions.

Figure 3.9 The VIP of energy consumption per unit of GDP

(4) The impact of real GDP per capita is the greatest at the upper middle
income level, followed by the worldwide level, while that in the lower middle
income level is the least, which shows us that CO2 emissions per unit GDP in
the high income countries are lower than those in the middle income countries.
This accords with the fact that developed countries have some advantages
in energy efficiency, economic structure, energy-consuming structure, energy
technology and so forth. For the countries at the upper middle income level,
due to their economic structure, product structure and some other reasons,
higher GDP per capita can induce more energy consumption and more CO2

emissions.
(5) The effect of energy intensity is the greatest for the upper middle

income countries, and is similar in other income levels. Because of more ad-
vanced energy utilization technology and higher energy efficiency, the achieve-
ment of high income countries are not very obvious in cutting CO2 emissions
by enhancing their energy efficiency. And low income countries have much
difficulty in improving their energy efficiency to a large extent and have a
high cost of CO2 emission reduction by increasing their energy efficiency be-
cause of their irrational economic structure and energy consumption struc-
ture. However, for the upper middle income countries, in spite of increased
energy consumption, and relatively low energy efficiency and energy technol-
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ogy utilization level, the effect of abating CO2 emissions will be obvious and
the emission reduction costs will be lower through decreasing energy intensity
due to the optimization of economic and energy structures.

Figure 3.10 VIP value of China’s population, real GDP per capita,

and energy consumption per unit of GDP

Figure 3.11 VIP value of world population, GDP per capita,

and energy consumption per unit of GDP

(6) For China, population has the greatest impact on CO2 emissions, fol-
lowed by urbanization, the percentage of population aged 15–64, GDP per
capita and energy intensity, as shown in Figure 3.10. This shows that pop-
ulation and the labor force’s production and living styles have the greatest
effect on emissions. As a lower-middle income country, China could reduce
emissions greatly by decreasing energy intensity. In addition, without high
energy efficiency, energy-saving technology and public awareness of environ-
mental protection, higher urbanization essentially increases CO2 emissions.
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Thereafter, the optimal strategy at present for mitigating China’s CO2 emis-
sions is: controlling the growth of population, changing the labor force’s
production and lifestyles, and improving energy efficiency.

(7) At the global level, GDP per capita has the greatest impact on emis-
sions, followed by population, and the impact of energy intensity is the least,
as shown in Figure 3.11. Thus it seems that global CO2 emission reduction
depends on the improvement of energy efficiency, CO2 reduction technologies
and utilization of renewable energy, etc., because of the continuous growth of
economic development and urbanization worldwide, and the population in-
crease in most countries. However, on the one hand, economic development
at present stage and a long period of time into the future will surely cause
the increase of CO2 emissions, so nearly all countries in the world believe
it’s certain for CO2 emission mitigation to bring about negative effects on
economic development. On the other hand, climate change is a long-existing
global phenomenon while the countries that implement CO2 emission reduc-
tion measures need to assume the cost. So they are slow and non-active in
taking actions of greenhouse emission reduction plans. Therefore, it will be
a long way to go in greenhouse emission reduction on a global scale.

3.4 Conclusion

Through the quantitative analysis of the impact of population, real GDP
per capita and energy efficiency of China and countries at different incomes
levels in the world on CO2 emissions, we can find that:

(1) Population has a great impact on CO2 emissions. Especially the
percentage of population aged 15—64 has negative effects in high income
countries and upper middle income countries which coincides with that of
Boserupian, i.e. technological progress is derived from the external pressure
of environment (Boserup, 1981). Countries of other categories are positively
affected, which confirms with Malthusian’s point of view, i.e. population
growth increases CO2 emissions (Malthus, 1798). This shows that human’s
awareness of environmental protection and effects of environmental improve-
ment vary with income levels, technical levels and economic conditions. When
income per capita reaches a higher level, the humankind will seek the opti-
mization of energy consumption structure, CO2 emission reduction and thus
the improvement of living environment by means of science and technology.
Therefore, decision makers should take into account the role of production
and lifestyles in CO2 emission reduction under different income levels when
they develop long-range strategies on CO2 emission reduction.
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(2) The growth of real GDP per capita has a decreasing impact on CO2

emissions with the rise of economic development levels.
(3) The effects of CO2 emission reduction by increasing energy efficiency

are limited by national economic development levels and energy consumption
structures. In high income countries, low income countries and upper mid-
dle income countries, energy intensity has small impacts on CO2 emissions.
While in lower middle income countries, impacts are comparatively large.

(4) The impact of urbanization on CO2 emissions is limited by national
economic development level, energy consumption structure, energy consump-
tion per capita, urban-rural disparity, etc.

Research findings of STIRPAT Model have fully proved that the popu-
lation, economy and technology of countries at different development levels
have different impacts on CO2 emissions. Therefore, decision makers should
fully consider such impacts together with the actual conditions when they de-
velop long-term strategies on CO2 emission reduction. For the CO2 emission
reduction of China, some conclusions are as follows:

As the second largest country of CO2 emissions and a lower middle
income country, economic development is more important than CO2 emission
reduction for China. During its development towards a upper middle income
country, China’s optimization of economic structure and product mix may
slow down the increase of CO2 emissions. However, there will be certain
difficulties in maintaining the current decline rate of energy intensity. Further
decline of energy intensity still needs the guidance of policies in the future.

China has the biggest population in the world, and it is of high im-
portance to provide guidance on lifestyle of citizens when it develops towards
a high income country. Currently, more and more high incomers and those
highly educated consumers conduct irrational and excessive consumption be-
haviors, which will undoubtedly put forward a high demand on energy supply
while increasing the pressure on energy security and CO2 emission reduction.
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China is the second largest country of CO2 emissions in the world next
to the United States. As a signatory to the United Nations Framework Con-
vention on Climate Change (UNFCCC), the Chinese government announced
its approval of the “Kyoto Protocol ” in August—September 2002. Although
China has no obligation of quantified emissions reduction in 2008—2012 as a
non-Annex I country, its greenhouse gas emissions and carbon sink must be
monitored and reported to the member countries. In addition, China must
take measures to slow down the net increase of greenhouse gas emissions in
the future. To mitigate global climate change by reducing greenhouse gas
emissions has raised attentions of many scientists and a number of interna-
tional organizations. They attach great importance to the establishment of
quantified targets of emission reduction to influence relevant international
policies. Therefore, it is only a matter of time for China to commit emis-
sion reduction in the future framework of greenhouse gas emission reduction.
So it is necessary to analyze China’s CO2 emissions and its variable charac-
teristics in different perspectives so as to reach a more comprehensive and
scientific recognition of the internal relations among economic development,
technological progress, energy consumption and CO2 emissions and provide
a detailed scientific basis for China’s preparation of greenhouse emission re-
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duction strategies in the future.
In this chapter, we adopt LMDI method to study the change of China’s

CO2 emissions and its evolution rules. A series of researches have been carried
out as follows:

• What are the CO2 emissions in China’s electricity sector which acts as
the main fuel transformation sector?

• How are the CO2 emissions and CO2 emission intensity of China’s ma-
terial production sectors changing? Which factors have the major influence?

• How is CO2 emissions of China’s industrial sector variating?

4.1 Study on Characteristics of CO2 emissions change

in electricity sector

With rapid economic growth, China’s energy consumption, especially elec-
tricity consumption is swiftly increasing. During 1980—2005, the elasticity
coefficient of China’s electricity consumption was apparently higher than that
of energy consumption. Electricity consumption doubled each decade during
1980—2000, and increased even more rapidly during 2000—2005 by dou-
bling in only five years, based on the data from China Statistical Yearbook
(2005), the results are calculated and shown in Figure 4.1. What’s more,
75% of China’s electricity comes from thermal power, and coal-fired power
generation increases year after year. During 1991—2005, the proportion of
coal-fired power in thermal power generation reached between 90%—96%
which embedded with great CO2 emissions.

Figure 4.1 China’s electricity generation in 1980—2005

[Data Source: China Electricity Yearbook (2005)]

4.1.1 Current status of CO2 emissions in electricity sector

During 1980—2005, the CO2 emissions of China’s power generation rose
rapidly. It increased 5.57 times in 2005 over 1980. Meanwhile, the proportion
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of CO2 emissions from power sector in total CO2 emissions from fossil fuels
was increasing every year, from 21.07% in 1980 to 38.73% in 2005, based on
the data from China Statistical Yearbook (2005), the results are calculated
and shown in Figure 4.2. The proportion of CO2 emissions from coal-fired
power generation in that of power generation was also climbing each year,
from 79% in 1980 to 97% in 2005.

The increase of CO2 emissions from power generation has played a major
role in boosting the increase of CO2 emissions from fossil fuel use in China,
based on the data from China Statistical Yearbook (2005), the results are
calculated and shown in Figure 4.2. During 1980—2005, the increase of CO2

emissions from power sector had an average contribution of 49.86% to the
increase of total CO2 emissions from fossil fuels in China. Though there was
some decrease of CO2 emissions from the power sector and the total CO2

emissions from fossil fuels in 1981, 1985, 1997 and 1998 compared to 1980,
1984, 1996 and 1997 respectively, its contribution to the total CO2 emission
reduction in fossil fuels was only 3.02%, –0.14%, –19.95% and 1.15% respec-
tively. During 1998—1999 and 2000—2001, the percentage of contribution of
CO2 emissions from power sector to the total CO2 emission increase in fossil
fuels was as high as 114.79% and 124.36% respectively.

Figure 4.2 CO2 emissions of China’s power generation

[Data Source: China Electricity Yearbook (2007)]

Currently, there is little analysis on CO2 emissions of power sectors. Early
researchers include Shrestha and Timilsina who studied the characteristics of
CO2 dioxide, nitrogen oxide and sulfur dioxide emission change of the power
sectors in some Asian countries with the Divisia decomposition method from
the aspect of supply side (Shrestha and Timilsina, 1996; 1997; 1998). Re-
cently, Nag and Parikh (2005) studied the change of CO2 emission coefficient
of power sector of India from the angle of demand side, and predicted the
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change of CO2 emissions per unit of end use power. Steenholf (2007) studied
the baseline of China’s power sector from the aspect of demand side. Zhang et
al. (2005) made an analysis on the CO2 emissions of power sectors of Guang-
dong Province, Liaoning Province and Hubei Province of China. Therefore, it
is necessary to analyze the change of CO2 emissions from China’s power gen-
eration and supply and determine the factors that have boosted the change
of CO2 emission coefficient of China’s power sector. Through the above anal-
ysis, not only can the change of CO2 emission coefficient be traced, but also
an effective strategy can be developed for the alleviation of CO2 emission
increase of power sector.

4.1.2 Method for analyzing CO2 emission change in electricity
sector

1) The decomposition of CO2 emission coefficient from power generation
With regard to power generation, CO2 emission coefficient of the power

sector can be decomposed into the CO2 emission coefficient of different power
fuels, the energy consumption of different power structure, and the power
structure.

Et

Qt
=

∑
i

Eit

Qit

Qit

Qt
=

∑
i

citFit

Qit

Qit

Qt
=

∑
i

citfitgit (4.1)

Here, Et refers to CO2 emissions from power generation in year t; Qt refers
to power generation including thermal power, hydropower and nuclear power
in year t; Eit refers to CO2 emissions during the process of power generation
by fuel i in year t; Qit refers to power generation by fuel i; cit refers to
CO2 emission coefficient of fuel i in year t; Fit refers to consumption of fuel
i for power generation; git refers to power structure; fit refers to energy
consumption for power generation.

2) The decomposition of CO2 emission coefficient of electricity consump-
tion

With regard to electricity consumption, the CO2 emissions per unit is
influenced by the main factors of the power end use, energy consumption of
power generation, power generation fuel structure, thermal power share, elec-
tricity consumption during power generation, the loss of power transmission
and distribution, etc.
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Here, Et refers to CO2 emissions during power generation; Ct refers to
electricity consumption; Gthermal,t refers to total thermal power generation;
Gpower,t refers to total power generation; Gnet,t refers to net power gener-
ation, i.e. total power generated minus (-) electricity consumption during
power generation; ci,t refers to CO2 emission coefficient of fuel i.

Therefore,
et =

∑
i

ci,t · fmt · eit · gmt · auxt · smt (4.4)

Here,
E

C
= e, for CO2 emission coefficient of electricity consumption;∑

i

Fi

Gthermal
= ei, for the impact of energy consumption of thermal power gen-

eration;
Gpower

Gnet
= aux, for the impact of self-consumptionof power plants;

Fi∑
i

Fi

= fm, for structural impact of power generation fuels;
Gthermal

Gpower
= gm,

for the impact of thermal power share; and
Gnet

C
= sm, for the impact of

power transmission and distribution loss.
Power fuels include raw coal, cleaned coal, other washed coal, crude oil,

diesel oil, kerosene, gasoline, fuel oil, LPG, dry refinery gas, other petroleum
products, natural gas, etc. The data comes from “China Energy Statistical
Yearbook”: 1989, 1991, 1991—1996, 1997—1999, 2004, 2005 and 2006. Power
transmission and distribution losses are sourced from “China Statistical Year-
book 2005”. The power consumption rates of power plants are derived from
China Electricity Yearbook (www.chinapower.com.cn, 2007; SPInet, 2007).
Data of coal, petroleum, natural gas and hydro-power generation is derived
from the database of World Bank (SIMA, 2007).

4.1.3 Structure decomposition analysis of CO2 emissions coeffi-
cient in electricity production

A trend of fluctuation and decline of overall CO2 emission coefficient was
unfolded in China’s power generation and electricity consumption. In 1980
and 2005, the CO2 emission coefficient of power generation was 282.18g car-
bon/kWh and 222.95g carbon/kWh respectively with a decrease of 20.99%.
The CO2 emission coefficient of electricity consumption decreased from
328.97g carbon/kWh in 1980 to 253.93g carbon/kWh with a decrease of
22.81%, based on the data from China Electricity Yearbook (2007), the re-
sults are calculated and shown in Figure 4.3. That CO2 emission coefficient
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of electricity consumption is higher than that of power generation is because
electricity consumption does not include power transmission and distribution
loss and the self consumption of power plants. The ratio between the two
rises higher and higher every year, indicating that China’s power transmis-
sion and distribution loss and the self consumption of power plants account
less and less in power generation. The proportion of electricity consumption
in power generation is slightly raised from 86% to 88%.

Figure 4.3 Change of CO2 emission coefficients of China’s power generation and

consumption during 1980—2005

[Data Source: China Electricity Yearbook (2007)]

Research findings on CO2 emission coefficient of power generation show
that the decline of it in China is mainly caused by the degradation of power
generation intensity, based on the data from China Electricity Yearbook
(2007), the results are calculated and shown in Figure 4.4. China’s CO2

Figure 4.4 Impacts of different factors on CO2 emissions from power

generation during 1980—2005

[Data Source: China Electricity Yearbook (2007)]
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emission coefficient of power generation was 54.61g carbon/kWh lower in
2005 than in 1980, a drop of 19.37%. The decrease of gross energy consump-
tion rate of power generation, especially gross coal consumption rate, led to
88.34g carbon/kWh reduced. However, neither the change of CO2 emission
coefficient of power fuels nor power generation structure was conducive to
the decline of carbon emission coefficient of power generation, where power
generation structure is the major factor to prevent CO2 emission coefficient
of electricity from descending, offsetting partial impacts of gross energy con-
sumption rate decline of power generation and increasing the emission inten-
sity of electricity by 33.58g carbon/kWh and 0.14g carbon/kWh respectively.

It can be seen from the change of CO2 emission coefficient of power genera-
tion during 1980—2005 that the decreasing energy consumption of power gen-
eration does not necessarily mean the descending of CO2 emission coefficient
of power generation, but the change of power generation structure has certain
impacts on such change, based on the data from SIMA of World Bank (2007),
the results are calculated and shown in Figure 4.5. During 1983—1984,
1986—1987, 1990—1991, 1995—1996 and 2000—2001, the changes of CO2

emission coefficient were mainly caused by structural change of power gener-
ation. During 1983—1984, 1986—1987, 1990—1991 and 1995—1996, the de-
creases of energy consumption of power generation led to the decreases of CO2

emission coefficient of power generation by 4.3752g carbon/kWh, 1.0658g car-
bon/kWh, 4.1403g carbon/kWh and 2.1675g carbon/kWh respectively. How-
ever, the change of power structure led to the increase of CO2 emission inten-
sity by 8.4858g carbon/kWh, 3.2021g carbon/kWh, 6.6793g carbon/kWh and
5.5203g carbon/kWh respectively. Due to the little impact brought by the
change of CO2 emission coefficient of power fuels, CO2 emission coefficient of

Figure 4.5 Impacts of different factors on CO2 emission coefficient of power generation

[Data Source: SIMA of World Bank (2007)]
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power generation actually increased by 4.1563g carbon/kWh, 2.0989g car-
bon/kWh, 2.5029g carbon/kWh and 3.3069g carbon/kWh in 1983—1984,
1986—1987, 1990—1991 and 1995—1996 respectively. During 2000—2001,
the increase of gross energy consumption rate of power generation led to the
rise of its CO2 emission coefficient by 1.9734g carbon/kWh. But the share
of thermal power in power generation decreased by 2.4% (among which coal-
fired power share decreased by 2.1%) during the same period, resulting in
the drop of CO2 emission coefficient of electricity by 6.3080g carbon/kWh.
In fact, the CO2 emission coefficient of power generation declined by 4.3314g
carbon/kWh during 2000—2001.

Therefore, in order to slow down the growth of CO2 emissions from power
generation or decrease its CO2 emission coefficient, it is important to enhance
power generation technology, reduce gross coal consumption for power gener-
ation, as well as the proportion of thermal power especially that of coal-fired
power, and raise the proportion of power generation with renewable energy.
Otherwise, the impact of descending gross energy consumption rate of power
generation on CO2 emission coefficient will be weakened or even be offset
completely.

4.1.4 Structure decomposition analysis of CO2 emissions coeffi-
cient in electricity consumption

Section 4.1.3 has analysed the change of CO2 emission coefficient of power
generation. During power generation, though, there is some power loss during
its transmission to meet the power demand. So, it is necessary to analyze the
change of CO2 emission coefficient of electricity in respect of electricity end
use. Therefore, based on Formula (4.4), we adopt LMDI method to make a
quantitative analysis.

In 1980—2005, the decline of CO2 emission coefficient of China’s electric-
ity consumption is mainly caused by the decrease of gross energy consump-
tion rate of power generation and transmission and distribution loss, based
on the data from China Electricity Yearbook (2007), the results are calcu-
lated and shown in Figure 4.6. China’s CO2 emission coefficient of power
consumption was 75.04g carbon/kWh in 2005, 22.81% lower than 1980. The
decrease of gross energy consumption rate of power generation caused the
drop of CO2 emission coefficient by 83.35g carbon/kWh, the drop of electric-
ity consumption in power plants contributed 1.59g carbon/kWh decrease, and
power transmission and distribution loss brought it down 4.32g carbon/kWh.
However, thermal power structure, thermal power share and CO2 emission
coefficients of power fuels go against the decline of CO2 emission coefficient
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of electricity consumption, resulting in the increase of CO2 emission coef-
ficient by 11.43g carbon/kWh, 2.62g carbon/kWh and 0.16g carbon/kWh
respectively.

Figure 4.7 (Data are prepared and calculated from China Statistical Year-
book and China Energy Statistical Yearbook as shown in Figure 4.7) reflects
the change of impacts of different factors on CO2 emission coefficient of elec-
tricity consumption during 1980—2005. Gross energy consumption rate of

Figure 4.6 Impacts of different factors on CO2 emission coefficient of power supply

[Data Source: China Electricity Yearbook (2007)]

Figure 4.7 Change of CO2 emission coefficient of power consumption of

China in 1980—2005

[Data Source: China Statistical Yearbook]
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power generation and thermal power share had larger impacts on the CO2

emission coefficient, which is different from the above analysis.

From Figure 4.7, it is observed that:

(1) There is an obvious rule of impacts of thermal power structure on
CO2 emission coefficient of electricity consumption. In another word, apart
from 1992—1993, 1994—1995, 1996—1997, and 2003—2004, CO2 emission
coefficient was distinctly increased in other years. It indicates that there is an
increasing trend of coal-fired power share in China’s thermal power structure,
which is detrimental to the decrease of CO2 emission coefficient.

(2) The impact of self consumption of power plants caused the increase
of CO2 emission coefficient during 1983—1992. But with the decrease of self
consumption, CO2 emission coefficient was lowered during 1996—2005. It
shows that current descending self-use rate of electricity of power plants is
favorable to the decrease of CO2 emission coefficient.

(3) The share CO2 of thermal power in power structure has a larger impact
on CO2 emission coefficient. During 1980—1984, 1986—1987, 1990—1991,
1995—1996, and 2000—2004, thermal power share had a decisive impact
on the change of CO2 emission coefficient of power consumption, with an
average contribution rate of 104.09%. With the decrease of thermal power
share during 1980—1983, 1988—1990, 1992—1995, 1997—1998, 2000—2001,
and 2003—2004, its impact on CO2 emission coefficient was lowered by 44.60g
carbon/kWh. But in other years, CO2 emission coefficient increased 47.22g
carbon/kWh with the increase of thermal power share.

(4) Gross energy consumption rate of power generation also has a large
impact on CO2 emission coefficient. During 1985—1986, 1987—1990, 1991—
1995, 1996—2000, and 2004—2005, gross energy consumption rate of power
generation had a decisive impact on the change of CO2 emission coefficient
of electricity consumption, with an average contribution rate of 189.93%.
In 1980—1987, 1989—1992, 1993—1994, 1995—2000, and 2003—2005, the
decrease of gross energy consumption rate of power generation, especially
the decrease of gross energy consumption rate of coal-fired power, data are
prepared and calculated from China Statistical Yearbook and China Energy
Statistical Yearbook as shown in Figure 4.8, brought down the CO2 emission
coefficient of electricity consumption by 114.67g carbon/kWh, among which
the decrease of gross energy consumption rate of coal-fired power contributed
103.80g carbon/kWh. But in other years, CO2 emission coefficient increased
31.33g carbon/kWh with the increase of gross energy consumption rate of
power generation(due to the increase of gross energy consumption rate of
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coal-fired power, as shown in Figure 4.8), among which the increase of gross
energy consumption rate of coal-fired power contributed 29.30g carbon/kWh.
Therefore, it is of great importance for China to lower its gross energy con-
sumption rate of power generation, especially that of coal-fired power in order
to alleviate its CO2 emissions.

Figure 4.8 Impacts of different energy consumptions of power generation on

CO2 emission coefficient

[Data Source: China Statistical Yearbook and China Energy Statistical Yearbook]

(5) The CO2 emission coefficient of power fuels has the least impact on
that of electricity consumption. The impact of power transmission and dis-
tribution loss on CO2 emission coefficient is reduced by 11.69g carbon/kWh
during 1981—1988, 1989—1990, 1993—1994, 1995—1998, 1999—2000 and
2002—2004. But in other years, it increased by 7.37g carbon/kWh. There-
fore, it is favorable to alleviate CO2 emissions by cutting the loss of power
transmission and distribution.

In spite of its descending trend of CO2 emission coefficient of power gen-
eration and consumption in 1980—2005, China is still higher than some de-
veloped countries with regard to the CO2 emissions of power generation per
kilowatt-hour, data are prepared and calculated from SIMA of World Bank
(2007) and shown in Figure 4.9. According to the data of IEA, the CO2

emissions of power and heat per kilowatt-hour were 771g CO2 in Chinese
mainland, which was higher than the average level of the world and OECD
countries and ranked the 22nd in the world.

Therefore, CO2 emissions induced by great electricity demand will be
higher in the future. If the growth rate of China’s electricity demand is lower
or close to its GDP growth rate, i.e. 5% or 8%, during 2005—2020, when
its CO2 emission coefficient reaches the average level of the world, OECD
countries, non-OECD countries, Annex I countries, non-Annex I countries,
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US, Germany, and UK, i.e., China’s CO2 emission coefficient is reduced by
38.71%, 42.87%, 34.19%, 47.03%, 22.20%, 29.66%, 38.96% and 42.14% re-
spectively (China’s CO2 emission coefficient of electricity was lowered by
20.99% during 1980—2005), China’s CO2 emissions of power generation will
exceed 660 million and 930 million tons of carbon in 2020, data are pre-
pared and calculated from SIMA of World Bank (2007) and Shown in Table
4.1, which will be higher than the emissions reduced by OECD countries in
2004 compared with 1990. Therefore, it will become the fundamental mea-
sures for the mitigation of China’s CO2 emissions from power generation and
consumption by improving its economic growth and increasing its electricity
utilization efficiency.

Table 4.1 CO2 emissions of electricity consumption in China 2020

CO2 emission coefficient level 5%/10,000 ton CO2 8%/10,000 ton carbon

World 70845 108100
OECD countries 66037 100764

Non-OECD countries 76077 116084
Annex I countries 61229 93428

Non-Annex I countries 89935 137229
US 81309 124067

Germany 70562 107669
UK 66886 102059

Data Source: SIMA of World Bank (2007).

Figure 4.9 International comparison of the CO2 emission coefficient of power and heat

[Data Source: SIMA of World Bank (2007)]

Through the above analysis, we come to the following conclusions: Power
industry is the major production sector of CO2 emissions in China. There was
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a rapid increase of CO2 emissions from power generation during 1980—2005
in China. The CO2 emissions from power generation accounted for 38.73%
of total CO2 emissions from fossil fuels in 2005. Furthermore, the increase
of CO2 emissions from power generation has a promoting role in the rise of
total CO2 emissions from fossil fuel utilization in China. During 1980—2005,
the increase of CO2 emissions of power sector had an average contribution
of 49.86% to the increase of total CO2 emissions from fossil fuel utilization
in China. During 1998—1999 and 2000—2001, it was as high as 114.79%
and 124.36% respectively. Therefore, it is an effective way to slow down the
increase of CO2 emissions by reducing the growth rate of CO2 emissions from
power generation in China.

Due to its high CO2 emission coefficient of electricity, China must, on one
hand, reduce its coal consumption of power generation by improving its power
generation technology, while further lowering the proportion of thermal power
especially that of coal-fired power, to decrease the CO2 emission coefficient of
power generation and consumption. On the other hand, because of the huge
demand of electricity power in the future, it is necessary for China to mitigate
the increase of CO2 emissions from power generation and consumption by
transforming its economic growth and increasing its electricity utilization
efficiency.

4.2 Study on characteristics of CO2 emission change

from final energy use

CO2 emissions from the final energy use by material production sectors
(Agriculture, Industry, Construction, Transport, Inventory and Post, Infor-
mation Transmission, Computer Services and Software, Wholesale and Re-
tail Trades, Hotels and Catering Services) are the greatest in amount, which
were 490.32 million tons of carbon in 1990, accounting for 82.35% and 112.9
thousand tons of carbon in 2005, accounting for 84.93%, based on the data
from China Energy Statistical Yearbook (1991) and (2006), the results are
calculated and shown in Figure 4.10.

It can be seen from Figure 4.11 (Based on the data from China Energy
Statistical Yearbook, the results are calculated and shown in Figure 4.11) that
the CO2 emissions from material production sectors of China demonstrated
an apparent growth trend during 1980—2005. CO2 emissions increased by
118.25%, 264.83% and 485.88% from primary industry, secondary industry
and tertiary industry respectively. The CO2 emissions from secondary in-
dustry are apparently higher than those from primary industry or tertiary
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industry, indicating that the CO2 emissions of China’s material production
sectors are mainly from secondary industry, occupying around 85%.

Figure 4.10 Sectional CO2 emissions of China in 1990 and 2005

[Data Source: China Energy Statistical Yearbook (1991; 2006)]

Meanwhile, with technological progress and the increase of energy utiliza-
tion efficiency, CO2 emission intensity of material production sectors demon-
strated a decline trend during 1980—2002. There was a drop of 77.94% in
CO2 emission intensity of secondary industry, which was more than that
of primary industry at 35.39% or tertiary industry at 60.92%. However,
CO2 emission intensity rebounded by 5.17%, 12.80% and 11.16% respec-
tively for primary industry, secondary industry and tertiary industry dur-
ing 2002—2005. Furthermore, CO2 emission intensity of secondary industry
is apparently higher than that of primary industry and tertiary industry.
In 2005, CO2 emission intensity of those three industries was 1.09 tons of
carbon/10,000RMB, 0.22 tons of carbon/10,000RMB and 0.17 tons of car-
bon/10,000RMB respectively. It shows that the decrease of CO2 emission
intensity of material production sectors of China is mainly caused by the
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decrease of CO2 emission intensity of secondary industry.

Figure 4.11 Changes of CO2 emissions and its intensity of material production

sectors in China in 1980—2005

[Data Source: China Energy Statistical Yearbook]

Therefore, with regard to the final energy use, this section has made an
analysis on the change of CO2 emissions and CO2 emission intensity of the
final energy use of China’s material production sectors in the hope of finding
impacts of China’s industry structure, energy intensity, emission intensity
and the structure of final energy use on CO2 emissions and CO2 emission
intensity.

4.2.1 Method for analysis

Formula (4.5) is the decomposition of CO2 emission intensity of the final
energy use of material production sectors:
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Formula (4.6) is the decomposition of CO2 emissions of the final energy
use of material production sectors:
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Here, Gt represents the CO2 emission intensity of the final energy use of
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material production sectors; Yt refers to total value added of material pro-
duction sectors, namely Agriculture, Industry, Construction Industry, Trans-
portation, Inventory and Post, Wholesale and Retail Trades, Hotels and
Catering Services; Ct refers to the CO2 emissions from the final energy use
of material production sectors; Cijt refers to CO2 emissions from energy con-
sumption of category j energy of sector i; Eijt refers to energy consumption
of category j energy of sector i; Eit refers to final energy use of sector i; Yit

refers to value added of sector i; Iit refers to energy intensity of sector i; eijt

refers to proportion of category j energy in the final energy use of sector i;
Rijt refers to CO2 emission coefficient of category j energy consumption of
sector i; yit is proportion of the value added of sector i; m is the category of
final energy use, including raw coal, cleaned coal, other washed coal, coke,
coke oven gas, other coal gas, other coking products, crude oil, diesel oil,
kerosene, gasoline, fuel oil, LPG, dry refinery gas, other petroleum products,
natural gas, heat, power, etc.; n is Material production sectors, including
primary industry (Agriculture), secondary industry (Industry and Construc-
tion), and tertiary industry (Transport, Storage and Post, Wholesale and
Retail Trades, Hotels and Catering Services).

Data of coal products, petroleum products, natural gas, power and heat
are derived from “China Energy Statistical Yearbook”: 1989, 1991, 1991—
1996, 1997—1999, 2004, 2005 and 2006. Data of power transmission and
distribution losses are collected from “China Statistical Yearbook 2005”. Ma-
terial production sectors refer to primary industry, secondary industry and
some tertiary industry sectors (transportation and communication, warehous-
ing, post and telecommunication, wholesale and retail trade, catering indus-
try, etc). Their value added are calculated on the basis of the indicators of
comparable prices and presented at constant 2005 prices.

Since the time range considered is limited to 1980—2005, we assume that
the CO2 emission coefficients of different kinds of energy (coal, oil, natural
gas, etc.) are constant. As a matter of fact, all these CO2 emission coeffi-
cients have changed, but limited to subtle change which is negligible during
our analysis of macro-change. But the change of CO2 emission coefficient of
electricity is available. Due to the change of power generation fuel structure
(coal, oil, natural gas, water power, nuclear energy, etc.) and the technolog-
ical progress from year to year, there have been significant changes in the
CO2 emission coefficients of power and heat.

4.2.2 CO2 emission intensity in material production sector

On the basis of Formula (4.5) and by means of LMDI method, we made a
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computational analysis on the change of CO2 emission intensity of the final
energy use of China’s material production sectors during 1980—2005.

During 1980—2005, the decline of energy intensity resulted in the de-
crease of CO2 emission intensity of material production sectors by 1.39 tons
of carbon/10,000RMB, the change of industry structure brought an increase
of 0.24 tons of carbon/10,000RMB, the change of the structure of final en-
ergy use contributed 0.15 tons of carbon/10,000RMB, and 0.04 tons of car-
bon/10,000RMB were reduced by the change of CO2 emission coefficient. As
a result, the CO2 emission intensity of China’s material production sectors
decreased by 1.03 tons of carbon/10,000RMB during 1980—2005, as shown
in Table 4.2.

Table 4.2 Impacts of different factors on material production sectors’ CO2

emissions in 1980----2005

Time/year

CO2

emission

intensity

Impact of

industry

structure

Impact of

energy

intensity

Impact of

energy

consumption

structure

Impact of

CO2

emission

coefficient

1980—1985 –0.4239 –0.0611 –0.3701 0.0317 –0.0244

1985—1990 –0.1346 0.0592 –0.2352 0.0333 0.0081

1990—1995 –0.2543 0.1838 –0.4808 0.0474 –0.0047

1995—2000 –0.2611 0.0317 –0.3039 0.0245 –0.0133

2000—2002 –0.0427 0.0030 –0.0607 0.0169 –0.0019

2002—2005 0.0846 0.0186 0.0654 0.0003 0.0004

1980—2005 –1.0319 0.2352 –1.3853 0.1541 –0.0359

Note: in unit of “tons of carbon/10,000RMB”.

The change of energy intensity had decisive impacts on that of CO2 emis-
sion intensity, based on the data from the China Statistical Yearbook and
China Energy Statistical Yearbook, the results are calculated and shown in
Figure 4.12. shown in Figure 4.12. During 1980—2002, CO2 emission inten-
sity of China’s material production sectors demonstrated a dramatic decline,
and energy intensity contributed over 80% to the decrease of CO2 emission
intensity. But during 2002—2005, CO2 emission intensity was rising, with
energy intensity contributing over 37% to the rebounce of CO2 emission in-
tensity. Over 70% of the impact of energy intensity on CO2 emission intensity
was caused by the change of the energy intensity of secondary industry, as
shown in Figure 4.13. During 1980—2005, the change of energy intensity
resulted in a decrease of 1.38 tons of carbon/10,000RMB in CO2 emission
intensity, among which the impacts of primary industry, secondary indus-
try and tertiary industry were 0.04 tons of carbon/10,000RMB, 1.27 tons of
carbon/10,000RMB and 0.08 tons of carbon/10,000RMB respectively. There-
fore, the change of energy intensity of secondary industry played a decisive
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role in the changes of CO2 emission intensity of China’s material production
sectors.

Figure 4.12 Impacts of factors on the CO2 emissions of material production

sectors during 1980—2005

[Data Source: China Statistical Yearbook and China Energy Statistical Yearbook]

Changes of industry structure and the structure of final energy use are not
good for the decline of CO2 emission intensity by offsetting partial impacts
of energy intensity, based on the data from the China Statistical Yearbook
and China Energy Statistical Yearbook, the results are calculated and shown
in Figure 4.13. This is because secondary industry occupies a proportion
that increases every year in the value added of material production sectors:

Figure 4.13 Impacts of energy intensity of material production sectors on the

CO2 emission intensity during 1980—2005

[Data Source: China Statistical Yearbook and China Energy Statistical Yearbook]
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32.04% in 1980, 47.54% and 15.50 percentage points up in 2005. Furthermore,
the proportion of electricity in final energy use structure is increasing year
by year. Since China’s power mainly consists of thermal power, its CO2

emission coefficient is far higher than that of coal. Thus, the structure of final
energy use is developing towards carbon-intensive energy. The proportions
of electricity in the final energy use in primary industry, secondary industry
and tertiary industry were 12.58%, 8.81% and 1.68% respectively in 1980, and
18.54%, 21.08% and 7.88% respectively in 2005, increasing 5.96%, 12.27% and
6.20% respectively.

The impact of CO2 emission coefficient is relatively small, as shown in
Figure 4.13. The impact of CO2 emission coefficient on CO2 emission in-
tensity is mainly embodied in that of CO2 emission coefficient of electricity,
causing the overall slowdown of the speeding-up of CO2 emissions.

Therefore, the decline of CO2 emission intensity is mainly a result of the
drop of energy intensity in China. However, further decline of future CO2

emission intensity should not be dependent on that of energy intensity only.
The adjustment of the final energy use structure and industry structure, in
particular that of product mix as well as the final energy use of secondary
industry will greatly promote the decrease of CO2 emission intensity.

4.2.3 CO2 emissions in material production sector

On the basis of Formula (4.6) and by means of LMDI method, we made a
computational analysis on the change of CO2 emission intensity of the final
energy use of China’s material production sectors during 1980—2005.

According to Table 4.3 and Figure 4.14 (Based on the data from the China
Statistical Yearbook and China Energy Statistical Yearbook, the results are
calculated and shown in Figure 4.14 and Table 4.3), energy intensity and value
added are two determinative factors for the CO2 emission increase of China’s
material production sectors. The value added brought about the increase of
CO2 emissions during 1980—2005 while energy intensity especially that of
secondary industry led to the decrease of CO2 emissions (as shown in Figure
4.15) during 1980—2002. Its impact was gradually growing during 1980—
1995, but gradually shrinking during 1995—2002. However, CO2 emissions
increased during 2002—2005.

During 1980—2005, the increase of the added of value various industries
caused an increase of 1.277 billion tons of CO2 emissions. And the change
of industry structure brought an increase of 181 million tons CO2 emissions;
the change of the structure of final energy use brought an increase of 89
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Table 4.3 Changes of CO2 emissions in material production

sectors in China during 1980----2005

Time/year
Emissions

change

Impact of

industry

structure

Impact of

energy

intensity

Impact of

energy

consumption

structure

Impact of

CO2

emission

coefficient

1980—1985 7682.50 –749.18 –9107.05 656.53 –414.74

1985—1990 10801.94 2107.24 –8845.32 1315.14 365.94

1990—1995 15776.99 10583.52 –26224.33 2337.76 –336.25

1995—2000 2148.99 2869.99 –28865.00 2414.25 –1334.52

2000—2002 6137.83 395.12 –7660.14 2149.41 –195.64

2002—2005 39774.05 2902.92 10331.20 37.96 –158.65

Unit: 10,000 tons of carbon.

Data Source: China Statistical Yearbook and China Energy Statistical Yearbook.

Figure 4.14 CO2 emissions of China’s three industries in 1981—2005

[Data Source: China Statistical Yearbook and China Energy Statistical Yearbook]

million tons of carbon. In total, an increase of 1.548 billion tons of carbon
was achieved. However, the decrease of energy intensity resulted in 704 mil-
lion tons of CO2 emission reduction. The dropping CO2 emission coefficient
caused a decrease of 21 million tons of carbon. Therefore, the CO2 emissions
of China’s material production sectors had an increase of 823 million tons in
total.

Furthermore, according to Table 4.3, the increase of CO2 emissions from
the final energy use was mainly during 2002—2005, which accounted for
48.32% of the total increase during 1980—2005. The determinative factor
was the increase of economic growth and energy intensity. During 2002—
2005, the rise of the value added of material production sectors resulted in
a CO2 emission increase of 267 million tons. Its impact on CO2 emissions
was 20.87% of that of 1980—2005. The impact of energy intensity varia-
tion (mainly the increase of energy intensity of secondary industry, based on
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the data from the China Statistical Yearbook and China Energy Statistical
Yearbook, the results are calculated and shown in Figure 4.15) was that CO2

emissions increased by 103 million tons of carbon.

Figure 4.15 Impacts of energy intensity of material production sectors in China on the

CO2 emissions during 1980—2005

[Data Source: China Statistical Yearbook and China Energy Statistical Yearbook]

The above analysis indicates that China’s industry structure and en-
ergy consumption structure were developing towards carbon-intensive during
1980—2005, and that economic development will certainly result in the in-
crease of CO2 emissions. Though energy intensity can alleviate the increase
of CO2 emissions to some extent, its impacts are subject to the change of
the energy intensity of secondary industry. Based on the above analysis, we
come to the following conclusions:

(1) Energy intensity is the determinative factor for the change of CO2

emission intensity of the final energy use in material production sectors. Dur-
ing 1980—2002, the CO2 emission intensity of China’s material production
sectors showed a dramatic decline, and energy intensity contributed over
80% to the decrease of CO2 emission intensity. But during 2002—2005, CO2

emission intensity was rising, with energy intensity contributing over 37% to
the rebounce of CO2 emission intensity. However, there is a rising trend of
CO2 emissions from material production sectors because of economic devel-
opment. Nevertheless, CO2 emissions reduction should not be achieved by
lowering the economic growth rate. We must slow down the emission increase
by decreasing CO2 emission intensity.

(2) Changes of industry structure and structure of final energy use are
not for the decline of CO2 emission intensity by offsetting partial impacts
of energy intensity. It indicates that it is necessary to adjust the structure
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of final energy use and industry structure of material production sectors, in
particular secondary industry. Two major policies and measures have been
provided for such adjustment:

Adjustment of product mix: Some macro-control policies are adopted
by the government to guide household consumption behaviors in their tran-
sition towards non-energy- intensive/carbon-intensive so as to lower the de-
mand on energy-intensive/carbon- intensive products. On the other hand, the
government may consider the export guidance on energy-intensive/carbon-
intensive products, or the proper import increase of such products, or the
transfer of partial production of such products.

Provide support for the production and sale of energy-conserving prod-
ucts by improving manufacturing facilities, raising energy efficiency, lowering
the energy consumption per unit product, carrying out preferential taxation
and monetary policies, etc.

(3) The emissions from electricity has a great promotional role in the
decline of CO2 emission intensity of material production sectors. With the
technological advances of power generation, the reduction of gross coal con-
sumption for power generation, the shutdown of small sized thermal power
plant as well as the development and utilization of hydropower and nuclear
power, the emissions of electricity still has a great potential contribution to
the decrease of CO2 emission intensity in the future.

To sum up, though there has been a large decrease of CO2 emission in-
tensity in recent years in China, there is still a large room for China’s CO2

emission intensity to decline with its economic development. Through our
analysis, it can be determined that future analysis on the decline of China’s
CO2 emission intensity should be mainly concentrated on that of energy in-
tensity, in particular the change characteristics of energy intensity of different
sectors of secondary industry and their CO2 emission intensity, so as to find
out the way secondary industry has been developing towards carbon-intensive
type in recent years. It will play an important role in further lowering future
CO2 emission intensity of China.

4.3 Study on characteristics of CO2 emissions change

from final energy use in industry sector

4.3.1 Current status of CO2 emissions in industry sector

The industrial sector is an energy-intensive sector, energy consumption
of which accounts for about 40% of global energy use (Price et al., 2000).
China’s industrial end energy consumption alone accounts for 5.60% of the
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total global industrial end energy use in 2004 (IEA, 2007a). Figure 4.16
(Based on the data from China Energy Statistical Yearbook, the results are
calculated and shown in Figure 4.16) shows that during 1980—2005, final
energy use of China’s industrial sector occupied over 60% of its total final
energy use, over 50% of its total coal consumption and over 70% of its total
power consumption. However, its value added only accounted for 36%—
53% of China’s GDP (constant 1990 RMB). Furthermore, thermal power
generation occupies about 80% of China’s power generation.

Figure 4.16 Change of the shares of secondary industry in the end use of

energy, coal, power and GDP

[Data Source: China Energy Statistical Yearbook]

Figure 4.17 (Based on the data from China Energy Statistical Year-
book, the results are calculated and shown in Figure 4.17) shows that during
1999—2005, final energy use and CO2 emissions of China’s industrial sector

Figure 4.17 Final energy use and CO2 emissions of the secondary

industry during 1998—2005

[Data Source: China Energy Statistical Yearbook]
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increased rapidly, especially during 2002—2005 when the increase rate reached
52% and 60% respectively. But, which industrial sectors should be responsi-
ble for final energy use increase and what is the reason?

Therefore, the industrial sector is one of the major sectors of China’s
CO2 emissions. We find it’s necessary to make analysis on the change of its
emissions, which is very important for the plan of future energy strategies
and CO2 emission reduction strategies.

This section analyzes impacts of different impact factors on the change of
CO2 emissions of China’s industrial sector during 1998—2005. Its purpose
is to find out those factors that have mainly boosted the change of CO2

emissions from China’s industry as well as impacts of the change of power
consumption on industrial CO2 emissions.

4.3.2 Method for analysis

(1) The factors that influence CO2 emissions from the final energy use in
the industrial sector are decomposed as in Formula (4.7).

C =
∑
ij

Cij =
∑
ij

Q
Qi

Q

Ei

Qi

Eij

Ei

Cij

Eij
=

∑
ij

QSiIieijRij (4.7)

Here, Q refers to value added of industrial sector; C refers to CO2 emissions
from final energy use of material production sectors; Cij refers to CO2 emis-
sions of energy j in sector i; Eij refers to the use of energy j in sector i; Ei

refers to final energy use in sector i; Qi refers to value added of sector i; Ii

refers to energy intensity of sector i; eij refers to the proportion of energy
j in final energy use of sector i; Rij refers to CO2 emission coefficient of
the use of energy j in sector i; Si refers to the proportion of value added of
sector i.

(2) Data.
Since 1998, China has been using the statistics on wholly state-owned

industrial enterprises and non-state-owned industrial enterprises with annual
sales revenue of over 5 million RMB in respect of its industry statistics.
Therefore, official statistics will help little in forming long time series data of
industrial sector. So, we calculated value added of various industrial sectors
on the basis of price indices of different industrial sectors and their value
added during 1998—2005 with the presentation in constant 2001 price. This
section makes analysis on 36 industrial sectors.

Therefore, the change of CO2 emissions of China’s industrial sector dur-
ing 1998—2005 was analyzed. Data of final energy use, including raw coal,
cleaned coal, other washed coal, coke, coke oven gas, other gases, other char
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products, crude oil, diesel oil, kerosene, gasoline, fuel oil, LPG, dry refinery
gas, other petroleum products, natural gas, heat, power, etc., are sourced
from “China Energy Statistical Yearbook” (the National Bureau of Statistics,
2001, 2006 and 2007).

Since the time span considered is limited to 1998—2005, we assume that
different kinds of energy (coal, petroleum, natural gas, etc.) have constant
CO2 emission coefficients. As a matter of fact, all these CO2 emission coeffi-
cients have changed, but limited to subtle change which is negligible during
our analysis of macro-change. But the changes of CO2 emission coefficient
of power and heat are available. Due to the changes of fuel structures (coal,
oil, natural gas, water power, nuclear energy, etc.) for power generation and
heat supply as well as the technological progress from year to year, there have
been significant changes in the CO2 emission coefficients of power and heat.

4.3.3 Analysis of CO2 emissions change in industry sector

Based on the LMDI method, we made analysis on the impact of different
factors on the change of China’s industrial CO2 emissions during 1998—2005.

Table 4.4 (Based on the data from China Energy Statistical Yearbook,
the results are calculated and shown in Table 4.4) shows that during 1998—
2005, there was an increase of 420.15 million tons of CO2 emissions from
China’s industry. The number was 249.20 million from its manufacturing of
chemical raw materials and products, manufacturing of non-metallic mineral
products, and smelting and pressing of ferrous metals. Contribution of these
three sectors on the total increase of industrial CO2 emissions was 59.31%.
This is because that high investment stimulated the product demand of these
sectors. During 2002—2005, investment contributed an average rate of 40%

Table 4.4 Impact of different factors on CO2 emissions of industrial

sectors in China

Time/year

Change of

industrial

CO2

emissions

Impact of

activity

Impact of

industrial

energy

intensity

Impact of

fuel mix

Impact of

CO2

emission

coefficient

Impact of

structure shift

1998—1999 –7.50 38.70 –61.24 8.16 3.92 2.96

1999—2000 5.94 40.77 –32.11 10.22 –4.93 –8.01

2000—2001 11.14 54.76 –48.20 8.74 –5.10 0.95

2001—2002 41.95 63.22 –25.50 8.41 2.45 –6.64

2002—2003 129.58 88.19 24.59 –1.87 12.62 6.05

2003—2004 143.16 135.29 44.21 0.65 –8.14 –28.85

2004—2005 95.89 63.14 10.64 8.73 –6.59 19.96

1998—2005 420.15 484.07 –87.61 43.05 –5.78 –13.58

Unit: million metric tons of carbon.

Data Source: China Energy Statistical Yearbook.
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to China’s economic growth, apparently higher than other countries. And
over 60% of the investment came from that in the construction industry.

The industrial activity level was the major factor for carbon emissions
increase of the sector. During 1998—2005, the rise of value added in the
industrial sector led to an increase of 484.07 million tons of industrial CO2

emissions. And its impacts keep increasing from 1998 to 2004. Meanwhile,
the change of final energy use also contributed to the increase of industrial
CO2 emissions. During 1998—2005, 43.05 million tons of carbon were added.

Final energy use intensity of industry, structure share, CO2 emission
coefficient of heat and power reduced CO2 emissions by 87.61 million and
13.58 million tons of carbon respectively during 1998—2005. However, dur-
ing 1998—2002, there was a trend of industrial emissions decrease due to the
decrease of final energy use intensity of industry, which caused the increase
of CO2 emissions during 2002—2005 on the contrary.

1) Impacts of energy intensity on industrial CO2 emissions

Real energy intensity was the most important impact factor for the CO2

emissions reduction in the industrial sector during 1998—2002. It is because
that energy intensity of almost all the industrial sectors has dropped. Dur-
ing 2002—2005, industrial CO2 emissions were increased by industrial final
energy use intensity because of the rebounce of energy intensity of heavy
industry sectors.

Figure 4.18 (Based on the data from China Energy Statistical Yearbook,
the results are calculated and shown in Figure 4.18) shows that among the
87.61 million tons of carbons reduced by industrial final energy intensity,
49.30% or 43.19 million were caused by the energy intensity change of the
manufacturing of chemical raw materials and products, the manufacturing of
non-metallic mineral products, and the smelting and pressing of ferrous met-
als. These three sectors are energy-intensive sectors since their final energy
use accounted 50% of industrial final energy use while their value addedonly
occupied 14%—17% of the industrial sector during 1998—2005. However,
energy intensity of these sectors declined by 29%, 19% and 24% respectively
during 1998—2004.

However, an increase of 33.93 million tons (among which 24.06 million
tons were due to the change of energy intensity of coal mining and dress-
ing and petroleum and natural gas extraction) of carbon was achieved by
the energy intensity of the six industrial sectors: exaction of oil and natural
gas, mining and processing of non-ferrous metals ores, mining and processing
of non-metal mineral ores, manufacture of plastic products, tap water pro-



4.3 Study on characteristics of CO2 emissions change from final energy... 107

duction and supply, petroleum processing and coking. This offset the CO2

emission reduction of three energy-intensive sectors by 78.56%.

Figure 4.18 Impacts of the economic development of industry and energy intensity

change on CO2 emissions of industry during 1998—2005

Though there has been a dramatic decline of energy intensity in many in-
dustrial sectors, there is still a large room for its decline, especially in energy-
intensive sectors. Compared with international advanced levels, China lags
behind in the production process, technology and management level of these
sectors. Energy-intensive sectors have been playing a major role in the in-
frastructure construction in China. Therefore, in order to further boost the
decline of energy intensity, we need to update and improve production pro-
cesses, enhance energy efficiency and replace fossil fuels with clean fuels in
these sectors.

2) Impact of industrial activity on CO2 emissions in industrial sector
The increase in industrial activity is the most important factor that boosts

the rapid increase of industrial CO2 emissions in China. Industrial economic
growth caused the increase of industrial CO2 emissions by 38.70, 40.77, 54.76,
63.22, 88.18, 135.29 and 63.15 million tons of carbon respectively during
1998—1999, 1999—2000, 2000—2001, 2001—2002, 2002—2003, 2003—2004,
and 2004—2005. Figure 4.18 shows that the industrial CO2 emissions in-
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creased by 318.03 million tons of carbon with the economic growth in sectors
of production and supply of electricity, steam and hot water, smelting and
pressing of ferrous metals, manufacture of non-metallic mineral products,
smelting and pressing of non-ferrous, manufacture of raw chemical materials
and chemical products, processing of petroleum, coking. It accounted for
65.70% of the CO2 emissions increase with the economic development of all
industrial sectors, indicating that we can slow down industrial CO2 emis-
sions by lowering the growth speed of economic development in some sectors,
in particular by decreasing products export from those energy-intensive sec-
tors, properly increasing and diversifying the import sources. However, we
can hardly change the role of industrial economic growth in rising CO2 emis-
sions, since no country would be willing to reduce CO2 emissions by sacrificing
its economic development. Therefore, as the second largest country of CO2

emissions, China is facing a challenge of how to coordinate the development
relationship among all sectors within industry in its efforts to achieve the slow
increase of CO2 emissions and the sustainable development of its economy.

3) Impacts of CO2 emission coefficient on industrial CO2 emissions

Impacts of CO2 emission coefficient on industrial CO2 emissions refer to
the influences of CO2 emission coefficients of power and heat. Figure 4.19
shows that impacts of CO2 emission coefficient on industrial CO2 emissions
were the least ones, mainly because of the little change of CO2 emission
coefficients of power and heat. China’s power generation mainly consists of
thermal power generation, while over 75% of power was generated by coal
during 1998—2005.

Therefore, it is favorable to alleviate industrial CO2 emissions by enhanc-
ing power generation technology, reducing gross coal consumption rate for
power generation, raising the share of power generation with renewable en-
ergy such as hydro-power, nuclear power and biomass power, and cutting
power waste.

4) Impact of industry structure shift on industrial CO2 emissions

Table 4.4 shows that the change of industry structure helped reducing in-
dustrial CO2 emissions during 1999—2000, 2001—2002 and 2003—2004, and
increased CO2 emissions during 1998—1999, 2000—2001, 2002—2003 and
2004—2004. It shows that impacts of industry structure on CO2 emissions
were changing without obvious rules during 1998—2005. Meanwhile, the im-
pacts were relatively small, indicating that industry structure change had
small impacts on the alleviation of industrial CO2 emissions during 1998—
2005. Figure 4.19 (Based on the data from China Energy Statistical Year-
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book, the results are calculated and shown in Figure 4.19) shows that struc-
tural change of industrial sectors towards non-heavy industry sectors reduced
75.93 million tons of carbon, accounting for 35.14% of CO2 emissions reduc-
tion of the industrial sector. However, the change of some heavy industry
sectors, e.g. the share rise of value added of ferrous metals smelting and press-
ing, non-ferrous smelting and pressing, etc in the industrial values added led
to the increase of industrial CO2 emissions by 56.21 million tons of carbon.

Figure 4.19 Impacts of the industry structure, CO2 emission coefficient, and

consumption structure of final energy use on CO2 emissions of industry

[Data Source: China Energy Statistical Yearbook]

5) Impact of the final energy use mix on the change of industrial CO2

emissions
Figure 4.20 (Based on the data from China Energy Statistical Yearbook,

the results are calculated and shown in Figure 4.20) shows that CO2 emis-
sions per unit energy use of China’s industrial sector were increasing during
1998—2003 and decreasing during 2003—2005, indicating that final energy
use of industry was changing towards carbon-intensive during 1998—2003 but
towards low-carbon during 2003—2005. This is because the increase of power
demand was higher than that of other kinds of energy such as coal, petroleum
products, etc. during 1998—2003, while the demand on coal was higher than
that of power, petroleum products, etc. during 2004—2005. Furthermore,
CO2 emission coefficient of electricity is apparently higher than that of coal.
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Figure 4.20 CO2 emissions per unit of final energy use in industrial sectors over
the period 1998—2005

[Data Source: China Energy Statistical Yearbook]

Table 4.4 shows that the final energy use structure of industry sector
helped to increase the industrial CO2 emissions. Since the coal share lowered
while power share rose in the structure of final energy use in 32 industrial
sectors, as shown in Figure 4.19. It can be seen from Table 4.5 (Based on
the data from China Energy Statistical Yearbook, the results are calculated
and shown in Table 4.5) that the change of coal and power shares had large
impacts on industrial CO2 emissions. Due to the decline of coal share, indus-
trial carbon emissions were reduced. And CO2 emissions increased with the
change of power share as a result of higher CO2 emission coefficient. However,
whether the replacement of coal with power can reduce CO2 emissions or not
depends on whether higher power utilization efficiency can offset its higher
CO2 emission coefficient. Therefore, to lower the CO2 emission coefficient of
power is favorable to the alleviation of CO2 emission growth.

Table 4.5 Impacts of final energy use structure shift of industry sector

on CO2 emissions

Time/year

Impact of

coal share

change

Impact of

coke share

change

Impact of

petroleum

products share

change

Impact of

natural

gas share

change

Impact of

heat share

change

Impact of

electricity

share change

1998—1999 –11.23 2.30 –0.16 0.96 3.02 13.27

1999—2000 –10.64 –0.19 1.18 0.42 2.31 17.13

2000—2001 –8.35 2.02 –1.22 0.68 1.65 13.95

2001—2002 –11.08 4.26 1.68 –0.14 –0.65 14.33

2002—2003 13.53 –6.38 –4.23 0.57 –4.07 –1.29

2003—2004 8.89 –1.30 –3.00 –0.43 –4.20 0.69

2004—2005 –12.75 10.47 –4.91 1.26 4.69 9.97

Data Source: China Energy Statistical Yearbook.
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Through the above analysis, we come to the following conclusions:
(1) Industrial economic growth and industrial final energy use intensity

are the most important factors on the change of industrial CO2 emissions
in China during 1998—2005. Industrial economic growth brought about an
increase of 484.07 million tons of carbon during 1998—2005 and the impact
was increasing year after year during 1998—2005. The change of industrial
final energy use intensity reduced CO2 emissions by 167.05 million tons during
1998—2002, but increased by 79.44 million during 2002—2005. As a result,
CO2 emissions of China’s industrial sector were rapidly increasing during
2002—2005. The decline of energy intensity in heavy industry sectors is of
great significance to the alleviation of industrial CO2 emission increase.

(2) During 1998—2005, the change of industrial structure also contributed
to the alleviation of industrial CO2 emission increase in China during 1998—
2005. And 35.14% of the industrial CO2 emission reduction was caused by the
change of industrial structure. However, the structural shift of smelting and
pressing of ferrous metals and non-ferrous metals sectors, etc led to the rise of
industrial CO2 emissions by 56.21 million tons of carbon. Therefore, the CO2

emission increase in these energy-intensive sectors should be firstly slowed
down. The development of low-CO2 emission sectors should be encouraged.
And the share of value added of carbon-intensive sectors in industrial value
added should be maintained or lowered by reducing their product exports
and properly increasing imports.

4.4 Conclusion

This chapter makes a quantitative analysis on the change of CO2 emissions
and CO2 emission intensity from power generation and consumption, final
energy use on material production sectors and industrial sectors. From the
analysis we found that:

(1) Power generation is a major sector of CO2 emissions in China. There
was a rapid increase of CO2 emissions from power generation during 1980—
2005 in China. CO2 emissions from power generation accounted for 38.73%
of the total CO2 emissions from fossil fuels in 2005. Furthermore, the in-
crease of CO2 emissions from power generation has played a boosting role
in the rise of total CO2 emissions from fossil fuels in China. In 1980—2005,
the increase of CO2 emissions from China’s power sector had an average
contribution of 49.86% to the increase of total CO2 emissions of fossil fuels.
During 1998—1999 and 2000—2001, the contribution of CO2 emissions from
the power sector to the total CO2 emissions increase from fossil fuels was
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as high as 114.79% and 124.36% respectively. Therefore, it is an effective
measure to slow down the increase of CO2 emissions by reducing the growth
rate of CO2 emissions from power generation in China. China must reduce
its coal consumption for power generation by enhancing its power generation
technology, while further lowering the proportion of thermal power especially
that of coal-fired power, in its efforts to bringing down the CO2 emission co-
efficient of power generation and consumption. On the other hand, the huge
demand on electricity in the future makes it necessary for China to allevi-
ate the increase of CO2 emissions from power generation and consumption
by transforming its economic growthpattern and promoting the efficiency of
electricity utilization.

(2) Energy intensity is the determinative factor for the change of CO2

emission intensity from final energy use in material production sectors. Dur-
ing 1980—2002, CO2 emission intensity of China’s material production sec-
tors demonstrated a dramatic decline, and energy intensity contributed over
80% to the decrease of CO2 emission intensity. But during 2002—2005, CO2

emission intensity was rising, with energy intensity contributing over 37% to
the rebounce of CO2 emission intensity. Despite all this, due to the economic
growth, CO2 emissions from material production sectors demonstrated an
ascending trend. Since the economic growth rate should not be cut to reduce
CO2 emissions, CO2 emission intensity should be further lowered to allevi-
ate the increase of CO2 emissions. Furthermore, the results of analysis on
CO2 emission intensity change and CO2 from the final energy use in material
production sectors show that: Changes of industrial structure and final en-
ergy use structure are not good for the decline of CO2 emission intensity by
offsetting partial impacts of energy intensity. This indicates that it is neces-
sary to adjust industrial structure and final energy use structure of material
production sectors, in particular secondary industry.

(3) Industrial growth and the final energy use intensity of industry were
the most important impact factors for the change of China’s industrial CO2

emissions during 1998—2005. Industrial growth added 484.07 million tons
of CO2 emissions during 1998—2005, and its impacts kept increasing during
1998—2004. The change of final energy use intensity of industry reduced CO2

emissions by 167.05 million tons during 1998—2002, but increased by 79.44
million tons during 2002—2005. As a result, CO2 emissions from China’s in-
dustrial sector were rapidly increasing during 2002—2005. The energy inten-
sity decline of heavy industry sectors is of great significance to the alleviation
of industrial CO2 emission increase.



4.4 Conclusion 113

During 1998—2005, the change of industrial structure also contributed to
the alleviation of industrial CO2 emission increase in China during 1998—
2005. And 35.14% of the CO2 emission reduction in the industrial sector
was caused by the change of industrial structure. However, the share rise of
value added of smelting and pressing of ferrous metals and non-ferrous metals
sectors, led to the rise of industrial CO2 emissions by 56.21 million tons
of carbon. Therefore, the CO2 emission increase in these energy-intensive
sectors should be firstly slowed down. The development of low-CO2 emissions
sectors should be encouraged. And the share of value added of these carbon
intensive sectors in industrial value added should be maintained or lowered
by reducing the product exports from high-CO2 emissions sectors or properly
increasing the imports.

China is a non-Annex I country. Though it has no obligation of quan-
titative emission reduction during 2008—2012, China is obliged to alleviate
global climate change by reducing greenhouse emissions. And it is a matter
of time for China to participate in the future international system of emission
reduction since it is the second largest country of CO2 emissions. Therefore,
China must slow down the increase of CO2 emissions, in particular by cutting
the CO2 emissions from the industrial sector. Based on the analysis above,
CO2 emission reduction strategy for industrial sector should focus on the
following aspects:

Energy-intensive sectors, e.g. manufacture of raw chemical materi-
als and chemical products, manufacture of non-metallic mineral products,
smelting and pressing of ferrous metals should give priority to the import
of advanced technology, the updating and transformation of production pro-
cess, further increase of energy efficiency and the promotion of these sectors’
energy intensity to reach international advanced level. The squandering of
these sectors’ products should be decreased. The demand increase on these
sectors’ products should be slowed down. And the share of value added of
these sectors in industrial value added should be maintained or lowered to
some extent by reducing the product exports from high-CO2 emissions sec-
tors or properly increasing the imports. With preferential policy of finance
and taxation, the end use of renewable energy should be promoted in these
sectors and the structure of final energy use should develop in the direction
favorable for CO2 emission reduction.

To lower the CO2 emission rate of electricity by enhancing power
generation technology, introducing clean power such as wind power, biomass
electric power generation, landfill gas power generation, and reducing the loss
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of power during its transition and transportation.
To promote the development of the industrial structure of final energy

use towards clean and low-carbon orientation, decrease the share of coal and
improve the efficiency of power generation; to promote energy conservation,
adopt the system of energy conservation verification, and set the goal of
energy conservation for some industrial sectors to improve energy efficiency.

To plan rational and coordinate the development of industrial sectors,
as well as energy use and environmental protection.
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Energy consumption and its CO2 emissions are not only affected by tech-
nical efficiency but also greatly influenced by human behavior. Currently,
China is undergoing a transition period. The transition of economy will bring
about a series of profound changes on expanding of household consumption
scale, upgrading of consumption structure, etc. The issue of sustainable con-
sumption has attracted the common concern from the international commu-
nity. People’s consumption behavior has a deciding impact on the production
of products or services of various sectors of the national economy to a great
extent. It even has impacts on the output level of other economic sectors.
With global economic integration and the reform of China’s economy, China
has become the third largest trading nation in the world. In 2005, China’s
foreign trade reached 11.69 trillion RMB, with its exports accounting for
53.6%. Final consumption mainly comprises of household consumption and
export trade. Therefore, this chapter analyses the following questions: To
what extent are Chinese households impacting CO2 emissions?

• How are the variation of energy intensity, household consumption scales
and consumption structures impacting CO2 emissions?

• What behaviors are those of carbon-intensive emissions?
• To what extent are the exports of Chinese products impacting CO2

emissions?



118 Chapter 5 Impacts of Household Consumption and Export Trade on...

• Which sectors’ product exports have brought about greater CO2 emis-
sions?

• How are the variation of energy intensity, export scales and export
products mix impacting CO2 emissions?

5.1 Impact of household consumption on CO2 emissions

Since the World Summit on Sustainable Development held in June 1992
in Rio de Janeiro, the issue of sustainable consumption has attracted the
common concern from the international community. People’s consumption
behavior has a deciding impact on the production of products or services of
various sectors of the national economy to a great extent. It even has impacts
on the output level of other economic sectors. Household consumption is a
key component of final consumption. Therefore, the analysis of the impact
of household energy consumption on the environment has become one of is-
sues with broad concerns. Vringer and Block (1995) carried out an analysis
on the “household energy consumption in the Netherlands in 1990”. With
the input-output model, Lenzen (1998) made an assessment on the impact
of Australian consumers’ behavior on energy consumption and greenhouse
emissions. Weber and Perrels (2000) made a quantitative analysis of the
“impact of life style on energy needs and emissions in 1990s and the first
decade of the 21st century in the former West Germany, France and the
Netherlands”. Reinders among others (2003) predicted the direct and indi-
rect demands on energy from the people of 11 EU countries. By means of
Consumer Lifestyle Approach (CLA), Bin and Dowlatabadi (2005) analyzed
the relationship between consumer behaviors and energy utilization as well
as CO2 emissions in the USA. With the input-output model, Park and Heo
(2007) analyzed the direct and indirect energy consumption of Korean peo-
ple during 1980—2000. Cohen among others (2005) analyzed the direct and
indirect impacts of Brazilian citizens with different income levels on energy
consumption. Pachauri and Speng (2002) studied household energy consump-
tion in India. And Wei among others (2007) studied the impact of the change
of urban and rural residents’ consumption behaviors on the end use of energy
and CO2 emission during 1998—2002 in China.

Currently, China is witnessing a period of social transformation, which
has brought about profound changes to housing, employment, life, consump-
tion pattern, etc. Not only socio-economic problems but also resources and
environmental problems are involved. First of all, it is the change of Chinese
countryside in two aspects: urbanization, namely the converting of rural
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population to urban population. There is a big difference in the quality and
quantity of demand on energy use by urban residents and rural residents.
Urbanization brings a large rural population into the cities, which change
their energy consumption behaviors and greatly increase energy consumption.

Rural life style develops towards urban one, and energy consumption
undergoes a gradational transition from non-commercial-energy-oriented to-
wards commercial-energy-oriented style. The income increase of rural people
may lead to the increase in commodity demand. A large part of the new
income is used for greater household consumption expenditure, which stim-
ulates to some extent rural household consumption of hard goods such as
refrigerator, computer, etc, consequently increasing the demand of electric-
ity. In a word, the overall development and modernization of the countryside
have improved farmers’ living standards and as a result a higher demand on
energy will certainly be brought about. Besides, great changes have taken
place in the household consumption structure of urban residents of China.
Since 1980s till mid 1990s, Chinese urban residents witnessed the first con-
sumption structure upgrading that was centered upon the popularization of
household appliances. As a result, refrigerator, color television and wash-
ing machine have come into consumption concerns. In late 1990s, the level
of consumption was upgraded again, thus turning housing consumption, car
consumption, communication and electronic products consumption, cultural
education consumption, holiday consumption and tourist consumption into
consumption concerns. Important impacts on China’s energy consumption
and its CO2 emissions have been engendered by this change of urban and
rural structure and consumption structure.

China is a typical country with dualistic structure and it is necessary to
analyze the impact of the change of urban and rural household consumption
patterns on CO2 emission. Its purpose is to find out: During the period of
China’s transformation of society, to what extent is household consumption
impacting CO2 emissions? Which consumptions are CO2 emission-intensive?
What difference exists in the impacts of urban and rural households, and
of households with different income levels on CO2 emissions? How are the
changes of urban and rural household consumption expenditure, consumption
patterns and energy intensity impacting CO2 emissions?

5.1.1 Current household consumption in urban and rural areas

Since 1991, there has been a rising trend of income per capita for house-
holds in both urban and rural areas of China. However, the income per capita
of urban households has been increasing apparently higher than that of rural
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ones. In 2005, the income per capita of urban households was 2.86 times
of that in 1991 and the number was 1.97 for rural households, based on the
data from China Statistical Yearbook, the results are calculated and shown
in Figure 5.1.

The increase in household income largely goes as the increase of consump-
tion expenditure and the change of household consumption patterns. Figure
5.2 (Based on the data from China Statistical Yearbook, the results are cal-
culated and shown in Figure 5.2) shows that during 1985—2005, there was a
rapid growth of consumption expenditure among urban and rural households,
in particular the consumption expenditure of urban households.

Figure 5.1 Change of urban and rural income per capita during 1985—2005

[Data Source: China Statistical Yearbook]

Figure 5.2 Change of urban and rural consumption expenditure during 1985—2005

[Data Source: China Statistical Yearbook]

Meanwhile, China has witnessed a change of consumption patterns among
urban households during 1992—2005, based on the data from China Statisti-
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cal Yearbook, the results are calculated and shown in Figure 5.3. There was a
dramatic decline of food and clothing consumption expenditure, whereas an
obvious rising proportions of medical care, housing, transportation, communi-
cation, in consumption. Figure 5.4 (Based on the data from China Statistical
Yearbook, the results are calculated and shown in Figure 5.4) shows that dur-
ing 1993—2005, China was also undergoing a change of consumption patterns
among rural households. There was a dramatic decline of food consumption
expenditure, whereas obvious rising proportions of medical care, transporta-
tion, communication, in consumption. During 1991—2005, Engel coefficients
for urban and rural households demonstrated a trend of decline. In 1991,

Figure 5.3 Change of urban consumption mode in China during 1992—2005

[Data Source: China Statistical Yearbook]

Figure 5.4 Change of rural consumption mode in China during 1993—2005

[Data Source: China Statistical Yearbook]
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the Engel coefficients were 53.8% and 57.6% for urban and rural households
respectively, and they were reduced to 36.7% and 45.5% respectively in 2005.

Because of the gap between urban and rural structures and income levels,
there is also a big difference in the consumption expenditure per capita for
urban households and rural households with different income levels in China,
based on the data from China Statistical Yearbook the results are calculated
and shown in Figures 5.5 and 5.6. The consumption expenditure per capita

Figure 5.5 Chinese urban consumption expenditure per capita of different

income level in 2002

[Data Source: China Statistical Yearbook]

Figure 5.6 Chinese rural consumption expenditure per capita of different

income levels in 2002

[Data Source: China Statistical Yearbook]
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of urban households with the highest income is six times that of urban house-
holds with the lowest income in China, while the consumption expenditure
per capita of rural households with high incomes is three times that of those
with low incomes.

Thus it can be seen that since 1980s, great changes have taken place in
resident population, household income, urban and rural households, and the
consumption patterns of urban and rural households with different incomes
in China. Then, to what extent are these changes influencing CO2 emissions?

5.1.2 Methodology: Input-Output Model

There are basically three methods for the analysis on the energy consump-
tion of and CO2 emissions from households: the basic list of input-output,
input-output consumption expenditure method, and input-output procedure
analysis (Kok et al., 2006). The method of input-output procedure analysis
requires detailed data on consumption items and is suitable for the analysis
on CO2 emissions of different household consumption patterns. The basic list
of input-output and the input-output consumption expenditure method can
be used for the explanation of the energy use and CO2 emissions of household
consumption from a macro level. For reasons of data availability and study
objectives, there are comparatively greater chances to adopt the basic list of
input-output and the input-output consumption expenditure method.

The input-output analysis method is an analytical framework developed
by Professor Wassily Leontief in late 1930s (Miller and Blair, 1985). It is
fundamentally aimed at evaluating the interdependence relationship among
various industries in the economy.

The input-output method mainly covers the preparation of quincuncial
input-output production table and establishes relevant linear algebraic equa-
tion system to construct an economic mathematical model that simulates the
actual national economic structure and social products reproduction process.
Thus, we can make a comprehensive analysis and identify the proportional
relation between the complicated relationship among various sectors of na-
tional economy and reproduction. This characteristic of the input-output
method is conducive to comprehensive research view.

The input-output production table shows the interdependence between
various sectors. Rows of the table present the output distribution of each
sector in the whole economy, while columns of the table describe the input
combination of the sectors (Miller and Blair, 1985). Relevant linear algebraic
equation system depicts the output distribution of each sector in the whole



124 Chapter 5 Impacts of Household Consumption and Export Trade on...

economy in mathematical versions, namely the output sold to production
sectors in the way of intermediate input or acting as final utilization.

The analysis on the energy-related environmental problems of the input-
output model can be traced back to late 1960s, some experts have broadened
the input-output analysis and applied it in solving energy and energy-related
environmental problems. In 1970s and 1980s, some energy problem analysts
advanced this technology further (Miller and Blair, 1985). There have been
a lot of achievements in this regard. Some of them were focused on the
sensitivity analysis of certain or several socio-economic factors (Burtraw et
al., 1998; Kainuma et al., 2000; Kim, 2002; Lee and Lin, 2001; Yabe, 2004).
Some other analysis attached importance to the impact of one certain activity
or event like international trade, policies on environmental protection and
finance, etc on energy consumption and relevant CO2 emissions (Bach et al.,
2002; Christodoulakis et al., 2000; Sánchez-Chóliz and Duarte, 2004).

The radical Formula (5.1) for the input-output model:

X = (I − A)−1CY (5.1)

Here, X and Y stand for gross output matrix and final utilization matrix
respectively (Y refers to the final consumption of rural households and urban
households separately, and export as well); A stands for technical coefficient
matrix; C stands for energy intensity matrix.

In this section, therefore, on the basis of the basic lists of input-output
and energy prices in 1992, 1997 and 2002, an analysis was carried out on
CO2 emissions by Chinese urban and rural households with the input-output
model. And on the basis of consumption expenditure data of urban and
rural households with different incomes, the CO2 emissions of urban and
rural households with different incomes and CO2 emissions embodied in the
export trade of China were calculated.

The analysis in this section does not include hydropower, nuclear power
and renewable energy, instead primary energy sources limited to raw coal,
crude oil and natural gas. The consumption of oil products, power and
heat belongs to indirect consumption, resulting in less direct CO2 emissions
than actual consumption. Data on the final consumption of urban and rural
households are directly sourced from the input-output tables in 1992, 1997
and 2002. The division of urban and rural households with different incomes
and the consumption expenditures based on different incomes are derived
from “China Statistical Yearbook 2003 ”. Coal and petroligenic natural gas
outputs of the coal mining sector and the petroligenic natural gas exploitation
sector in 1992, 1997 and 2002 come from energy balance sheets in 1992, 1997
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and 2002 respectively.

5.1.3 CO2 emissions of household consumption

5.1.3.1 Impacts of Chinese household consumption on CO2 emissions dur-
ing 1992—2002

Based on the input-output model and by means of the input-output tables
in 1992, 1997 and 2002, we calculated and acquired the direct CO2 emissions
and indirect CO2 emissions of Chinese urban and rural households, data are
prepared and calculated from China Input-Output Table and China Statis-
tical Yearbook (2003) and shown in Table 5.1.

Table 5.1 Direct and indirect impacts of urban and rural household on

CO2 emissions during 1992----2002

Impacts of urban and rural

household on CO2 emissions
In 1992 In 1997 In 2002

Total households 2.736 3.997 3.921

Total urban households (hundred

million tons of carbon)
1.172 2.038 2.818

#Direct impact (hundred million

tons of carbon)
0.096 0.051 0.288

#Indirect impact (hundred million

tons of carbon)
1.076 1.987 2.530

Total rural households (hundred

million tons of carbon)
1.564 1.959 1.103

#Direct impact (hundred

million tons of carbon)
0.486 0.18 0.132

#Indirect impact (hundred

million tons of carbon)
1.078 1.779 0.971

Total households 2.736 3.997 3.921

CO2 emissions of household consumption accounted for 36.52% of the CO2 emissions

of primary energies in 1992.

CO2 emissions of household consumption accounted for 43.90% of the CO2 emissions

of primary energies in 1997.

CO2 emissions of household consumption accounted for 42.31% of the CO2 emissions

of primary energies in 2002.

Data Source: China Input-Output Table and China Statistical Yearbook (2003).

In 1992, the 274 million tons of direct and indirect CO2 emissions from
Chinese household consumption accounted for 36.52% CO2 emissions from
primary energy consumption. Among them, 117 million tons of direct and
indirect CO2 emissions were from urban household consumption, and 156
million tons from rural household consumption. There are basically equal
CO2 emissions from household consumption of urban households and of rural
households, as shown in Table 5.1. In 1997, the 400 million tons of direct and
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indirect CO2 emissions from Chinese household consumption accounted for
43.90% of CO2 emissions from primary energy consumption. Among them,
204 million tons of direct and indirect CO2 emissions were from urban house-
hold consumption, while 196 million tons from rural household consumption.
The indirect CO2 emissions of urban households were 11.69% greater than
those of rural households.

In 2002, the 392 million tons of direct and indirect CO2 emissions from
Chinese household consumption accounted for 42.31% of primary CO2 emis-
sions. Among them, 282 million tons of direct and indirect CO2 emissions
were from urban household consumption, while 110 million tons from rural
household consumption. The indirect CO2 emissions of urban households
were 2.61 times of those of rural households.

In spite of the fact that there are more rural households than urban
households in China, indirect CO2 emissions from its urban households were
apparently higher than its rural households during 1997—2002. In 1992—
2002, the indirect CO2 emissions of urban households gained an increase of
135.13%, while those of rural households were reduced by 9.93%.

5.1.3.2 Indirect CO2 emissions from household consumption during 1992—
2002

For the convenience of problems analyzing, household consumption can
be divided into seven categories: food; clothing, household equipments and
services; medical insurance; educational, cultural and recreational services;
housing; transportation and communication; and others. Table 5.2 (Data
are prepared and calculated from China Input-Output Table and China Sta-
tistical Yearbook (2003) and shown in Table 5.2) shows that primary CO2

emissions from the food consumption expenditure of Chinese rural house-
holds occupied over 40%, which was the largest part. During 1992—1997,
CO2 emissions from the food consumption expenditure of Chinese urban
households occupied over 30%. While in 2002, indirect CO2 emissions from
housing consumption expenditure occupied 26.09%, which was the largest
share. Indirect CO2 emissions from clothing, household equipments & ser-
vices also reached over 20%. However, as for indirect CO2 emissions from per
unit money consumption expenditure, housing belonged to energy-intensive
behavior during 1992—2002, data are prepared and calculated from China
Input-Output Table and China Statistical Yearbook (2003) and shown in
Table 5.3.

Indirect CO2 emission is related not only to household consumption scale,
but also to population, consumption structure, energy intensity, energy con-
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sumption structure, and energy CO2 emission coefficient. These factors co-
determine the change of indirect CO2 emission. Tables 5.4 and 5.5 (Data
are prepared and calculated from China Input-Output Table and China Sta-
tistical Yearbook (2003) and shown in Table 5.4 and 5.5) reflect the energy
intensity change of different kinds of consumption and different sectors in
urban and rural areas during 1997—2002, as shown in the following aspects:

Table 5.2 Indirect CO2 emissions of households with different

consumption expenditure in China

Different

consumption

expenditure

In 1992 In 1997 In 2002

Rural

households

Urban

households

Rural

households

Urban

households

Rural

households

Urban

households

Food 0.46 0.40 0.90 0.64 0.41 0.63

Clothing,

household

equipments &

services

0.22 0.24 0.32 0.43 0.15 0.55

Medical

insurance
0.04 0.05 0.05 0.10 0.04 0.11

Education &

culture
0.04 0.04 0.07 0.07 0.05 0.19

Transportation &

communication
0.06 0.04 0.08 0.09 0.05 0.18

Housing 0.18 0.20 0.24 0.47 0.19 0.66

Miscellaneous 0.08 0.10 0.12 0.18 0.07 0.21

Unit: hundred million tons of carbon.

Data Source: China Input-Output Table and China Statistical Yearbook (2003).

Table 5.3 Indirect CO2 emissions of household per unit money

consumption expenditure in China

Different

consumption

expenditure

In 1992 In 1997 In 2002

Rural

households

Urban

households

Rural

households

Urban

households

Rural

households

Urban

households

Food 0.12 0.14 0.16 0.16 0.09 0.09

Clothing,

household

equipments &

services

0.19 0.18 0.17 0.18 0.11 0.12

Medical

insurance
0.18 0.15 0.16 0.17 0.09 0.08

Education &

culture
0.15 0.15 0.15 0.13 0.06 0.06

Transportation &

communication
0.25 0.23 0.17 0.16 0.09 0.09

Housing 0.52 0.84 0.42 0.91 0.14 0.44

Miscellaneous 0.15 0.16 0.14 0.15 0.08 0.09

Unit: kg carbon/RMB.

Data Source: China Input-Output Table and China Statistical Yearbook (2003).
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Table 5.4 Consumption and energy intensity of different sectors of urban

and rural household in 1997

Urban area
Proportion

/%

Energy
intensity

/(kce
/RMB)

Rural area
Proportion

/%

Energy
intensity

/(kce
/RMB)

Animal husbandry 9.84 0.08 Crop production 20.35 0.13

Apparel & other
fiber products
manufacturing

6.51 0.10 Animal husbandry 12.69 0.08

Merchandise 6.20 0.11

Other food
processing &

manufacturing
industries

6.77 0.15

Other food
processing &

manufacturing
industries

6.04 0.15 Merchandise 4.85 0.11

Crop
production

5.83 0.13
Real estate
business

3.74 0.08

Grain, oil and
feedstuff

processing

5.20 0.12
Alcohol &

potable spirit
manufacturing

3.40 0.16

Health service 4.11 0.15 Fishery 3.24 0.09

Fishery 3.12 0.09
Grain, oil and

feedstuff
processing

3.13 0.12

Catering 3.11 0.10

Apparel &
other fiber
products

manufacturing

3.03 0.10

Finance industry 2.99 0.06
Tobacco

processing
2.62 0.07

Tobacco processing 2.91 0.07 Catering 2.39 0.10
Leather, fur
& down and

their products
industry

2.74 0.10

Household
electrical
appliances

manufacturing

2.27 0.19

Household

electrical appliances

manufacturing

2.70 0.19

Butchery

and meat &

egg processing

2.13 0.08

Alcohol &

potable spirit

manufacturing

2.46 0.16 Finance industry 1.90 0.06

Real estate

business
2.28 0.08

Educational

business
1.73 0.20

Butchery and

meat & egg

processing

2.09 0.08
Pharmaceutical

industry
1.64 0.15

Household

electronic

apparatus

manufacturing

1.72 0.18

Other beverage

manufacturing

industries
1.63 0.14
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Continued

Urban area
Proportion

/%

Energy

intensity

/(kce

/RMB)

Rural area
Proportion

/%

Energy

intensity

/(kce

/RMB)

Aquatic products

processing
1.57 0.09

Neighborhood

service
1.56 0.17

Neighborhood

service
1.43 0.17

Other

agricultural

sectors

1.43 0.10

Other beverage

manufacturing

industries

1.42 0.14

Other transport

and communication

facilities

manufacturing

industries

1.38 0.16

20 sectors 74.28 0.11 20 sectors 81.87 0.12

Other kinds of

consumption
25.72 0.27

Other kinds

of consumption
18.13 0.23

Average energy intensity

of all sectors
0.15

Average energy intensity

of all sectors
0.14

Data Source: China Input-Output Table and China Statistical Yearbook (2003).

Table 5.5 Consumption and energy intensity on different sectors of

urban and rural household in 2002

Urban area
Proportion

/%

Energy

intensity

/(kce/RMB)

Rural area
Proportion

/%

Energy

intensity

/(kce/RMB)

Animal

husbandry
7.29 0.05 Agriculture 17.24 0.08

Catering 7.04 0.06
Real estate

business
12.55 0.04

Real estate

business
6.43 0.04 Animal husbandry 9.83 0.05

Educational

business
6.06 0.09

Wholesale &

retail trade
5.09 0.06

Wholesale &

retail trade
6.01 0.06

Other food

processing&

manufacturing

sectors

4.59 0.10

Agriculture 5.46 0.08
Educational

business
3.65 0.09

Other food

processing &

manufacturing

sectors

4.93 0.10 Catering 3.52 0.06

Neighborhood

service &

other service

sectors

4.84 0.10

Neighborhood

service &

other service

sectors

3.32 0.10

Health service 4.41 0.07 Fishery 3.13 0.07
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Continued

Urban area
Proportion

/%

Energy

intensity

/(kce/RMB)

Rural area
Proportion

/%

Energy

intensity

/(kce/RMB)

Textile,

apparel &

footwear

manufacturing

3.78 0.10 Finance industry 2.90 0.03

Fishery 2.43 0.07
Grain grounding

industry
2.21 0.08

Power & heat

production and

supply sector

2.36 0.50 Health service 2.14 0.07

Finance industry 2.35 0.03 Tobacco industry 2.09 0.02

Information

transfer

service sector

2.20 0.05
Pharmaceutical

industry
1.81 0.09

Household

utensils

manufacturing

1.83 0.12

Butchery

& meat

processing

1.62 0.06

Leather, fur,

feather (down)

& their

products sector

1.73 0.08

Textile,

apparel &

footwear

manufacturing

1.60 0.10

Tobacco industry 1.63 0.02
Vegetable oil

manufacturing
1.55 0.08

Pharmaceutical

industry
1.32 0.09

Alcohol &

potable spirit

manufacturing

1.41 0.08

Butchery & meat

processing
1.24 0.06

Road

transportation

sector

1.34 0.13

Travel industry 1.18 0.05

Power & heat

production and

supply sector

1.27 0.50

20 sectors 74.53 0.08 20 sectors 82.87 0.07

Other kinds

of consumption
25.47 0.14

Other kinds

of consumption
17.13 0.13

Average energy intensity

of all sectors
0.10

Average energy intensity

of all sectors
0.08

Data Source: China Input-Output Table and China Statistical Yearbook (2003).

(1) The energy intensities of various sectors in 2002 was apparently lower
than that in 1997. In 2002, the average energy intensity of indirect CO2

emissions of urban households was 0.10kg coal equivalent per RMB. The
average energy intensity of indirect CO2 emissions of rural households was
0.08kg coal equivalent per RMB. While in 1997, the average energy intensity
of indirect CO2 emissions of urban households was 0.15kg coal equivalent
per RMB. The average energy intensity of indirect energy consumption of
rural households was 0.14kg coal equivalent per RMB. The energy intensity
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decrease has slowed down the rate of increase of indirect energy consumption.
(2) There is a big difference in the consumption scales and consump-

tion patterns between urban households and rural households in China. In
2002, the 20 largest sectors occupied 82.87% of rural household consump-
tion, among which, the consumption on agricultural sector occupied 17.24%.
And the 20 largest sectors occupied 74.53% of urban household consumption,
among which, the consumption on agricultural sector occupied 5.46%, rank-
ing in the sixth place. Regarding to the absolute quantity, the consumption
on agricultural sector by rural households was also larger than that of urban
households. Table 5.6 reflects the change of final consumption by Chinese
urban and rural households during 1992—2002. In 1992, the final consump-
tion of urban households was less than that of the rural households, while in
1997 the contrary thing happened. In 2002, the final consumption of urban
households was more than two times that of the rural households, 516.50%
more than that in 1992. In spite of the fact that rural population is appar-
ently higher than urban population, the change of consumption scale and
consumption pattern of urban and rural households led to a higher indirect
energy consumption by urban households than by rural households in 1997
and 2002.

(3) According to Table 5.6, the final consumption on various sectors by
Chinese rural households increased by 170.82% during 1992—1997, but 8.58%
lower during 1997—2002 (mainly attributed to consumption decrease in agri-
cultural consumption). Furthermore, the energy intensity on various sectors
in 2002 was somewhat lower than that of 1997 (as shown in Tables 5.4 and
5.5), resulting in a lower indirect energy consumption in 2002 than in 1997.

Table 5.6 Final consumption of urban and rural household during

1992----2002

Consumption of

urban and rural

household

1992 1997 2002 1992—1997 1997—2002 1992—2002

Consumption of

urban households

(hundred million

RMB)

5888 17980.7 36299.6 205.38% 101.88% 516.50%

Consumption of

rural households

(hundred million

RMB)

6572 17798.3 16271.7 170.82% –8.58% 147.59%

5.1.4 Impact factors of household CO2 emissions

In order to further analyze the reasons for the change of impacts of
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household consumption on CO2 emission, we will study the impact factors for
the change of household CO2 emission during 1992—2002. Household CO2

emission is decomposed into population, per capita consumption expendi-
ture, consumption expenditure structure, energy intensity and CO2 emission
coefficient of primary energy consumption:

C =
∑

Cij =
∑
ij

Pi
Qi

Pi

Qij

Qi

Eij

Qij

Cij

Eij
(5.2)

Here, C refers to household CO2 emission, including direct and indirect CO2

emissions; i refers to for two categories of households, namely urban and ru-
ral households, i = 1, 2; j refers to for consumption expenditure category;
E refers to household energy consumption, including direct and indirect en-
ergy consumption; Qi refers to final consumption of category i households;

Qij refers to category j consumption of category i households;
Eij

Qij
refers

to CO2 emissions from per unit of category j consumption, reflecting the

change of energy intensity;
Qi

Pi
refers to per capita consumption of category

i households;
Qij

Qi
refers to consumption expenditure structure of category i

households.
Cij

Eij
refers to the CO2 emissions per unit of household energy

consumption, reflecting the change of energy consumption structure and the
increase of energy utilization efficiency.

China’s population growth, the increase of per capita consumption and
the change of consumption structure all enhanced the increase of household
CO2 emissions. Among them, the increase of per capita consumption plays
the greatest boosting role, data are prepared and calculated from China
Input-Output Table and China Statistical Yearbook (2003) and shown in Fig-
ure 5.7. During 1992—1997, the three changes increased 126 million tons of
carbon in total and decreases 0.08 million tons of carbon during 1997—2002,
with per capita consumption contributing 64.68% and 65.84% respectively;
Population growth contributed 15.97% and 21.16% respectively; and con-
sumption structure contributed 8.71% and 13.00% respectively. The decline
of energy consumption caused by per unit money consumption or the decline
of energy intensity has slowed down the growth rate of household CO2 emis-
sions, which was 0.63 million tons of carbon fewer in 1997 than in 1992 and
2.20 million tons of carbon fewer in 2002 than in 1997. During 1992—1997,
the change of CO2 emission coefficient from household energy use increased
CO2 emissions by 0.20 million tons of carbon, but during 1997—2002 it was
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Figure 5.7 Impacts of different factors on household CO2 emissions

[Data Source: China Input-Output Table and China Statistical Yearbook (2003)]

reduced by 0.09 million tons of carbon. Thus it can be seen that it is favorable
for mitigating the increasing rate of household CO2 emissions by means of
population control, lowering of energy intensity of production sectors, and
the guidance of household consumption structure to a low carbon direction.

5.1.5 Urban and rural household CO2 emissions under different
income levels

Figures 5.8 and 5.9 (Data are prepared and calculated from China Input-
Output Table and China Statistical Yearbook (2003) and shown in Figures
5.8 and 5.9) indicate that there is a big difference in per capita indirect
CO2 emissions under different income levels. In regard to urban households,
per capita indirect CO2 emissions reached 1,684.70kg carbon for households
with highest income, 1,120.92kg carbon for households with high income,
852.24kg for medium-high-income households, 690.82kg for medium-income
households, 528.27kg for medium-low-income households, 418.30kg for low-
income households and 313.73kg for lowest-income households. As for rural
households, the number was 352.39kg carbon for high-income households,
208.52kg for medium-high-income households, 163.92kg for medium-income
households, 129.63kg for medium-low-income households and 98.65kg for low-
income households.

Table 5.7 (Data are prepared and calculated from China Input-Output
Table and China Statistical Yearbook (2003) and shown in Table 5.7) shows
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Figure 5.8 Indirect CO2 emissions per capita of urban households with different income

levels in China 2002

[Data Source: China Input-Output Table and China Statistical Yearbook (2003)]

Figure 5.9 Indirect CO2 emissions per capita of rural households with different income

levels in China 2002

[Data Source: China Input-Output Table and China Statistical Yearbook (2003)]

that both per capita consumption expenditure and per capita indirect CO2

emissions of urban households with the highest income equals to 1.5 times
those of urban high-income households, 1.9 times of consumption expenditure
and 2.0 times of indirect CO2 emissions of urban medium-high-income house-
holds; 2.4 times of either consumption expenditure or indirect CO2 emissions



5.1 Impact of household consumption on CO2 emissions 135

of urban medium-income households; 3.1 times of consumption expenditure
and 3.2 times of indirect CO2 emissions of urban medium-low-income house-
holds; 4.0 times of either consumption expenditure or indirect CO2 emissions
of urban low-income households; and 5.5 times of consumption expenditure
and 5.4 times of indirect CO2 emissions of urban lowest-income households.

Table 5.7 Comparison of per capita expenditure and indirect CO2

emissions between urban highest income households and

other level income households
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Per capita

consumption

expenditure

1.46 1.88 2.39 3.10 4.00 5.46 3.73 6.25 7.93 9.95 12.96

Per capita

indirect CO2

emissions

1.50 1.98 2.44 3.19 4.03 5.37 4.78 8.08 10.28 13.00 17.08

Data Source: China Input-Output Table and China Statistical Yearbook (2003).

Per capita consumption expenditure and per capita indirect CO2 emis-
sions of urban highest-income households equals to 3.7 and 4.8 times respec-
tively of those of rural high-income households, 6.3 times of consumption
expenditure and 8.1 times of indirect CO2 emissions of rural medium-high-
income households; 7.9 times of consumption expenditure and 10.3 times
of indirect CO2 emissions of rural medium-income households; 10 times of
consumption expenditure and 13 times of indirect CO2 emissions of rural
medium-low-income households; 13 times of consumption expenditure and
17 times of indirect CO2 emissions of rural low-income households. This
shows that households with higher incomes tend to consume energy-intensive
products.

Therefore, with the increase in the income of urban and rural households
as well as the speeding-up of urbanization, the household indirect CO2 emis-
sions will keep growing in China.
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Through the above analysis, we come to following conclusions:
(1) The input-output table reveals that the direct and indirect impacts

of urban and rural households on CO2 emissions accounted for about 40%
of total CO2 emissions from primary energy utilization during 1992—2002
in China. Therefore, the guidance of household consumption behaviors is of
great significance to the mitigation of CO2 emissions.

(2) In spite of the fact that during 1992—2002 urban population was less
than rural population, urban household indirect CO2 emissions was higher
than that of rural households. Indirect CO2 emissions from food, clothing,
household equipments and services accounted for over 50% of indirect CO2

emissions. And housing is the greatest carbon-intensive behavior.
(3) Due to the variation existents in Chinese households’ income, the in-

direct CO2 emissions also make great difference. Per capita indirect CO2

emissions of urban highest-income households is 5.37-plus and 17 times of
that of urban lowest-income households and rural low-income households.
Per capita annual income of urban highest-income households is 13 times
that of rural low-income households, which means that with the increase in
the income of urban and rural households as well as the speeding-up of ur-
banization, the household indirect CO2 emissions will keep growing in China.

(4) The consumption scaling-up of urban and rural households, the urban
population growth, and the upgrading household consumption structure are
the main reasons for the increase of household energy consumption. How-
ever, the decline of energy intensity has slowed down the growth rate of energy
consumption. On one hand, it is necessary to guide the household consump-
tion to transit toward the non-carbon-intensive mode of consumption; on the
other hand, the energy intensity of products is to be further lowered so as to
conduce to the slowdown of the growth rate of household CO2 emissions.

5.2 Impact of export trade on CO2 emissions

Energy is one of the basic input elements of economic development. Any
production or consumption activity can not be separated from the utilization
of energy. In the era of economic globalization, international trade has al-
ready become an important part of economic development. Therefore, broad
concerns have been caused on the impact of international trade on energy con-
sumption and environment, and numerous studies have been carried out by
researchers at home and abroad (Battjes et al., 1998; Fieleke, 1975; Machado
et al., 2001; Mäenpää and Siikavirta, 2007; Peters and Hertwich, 2006; Rhee
and Chung, 2006; Sánchez-Chóliz and Duarte, 2004; Wyckoff and Roop,
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1994). They analyzed the way foreign trade brought impacts to energy con-
sumption and environmental change, and predicted the energy consumption
and pollutant emission of some countries during their foreign trade. The an-
alysts hold that the more open the economy was the greater impact foreign
trade would bring, that foreign trade structure and the technical efficiency
during production process had greater impacts on energy and pollutant emis-
sions from foreign trade, and that the impact of import and export trade on
energy consumption and pollutant emission should not be neglected.

5.2.1 Current export trade status of China

Since December 2001 after China was formally entered into the WTO
(World Trade Organization), it has increasingly deepened its relation with
and influence in the world economy and sped up the progress of global eco-
nomic integration. China’s foreign trade maintains a trend of growth. In
2005, its foreign trade amounted to 11.69 trillion RMB, which ranked the
third in the world, with exports accounting for 53.6% of the total.

China’s foreign trade has been maintaining its good growth trend. The
amount totaled 11.69 trillion RMB in 2005, ranking the third in the world,
in which export accounted 53.6% of the total.

Figure 5.10 (Data are prepared and calculated from China Input-Output
Table and China Statistical Yearbook (2003) and Shown in Figure 5.10)
shows the total amount and proportion of commodity exports of China dur-
ing 1990—2005. It can be seen that China’s gross exports increased rapidly

Figure 5.10 Changes of commodity export in China during 1990—2005

[Data Source: China Input-Output Table and China Statistical Yearbook (2003)]
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during 1990—2005 to reach RMB 6264.81 billion in 2005, an increase of over
19 times over 1990. Furthermore, its exports were greater in amount than
imports. The proportion of exports in its foreign trade was averaged at
52.61%.

During 1990—2005, China’s export structure took great changes as well,
data are prepared and calculated from China Input-Output Table and China
Statistical Yearbook (2003) and Shown in Figure 5.11. Primary export grew
slowly, with its proportion descending year after year, from 25.59% in 1990 to
6.44% in 2005, downward by 19.15%. The export growth of machinery and
transportation equipments was rather fast, from 9.00% in 1990 to 46.23%
in 2005, and occupied the position of the largest export category during
2001—2005. This indicates that China has already become one of the most
important manufacturing bases of the world.

Figure 5.11 Classification of commodity export in China during 1990—2005

[Data Source: China Input-Output Table and China Statistical Yearbook (2003)]

Undoubtedly, commodity exports increased energy consumption and pol-
lutant emissions. Then, to what extent are the exports of Chinese products
impacting CO2 emissions? How are the variations of export scale, export
structure and energy intensity impacting CO2 emissions? On the basis of the
input-output model in Section 5.1, this section carries out an analysis on the
impact of China’s export trade on CO2 emissions.

5.2.2 CO2 emissions embodied in exports

Since there is no breakdown into import and export in the input-output
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table of 1992, this section carried out an analysis on the impact of the com-
modity export on CO2 emissions in 1997 and 2002.

There was a decrease of 19.15% in CO2 emissions from energy products’
direct export of China in 2002 compared with 1992. But the indirect CO2

emissions from its commodity export increased by 16.38% during the same
period. Direct and indirect CO2 emissions from commodity export were 282
million tons and 313 million tons of carbon in 1997 and 2002 respectively,
accounting for over 30% of CO2 emissions from primary energy utilization
Data are prepared and calculated from China Input-Output Table and China
Statistical Yearbook (2003) and shown in Table 5.8. This means that about
1/3 of China’s CO2 emissions from its primary energy utilization was a result
of meeting the production and living needs of other countries.

Table 5.8 Impacts of products export on CO2 emissions

in China 1997 and 2002

Export on

CO2 emissions
In 1997 In 2002

Direct impact 0.449 0.363

Indirect impact 2.375 2.764

Total 2.824 3.127

In 1997, CO2 emissions from China’s commodity export accounted for 31.02% of those

from prime energy utilization

In 2002, CO2 emissions from China’s commodity export accounted for 33.74% of those

from prime energy utilization

Data Source: China Input-Output Table and China Statistical Yearbook (2003).

Figure 5.12 (Data are prepared and calculated from China Input-Output
Table and China Statistical Yearbook (2003) and shown in Figure 5.12) shows
the commodity export of China’s 17 sectors in 1997 and 2002, from which we
can see that: the machinery industry sectors had the lion’s share in China’s
export, 29.01% and 38.12% of its gross export in 1997 and 2002 respectively.
Textile industry came next, its proportions were 23.38% and 17.76% respec-
tively; service industry also exported a lot, with proportions of 13.45% and
16.65% respectively. However, we can see from Table 5.9 that there were
greater CO2 emissions from the commodity exports of mechanical industry,
energy resources mining industry, textile industry, chemical industry and ser-
vice industry sectors, accounting for 73.40% and 77.32% of CO2 emissions
from total commodity exports.

Tables 5.9 and 5.10 (Data are prepared and calculated from China Input-
Output Table and China Statistical Yearbook (2003) and shown in Tables
5.9 and 5.10) indicate that: in 1997, there were greatest CO2 emissions from
commodity exports of energy resources mining industry, petroleum processing
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Figure 5.12 Commodity export of different sectors in 1997 and 2005

[Data Source: China Input-Output Table and China Statistical Yearbook (2003)]

Table 5.9 CO2 emissions embodied in products exports of different

sectors in 1997 and 2002

Sector In 1997 In 2002

Agriculture 0.03 0.03

Iron & steel industry 0.12 0.03

Building materials industry 0.09 0.08

Chemical industry 0.33 0.31

Non-ferrous metals 0.04 0.04

Mechanical industry 0.72 1.06

Other heavy industries 0.02 0.05

Papermaking & printing 0.01 0.02

Food industry 0.06 0.05

Textile industry 0.34 0.40

Other light industries 0.11 0.12

Construction industry 0.00 0.01

Transportation industry 0.07 0.16

Service industry 0.19 0.26

Energy resources mining industry 0.49 0.39

Petroleum processing industry 0.16 0.14

Power industry 0.03 0.00

Unit: hundred million tons of carbon.

Data Source: China Input-Output Table and China Statistical Yearbook (2003).

industry, power industry and iron and steel industry sectors; while in 2002,
commodity exports of energy resources mining industry, petroleum processing
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industry, power industry and other heavy industries brought the greatest CO2

emissions. Therefore, in terms of the alleviation of CO2 emissions growth and
energy security, it is inadvisable to increase the commodity exports of these
sectors in future and more policy restrictions should be imposed upon the
commodity exports of these sectors. This is because direct and indirect CO2

emissions from commodity exports of various sectors are co-determined by
export scale, energy intensity and energy consumption structure.

Table 5.10 CO2 emissions embodied in unit monetary products

export of different sectors

Sector In 1997 In 2002

Agriculture 0.08 0.05

Iron & steel industry 0.39 0.15

Building materials industry 0.25 0.12

Chemical industry 0.22 0.12

Non-ferrous metals 0.22 0.12

Mechanical industry 0.15 0.08

Other heavy industries 0.18 0.23

Papermaking & printing 0.15 0.07

Food industry 0.08 0.05

Textile industry 0.09 0.06

Other light industries 0.12 0.08

Construction industry 0.19 0.09

Transportation industry 0.14 0.10

Service industry 0.08 0.05

Energy resources mining industry 1.60 1.83

Petroleum processing industry 0.90 0.72

Power industry 0.75 0.42

Unit: kg carbon/RMB.

Data Source: China Input-Output Table and China Statistical Yearbook (2003).

5.2.3 Impact factors of CO2 emissions embodied in export trade

In order to make an analysis on the factors impacting the change of CO2

emissions from commodity exports during 1997—2002, we break CO2 emis-
sions from commodity exports into CO2 emission coefficients of export scale,
export structure, energy intensity and primary energy consumption:

C =
∑

Ci =
∑

i

Q
Qi

Q

Ei

Qi

Ci

Ei
(5.3)

Here, C refers to CO2 emissions of export trade, including direct and in-
direct CO2 emissions; i refers to commodity exports category; E refers to
energy consumption from commodity exports, including both direct and in-
direct energy consumption; Q refers to export scale; Qi refers to export scale

of category i commodity;
Ei

Qi
refers to CO2 emissions of per unit category i
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commodity, reflecting the change of energy intensity;
Qi

Q
refers to commodity

export structure;
Cij

Eij
refers to the CO2 emissions per unit of energy consump-

tion, reflecting the change of energy consumption structure and the increase
of energy utilization efficiency.

It can be seen from Figure 5.13 (Data are prepared and calculated from
China Input-Output Table and China Statistical Yearbook (2003) and shown
in Figure 5.13) that China’s CO2 emissions from commodity exports in-
creased by 30 million tons of carbon in 2002 compared with 1997. The
greatest impact on the increase of CO2 emissions was from the scale-up of
commodity exports, resulting in an increase of 219 million tons of carbon in
direct and indirect CO2 emissions from commodity exports. The change of
commodity export structure led to a decrease of 59 million tons of CO2 emis-
sions; the lowered energy intensity of commodity export sectors reduced CO2

emissions by 121 million tons of carbon; and the decrease of CO2 emission
coefficient resulted in a decrease of 9 million tons of CO2 emissions.

Figure 5.13 Impacts of different factors on the embodied CO2 emissions in commodity

export in China during 1997—2005

[Data Source: China Input-Output Table and China Statistical Yearbook (2003)]

Through the above analysis, we have come to the following conclusions:
(1) Direct and indirect CO2 emissions from commodity export were 282

million tons and 313 million tons of carbon in 1997 and 2002 respectively,
accounting over 30% of CO2 emissions from primary energy utilization. This
means that about 1/3 of China’s CO2 emissions from its primary energy
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utilization was a result of meeting the production and living needs of other
countries.

(2) There were greater CO2 emissions from the commodity exports of me-
chanical industry, energy resources mining industry, textile industry, chemical
industry and service industry sectors. The gross emissions of these sectors
accounted for 73.40% and 77.32% of CO2 emissions from total commodity
exports in 1997 and 2002 respectively.

(3) In terms of the mitigation of CO2 emissions growth and energy secu-
rity, it is inadvisable to increase the commodity exports from the sectors of
energy resources mining industry, petroleum processing industry, power in-
dustry, iron and steel industry and other heavy industries in future and more
policy restrictions should be imposed upon the commodity exports from these
sectors.

(4) China’s CO2 emissions from commodity exports increased by 30 mil-
lion tons of carbon in 2002 compared with 1997. The greatest impact on
the increase of CO2 emissions was from the scale-up of commodity exports,
resulting in an increase of 219 million tons of carbon in direct and indirect
CO2 emissions from commodity exports. The change of commodity export
structure towards low-carbon-emitting commodities led to a decrease of 59
million tons of CO2 emissions; the lowered energy intensity of commodity
export sectors reduced CO2 emissions by 121 million tons; and the decrease
of CO2 emission coefficient resulted in a decrease of 9 million tons of CO2

emissions.

5.3 Conclusion

Using the input-output tables of 1992, 1997 and 2002, this chapter carried
out an analysis on the direct and indirect impacts of rural and urban house-
hold consumption and export trade on CO2 emissions. Our research findings
are as follows:

(1) The direct and indirect impacts of urban and rural households on
CO2 emission accounted for about 40% of total CO2 emissions from primary
energy utilization during 1992—2002 in China.

(2) Indirect CO2 emissions from food, clothing, household equipments
and services accounted for over 50% of total indirect CO2 emissions during
1992—2002. And housing is the greatest carbon-intensive behavior.

(3) The consumption scaling-up of urban and rural households, the urban
population growth, and the upgrading household consumption structure are
the main reasons for the increase of household CO2 emissions. However, the
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decline of energy intensity has slowed down the growth rate of CO2 emissions.
(4) CO2 emissions from commodity export accounted over 30% of CO2

emissions from primary energy utilization in 1997 and 2002. This means that
about 1/3 of China’s CO2 emissions from its primary energy utilization was
a result of meeting the production and living needs of other countries.

(5) There were greater CO2 emissions from the commodity exports of me-
chanical industry, energy resources mining industry, textile industry, chemical
industry and service industry sectors. The gross emissions of these sectors
accounted for 73.40% and 77.32% of CO2 emissions from total commodity
exports in 1997 and 2002 respectively.

The above analysis was made from the macro level on the impacts of
households and export trade on CO2 emissions. Next, we will make an anal-
ysis from the micro point of view on the impacts of household consumption
patterns and import trade on China’s CO2 emissions.
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China’s CO2 emissions relies on not only the growth of total emissions
but also the changes of regional emissions. The resource distribution and eco-
nomic development vary from region to region, and the study on the charac-
teristics of CO2 emission evolution in carbon-intensive sectors has indicated
that economic development, industrial structure and energy intensity have
the greatest impacts on CO2 emissions. Therefore, the LMDI method has
been adopted in this chapter to analyze the variation of China’s regional CO2

emissions, so as to provide information about slowing the emission growth
speed in provincial level in China. The key subjects of study include:

• What are the characteristics of regional total CO2 emissions?
• What are the characteristics of regional per capita CO2 emissions?
• What are the different features of CO2 emissions from regional power

generation?
• What are the differences in regional CO2 emission intensity?
• Which factors will affect CO2 emissions? And what are their shares?

6.1 Comparison analysis of regional CO2 emissions

6.1.1 Comparison analysis of regional total CO2 emissions

According to the figures of 1997 and 2005, the spatial distribution of
China’s CO2 emissions from final energy use has changed a lot. Data are
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prepared and calculated from China Statistical Yearbook and China En-
ergy Statistical Yearbook, and shown in Figure 6.1. In 1997, the CO2 emis-
sions from final energy use of Liaoning, Hebei, Shandong, Jiangsu, Guang-
dong, Henan, Sichuan, Hubei and Shanxi accounted for 50.71% of total 30
provinces, municipalities and autonomous regions (exclusive of Taiwan and
Tibet as a result of data avaliability), while in 2005, that of Shandong, Hebei,
Guangdong, Jiangsu, Henan, Liaoning and Zhejiang Province accounted for
49.99%. It can be observed that the variation of CO2 emission distribution
is closely related to the changes of economic growth, energy intensity, energy
consumption structure etc.

Figure 6.1 Changes of CO2 emissions in 30 provinces of China in 1997 and 2005

[Data Source: China Statistical Yearbook and China Energy Statistical Yearbook]

Furthermore, the gross CO2 emissions from the final energy use of China’s
30 provinces, municipalities and autonomous regions increased by 83.77%
in 2005 compared with that of 1997. Hebei, Jiangsu, Zhejiang, Shandong,
Henan and Guangdong were characterized by the greatest increase of emis-
sions from final energy use, which were 9.11%, 7.51%, 5.91%, 13.39%, 6.75%
and 8.01% respectively. It shows that a majority of CO2 emissions from
China’s final energy use are from major industrial provinces such as Hebei,
Jiangsu, Zhejiang, Shandong, Henan and Guangdong Provinces, which should
be paid special attention to during the mitigation of CO2 emissions.

6.1.2 Comparison analysis of regional per capita CO2 emissions

The CO2 emissions per capita in 30 provinces have increased from 0.76
ton in 1997 to 1.33 tons in 2005 by 0.57 ton. Compared with those in 1997,
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the regional CO2 emissions per capita have increased more or less, with the
greatest increase in Ningxia Hui Autonomous Region: from 1.00 ton in 1997
to 2.71 tons in 2005 Data are prepared and calculated from China Statistical
Yearbook and China Energy Statistical Yearbook, and shown in Figure 6.2.

In 2005, the CO2 emissions per capita of Beijing, Shanxi, Inner Mongolia,
Shanghai, Qinghai and Ningxia Province reached above 2.0 tons, while those
of Anhui, Jiangxi, Guangxi and Hainan were only below 0.8 ton. Such a
difference is related to many reasons, such as resource reserves, economic
structure, economic development level, people’s living standard and climatic
conditions.

Figure 6.2 CO2 emissions per capita of different provinces in 1997 and 2005

[Data Source: China Statistical Yearbook and China Energy Statistical Yearbook]

6.1.3 Comparison analysis of regional CO2 emission intensity

Compared with the year of 1997, the CO2 emission intensity has de-
clined in a majority of provinces in 2005, except for Qinghai, Shandong,
Yunnan and Fujian Provinces, while significant decreases took place in Bei-
jing, Tianjin, Liaoning, Jilin and Heilongjiang (all above 30%), among which
Tianjin showed the greatest drop of 51.40%, data are prepared and calculated
from China Statistical Yearbook and China Energy Statistical Yearbook, and
shown in Figure 6.3.

The CO2 emission intensity is high in Shanxi, Inner Mongolia, Guizhou,
Gansu, Qinghai and Ningxia, reaching more than 1.50 tons of CO2/RMB
10,000 in 2005. The emission intensity of Ningxia reached 2.67 tons of
CO2/RMB 10,000 (the highest one) in 2005, representing an increase of
40.67% over 1997, which was mainly caused by the growth of final energy use
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resulting from the industrial development. The emission intensity was low in
Beijing, Shanghai, Guangdong and Hainan in 2005, reaching only 0.50 ton of
CO2/RMB 10,000. The emission intensity of Hainan was only 0.44 (the low-
est one) ton of CO2/RMB 10,000. Such great differences are closely related
to regional economic structure, economic development, industrial structure
and energy intensity.

Figure 6.3 CO2 emission intensity of different provinces in 1997 and 2005

[Data Source: China Statistical Yearbook and China Energy Statistical Yearbook]

6.1.4 Regional electrical CO2 emission coefficient analysis

Compared with the year of 1997, the national average electrical CO2

emissions coefficient dropped in 2005, data are prepared and calculated from
China Statistical Yearbook and China Energy Statistical Yearbook, and
shown in Figure 6.4, except for Liaoning, Jilin, Shandong, Henan, Sichuan,
Qinghai and Ningxia Province. In 2005, the CO2 emissions coefficient of
Henan and Shandong increased by 37.18g carbon/kWh and 16.34g carbon/
kWh respectively. All other provinces have managed to decrease their CO2

emission coefficients, and that of Guangxi has declined by 19.79%. There-
fore, priorities should be given to decrease the emission coefficients of major
thermal power generation provinces.

The CO2 emission coefficient of power generation industry in 1997 was
above 300g carbon/kWh in Yunnan, Sichuan, Guangxi, Jilin, Xinjiang, In-
ner Mongolia, Heilongjiang, Jiangxi, Qinghai, Hubei, Guizhou and Hunan.
The highest 454.95g carbon/kWh was found in Yunnan, followed by Sichuan
(399.55g carbon/kWh). Hebei, Shanxi, Inner Mongolia, Jiangsu, Zhejiang,
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Figure 6.4 Changes of CO2 emission coefficient of power generation in different

provinces in 1997 and 2005

[Data Source: China Statistical Yearbook and China Energy Statistical Yearbook]

Shandong, Henan and Guangdong are several provinces which have high ther-
mal power generation share in China. As shown in Figure 6.4, the CO2

emission coefficient of power generation was high in these provinces. In par-
ticular, the emission coefficient of Inner Mongolia reached 345g carbon/kWh
and 330g carbon/kWh in 1997 and 2005 respectively, while that of Guang-
dong, Shandong, Beijing and Shanghai was comparatively lower (below 250g
carbon/kWh).

According to the above analysis, there are two ways to minimize the CO2

emission coefficient of major thermal-powered provinces: to improve the
thermal power generation technology in Hebei, Shandong, Jiangsu and Henan
in order to reduce coal consumptionof power generation; to decrease the
share of thermal power in these provinces. Since these provinces are major
grain producers, we can take full advantage of CDM to increase the share of
biomass power in the power generation structure so as to reduce the emission
coefficient.

We have analyzed the regional distribution and variation of China’s CO2

emissions. Which factors have influenced the related regional variation?
What is the extent of the influence? An empirical research has been con-
ducted in this section.

6.2 Method for analysis of regional CO2 emissions vari-

ation

1) Decomposition of China’s regional CO2 emissions
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In order to analyze changes of China’s regional CO2 emissions, we have
adopted LMDI method to decompose CO2 emissions into economic growth,
industrial structure, energy intensity and CO2 emission coefficient, as indi-
cated in Formula (6.1).

C =
∑
ij

Cij =
∑
ij

Qi
Qij

Qi

Eij

Qij

Cij

Eij
=

∑
ij

QSijIiRij (6.1)

Here, C refers to CO2 emissions from final energy use of material production
sectors in 28 provinces; Cij refers to CO2 emissions from final energy use
of the jth industry in the ith province; Qi refers to value added in the ith
province; Q refers to sum of values added in 28 provinces; Eij refers to final
energy use of the jth industry in the ith province; Rij refers to CO2 emission
coefficient of final energy use of j industry in the ith province; Sij refers to
share of the jth industry in the ith province; Ii refers to energy intensity of
the ith province.

2) Data
This chapter has discussed the changes of CO2 emissions from the final

energy use of 28 provinces during 1997—2005. The corresponding GDP data
is derived from the “1998 China Statistical Yearbook”, “1999 China Statis-
tical Yearbook”, “2000 China Statistical Yearbook”, “2001 China Statistical
Yearbook”, “2002 China Statistical Yearbook”, “2003 China Statistical Year-
book”, “2004 China Statistical Yearbook”, “2005 China Statistical Yearbook”
and “2006 China Statistical Yearbook”, all expressed at constant prices of
2005.

The final energy use of material production sectors in these provinces
includes: raw coal, cleaned coal, briquette, other washed coals, coke, coke-
oven gas, other coal gases, crude oil, gasoline, kerosene, diesel oil, fuel oil,
LPG, refinery dry gas, other petroleum products, natural gas, electric and
heat. Energy resources for thermal power generation include: rough coal,
cleaned coal, briquette, other washed coals, coke, coke-oven gas, other coal
gases, crude oil, gasoline, kerosene, diesel oil, fuel oil, LPG, refinery dry gas,
other petroleum products, and natural gas. All these data are derived from
“1997—1999 China Energy Statistical Yearbook”, “2000—2002 China En-
ergy Statistical Yearbook”, “2004 China Energy Statistical Yearbook”, “2005
China Energy Statistical Yearbook” and “2007 China Energy Statistical Year-
book”.

Since the time period of the research was limited to 1997—2005, we as-
sumed that the CO2 emission coefficients of different energies (coal, petroleum
and natural gas) remained unchanged. As a matter of fact, they have all
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changed slightly, and such slight changes can be neglected from the perspec-
tive of macro-level study. However, the variation of CO2 emission coefficient
of power generation and heat industry can be obtained. As a result of the
variance in fuel structure (coal, petroleum, natural gas, hydropower and nu-
clear energy) of the power generation industry from year to year and the
technological advancements in this industry, the CO2 emission coefficient of
power generation industry has changed significantly. Therefore, during the
decomposition of CO2 emission intensity, the impact of emission coefficient
only refers to the influence from the emission coefficient of power and heat
generation industry. The emission coefficients of power generation and heat
in respective provinces were calculated in line with the power outputs (hy-
dropower, thermal power , nuclear power and heat production) and the CO2

emissions from the power generation industry of relating provinces, and were
different from the national average emission coefficients of power generation
industry.

Since “China Energy Statistical Yearbook” doesn’t contain the energy con-
sumption data of Taiwan, Tibet, Ningxia and Hainan, this section has there-
fore only analyzed the changes of CO2 emissions from the final energy use of
28 provinces.

6.3 Analysis of regional CO2 emissions during 1997---

2005

By using the method mentioned above, we can have the empirical result of
different CO2 emission amounts of 28 provinces during 1997—2005 attributed
to various regional economic growth, industrial structure, final energy use
intensity and CO2 emission coefficient.

It can be observed from Table 6.1 (Data are prepared and calculated

Table 6.1 Factors influencing China’s CO2 emissions during 1997−−−2005

Time/year
Change of

CO2

emissions

Impact from
economic
growth

Impact from
industrial
structure

Impact from
energy

intensity

Impact from
CO2 emission

coefficient

1997—1998 −491.33 6427.75 832.73 −7148.50 −603.30
1998—1999 −59.06 5748.93 660.61 −6194.71 −273.89
1999—2000 3980.82 6405.97 1005.15 3237.51 −6667.80
2000—2001 2253.45 6746.20 713.04 −14666.58 9460.79
2001—2002 8286.80 8328.22 1058.88 −1585.41 485.12
2002—2003 21428.68 11999.73 1100.11 6886.63 1442.21
2003—2004 4591.54 14370.35 1659.21 −15179.75 3741.73
2004—2005 22041.56 15586.62 1913.57 9182.68 −4641.31
1997—2005 62032.46 75613.77 8943.30 −25468.13 2943.55

Note: The unit of CO2 emissions is 10,000 tons of CO2.

[Data Source: China Statistical Yearbook and China Energy Statistical Yearbook]
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from China Statistical Yearbook and China Energy Statistical Yearbook, and
shown in Table 6.1) that the growth of China’s CO2 emissions varied during
1997—2005. CO2 emissions indicated the fastest growth during 2002—2003
and 2004—2005 and accounted for 70.08% of the total growth of CO2 emis-
sions during 1997—2005. Generally, changes in economic growth, energy
intensity, industrial structure and CO2 emission coefficient have all resulted
in the increase of CO2 emissions.

The growth of CO2 emissions during 1997—2005 was mainly driven by
the economic development of material production sector and changes of in-
dustrial structure in 27 provinces. As a result of economic development,
CO2 emissions in 28 provinces increased by 756.14 million metric tons car-
bon during 1997—2005. Meanwhile, the increase in the ratio of secondary
industry in the industrial structure has also resulted in the growth of CO2

emissions by 86.43 million metric tons carbon. The increase in the share of
electric power in final energy use consumption structure and the change of
CO2 emission coefficient have helped increase CO2 emissions by 29.44 million
tons. However, the drop of final energy use intensity has also resulted in the
decrease of CO2 emissions by 254.68 million metric tons carbon. Therefore,
China’s total CO2 emissions from the final energy use consumption of the
material production sector in 28 provinces increased by 620.32 million metric
tons carbon in 2005 over 1997.

During 1997—2005, CO2 emissions increased by 620.32 million metric
tons carbon, and 55.68% of these emissions were from Hebei, Jiangsu, Zhe-
jiang, Shandong, Henan and Guangdong. As indicated in Figure 6.5, CO2

Figure 6.5 Changes of CO2 emissions of 28 provinces during 1997—2005
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emissions of these provinces have increased by 67.80, 52.74, 40.60, 96.20,
38.17 and 49.89 million tons carbon respectively. All of them are major
industrial provinces with huge demands for final energy. Furthermore, the
swift growth of value added of industry in these provinces during 1997—2005
has resulted in the quick increase of final energy use, bringing about the
rapid increase of CO2 emissions. Therefore, in order to mitigate the growth
of emissions, emphasis should be put upon Shandong, Hebei, Guangdong,
Jiangsu, Zhejiang and Henan provinces.

6.3.1 Impact from economic growth on regional CO2 emissions

The fast growth of material production sectors in these provinces was the
major cause for the increase of CO2 emissions, with impacts increasing year
after year (as indicated in Table 6.1). Figure 6.6 indicates the impacts of
economic development on CO2 emissions of different provinces.

Figure 6.6 Impacts from economic development on CO2 emissions of different provinces

during 1997—2005

It can be observed from Figure 6.6 that the economic growth in Hebei,
Shanxi, Liaoning, Jiangsu, Zhejiang, Shandong, Henan and Guangdong has
helped increase CO2 emissions by 54.18, 38.04, 42.63, 55.13, 39.13, 68.49,
35.44 and 55.63 million tons carbon respectively (totally 388.68 million met-
ric tons carbon, representing 51.40% of the overall impact of economic growth
on CO2 emissions). These provinces are not only major energy consumption
provinces but also major provinces with high economic development level,
with contribution rate to GDP growth accounting for 47.77% as their gross
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GDP constituted 50.10% and 52.68% of national GDP in 1997 and 2005 re-
spectively. Therefore, the policy makers of these provinces are confronted
with the challenge of how to coordinate between economic growth and reduc-
tion of CO2 emissions.

6.3.2 Impact from industrial structure on regional CO2 emissions

The change in industrial structure during 1997—2005 has increased CO2

emissions, with impacts increasing year by year (as indicated in Table 6.1).
Figure 6.7 indicates the impacts of industrial structure change on CO2 emis-
sions of 28 provinces.

Only the industrial structure change in Beijing, Heilongjiang and Shang-
hai Province has mitigated CO2 emissions, data are prepared and calculated
from China Statistical Yearbook and China Energy Statistical Yearbook,
and shown in Figure 6.7, while in all other provinces it has all increased
the emissions. In Hebei, Inner Mongolia, Shandong, Hubei, Sichuan, Guang-
dong, Henan and Jiangsu provinces, 56.95% of the total increment of CO2

emissions was caused by industrial structure change, which was mainly rep-
resented by the increase in the proportion of secondary industry. Therefore,
non-energy-intensive industries should be encouraged and the development
of energy-intensive industries should be controlled in these provinces. Mean-
while, the technological transformation of energy-intensive industries should
also be strengthened to improve the efficiency of energy utilization and slow
down the growth speed of energy consumption and CO2 emissions.

Figure 6.7 Impacts from industrial structure change on CO2 emissions of different

provinces during 1997—2005

[Data Source: China Statistical Yearbook and China Energy Statistical Yearbook]
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6.3.3 Impact from energy intensity on regional CO2 emissions

Energy intensity is key to the reduction of CO2 emissions (as shown in
Table 6.1). However, instead of decreasing emissions, the impact from energy
intensity has resulted in the increase of CO2 emissions by 68.87 and 91.83
million metric tons carbon respectively during 2002—2003 and 2004—2005.
Such an increase resulted from the rebound of energy intensity in such major
industrial provinces as Shandong, Hebei, Jiangsu, Henan and Guangdong.

Figure 6.8 (Data are prepared and calculated from China Statistical Year-
book and China Energy Statistical Yearbook, and shown in Figure 6.8) shows
the impact from energy intensity change on CO2 emissions during 1997—
2005. The energy intensity change in Hebei, Shandong, Fujian, Yunnan
and Xinjiang province has resulted in the increase of CO2 emissions by to-
tally 45.29 million metric tons carbon, with the greatest increase originating
from Shandong. The energy intensity change in other provinces has all re-
duced CO2 emissions, with the greatest decrease originating from Liaoning,
Sichuan, Hubei, Anhui and Heilongjiang (totally 140.91 million metric tons
carbon). Such difference is due to the difference of changes in energy in-
tensity Data are prepared and calculated from China Statistical Yearbook
and China Energy Statistical Yearbook, and shown in Figure 6.9. Mean-
while, the drop of energy intensity is mainly resulted from the decrease of
energy intensity in the secondary industry, with the greatest drops origi-
nating from Liaoning, Hubei and Sichuan. Owing to the energy intensity

Figure 6.8 Impacts from energy intensity change on CO2 emissions of 28 provinces

during 1997—2005

[Data Source: China Statistical Yearbook and China Energy Statistical Yearbook]
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Figure 6.9 Energy intensity changes of three industries of different provinces during

1997—2005

[Data Source: China Statistical Yearbook and China Energy Statistical Yearbook]

rebound during 2003—2005, major industrial provinces such as Hebei, Shan-
dong, Henan, Jiangsu, Zhejiang and Guangdong are confronted with greater
challenges in the reduction of energy intensity to mitigate CO2 emissions.

6.3.4 Impact from CO2 emission coefficient on regional CO2 emis-
sion

The CO2 emission coefficient can not only reflect the influence of CO2

emission coefficient variation of electricity and heat, but also reflect the im-
pacts of energy consumption structure changes on CO2 emissions.

It can be observed from Table 6.1 that the impact of CO2 emission co-
efficient on CO2 emissions is smaller than that of other factors. Changes
of CO2 emission coefficient have contributed to the mitigation of CO2 emis-
sions during 1997—2000 and 2004—2005, but increased CO2 emissions dur-
ing 2000—2004. The reason for the increase is that the share of electricity
in final energy use grows. Compared with 1997, the proportion of electricity
in final energy use in Zhejiang and Sichuan increased by 6.98% and 6.14%
respectively in 2005. Therefore, the change of CO2 emission coefficient in
both provinces has contributed most to the increase of CO2 emissions by
10.14 and 10.29 million metric tons carbon respectively, data are prepared
and calculated from China Statistical Yearbook and China Energy Statistical
Yearbook, and shown in Figure 6.10, accounting for 69.40% of the overall im-
pact. Hence, the emission coefficient of power generation should be reduced
and the efficiency of electricity utilization be enhanced to reduce electricity
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waste.

Figure 6.10 Impacts of CO2 emission coefficient on CO2 emissions of 28 provinces

during 1997—2005

[Data Source: China Statistical Yearbook and China Energy Statistical Yearbook]

6.4 Conclusion

According to the analysis and empirical research conducted in this chapter,
the status was discovered that China’s CO2 emissions vary from region to
region.

(1) China’s CO2 emissions from final energy use are mainly originated
from major industrial provinces such as Hebei, Jiangsu, Zhejiang, Shandong,
Henan and Guangdong, and efforts should be focused on these provinces dur-
ing the mitigation of CO2 emissions. Compared with those of 1997, Hebei,
Jiangsu, Zhejiang, Shandong, Henan and Guangdong Province were charac-
terized by the greatest increase of CO2 emissions from final energy use in
2005, accounting for 50.68% of overall emissions increase from final energy
use in 30 provinces, municipalities and autonomous regions.

(2) Differences in regional economic structure, economic development and
industrial structure will result in the difference in regional CO2 emission
intensity, which is high in Shanxi, Inner Mongolia, Guizhou, Gansu, Qinghai
and Ningxia (more than 1.50 tons CO2/RMB 10,000) and low in Beijing,
Shanghai, Guangdong and Hainan (less than 0.50 tons CO2/RMB 10,000).

(3) The economic growth and energy intensity decrease will have the
greatest impact on CO2 emissions from final energy use, while economic de-
velopment is key to the increase of emissions, and the change of energy inten-
sity can more or less decrease emissions. Despite the slight decrease of CO2
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emission intensity in 2005 over 1997, the economic growth has contributed
to the continual growth of CO2 emissions in all provinces.

(4) The energy intensity is closely related to the economic structure, en-
ergy efficiency and energy resources distribution. Owing to the rebound of
energy intensity during 2003—2005, the energy intensity growth in Hebei,
Shandong, Fujian, Yunnan and Xinjiang has resulted in the increase of CO2

emissions. Therefore, the energy intensity should be further reduced to mit-
igate CO2 emissions.

On basis of the research findings given in this chapter, we believe that
in such developed provinces as Hebei, Inner Mongolia, Shandong, Hubei,
Sichuan, Guangdong, Henan and Jiangsu,the non-energy-intensive industries
should be given priority to during the economic development, and energy-
intensive industries should be constrained. Meanwhile, the technological up-
grading of energy-intensive industries should also be strengthened in order
to improve the efficiency of energy use and slow down the growth of energy
consumption and CO2 emissions.
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The reduction of global CO2 emissions and mitigation of global climate
change has become the consensus shared by the international community.
How to effectively reduce CO2 emission is not only a scientific problem, but
also a technical problem. With the upsurge in the calls for reducing CO2

emissions, a variety of emerging CO2 emissions technologies have become
important options for reducing CO2 emissions. What are the technical econ-
omy characteristics, emission reduction potentials and development prospects
for different CO2 emissions technologies? In regard to these questions, this
chapter introduces the most important CO2 emissions technologies at the
present time, and analyzes the following questions in line with the result of
technical simulation:

• Currently, what are the major CO2 emission reduction technologies?
• How is the status of major CO2 emission reduction technologies?
• How about the abatement potential of different CO2 emission reduction

technologies?
• What challenges and opportunities will be faced by different CO2 emis-

sion reduction technologies? How is the future development perspective?
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• During the process of CO2 emission reduction, what contributions has
the renewable energy power generation technology made to socio-economic
development?

7.1 Major CO2 emission abatement technologies

Since 1970s, many studies have proved that technical advancement is
one of important ways to solve environmental problems. IPCC has empha-
sized in “The Special Report on Emission Scenario” and “The Third Assess-
ment Report” that: Technical advancement should be the most important
decisive factor for addressing future greenhouse gas emissions and climate
change, ranking above all other driving factors (IPCC, 2000; 2001). Techni-
cal advancement will play an irreplaceable role in the improvement of energy
consumption, enhancement of energy efficiency, relief of environmental pres-
sure, reduction of greenhouse gas emissions, and mitigation of global climate
change. The progress of energy technologies will play a critical role in the co-
ordinated development of energy, economy, environment and climate systems
under the sustainable development framework, and will exert revolutionary
influence. In “Energy Technology Perspective 2006 ”, through scenario anal-
ysis, IEA has pointed out that: by 2050, under the influence of key energy
technologies, the global CO2 emissions will come back to the current level,
and the oil demands will drop by half. It will be a fundamental need to
reduce the CO2 emissions of power plants through renewable energy tech-
nology, CO2 capture and storage technology and nuclear energy technology
(in acceptable countries) (IEA, 2006b). Therefore, efforts shall be made to
promote the progress of energy technologies, especially the development of
CO2 emissions reduction technology.

According to the evaluation of World Energy Council, fossil fuel accounted
for 77% of world primary energy supply in 1990. If existing policy frame-
work is maintained, this proportion will drop to 64% in 2050. Even if there
are policies to constrain CO2 emissions, this proportion will not be lower
than 57% (WEC, 2005). Accordingly, the overall CO2 emissions from fossil
fuel consumption will increase substantially. According to the statistics of
International Energy Agency, during the past 30 years, coal should be the
responsible for 40% of world CO2 emissions, while the share of petroleum and
natural gas accounted for 31% and 29% respectively (IEA, 2004). According
to World Energy Council (WEC, 2005), even if the energy intensity drops in
the future, the CO2 emissions from energy consumption will increase by 62%
during 2002—2030 under the existing policy system (including “Tokyo Pro-
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tocol ”), and will still increase by 37% even under more rigid policy system.
Therefore, the development of clean energy technologies, low-CO2 emission
technologies, renewable energy and new energy has become the major con-
cerns for the international community.

Currently, there exists three major CO2 emissions reduction technologies:
to enhance energy efficiency, energy conversion ratio and save energy, i.e.,

advanced power generation technologies such as IGCC and NGCC; to
adopt alternative fuels and develop low-carbon fossil fuels, nuclear energy,
renewable energy and new energy; to separate, capture and store CO2

during fossil fuel consumption (Chen Xiaojin, 2006). The energy conservation
and high-efficiency energy use technologies, new energy technologies and CO2

capture and storage technologies driven by these three category have drawn
the broad attention of academic circles and policy makers, especially the CO2

capture and storage technologies. In 2005, IPCC released the “Special Report
on Carbon Dioxide Capture and Storage” and regarded this technology as
one of major options for mitigating climate change, in the hope of arousing
worldwide attention to this technology (IPCC, 2005).

7.1.1 Renewable energy technology

Renewable energy include water, wind, biomass , solar power, geothermal
and ocean energy, all of which are characterized by great potential and low
environmental pollution. With far lower greenhouse gas emissions than that
of fossil fuel (even near to zero emission) and allowing sustainable use, these
energy can help reduce CO2 emissions, mitigate global climate changes and
accomplish the sustainable utilization of energy. Since 1970s, the develop-
ment and utilization of renewable energy had already been a major concern
of the world, and renewable energy have witnessed the quickest development.
We will hereby introduce the renewable energy development status of China
and the long term potential of CO2 emission reduction enabled by these
technologies.

7.1.1.1 With good potential for CO2 emission reduction, the hydropower
shall be well developed

Hydropower is currently the most mature renewable energy utilization
technology with huge potential for emission reduction. The development of
hydropower will help reduce CO2 emissions. China is rich in hydropower
resources, with the theoretical reserve of water power resource hitting 6.08
trillion kWh/year and average power reaching 694 million kWh, accounting
for 1/6 of that of world. The exploitation rate of such resources in developed
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countries have reached 60%, while China remains to be a beginner of water
power development (only 22%). Therefore, China has good potential for
water power development.

According to the study on the relationship between the water quality of
reservoir and greenhouse gas emissions, the greenhouse gas emissions of hy-
dropower is lower than that of thermal power by 1—2 order of magnitude,
and the greenhouse gas emissions of reservoir is closely related to water qual-
ity. According to the evaluation and empirical research on the greenhouse
gas emissions of water reservoir as conducted by Environment Committee of
International Hydropower Association, the net GHG emissions caused by the
water reservoir is zero. Although some people believe that the corruption
of plants submerged by the reservoir will result in the emissions of substan-
tial greenhouse gas, more researchers consider that the GHG emissions of
reservoir can be classified into renewable CO2 emissions, i.e., normal carbon
cycling (Zhang Boting, 2007). Therefore, hydropower development will bring
huge potential for CO2 emission reduction, while small hydropower is also
one of preferential options of CDM program.

According to the national renewable energy development planning (Na-
tional Development and Reform Commission, 2007), by 2010, China’s in-
stalled capacity of hydropower will hit 190 million kW, including 140 million
kW from large- and medium-sized hydropower stations and 50 million kW
from small hydropower stations. By 2020, China’s installed capacity of hy-
dropower will hit 300 million kW, and the exploitation rate of hydropower
development will reach 46%—47%, including 225 million kW from large- and
medium-sized hydropower stations and 75 million kW from small hydropower
stations. According to the estimate of related organizations (Special Commit-
tee of Renewable Energy of China Association of Resources Comprehensive
Utilization, 2004), by 2010 and 2020, the CO2 emission reduction caused by
small hydropower stations will reach 40 million tons and 60 million tons re-
spectively. It can be seen that the development of hydropower is of great
significance for the mitigation of CO2 emissions.

7.1.1.2 Well-developed Wind power technology should be encouraged with
great potential for emission reduction

The wind power technology has witnessed long-term development, and
mainly includes the small-sized off-grid wind turbine and large-sized on-grid
wind turbine, while the latter has experienced the quickest development dur-
ing the past years (Chinese Wind Energy Association, 2007). China enjoys
abundant wind resources, and wind power develops quickly in China. After
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decades of development, China’s on-grid wind power generation has entered
into the phase of scaled-up development.

1) Booming development of wind power and continual drop of costs
China’s wind power sector develops quickly, with on-grid wind power

initiating from 1980s. By the end of 2005, the installed capacity of wind
power has ranked top 7 in the world (Li Junfeng et al, 2006). So far, there
are 61 wind farms and 124 under-construction wind farms throughout the
country, with total installed capacity reaching 1.264 million kW in which
600kW and 750kW wind turbines accounting for 95% and 64% respectively.
Furthermore, there are also 250,000 small-sized independent wind turbines
installed in remote areas, with gross capacity reaching 60,000kW. During
recent years, the wind farm development is migrating from land to the ocean.
Along with the technical advancements and the broadening of application
scale, the cost of wind power keeps decreasing, with cost effectiveness getting
closer to that of conventional energy resources. Owing to the differences in
technology and region, the technical-economical index varies from wind farm
to wind farm.

2) Given great potential for CO2 emission reduction, the development of
wind power technology shall be encouraged

Wind power enjoys a broad potential for CO2 emission reduction. Wind
turbine with unit capacity of 1MW can decrease CO2 emissions by 2,000 tons
per year (Xinhua News Agency, 2007). Wind power is almost a commercial-
ized renewable energy utilization technology. Despite the notable investments
and high power generation costs, the wind power is suitable for serving as
a CDM project. According to the national renewable energy development
planning, by 2010 and 2020, the installed capacity of wind power will reach
5 million kW and 30 million kW respectively (National Development and
Reform Commission, 2007). It can be predicted that: after 2020, wind power
will enter into the phase of complete commercialization, and by 2030, the
installed capacity is expected to reach 150—200 million kW, making wind
power the top three major power sources (Special Committee of Renewable
Energies of China Association of Resources Comprehensive Utilization, 2004).
Wind power holds great potential for emission reduction, and will help de-
creaseing CO2 emissions by 11 million tons by year 2020.

7.1.1.3 Despite the abundant biomass resources, the related technology is
undeveloped and efforts shall be made to promote technological R & D

Biomass power generation includes agriculture and forestry biomass power
generation, garbage power generation and biogas generation. Biomass energy
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is currently the most widely used renewable energy source in the world (Chi-
nese Wind Energy Association, 2007), but such energy is mainly consumed
for cooking in the low-efficient furnace of rural people in developing countries,
and only a small proportion of them are used for central or distributed power
generation, heat supply, gas supply and liquid fuel extraction in developed
countries and few developing countries. The latter application represents
the future development trend of biomass energy and shows tremendous de-
velopment potential. The development trend of modern biomass energy is
high-efficient and clean utilization, namely, to transform biomass energy into
high-grade energies, including electric power, fuel gas and liquid fuel etc.

1) Despite the abundant biomass energy resources, the technology is un-
derdeveloped and the power-generation costs is high

By the end of 2005, the installed capacity of China’s biomass power was
about 2 million kW, including 1.7 million kW from bagasse power generation
and 0.2 million kW from garbage power generation. However, in respect
of the biomass power generation technology, there is a large gap between
China and the world advanced level. Furthermore, being another form of
biomass energy utilization, the biogas and related technologies have been
well developed in China. By the end of 2005, the total number of biogas
digester pit users has reached 18 million households throughout the country,
with annual output reaching about 7 billion cubic meters. China has also
begun to produce biomass liquid fuel. Currently, China’s yearly output of
fuel ethanol (produced from grain) is 10.2 million tons, and the yearly output
of biodiesel produced from oil crop reaches 50,000 tons.

Currently, China’s biomass generator sets are mainly imported. With
the commercialization of biomass power generation and the localization of
generator sets, the unit investment cost will drop substantially. Meanwhile,
China’s biomass electric power generation technologies are still at the stage
of demonstration, and their commercialization and localization largely rely
on the biomass energy development policy of China. Based on the feasibility
study reports of existing biomass power generation pilot projects and those
which have entered into the phase of feasibility study, the economic parame-
ters of biomass electric power generation are given in Table 7.1 (Based on the
data from Sun Liyuan (2004), the results are calculated and shown in Table
7.1).

2) Biomass energy holds great potential for CO2 emission reduction and
shall be strengthened

According to the national renewable energy development planning, by
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year 2010, the total installed capacity of China’s agriculture and forestry
biomass power (including bagasse power generation) will reach 4 million kW,
and that of garbage power and methane power will reach 0.5 million kW
and 1 million kW respectively. By year 2020, the gross installed capacity of
biomass power (including bagasse power generation) will reach 24 million kW,
and that of garbage power and methane power will reach 3 million kW and 3
million kW respectively. The methane utilization in the countryside will reach
15 billion cubic meters and 20 billion cubic meters respectively in 2010 and
2020 (National Development and Reform Commission, 2007). Both biomass
power generation and biogas utilization can help reducing CO2 emissions.
By 2010 when the annual biomass power outputs reach 20 billion kWh, the
CO2 emissions will be reduced by 14 million tons, and the biogas utilization
can reduce methane emissions by 7.5 billion cubic meters, which is about 45
million tons of CO2. By 2020 when the annual biomass power outputs reach
80 billion kWh, the CO2 emissions will be reduced by 75 million tons, and the
biogas utilization can reduce methane emissions corresponding to 60 million
tons of CO2.

7.1.2 Advanced power generation technologies

Thermal power sector is the major CO2 emissions sector. The improve-
ment of power generation technologies and adoption of advanced power gen-
eration technologies will effectively reduce the CO2 emissions caused by the
power sector. Currently, the IGCC (Integrated Gasification Combined Cycle)
and NGCC (Natural Gas Combined Cycle) have drawn broad attention.

IGCC purifies the low-heat synthesis gas generated from the gasification
of such carbides as coal, refinery coke, residual oil and biomass fuel and
then sends the gas into gas-steam combined cycle generation or chemical
production system (Tang Yunlin, 2004). IGCC integrates the combined-
cycle power generation technology with coal gasification and gas purification
technologies in an organic way, and is considered a sustainable clean-coal
power generation technology complying with the development trend of power
generation technologies in the 21st century. It has become a highly concerned
clean energy utilization technology in 21st century.

NGCC utilizes the high temperature flue gas generated from gas flaring
to generate power in the gas turbine. The waste gas exhausted can produce
steam in the heat recovery boiler, and the steam drives the steam turbine
to generate power. Such a combination of gas and steam is called combined
cycle generation.

We will hereby analyze these two advanced power generation technologies
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in the perspective of current development status and future development.

Both IGCC and NGCC have entered into the phase of commercial demon-
stration, while there are still obstacles to large-scale application. China
has been tracking the development of IGCC since 1980s, and will also con-
struct IGCC demonstration power stations in Yantai (Zhang Chunxia, 2004).
In the “11th Five-year Plan” released in February 2006, Yantai has taken
this 300MW IGCC power station as a key demonstration project. Similar
projects include Shanghai 400MW IGCC project, Hebei Chaohua 120MW
IGCC Power Plant and Liaoning Fuxin heat, power and coal gas combined
supply project based on IGCC (Xu Lianbing, 2005).

After entering into the 21st Century, the role of NGCC has changed signif-
icantly. Instead of being used for emergency power supply and peak modula-
tion, it has now become an important part of the power grid. In industrialized
countries, the newly added capacity of NGCC has even exceeded that of ther-
mal power. Along with the adjustment of energy structure policies, NGCC
has been developed to some extent in China. Currently, natural gas power
generation units in Hangzhou Banshan Power Plant, Zhangjiagang Huaxing
Power Plant and Shanghai Chemical Industry Park Thermal Power Plant
have been put into production, while those of Beijing Jingfeng and other
power plants have completed construction and are currently at the phase of
commissioning test (Zhang Huanyun, 2005). With the acceleration of China’s
natural gas resource exploration process, the implementation of West-East
natural gas transmission project and the strengthening in the cooperation
with overseas partners, the technology of natural gas power generation and
especially the application scale of NGCC will develop and broaden gradually.
However, since China is scarce in natural gas resource and high in gas price,
the primary energy structure dominated by coal will remain unchanged in a
long period, making the development of NGCC not as fast as other countries.
Nonetheless, with more and more severe environmental protection situation,
the continual development and introduction of natural gas resources and the
maturation of related technologies, the share of NGCC in China’s electric
power system will increase substantially.

Currently, China’s IGCC and NGCC power generation technologies are
also confronted with certain risks and barriers in development, including:

(1) The initial construction cost of IGCC power plant can be rather high
and the construction period can be very long. From Table 7.2 (Based on the
data from Sun Liyuan (2004), the results are calculated and shown in Table
7.2), we can find out that the unit cost of IGCC demonstration power plant is
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about twice of the unit cost of coal-fired power plant. Therefore, the on-grid
power price and heat price will not have market competitiveness.

Table 7.2 Comparison between a domestic coal power plant and IGCC

demonstration plant

Items compared
Coal-fired thermal power plant

(300MW)

IGCC power plant

(300MW)

Unit static

investment/(RMB/kW)
4298 8110

Estimated power

price/(RMB/kW)
313.62 429.98

Estimated heat

price/(RMB/MJ)
24.21 58.01J

Construction period/months 20 36

Data Source: Xu Lianbing, 2005.

(2) China doesn’t own mature core technologies of IGCC. The equipments
and key technologies related to IGCC power system, gasification system and
high temperature purification system need to be imported from developed
countries.

(3) The operational reliability of IGCC power plant needs to be improved.
(4) The overall availability ratio of IGCC power plant fails to reach the

expected value. The availability ratios of four IGCC power plants using coal
as the raw material only reach 60%—80%, which need to be further improved.

Different from IGCC, the overall cost of NGCC mainly depends on the
price of natural gas. Therefore, given the fluctuation of oil-gas price, the
overall cost, emission reduction cost and operating cost are all subject to
many uncertainties.

(1) The uncertainties in power generation costs. The fuel cost of NGCC
accounts for 60%—85% of the overall power generation costs. In contrast, the
fuel costs of renewable energy, nuclear energy and coal-based power plants
account for 40% or below (IEA, 2006a), as indicated in Figure 7.1 (Based on
the data from National Science Library, Chinese Academy of Sciences (2007),
the results are calculated and shown in Figure 7.1). Therefore, the rise of
fuel price will have greater economic impact on NGCC power station than
other technologies. Since it is hard to predict the future price of natural gas,
the greatest challenge faced by NGCC will be the uncertainty of generation
cost. The rise of gas price will result in the transformation from natural gas
power generation to coal-fired power generation, which has been proved by
the development histories of United States and Europe during recent years.
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In addition, the rapid increase in the scale of NGCC power generation will
also result in the rise of gas price. For China, the current gas market is still
at the primary stage, and is featured by unbalanced resource distribution,
high transportation cost and limited reserves. All these factors will result in
higher operating costs and greater operating risks of the natural gas power
plant.

Figure 7.1 Cost comparison between coal and gas power plants

[Data Source: National Science Library, Chinese Academy of Sciences (2007)]

(2) NGCC equipments are expensive and domestic technologies are not
mature. China doesn’t have the capability to produce NGCC generators,
which need to be imported. Therefore, the prices of spare parts are also high.

(3) The domestic electricity price of NGCC is not competitive. The high
gas price has resulted in high operating cost of such power plants. If the
on-grid electricity price is too low, it will be very hard for these power plants
to survive.

(4) From the perspective of resource supply, the natural gas resources are
not abundant in China, which will go against the development of natural gas
power generation in China.

7.1.3 Carbon capture and storage technology

The development of any technology has a driver behind. The factor
driving the development of carbon capture and storage (CCS) is: to reduce
CO2 emissions from fossil fuel consumption while meeting the energy demand
of economic development, so as to mitigate climate change. The technology
of carbon capture and storage is aimed to separate CO2 from the emission
sources of industry or related energy and then transport CO2 to a storage
site for permanent isolation. In the near future, such fossil fuel as petroleum,
coal and natural gas will still be our major energy sources. According to
“International Energy Outlook 2007 ” released by EIA in 2007, the average
growth rate of coal consumption in the next few decades will reach 2.2%,
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and the share of coal in the world primary energy consumption structure
will increase from 25.6% in 2004 to 28.4% in 2030. It is predicted that in
the future energy structure the share of natural gas in world primary energy
consumption structure will be further increased from 23.1% in 2004 to 24.3%
in 2030. The annual average growth rate of petroleum will reach 1.4%, and
the share of petroleum in world primary energy consumption structure will
drop from 37.7% in 2004 to 34.1% in 2030. Such huge fossil fuel consumption
will cause enormous CO2 emissions. This report also points out that: the
CO2 emissions will reach 43 billion tons in 2030, representing a growth of
65% over 2004.

Therefore, positive efforts have been made by different countries to study
and develop CO2 emission reduction technologies, while CCS is one of emerg-
ing CO2 emission reduction technologies with the broadest application prosp-
ect. CCS is expected to achieve zero emission from fossil energy use, and is
therefore attached importance to by developed countries.

7.1.3.1 Despite the late start, CCS technology develops rapidly, with great
potential for scaled-up development and commercialization

IPCC has indicated in the “Special Report on Carbon Dioxide Capture
and Storage” that: CCS has good potential for decreasing the overall climate
change mitigation costs and increasing the flexibility in GHG emission re-
duction. CCS is considered as one of the options for reducing atmospheric
emissions of CO2 from human activities (IPCC, 2005).

CSS technology is mainly applicable to major CO2 emission sources such
as thermal power plants, iron and steel plants and oil refineries. Its top
superiority is to realize zero CO2 emissions from fossil fuel combustion. CCS
can be divided into three parts: separate and capture CO2 from industrial
and related energy emission sources; CO2 transportation and the geologic
storage or oceanic storage of CO2.

(1) Capture. The major objectives of CO2 capture include: fossil fuel
fired power plants, iron and steel plants, cement plants, oil refineries and
other centralized CO2 emission sources. Currently, there are about 8,000
point sources in the world with annual CO2 emissions exceeding 100,000
tons, with total CO2 emissions reaching 13.466 billion tons per year.

The process of capture is to separate CO2 from other gases. The CO2

separation system can be mainly classified as post-combustion system, pre-
combustion system and oxygen-enriched combustion system. The develop-
ment stage and application status of these three capture systems vary from
each other. Currently, the pre-combustion capture system is the most devel-
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oped system with extensive application in the fertilizer and hydrogen produc-
tion industry. The post-combustion system can only be economically feasible
under certain circumstances. The oxygen-enriched combustion system will
result in the increase of costs, and is therefore at the stage of demonstration.
To enable convenient transportation and storage, the CO2 will be sufficiently
compressed by the capture equipment before transportation.

(2) Transport. The captured CO2 will be transported to the storage site
far from the emission source. Major ways of CO2 transport include pipeline
transport, ship transport, railway transport and road transport. However,
restricted by cost and technological level, the most economic way of CO2

transport is pipeline transport. Since the shipping cost is related to shipment
distance, the ship transport of CO2 is only considered economically feasible
under certain circumstances. For instance, for the transport of CO2 less
than a few million tons or overseas shipment, the ship transport is then more
economically feasible. According to the current development status, owing
to the few transport needs, the scale of CO2 ship transport is still on the
small side. Although the railway transport and road transport of liquefied
CO2 are more developed in technology, they are small in transport scale and
poor in economic feasibility when compared with pipeline transport and ship
transport. Therefore, they are unlikely to become the choices for large-scale
CO2 transport.

(3) Storage. The captured CO2 will be injected into the subsurface geo-
logic structure/deep ocean or be frozen in the inorganic carbonate via indus-
trial process. CO2 can be stored in abandoned oil fields/gas fields, coal bed
(ECBM), saline aquifer and deep ocean layer as well as used to Enhanced
Oil Recovery(EOR). In respect of carbon storage method and technological
development level, some technologies are ready for commercialization and
partial commercialization, such as EOR, ECBM and EGR. Since these tech-
nologies can enhance the recovery rate of related products, the CO2 injection
cost can be partially or fully offset. Therefore, these technologies are more or
less developed throughout the world. Owing to the uncertainties in ecological
impact, the ocean storage technology is still at the research stage. Among
these storage methods, the CO2 storage capacity differs from each other. As
indicated in Table 7.3 (Based on the data from DNV (2003), the results are
calculate and shown in Table 7.3), saline aquifer boasts the greatest storage
capacity, while EOR and ECBM have the smaller storage capacity.

After decades’ development, there are now over 100 CCS projects being
implemented or to be implemented throughout the world (Qu Jiansheng,
Zeng Jingjing, 2007). However, a majority of them are used for EOR. The
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Table 7.3 Storage capacity of different storage pools

Storage base Capacity (100 million tons of CO2)

Oil/gas field 9000—13000

Abandoned oil field 1260—4000

Abandoned gas filed About 8000

Enhanced oil recovery 610—1230

Coal bed 600—1500

Saline aquifer 60000—100000

Total 70000—115000

Data Source: DNV (2003).

earliest CO2 storage project is the Permian Basin oil field project in United
States. Since 1972, the total CO2 stored by this project has exceeded 50,000
tons. The first CO2 storage project aimed for GHG emission reduction is
the Sleipner project of Norway, which has been separating CO2 from natural
gas since 1996 and injecting the CO2 into 800m deep seabed saline fen for
storage, with daily storage capacity reaching 2700 tons and accumulated
volume hitting 20 million tons. Meanwhile, a number of large-scale CCS
projects are also being implemented. As indicated in Table 7.4 (Based on
the data from IEAGHG (2006), the results are calculated and shown in Table
7.4), CCS research projects are mainly located in North America and Europe,
and are fewer in Asia and Australia.

Table 7.4 Statistics of carbon dioxide capture and storage projects

Project Asia Australia Europe
North

America
Others Total

Demonstration projects of

CO2 capture
4 1 4 6 1 16

Research projects of CO2

capture
1 1 15 23 — 40

Demonstration projects of

CO2 geologic storage
1 2 4 4 2 13

Research projects of CO2

geologic storage
5 2 16 31 — 54

Research projects of CO2 deep

ocean storage
1 — 2 5 — 8

Total 12 6 41 69 3 131

Data Source: IEAGHG (2006).

Although China has just started the research and demonstration projects
of CCS, China is a early user of CO2 EOR technology in the oil field, such as
Daqing Oil Field (1990—1995), Subei Oil Field (1996), Liaohe Oil Field (from
1990), Shengli Oil Field and Zhongyuan Oil Field etc. In addition, China has,
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through international cooperation, implemented a number of CCS projects,
including Jilin oil field recovery utilization project and China-Canada Bian-
qin coal-bed gas CO2 storage technology development project (Sun Maoyuan,
2003). Generally speaking, compared with developed countries, China still
needs to further strengthen the researches on CCS technologies and project
practice. Besides taking an active part in international cooperation and pro-
moting capacity building, China shall also strengthen independent research &
development, properly advance demonstration projects and implement prac-
tical application projects.

7.1.3.2 CCS technologies are currently higher in costs and more competitive
than other emission reduction technologies

According to IEA (2006a), the current costs of CCS power plants are be-
tween USD 30—90/tons of CO2 or even higher, which mainly include capture
cost (USD 20—80/tons of CO2), transport cost (USD 1—10/100 kilometers),
and storage & monitoring cost (USD 2—5/tons of CO2). Furthermore, the
application of CCS will increase the power generation costs of power plants.
IEA (2006a) has indicated in the report that: the power generation cost of
power plants applied with CCS technology will increase by USD 20—30/MW;
by 2030, owing to the technological advancements, the cost of CCS will drop
to USD 25/tons of CO2, and the corresponding power generation cost will
only increase by USD 10—20/MW. However, if it is used for EOR, the cost
of CCS will be offset. The research findings of IPCC show that EOR will
reduce the extra cost caused by CCS application by USD 10—20/MW. How-
ever, the economic benefit of EOR mainly depends on the oil price (IPCC,
2005).

Despite the high cost of CCS application, CCS is compatible with many
energy infrastructures and has good cost competitiveness. Therefore, com-
pared with other emission reduction technologies, CCS is still competitive to
a certain extent. Based on the data from World Coal Institute (2005), the
results are calculated and shown in Table 7.5. Generally speaking, the cost of
CCS technology and the integration of CCS technology with other advanced
power generation technologies are far lower than the abatement cost of re-
newable energy. Moreover, the cost increase of CCS will be comparatively
small when integrating advanced power generation technologies with CCS
technology (i.e., NGCC and IGCC) (as indicated in Table 7.5).

The cost of CCS application can be different if different technologies are
selected. Furthermore, owing to the differences in the type of fuel and tech-
nology adopted by the power plant, the cost data of CCS cannot be treated
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Table 7.5 Comparison of cost between carbon mitigation with fossil fuel,

renewable energy and nuclear energy technology

Technology

Abatement cost

related to coal

(USD per ton of CO2)

Abatement cost

related to natural gas

(USD per ton of CO2)

Offshore wind power −63—125 −61—291

Onshore wind power 11—287 265—592

Biological fuel 108—200 240—447

Nuclear energy 44—80 89—164

Tidal energy 277—597 572—1168

IGCC+CCS 24—45 101—188

New IGCC+CCS 54—101 151—282

Coal-fired power plant +CCS 66—122 195—362

New coal-fired power plant + CCS 92—221 243—566

Data Source: World Coal Institute (2005).

in same manner. We can summarize the cost range and influencing factors of
CCS technology according to historical data: under most circumstances, the
cost of CO2 capture and separation (including compression) accounts for the
greatest proportion in the overall cost structure; the cost of CO2 transport
mainly depends on the quantity, distance, population density, land type and
other influencing factors. In contrast, the cost of CO2 injection and storage
is comparatively lower.

7.1.3.3 The scaled-up development of CCS technology mainly relies on tech-
nological improvement and cost reduction

Although CCS technology has great potential for emission reduction and
is one of technological options for CO2 emission reduction, the extensive
application of CCS mainly relies on the technology maturity level, cost, over-
all emission reduction capacity, technical popularity/transfer in developing
countries, capacity of technological application, policies and rules, possible
environmental problems and public response etc.

Potential risks and hazards of CCS on social environment: the CO2 may
leak into the atmosphere and endanger human health and safety; the CO2

may leak and the saline water may replace ground water; the impact on
terrestrial eco-system and marine eco-system; induced earthquake, land sub-
sidence or other hazards. Furthermore, the promotion and scaled-up applica-
tion of CCS technology are still confronted with a number of obstacles such
as technology, cost, market, policy and mechanism etc.

1) Currently, CCS technology is high in cost and weak in market compet-
itiveness

Currently, the major obstacle inhibiting the technical application of CCS
is the high costs. The implementation of CCS system will result in the in-
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crease of a number of costs. The CCS technology can only be extensively
applied after the overall cost is reduced to USD 25—30/ton of CO2 (IPCC,
2005). Along with the advancements of CCS technologies and the expan-
sion of scale economy, the cost will be reduced in the future. Furthermore,
the investment and financing of CCS projects are confronted with a num-
ber of problems. Therefore, we should develop a standardized framework to
strengthen the inputs of CCS from the government and private sector, the
research and development of and the acceptability to CCS, so as to resolve
the uncertainties in technology and market and promote the technological
development of CCS.

2) There is no international convention related to CO2 storage

From the aspect of legal protection, some countries have begun to cover
the coastal geologic storage of CO2 in their policies. For instance, the con-
ventional way adopted in some countries is that the government takes the
long-term responsibility for the CO2 storage, like underground mining oper-
ation and etc. In addition, there are also some international conventions (i.e.,
United Nations Convention of the Sea, London Convention and Convention
for the Protection of the Marine Environment of the North-east Atlantic) re-
ferring to the environmental change caused by the injection of CO2 into the
ocean. However, none of these conventions has given consideration to CO2

storage (IPCC, 2005).

3) As a CDM project, CCS needs to be further studied on methodology
and assessment approach, and the incentive mechanism is absent

According to the mechanism of CDM, any energy efficiency improvement
technology, advanced new and renewable energy technology, advanced waste
energy recovery technology and GHG recovery technology can be the tech-
nological options of CDM project cooperation. However, the current CDM
methodology is mainly involved with the CO2 capture and storage in nat-
ural ecosystem, and the CCS methodology and accounting system shall be
further studied. Some researchers believe that: there is a great doubt that
whether CCS can be treated as a CDM project in terms of methodology,
technical reliability and project additionality (Research Center for Sustain-
able Development, Chinese Academy of Social Sciences, 2006). Furthermore,
CCS may be faced with the following challenges: how to embody the goal
of promoting sustainable development of CDM? Whether it can be coordi-
nated with the preferential development fields of host country? How about
its competition with other CDM projects and its financing? In order to ad-
dress these problems, a mechanism which is more suitable than CDM shall
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be established internationally. With the launch of “Kyoto Protocol”, the
international community shall pay more attention to the real effect of this
protocol. Considering the existing technologies and economic feasibility, the
effect of CCS on the mitigation of global climate change is still limited in
the near future. Some developed countries have launched a number of pilot
projects, while the development of CSS remains weak in developing countries.

Generally speaking, CCS is an important technology enabling CO2 emis-
sion reduction and low-carbon economy. The current technologies are feasible
but high in costs. CCS should be further developed in order to reduce costs
and be applied extensively, so as to play an important role in the mitigation
of global CO2 emissions and global climate change.

7.1.4 Energy conservation technologies

There are many ways to reduce CO2 emissions, and the most direct one
is to reduce energy consumption, especially the consumption of fossil fuels.
For a long time, China has been upholding the policy of “simultaneously to
conserve and explore energy, giving first priority to the former” to enhance
the efficiency of energy utilization and reduce energy consumption of per
unit output. Now China has managed to decrease energy consumption by
hundreds of million tce.

According to the “Intermediate- and Long-term Planning for Energy Con-
servation”, by 2010, China’s energy consumption per RMB 10,000 of GDP
(constant prices of 1990, the same below) will drop from 2.68 tons coal equiv-
alent in 2002 to 2.25 tons of coal equivalent. The capacity of energy conser-
vation will hit 400 million tce, representing a decrease of CO2 emissions by 1
billion tons. By 2020, the energy consumption of per RMB 10,000 GDP will
drop to 1.54 tce. The capacity of energy conservation will hit 1.4 billion tce,
which are equivalent to 111% of the newly added energy outputs (1.26 billion
tce) planned for the corresponding period and represent a decrease of CO2

emissions by 3.5 billion tons. If this goal can be accomplished, China’s CO2

emissions will be decreased substantially, and the international emission re-
duction pressure imposed on China will be well eased. In order to accomplish
the aforementioned goal of energy conservation, China has proposed three
key areas of energy conservation: energy conservation of major industries,
energy conservation of transportation and communication, and energy con-
servation of building, commercial and households use. Meanwhile, this plan
has also identified 10 major projects and developed the specific implementa-
tion plans. Through the implementation of the aforesaid 10 major projects,
240 million tce (including the increment) can be saved during the “11th Five-
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year Period”. CO2 emissions from power generation, industrial production,
transportation/electricity/residential building and commercial energy con-
sumption account for 34%, 25%, 23% and 18% respectively of gross CO2

emissions anthropogenic. We will analyze the corresponding energy-saving
technologies, methods and energy conservation & emission reduction poten-
tials for power industry, iron and steel industry, building materials industry,
transportation energy conservation, building energy conservation and gov-
ernment/resident energy conservation.

7.1.4.1 The key to the energy conservation of power industry is to reduce
coal consumption and line loss during power distribution

The coal consumption and transmission loss during power supply is an
important indicator to measure the energy efficiency and economical oper-
ation level of the power sector. During recent years, the coal consumption
and transmission loss rate of China’s power supply sector have decreased
substantially. From 1980 to 2006, the net coal consumption rate dropped
from 448g/kWh to 366g/kWh, while the transmission loss rate dropped from
8.9% to 7.08%. Although the energy conservation initiatives of China’s
power industry have been proved to be effective, there is still a big gap
between China and major industrial countries. These differences include
(Wang Zhixuan et al, 2003): China’s coal consumption of power supply is
60g/kWh higher than the advanced international standard, and is equivalent
to that of developed countries in 1970s; China’s transmission loss rate
is 2%—2.5% higher than that of advanced international power companies;

the power generation structure is not appropriate enough, the proportion
of new and renewable energy needs to be increased, and the share of large
generating units is too small. According to the estimate, if the existing small
generating units of China are completely replaced by large ones, 90 million
tce can be saved and 220 million tons of CO2 emissions can be mitigated per
year (Chen Deming, 2007). Therefore, China boasts great potential for the
energy conservation and emission reduction of the power industry.

From such aspects as energy conservation technologies, policies and mea-
sures related to the power industry, according to “Intermediate- and Long-
term Planning for Energy Conservation ” and “Policy Outline of China’s
Energy Conservation ”, the average coal consumption of power distribution
per kWh will be reduced to 360g standard coal by 2010 and 320g standard
coal by 2020 in China’s thermal power plants. The integrative station ser-
vice power consumption rate will reach 5.5% by 2010 and 5.1% by 2020. The
transmission loss rate will drop to 7.2% by 2010 and 6.8% by 2020. The
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accomplishment of such goals will greatly decrease the energy consumption
and CO2 emissions of the power industry.

7.1.4.2 Iron and steel industry boasts the greatest potential for energy con-
servation and emission reduction

The iron and steel industry is characterized by high energy consump-
tion and high CO2 emissions, and is considered as one of industries with
the greatest potential for energy conservation and emission reduction. Cur-
rently, China’s iron and steel industry has consumed about 480 million tce,
accounting for 17% of the gross energy consumption of China (next to the
power industry), while the total energy consumption of key iron and steel
enterprises hits 198 million tce.

China’s iron and steel industry has played an important role in energy
conservation. During 1990—2005, the comprehensive energy consumption
per ton of steel was reduced from 1.61 tce to 0.741 ton of standard coal. The
comparable energy consumption per ton of steel of major iron and steel enter-
prises was reduced from 0.997 ton of standard coal to 0.714 ton of standard
coal (Wang Taichang et al, 2007). However, compared to developed coun-
tries, China still lags behind in respect of some economic-technical indicators
of the iron and steel industry. There is a long way to go for the iron and steel
industry to accomplish energy conservation and emission reduction.

According to the “Policy for Developing the Iron and Steel Industry”, the
comprehensive energy consumption per ton of steel will drop to 0.73 ton of
standard coal by 2010 and to 0.7 ton by 2020, while the comparable energy
consumption per ton of steel will drop to 0.685 ton of standard coal by 2010
and 0.64 ton by 2020.

7.1.4.3 Cement industry plays a critical role in the energy conservation of
the building materials industry

Cement industry is the energy hog of the building materials industry, with
energy consumption accounting for 50% of the total energy consumption of
the building materials industry. The cement industry is the key to the en-
ergy conservation of building materials industry. The comprehensive energy
consumption of cement industry has dropped to 142g coal equivalent/ton in
2006. However, there is still a major gap between China and developed coun-
tries. Currently, the comprehensive energy consumption of China’s cement
industry is about 26% higher than international standard.

The elimination of backward cement production technique and the adop-
tion of advanced cement production process can substantially decrease energy
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consumption and CO2 emissions from cement production. If 50 million tons
of backward cement production capacity can be eliminated, 4.5 billion kWh
of electricity will be saved, 40 million tons of CO2 emissions will be de-
creased, and 7 million tons of coal will be conserved. Therefore, the cement
industry can provide distinct effect of energy conservation and emission re-
duction. According to “Policy Outline of Energy Conservation” (2005), the
energy consumption level of China’s cement industry will reach or approxi-
mate to the world average by 2020. During 2000—2020, it is estimated that
comprehensive energy consumption of cement products will drop from 162g
standard coal to 129g standard coal. Should this goal be accomplished, the
cement industry will play a critical part in energy conservation and emission
reduction.

Furthermore, the transportation, building, government and residence sec-
tors also have great potentials for energy conservation and emission reduction.
According to the research findings of “Study on the Technologies for Detect-
ing and Analyzing Human Factors in Global Environment Change” (11th
Five-year National Sci-tech Support Program) (Ministry of Science and Tech-
nology, PRC, 2007), if all residents can actively take part in National Energy
Conservation & Emission Reduction, 77 million tce will be saved and 200
million tons of CO2 emissions will be decreased per year, offering significant
economic, social and environmental benefits.

7.2 Analysis of CO2 emission abatement capability of

technologies

CO2 emission reduction technologies such as renewable energy, advanced
power generation technologies and CCS are all characterized by considerable
potential for emission reduction, and will play a critical role in developing
low-carbon economy in the future. We will hereby introduce the emission
reduction capability and potential of these emission reduction technologies.

7.2.1 Renewable energy could mitigate CO2 emissions effectively
with long term abatement potential

According to the resource status and technological development level of
renewable energy, hydropower, biomass, wind and solar energy will witness
the quickest development in the future. The wind power generation technol-
ogy has been matured basically. With economical efficiency approximating
to that of conventional energy, the wind energy will maintain quick growth
in the future years, while the trend of solar energy development will be pho-
tovoltaic power generation and heat utilization. Generally speaking, during
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the past 20 years, a majority of renewable energy has experienced quick de-
velopment, with industry scale, economical efficiency and commercialization
level being enhanced year after year. It is expected that: during 2010—2020,
a majority of renewable energy technologies will become competitive in the
market and experience quicker development after 2020. Advancements in
renewable energy technologies will have great contribution to CO2 emission
reduction. Table 7.6 (Based on the data from National Development and
Reform Commission (2007), the results are calculated and shown in Table
7.6) indicates the CO2 emission reduction potential of renewable energy in
2010 and 2020. If the development of China’s renewable energy meets the
goal for year 2010, 600 million tons of CO2 emissions will be decreased per
year. If the goal for 2020 is met, 1.2 billion tons of CO2 emissions will be
reduced per year (National Development and Reform Commission, 2007).

Table 7.6 CO2 mitigation potential of major renewable energy

in 2010 and 2020

Renewable energies
Emission reduction potential/10,000 tons of CO2

2010 2020

Hydropower 4000 6000

Wind Power 200 1100

Biomass energy 5900 135000

7.2.2 IGCC and NGCC now are in commercial demonstration and
may accomplish the overall optimization of energy conser-
vation and emission reduction

Compared with other power generation technologies, IGCC and NGCC
provide less CO2 emissions. In particular, the CO2 emissions of NGCC are
only 50% of that of traditional coal-fired power generation. Based on the
data from National Science Library, Chinese Academy of Sciences (2007),
the results are calculated and shown in Figure 7.2. The fuel used in NGCC
is natural gas, which is featured by low CO2 intensity. Meanwhile, NGCC
boasts high generating efficiency, which can effectively reduce CO2 emissions.
Currently, the heat efficiency of NGCC under LHV (low heat value) can
reach 60%. In contrast, the world average efficiency of gas fired power plants
was only 42% in 2003 (IEA, 2006a). Therefore, the CO2 emissions per unit
of power output of NGCC power plants are only 50% of that of ordinary
coal-fired power plants. According to “Energy Technology Perspective 2006”
(IEA), by 2050, under the circumstance of technical advancements (ACT
Scenario), NGCC’s contribution to the reduction of world CO2 emissions
will reach 5%—7% (IEA, 2006b).
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Figure 7.2 CO2 emissions of different fossil fuel power plants

[Data Source: National Science Library, Chinese Academy of Sciences (2007)]

NGCC/IGCC and CCS are considered as technologies with the greatest
potential for accomplishing CO2 emission reduction. The combination of
both NGCC/IGCC and CCS can well improve coal efficiency and even achieve
zero emission of CO2. Compared with the CCS technology applied in the
traditional coal-fired power generation industry, NGCC and IGCC consume
less energy and lower cost during CO2 capture. Based on the data from IPCC
(2005), the results are calculated and shown in Table 7.7.

Table 7.7 Comparison of mitigation potential and costs between different

generation technologies with and without CCS

Power plant performance and

cost parameters
PC Power Plant NGCC IGCC

Reference power plant

without CCS:

Power utilization cost

/(USD/kWh)
0.043—0.052 0.031—0.050 0.041—0.061

Power plant with CO2

capture:

Demand for fuel increase/% 24—40 11—22 14—25

CO2 capture/(kg/kWh) 0.82—0.97 0.36—0.41 0.67—0.94

Net CO2/(kg/kWh) 0.62—0.7 0.3—0.32 0.59—0.73

Reduce rata of net CO2/% 81—88 83—88 81—91

Power plant with CCS:

Power plant performance and

cost parameters
PC Power Plant NGCC IGCC

Power utilization cost

/(USD/kWh)
0.063—0.099 0.0430—0.077 0.055—0.091

CCS cost/(USD/kWh) 0.019—0.047 0.012—0.029 0.01—0.032

Increase in power utilization

cost/%
43—91 37—85 21—78

Mitigation cost/(USD/ton of

CO2)
30—71 38—91 14—53

Mitigation cost/(USD/ton of

carbon)
110—260 140—330 51—200
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Continued

Power plant performance and

cost parameters
PC Power Plant NGCC IGCC

Power plant with CCS and

EOR:

Power utilization cost

/(USD/kWh)
0.049—0.081 0.037—0.07 0.04—0.075

CCS cost/(USD/kWh) 0.005—0.029 0.006—0.022 (−0.005)—0.019

Increase in power utilization

cost/%
12—57 19—63 (−10)—46

Mitigation cost/(USD/ton of

CO2)
9—44 19—68 (−7)—31

Mitigation cost/(USD/ton of carbon) 31—160 71—250 (−25)—120

Data Source: IPCC (2005).

The CO2 emission reduction capability of NGCC can be very different in
cases with and without CCS. When CCS is not applied, the CO2 emissions
of NGCC will be 0.344—0.379kg/kWh. In contract, the CO2 emissions of
traditional coal-fired power plants are 0.736—0.811kg/kWh, which are quite
higher (IPCC, 2005). After the CCS technology has been applied, the CO2

emissions of NGCC drop substantially, with the representative value of CO2

emissions reaching 0.052kg/kWh, which is only 14% of that without CCS.
Therefore, NGCC has great potential for emission reduction.

7.2.3 CCS may reach near zero emission

According to the report of World Energy Council, in the reference scenario,
the world CO2 emissions will reach 38 million tons by 2030 and 55 million
tons by 2050. If CCS is applied, the CO2 emissions will decrease by 6 million
tons (16%) by 2030 and 18 million tons (33%) by 2050. Based on the data
from WEC (2005), the results are calculated and shown in Figure 7.3. IPCC
has pointed out in the report that: under the circumstance when the GHG
concentration in the aerosphere is maintained between 450—750 ppmv , in
the combination of CO2 emission mitigation schemes with the lowest cost, the
accumulated emission reduction potential of CCS can reach 22—220 billion
tons (6—60 billion tons of CO2), which means: CCS would have contributed
to 15%—55% of total world emission reduction before 2100 in a series of
reference scenarios.

ppmv is a unit of gas concentration, namly: parts per million by volume.
Economic potential is the GHG emission reduction capacity of a certain scheme,

namely, the cost benefits (such as the market value of CO2 emission reduction and the

cost of other schemes) of this scheme under the given general circumstance.
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Figure 7.3 Global CO2 emissions in the case of with and without CCS

[Data Source: WEC (2005)]

IEA has also utilized the Energy Technology Perspective model to analyze
the potential of CCS for future world CO2 emission reduction (IEA, 2004).
Under the circumstance when the carbon tax rate reaches USD 50/ton of
CO2, CCS will be widely applied in 2015. By 2020, 2030 and 2050, about 2.3
million tons, 8.5 million tons and 18.1 million tons of CO2 will be captured
and stored, and the CO2 captured by power plants will account for 53%,
70% and 80% of all captured CO2 respectively. The rest will come from fuel
processing industry and manufacturing industry. According to the “Energy
Technology Perspective 2006” released by IEA, by 2050, the CCS applied
in thermal power plants, industry and synthetic fuel production sector will
contribute to 20%—28% of world CO2 emission reduction, and become the
second largest emission reduction technology after energy efficiency improve-
ment (IEA, 2006a).

IPCC pointed out that the major contribution of CCS system to the
mitigation of climate change comes from its application in the power sec-
tor. However, to reduce CO2 emissions with CCS will be accompanied by
certain penalties (IPCC, 2005). From Table 7.8 (Based on the data from
IPCC (2005), the results are calculated and shown in Table 7.8), it can be
observed that the application of CCS in the power plant will increase energy
consumption, power generation costs and capital costs, and hence decrease
the power generation efficiency of the power plant. From Table 7.8, it can be
observed that under the circumstance of accomplishing the same CO2 emis-
sion reduction rate, the greatest increase in energy demand and highest rise
of power generation costs take place in PC power plants after CCS is applied.
Although the energy demand of IGCC power plants is slightly higher than
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that of NGCC power plants, the capital cost increment rate and power gen-
eration cost growth rate are far lower than that of NGCC power plants and
PC power plants. Although the energy demand growth rate of NGCC power
plants after applying CCS is the lowest one (about 16%), the capital cost in-
crement rate of NGCC power plants is the highest one (76%). Therefore, in
general, the application of CCS by different types of power plants will result
in different technological-economic indicator variations.

Table 7.8 Variation of technological and economic indicators of carbon

capture techniques of new plants based on present technology

Index
New NGCC

power plants
New PC power

plants

New IGCC

power plants

CO2 emission reduction rate with CCS

adopted/%
86 85 86

Energy demand growth rate with CCS

adopted/%
16 31 19

Capital cost increment rate with CCS

adopted/%
76 63 37

Power generation cost growth rate with

CCS adopted/%
46 57 33

Data Source: IPCC (2005).

7.3 Socio-economic impact analysis of renewable elec-

tricity

Despite the booming technological development of the renewable electric-
ity at the present time, the power generation costs are apparently higher
than that of traditional thermal power generation technology. Under the
current level of technological development, should scaled-up development of
renewable electricity be launched in China, how the impact on economic de-
velopment, power sector and end users will be. Therefore, this section has
utilized the computable general equilibrium model of CEEPA to analyze the
impacts of replacing conventional power generation technologies with renew-
able electricity.

7.3.1 China Energy and Environmental Policy Analysis
Model (CEEPA)

This section has adopted the CEEPA model developed by Center for En-
ergy and Environmental Policy Research (CEEP). In order to analyze prob-
lems conveniently, we have considered 20 sectors (agriculture, forestry, live-

PC refers to pulverized coal.
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stock husbandry, other agriculture, iron and steel industry, building materials
industry, chemical industry, non-ferrous metals industry, other heavy indus-
try, papermaking/printing industry, other light industry, construction indus-
try, traffic transport industry, service industry, coal mining and dressing in-
dustry, oil production industry, natural gas exploitation industry, petroleum
processing industry, power generation and distribution industry, and heat
production and distribution industry), 2 kinds of residents (urban residents
and rural residents) and the economic behaviors of the government (includ-
ing 6 basic modules: production module, income module, expense module,
investment module, foreign trade module and environment module).

1) Decomposition of power sector
The power sector is further subdivided in accordance with the mode of

power generation (as indicated in Figure 7.4. McFarland (2004) and Wing
(2008) have studied the modelization of power generation technologies and
their impacts in the general equilibrium model. By referring to the research
findings of Wing (2008) and in accordance with the bottom-up data of China’s
power industry (including the installed generation capacity, overnight cost,
operating cost, heat consumption rate and capacity factor of various power
generation technologies), a nonlinear programming model is used to divide
the production behavior of power sector into three basic activities: oper-
ation management, power transmission & distribution and power genera-
tion. In this model, seven power generation modes are considered: coal-fired
power generation, oil-fired power generation, gas-fired power generation, hy-
dropower, nuclear power, wind power, and biomass power (as indicated in
Figure 7.4).

Figure 7.4 Decomposition of electric power sector
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2) Handling of the capital market
Considering that power generation projects are always accompanied with

long construction period and poor capital mobility, the capital supply in mar-
ket is divided into fully liquid capital and non-liquid capital used for specific
power generation technologies (Liang Qiaomei, 2007). In order to avoid the
circumstance that the complete restriction on capital flows will result in zero
capital return, we assume that non-liquid capital is partially reversible, and a
CET function is used to describe the adjustment between fully liquid capital
and the capital used for specific power generation technologies. Under the
clearance of capital market, there will be a balance of distribution and de-
mand between the fully liquid capital and the capital used for specific power
generation technologies.

According to the “Middle- and Long-term Planning of Renewable Energy
Development”, we set up the power generation model of renewable energy,
and assume that renewable electricity can replace 2%—5% of thermal power.

In order to simulate the substitution of thermal power by hydropower,
wind power and biomass power, the exogenous variables include the power
outputs of hydropower, wind power and biomass power, while the endoge-
nous variables include the power outputs of coal-fired power, oil-fired power,
natural gas power and nuclear power.

7.3.2 Analysis of socio-economic impact of renewable electricity

From the aforementioned model, this section has obtained the following
major findings:

7.3.2.1 Impacts on macro economy

The impacts on macro economy include the impacts on real GDP, con-
sumption and investment. The GDP as mentioned herein is the real GDP
described in expenditure approach and composed of aggregate consumption,
gross investment and net export. Since the model adopts the closure law set
by the exogenous variable of offshore savings in international trade balanc-
ing, the value of net export remains unchanged. Hence, the GDP is mainly
affected by aggregate consumption and gross investment. According to Table
7.9, the impacts of gross investment and aggregate consumption under both
substitution goals are negative, and thus the impact on real GDP shall be
negative.

According to the savings-investment closure law of this model, the gross
investment is completely transformed from the endogenous variable of gross
savings. The key components of gross savings include enterprise savings,
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Table 7.9 Impacts of different renewable electricity schemes

Index Substitute 2%/% Substitute 5%/%

GDP −0.031 −0.121

Gross investment −0.016 −0.024

Gross consumption −0.019 −0.089

Average ROIC −0.002 −0.006

Demand for labor −0.001 −0.003

Disposable income of rural

population
−0.004 −0.008

Disposable income of urban

population
−0.001 −0.006

Consumer price index of rural

population
0.003 0.007

Consumer price index of urban

population
0.013 0.023

Energy intensity −0.006 −0.012

CO2 emission coefficient of

primary energies
−0.01 −0.1

CO2 emissions −1.213 −3.832

personal savings and government savings. Since renewable electricity is con-
sidered as a capital intensive technology, the average ROIC and demand for
labor will drop when compared with the reference scenario, resulting in the
drop of enterprise’s gross profit when compared with the reference scenario
and then the decrease of enterprise savings.

In respect of aggregate consumption, since this model adopts the closure
law of the exogenous government consumption, the aggregate consumption
is mainly influenced by the resident consumption, which plays a dominant
role in the aggregate consumption. Since the resident consumption is mainly
determined by the disposable income of residents and the price level, it is
propotional to the disposable income of residents and inversely propotional
to the price level. According to Table 7.9, the labor demand and enterprise
profit decrease, and the disposable incomes of urban/rural residents drop
dramatically when compared with the reference scenario. According to the
fluctuation of consumer price index, the rise in the consumer price index
of urban/rural residents will result in the drop of disposable income, the
decrease in the consumption of urban/rural residents and hence the drop in
aggregate consumption.

7.3.2.2 Impacts on different sectors

Figure 7.5 indicates the impacts of two substitution of power generation
with renewable energy on the outputs of energy intensive sectors.
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Figure 7.5 Impacts of different substitution of power generation with renewable energy

on the outputs of five energy-intensive sectors

1) Impacts on the outputs of energy intensive sectors

According to Figure 7.5, we can find that different renewable electricity
schemes have all resulted in the decrease in the outputs of energy intensive
sectors such as iron and steel, construction materials, chemical engineering,
non-ferrous metal, papermaking and etc, with iron and steel and papermak-
ing sectors being subject to the greatest influence. These sectors are not only
energy intensive sectors, but also electricity intensive sectors. The rise of
power price will also result in the drop in output. Therefore, besides increas-
ing the proportion of renewable electricity, we shall also consider the subsidy
offered to power generation enterprises and electricity intensive sectors.

2) Impacts on the product prices of energy intensive sectors

According to Figure 7.6, we can find out that different renewable electric-
ity schemes have all resulted in the rise in the product prices of such energy
intensive sectors as iron and steel, construction materials, chemical engineer-
ing, non-ferrous metal, papermaking and etc, while the price rise under the
5% substitution scenario is apparently greater than the 2% substitution sce-
nario. The impacts are different, with papermaking sector being subject to
the greatest rise in product price, followed by iron and steel, non-ferrous
metal, construction material and chemical engineering sectors.

3) Impacts on energy consumption and CO2 emissions

Both substitution schemes can apparently decrease energy intensity, pri-
mary energy CO2 emission coefficient and CO2 emissions (as indicated in
Table 7.10). It shows that the increase in the share of renewable energy con-
sumption will contribute to energy conservation and CO2 emission reduction.
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Figure 7.6 Impacts of different substitution of power generation with renewable energy

on the prices of five energy-intensive sectors

Table 7.10 Impacts of different alternative schemes on energy consumption

and CO2 emissions of energy intensive sectors

Sector

Substitute 2%/% Substitute 5%/%

Energy

intensity

CO2

emission

coefficient

CO2

emissions

Energy

intensity

CO2

emission

coefficient

CO2

emissions

Iron and steel −0.021 0.003 0.001 −0.089 −0.001 −0.006

Construction

materials
−0.013 0.002 0.001 −0.065 −0.001 −0.006

Chemical

engineering
−0.018 −0.009 −0.004 −0.078 −0.01 −0.008

Non-ferrous

metal
−0.011 −0.006 −0.002 −0.065 −0.02 −0.02

Papermaking −0.013 −0.04 −0.03 −0.070 −0.07 −0.06

Table 7.10 indicates the impacts of different substitution schemes on the
energy intensity, energy CO2 emission coefficient and CO2 emissions of five
energy intensive sectors. We can see that the energy intensity of five sec-
tors has dropped slightly. The impacts on CO2 emission coefficient and CO2

emissions are different. Under the 2% substitution scenario, the CO2 emis-
sion coefficients of iron and steel sector and construction materials sector
increase when compared with the reference scenario, while that of chemi-
cal engineering sector, non-ferrous metal sector and papermaking sector has
dropped. Under the 5% substitution scenario, the CO2 emission coefficient
and CO2 emission drop in all sectors.

According to the impact analysis of two different renewable electricity
schemes, it has occurred to us that both the 2% and 5% substitution sce-
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nario will result in the decrease of real GDP: 0.031% for the 2% substitution
scenario and 0.12% for the substitution scenario. Furthermore, according to
the impact analysis of sectors, the outputs and product prices of such energy
intensive sectors as iron and steel, construction materials, chemical engineer-
ing, non-ferrous metal and papermaking will be severely affected. The extent
of these potential adverse impacts will substantially affect the feasibility of
related policies. However, in respect of the impacts on energy consumption
and CO2 emissions of respective sectors, the CO2 emission coefficient and
CO2 emissions of iron and steel and construction materials sectors have in-
creased by 0.003%/0.002% and 0.001%/0.001% respectively when compared
with reference scenario. Such a fact is not favorable for the implementation
of renewable electricity policies, and fails to achieve CO2 emission reduction.
Therefore, the renewable electricity policies shall not merely take the power
generation sector into consideration.

7.4 Conclusion

This chapter mainly introduces the renewable energy technology, CCS
technology, energy-saving technology and low-carbon power generation tech-
nologies of IGCC and NGCC, and simulates the impact of renewable elec-
tricity on the mitigation of GHG emissions.

(1) CCS has a great potential for emission reduction, but the related costs
need to be reduced and the technology needs to be further developed.

IPCC considers that CCS is “one of options for mitigating climate change”
in the special report of 2005. The key feature of CCS is the carbon dioxide
capture and storage of large CO2 emission sources. It can effectively control
and reduce the CO2 emissions of thermal power plants. Boasting great po-
tential for emission reduction, CCS can help reduce more than 1/3 of world
CO2 emissions by 2050. CCS is on the way toward commercialization. De-
spite the high costs of CCS, such approaches as EOR/EGR can help reduce
costs. Currently, the application of CCS will also result in the increase of
energy consumption. Therefore, scaled-up application of CCS will be needed,
and the future development will be oriented by the reduction of investment
costs and energy consumption during operation.

(2) The emerging low-carbon power generation technologies of IGCC and
NGCC will be the key to reduce CO2 emissions in power plants.

The thermal power plants are the major CO2 emission sources in the
world. The emerging power generation technologies of IGCC and NGCC
can well improve power generation efficiency and substantially decrease CO2
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emissions. The combination of IGCC/NGCC and CCS can even achieve zero
CO2 emission of thermal power plants. Owing to its energy reserve situations,
China’s coal-based energy structure will remain unchanged in a long time.
Being applicable to the situation of China, IGCC has great potential for
development. However, the construction costs of IGCC power stations are
currently on the high side. With technical advancements and increase in
efficiency, IGCC will be widely applied in China.

The power generation efficiency and emission reduction potential of NGCC
power stations are even higher than that of IGCC power stations. Further-
more, there are also other incomparable superiorities. However, the power
generation costs of NGCC rely excessively on the price of natural gas. There-
fore, there are many uncertainties in the power generation costs of NGCC.
In particular, since the natural gas resources are not abundant in China, the
NGCC technology shall be developed moderately.

(3) Boasting good potential for scaled-up development, renewable energies
can reduce CO2 emissions but will also result in GDP losses.

The renewable energy utilization is one of technologies boasting good
potential for scaled-up development and capable of reducing CO2 emissions
effectively, including hydropower, wind power and biomass power. The re-
newable energy is developing swiftly in China, while some technologies have
reached or approximated to the level of commercialized development. Seeing
from the perspectives of resource reserve, technology or industry, the renew-
able energy has great potential for scaled-up development. Renewable energy
plays an important role in the process of low-CO2 emission development of
China’s energy structure. However, the power generation costs shall be fur-
ther reduced, so as to decrease the adverse impact on energy intensive sectors
and even GDP.

China’s energy development policy is: “simultaneously conserve and ex-
plore energy, giving first priority to the former”. The most direct ways to
reduce CO2 emissions are to adopt energy-saving technologies, improve the
efficiency of energy utilization and decrease energy consumption. Compared
with developed countries, China is low in the efficiency of energy utiliza-
tion and therefore has great potential for energy conservation and emission
reduction.
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Energy and environmental policies should be one of the most important
measures for CO2 emission abatement. Through properly introducing related
policies, the exterior environmental costs can be internalized, the market
behaviors can be regulated and controlled in a macro way, the behaviors
of producers and consumers can be changed, and thus the development of
economy could be guided toward a low-carbon direction.

The effective formulation and implementation of policies are complicated
processes. In order to promote efficient and proper proceeding of the policy-
making process, it is very necessary to simulate the corresponding policies
in a scientific way. This chapter summarizes the existing major mitigation
policies and especially focuses on the two major mitigation tools, i.e. carbon
taxation and carbon trading. The analysis of this chapter focuses on:

• What are the impacts of different carbon tax schemes on key socio-
economic indices of China such as economic growth, household income, con-
sumption and investment?

• How would different carbon tax schemes affect the production and in-
ternational competitiveness of China’s energy- and trade-intensive sectors?

• Which carbon tax scheme boasts better effect in protecting economic
development and ensuring the international competitiveness of national in-
dustries?

• Can China enact some unilateral market policies to influence the trade
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price of CO2 market and help China make greater profits through carbon
trading?

• Which countries are more sensitive to the policy of CO2 emission trading
market in China? Which countries are favorable buyers to China?

8.1 Major mitigation policies

Like noise and the automobile off-gas, the harm associated with excessive
CO2 emissions represents also an external cost. Therefore, no matter CO2

emissions are going to be reduced by changing the behaviors of producers and
consumers, or by promoting technical advancements, related policy restraints
or incentive measures should always be introduced in order to achieve the
expectant mitigation effect.

The existing policies/measures for dealing with climate change include:
controlling measures, fiscal policies and emission trading.

Controlling measures directly control CO2 emissions or energy consump-
tion through methods such as emission allowance, energy use/emission stan-
dard and power supply quota. For example, EU ETS has implemented the
policy of CO2 emission allowance for industries such as energy, iron and steel,
cement, paper and brick-making, and imposes a fine on enterprises with ex-
cessive emissions. Japan has requested organizations with excessive energy
consumption to make rectifications within certain time limit, and those who
still fail to come up to the standards after the rectification will be imposed a
fine and exposed to the public. The Renewable Portfolio Standard (RPS) is
being implemented in countries/regions such as US and EU, requiring that
renewable electricity shall constitute certain shares in power supply struc-
ture. Energy efficiency/emission standards have also been released in respec-
tive countries for specific equipments, vehicles or buildings. Fiscal policies
include various energy/environmental related taxes or subsidies.

According to the principles of Pigouvian Tax, various kinds of taxes aim-
ing at reducing GHG emissions allow different producers to select their con-
trolled amount according to their own mitigation cost. Compared with other
control devices, such as discharge standard or penalty, the cost of such taxes
would be lower under the same total control amount. Carbon tax has been
imposed in Denmark, Finland, Netherlands, Sweden and Germany since 1990.
Ecological tax has been imposed in French since 1999. The “climate change
tax” has been introduced by United Kingdom since 2001, with the tax base
as the consumption of coal, natural gas and electricity. Japan has also begun
to collect the environmental tax on the carbon content of fossil fuels such as
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petroleum, coal and natural gas since January 2007. These taxation measures
can not only help guide production and consumption pattern toward low en-
ergy consumption and low emission through price leverage, but also increase
government revenue and hence raise funds for other energy conservation and
emission mitigation activities.

Another form of promoting energy conservation and emission mitigation
through fiscal means, with energy environment tax revenues and other finan-
cial revenues, is that the government encourages and promotes the R&D of
advanced technologies via tax abatement, subsidies and special funds. For
instance, EU has implemented such policies as tax abatement or subsidy to
encourage wind power, hydropower, biological energy and other renewable
energies. French has increased the related fiscal subsidies to a great extent to
encourage the development of biological energies. The energy/environmental
tax revenues can also be used to reduce or exempt other existing distor-
tion taxes, so as to improve the overall socio-economic welfare and help
enhance the feasibility of policies. For example, among the 1.1—1.2 bil-
lion pounds collected from climate change tax per year, 100 million pounds
are used to subsidize energy-saving investment, 66 million pounds are allo-
cated to the carbon fund for helping commercial and public sectors to reduce
CO2 emissions and look for the commercial opportunities of low-carbon tech-
nologies, and 876 million pounds are used to ease the social security tax of
enterprises.

Emission trading is a mitigation measure combining direct control with
economic stimulation based on emission allowance, which is also referred
to as cap-and-trade system. The allowance defines the maximum allowable
emission capacity of each enterprise. When without emission trading, the
enterprise has to independently bear such costs as equipment upgrading and
the fine for excessive emissions. By allowing enterprises with excessive emis-
sions to buy the emission allowance from enterprises with emissions lower
than its allowance, emission trading can reduce the abatement cost of the
entire society. Currently, the CO2 emission trading market has been es-
tablished in countries/regions such as European Union, United States and
Japan.

Compared with the pure controlling measures, fiscal policies and the trad-
ing system taking advantage of the price leverage can help reduce abate-
ment costs. They are thus more popular and have become the focus of
studies. This chapter will discuss the potential impacts of related policies
if introduced by China, exemplified with carbon tax and bilateral trade
respectively.
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8.2 Study on carbon taxation policy

The current disregard to environmental factors of the manufacturing sys-
tem is one of major causes of the current severe environment situation in
China. At the 6th National Environment Protection Conference, the Min-
istry of Finance claimed that during the “11th Five-year Plan” period the
basic principle of “total amount control of pollutant discharge” will be fur-
ther clarified, and reforms on the use right system will be promoted (Xinhua
News agency, 2006). At the 1st International Symposium on Environmental
and Natural Resources Economics in East Asian Countries, an environmental
tax reserve scheme for China has taken shape (China Taxation Planning Re-
search Center, 2006). In this scheme, carbon tax is identified for scrutiny in
design of the future environmental tax/fee system. However, the foundation
and implementation of a carbon tax policy would be a complicated process.
When designing the tax scheme, it is important to consider how to reduce
as far as possible its negative impact on the economy, and to increase its
political feasibility, etc. In order to provide decision support for the future
environmental tax reform of China, in this section our CEEPA model was
applied to analyze the potential impacts of introducing a carbon tax policy
into China.

8.2.1 Setting of carbon tax schemes

Carbon tax was first introduced by Finland in 1990, and then levied in
Sweden, Norway, the Netherlands and Denmark. Cansier and Krumm (1997)
gave a reviewing introduction on the carbon tax schemes of these countries.
As for the manner of levy, Finland and the Netherlands have no tax relief
policy for the production sectors, whilst Sweden, Norway and Denmark ap-
ply tax relief for production sectors (especially for energy-intensive sectors).
For example, Norway implements only half the tax rate on their pulp and
paper industry, as well as their fish meal industry, and completely exempts
the important segments of the air and sea transport from the tax. In Sweden,
the tax rate for the industrial sector is only a quarter of that for households;
in Denmark, energy-intensive sectors could enjoy a substantially lower tax
rate than that for the other sectors and that for households so long as they
commit themselves to qualified energy saving measures defined by the admin-
istration. As for the manner of revenue recycling, Sweden, Norway, Finland
and Netherlands assign all the tax revenue to the general public budget, while
Denmark uses the carbon taxes paid by a certain sector to subsidize its labor
inputs or energy saving investments.
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Based on these existing tax schemes, four carbon tax schemes are set out
in this study, as shown in Table 8.1. It is noted that this study does not intend
to accurately simulate the complicated tax scheme in each country, but aims
at comparing the impacts of different manners of levy and revenue recycling
on China’s economy and on the development of energy- and trade-intensive
sectors.

Scheme S1 follows the pattern of Finland and Netherlands. A uniform
tax rate is assumed for all the sectors as well as for households. All the tax
revenue is assigned to government income.

Scheme S2 follows the tax scheme of Sweden. All the production sectors
enjoy a uniform tax rate which equals only a quarter of that for households.
All the tax revenue is assigned to government income.

Table 8.1 Description of carbon tax schemes

Schemes

Manner of levy Manner of revenue recycling

Tax relief for

production

sectors

Uniform

tax rate

for all the

production

sectors

Exempt energy-

and trade-

intensive sectors

from carbon tax

Assign to the

government’s

general budget

Subsidizing

indirect tax

S1 N Y N Y N
S2 Y Y N Y N
S3 Y N Y Y N
S4 Y N Y N Y

Scheme S3 is a simplification of the tax relief pattern in Norway, suppos-
ing that energy- and trade-intensive sectors are completely exempted from
carbon tax. Based on the realities of China, in this model the exempted
sectors include iron and steel industry, building materials industry, chemi-
cal industry, non-ferrous metals industry, and paper industry. All the tax
revenue is assigned to government income.

Scheme S4 is similar to the pattern of Denmark, assuming that energy-
and trade-intensive sectors are completely exempted from carbon tax, and
the tax paid by one sector is completely reimbursed to that sector to reduce
its indirect tax.

8.2.2 Analysis the effects of carbon tax policy

A baseline scenario encompassing up to the year 2020 was run where no
emission restriction and no carbon tax existed. A carbon tax was then levied
from year 2012, the target of which is to obtain a specific reduction of CO2

emissions in 2020 from the corresponding baseline level. In this instance we
set the reduction target as 5% and 10%, respectively; and then rerun the
model to simulate the four carbon tax schemes. The following illustrates the



202 Chapter 8 Simulations of CO2 Mitigation Policies

major results expressed in variations from the corresponding baseline values.
(Liang et al., 2007; Liang Qiaomei, 2007).

8.2.2.1 Macroeconomic impacts of different carbon tax schemes

Table 8.2 shows the main macroeconomic impacts of different carbon tax
schemes in the 5% and 10% reduction case, respectively.

Table 8.2 Macroeconomic impacts of different carbon tax schemes

Index
Five percent reduction Ten percent reduction

S1 S2 S3 S4 S1 S2 S3 S4

GDP/% −0.290 −0.089 −0.320 0.817 −0.736 −0.394 −0.845 1.192

Total

investment/%
0.120 0.413 0.080 1.381 0.023 0.522 −0.127 2.168

Total

consumption/%
−0.544 −0.398 −0.569 0.487 −1.212 −0.960 −1.299 0.617

Average return

on equity/%
−0.597 −0.513 −0.557 0.915 −1.251 −1.105 −1.184 1.673

Labor demand/% −0.379 −0.177 −0.409 1.040 −0.913 −0.569 −1.022 1.654

Rural household/%

disposable income/%
−0.784 −0.559 −0.774 0.414 −1.716 −1.335 −1.743 0.384

Urban household/%

disposable income/%
−0.754 −0.531 −0.742 0.569 −1.658 −1.279 −1.680 0.693

Rural consumer

price index/%
−0.045 0.129 −0.001 0.026 −0.084 0.288 0.005 0.062

Urban consumer

price index/%
−0.007 0.160 0.048 0.059 −0.006 0.352 0.105 0.135

Energy intensity/% −4.753 −4.970 −4.763 −5.720 −9.397 −9.752 −9.373 −10.978

CO2 /TPES/% −0.936 −1.528 −0.857 −2.347 −1.857 −2.853 −1.691 −4.639

1) Impacts on GDP
For GDP, in both reduction cases, the three schemes (S1,S2,S3), where

all the carbon tax revenues are assigned to the government’s general budget,
will incur GDP loss in 2020 compared to the baseline scenario. Moreover, the
corresponding loss severity will increase with a reduction target. Scheme S3,
where energy- and trade-intensive sectors are exempted from carbon tax, but
no tax revenue is reimbursed to any sector, showed the largest loss of GDP.
The decreasing rate of GDP under scheme S3 in the 5% and 10% reduction
case will be 0.03% and 0.11% point higher, respectively, than that under
scheme S1, and will be 0.23% and 0.45% point higher, respectively, than that
under scheme S2. When exempting energy- and trade-intensive sectors, if at
the same time completely reimbursing the tax paid by one sector to reduce
the indirect tax in that sector, the negative impact of carbon tax on GDP
could be entirely removed, as shown by the results of scheme S4. In the 5%
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and 10% reduction case, scheme S4 will increase GDP from the baseline value
by 0.82% and 1.19%, respectively, implying a “double dividend”.

The GDP index discussed herein is the real GDP calculated with an ex-
penditure approach, consisting of total expenditure on final consumption,
total capital formation and net export of goods and services. Since in the
foreign trade balance of this model, foreign saving is considered exogenous,
in all the cases the net export of goods and services will be fixed at the
corresponding base-year value. Therefore, all the carbon tax schemes will
influence GDP through their impacts on total consumption and total invest-
ment. The ratio of net export to GDP is quite small, which is only about
1.07% in 2020 in the baseline scenario. Thus, such an assumption of fixing
foreign saving will rarely affect the impacting force or direction of different
carbon tax schemes on GDP.

It can be seen from Table 8.2 that: in both reduction cases, the impact
of scheme S4 on total investment and total consumption will be positive,
further leading to the increase of GDP. In the 5% reduction case, the impacts
of schemes S1—S3 on total investment are all positive, while their impacts
on total consumption are all negative. Since the share of total consumption
over GDP is much larger than that of total investment (e.g. in the baseline
scenario in year 2020 the share of total investment over GDP will be 37.65%,
while that for total consumption will be 61.28%). The impacts of different
carbon tax schemes on GDP will be, to a greater extent, decided by their
effect on total consumption. Therefore, in these three schemes, GDP will all
become losses. When the reduction target rises to 10%, the positive driving
force of scheme S1 on total investment will reduce, while that of scheme S3
will become negative. At the same time, the negative impact of these two
schemes on total consumption will all increase; thereby the loss severity rate
of GDP in both schemes will increase. The positive driving forces of scheme
S2 on total investment will increase with the increase of reduction target,
but the corresponding increase of its negative impact on total consumption
will be larger than the former; thereby the loss severity rate of GDP in this
scheme will also increase.

The impact of different carbon tax schemes on total investment and total
consumption will be discussed in detail in the following two sections.

2) Impacts on total investment
It can bee seen from Table 8.2 that, given the same reduction target,

the rise of total investment driven by scheme S4 will be much larger than
those driven by the other three schemes. In the 5 percent reduction case, the
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increasing rate of total investment driven by scheme S4 will be 1.26%, 0.97%
and 1.30% higher than that driven by schemes S1, S2 and S3, respectively.
In the 10% reduction case, the increasing rate of total investment driven by
scheme S4 will be 2.14% and 1.65% higher than that driven by schemes S1 and
S2, respectively. According to the closure principle of invest-saving balance in
this model, total investment is transformed endogenously from total saving.
The major components of total saving are enterprise saving, household saving
and government saving. In the baseline scenario the ratios of these savings
to total saving are 40% for enterprise saving, 32% for household saving and
28% for government saving. The impacts of different carbon tax schemes on
these savings in the two reduction cases are presented in Table 8.3. It can be
seen that, the advantage of scheme S4 in stimulating total investment mainly
comes from its promoting effect on enterprise and household saving. Through
subsidizing the pre-existing indirect tax with carbon tax revenue, scheme S4
lowers the tax burden on labor and capital. As shown in Table 8.2, this,
on the one hand, could increase the average return on equity, and thereby
could increase total profit and further bring on the increase of enterprise
saving. On the other hand, the relative lower labor cost will stimulate the
demand for labor, and hence will drive-up total labor income—given the
assumption of a rigid wage rate. Simultaneously, the increase of total profit
will raise the profit distribution from enterprise to household. As two of the
most important components of household income, the increase of total labor
income and total enterprise profit distribution will drive up total household
disposable income, and thereby increase total household saving under given
marginal saving rate. As for schemes S1—S3, both average returns on equity
and labor demands under these three schemes will decline. Consequently both
enterprise and household saving under these schemes will decrease. Whereas
the decreasing rates under scheme S2 are both smaller than those under S1
and S3. All the carbon tax revenues under schemes S1—S3 are assigned to
government income, which will lead to the increase of government saving.
The increase of government saving in these three schemes is large enough to
completely counteract the reductions in enterprise and household saving; and
hence could drive up the total investment. The increasing rate of government
saving under scheme S4 is much smaller than that under the other three

Table 8.3 Impacts of different carbon tax schemes on various savings

Deposit
Five percent reduction Ten percent reduction

S1 S2 S3 S4 S1 S2 S3 S4

Enterprise savings/% −0.620 −0.394 −0.592 1.408 −1.405 −1.019 −1.396 2.356
Household savings/% −0.762 −0.538 −0.750 0.529 −1.673 −1.293 −1.696 0.613

Government savings/% 2.185 2.618 1.964 1.975 4.041 4.776 3.467 3.040
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schemes. However, since the share of government saving over total saving is
the smallest among the three savings, the increasing rate of total investment
under scheme S4 will still be larger than that of the other three schemes.

3) Impacts on total consumption
For total consumption, since the closure principle anticipates a govern-

ment balanced budget, the government consumption is considered exogenous,
and different carbon tax schemes will influence total consumption through
their impacts on household consumption. Household consumption domi-
nates total consumption in the 2020 baseline scenario with a ratio of 82.98%.
Household consumption is determined mainly by household disposable in-
come and the level of consumer price. Moreover, it is positively correlated
with the former, while negatively correlated with the latter.

The model result shows that compared with the baseline scenario, both
rural and urban household disposable income will decrease under schemes
S1—S3 because of the reductions in labor demand and enterprise profits.
As for the variation of consumer price index (CPI), both rural and urban
CPI will decrease under scheme S1. But such a slight decrease is not able
to counteract the negative impacts of the reductions in disposable income.
Therefore both rural and urban household consumption under this scheme
will decline and further incur the reduction of total consumption. The reduc-
tion of total consumption under scheme S2 in the 5% reduction case could be
explained with the same reason. Both rural and urban CPI under scheme S3
will increase, combining the decrease in corresponding household disposable
income. It is anticipated that both rural and urban household consumptions
under this scheme will decline and further cause the reduction in total con-
sumption. The reduction of total consumption under scheme S2 in the 10%
reduction case could be explained with the same reason. Both rural and
urban CPI under scheme S4 will slightly increase. But the corresponding
household income will also increase because of the increase in labor demand
and enterprise profit. The forward driving force of the increase in household
disposable income is large enough to surpass the backward driving force of
the increase in CPI. Consequently this will lead to the increase in both rural
and urban household consumption and, furthermore, in total consumption.

4) Impacts on energy intensity and CO2/TPES
All the four carbon tax schemes are evidently able to reduce energy inten-

sity and CO2/TPES. Given the same reduction target, the largest decrease of
both indices corresponds to scheme S4, followed by that of scheme S2. Scheme
S4 shows obvious advantage in its effect of reducing CO2/TPES compared
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to the other three schemes. In the 5% reduction case, the decreasing rate of
CO2/TPES under this scheme will be 2.51, 1.54 and 2.74 times those under
schemes S1, S2 and S3, respectively. While in the 10% reduction case, the de-
creasing rate under this scheme will be 2.50, 1.63 and 2.74 times those under
schemes S1, S2 and S3, respectively. The CO2/TPES reflects the variation of
energy structure. The smaller this index, the more environmentally friendly
the energy structure is. Hence it can be seen that the effect of scheme S4 on
improving energy structure is the better amongst all schemes.

8.2.2.2 Impacts of different carbon tax schemes on energy- and trade- in-
tensive sectors

The impacts of different carbon tax schemes on energy and trade-intensive
sectors in the 10% reduction case are illustrated as follows.

1) Impacts on sectoral output
Figure 8.1 shows the impacts of different carbon tax schemes on sectoral

output of the energy- and trade-intensive sectors in the 10% reduction case.

Figure 8.1 Impacts of different carbon tax schemes on sectoral output of energy- and

trade-intensive sectors in the 10% reduction case

It can be seen from the result that the implementation of schemes S1—S3
will all result in the reduction of sectoral output in all the five energy- and
trade-intensive sectors. The ascending ranking of the decreasing amplitudes
of the sectoral outputs are the same in these three schemes, i.e. chemical
industry, paper industry, non-ferrous metals industry, iron and steel indus-
try and Building materials industry. The negative impacts of scheme S2 on
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these sectors is clearly smaller than those of schemes S1 and S3. The sectoral
output loss of chemical industry, paper industry, non-ferrous metals industry,
iron and steel industry and building materials industry under scheme S2 are
0.41%, 0.34%, 0.45%, 0.46% and 0.47% smaller than those under scheme S1,
respectively; and are 0.36%, 0.44%, 0.56%, 0.55% and 0.49% smaller than
those under scheme S3, respectively. The largest negative impact on the out-
put of chemical industry corresponds to scheme S1. While the largest negative
impact on the output of iron and steel industry, building materials industry,
non-ferrous metals industry and paper industry all correspond to scheme S3.
On the basis of scheme S3, through reimbursing the carbon tax revenue to
production sectors, scheme S4 could completely eliminate the negative im-
pact on the output of all the energy and trade-intensive sectors. Under this
scheme, the output of paper industry, chemical industry, non-ferrous metals
industry, iron and steel industry and building materials industry will rise by
0.98%, 1.07%, 1.40%, 1.48% and 1.71%, respectively, from the baseline level.

2) Impacts on sectoral output price
As shown in Figure 8.2, all four schemes will lead to the rise of sectoral

output price in iron and steel industry, chemical industry and non-ferrous
metals industry. Whereas the largest increased rates of the sectoral output
price all correspond to scheme S1, followed by scheme S2. The rise of sectoral
output price in these three sectors could be alleviated through completely
exempting energy- and trade-intensive sectors from carbon tax. In the 10%
reduction case, the increasing amplitudes of sectoral output price in iron
and steel industry, chemical industry, and non-ferrous metals industry under

Figure 8.2 Impacts of different carbon tax schemes on sectoral output price

of energy- and trade-intensive sectors in the 10% reduction case
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scheme S3 are smaller than those under scheme S1 by 0.51%, 0.41% and
0.10%, respectively. While the corresponding increasing amplitudes under
scheme S4 are 0.70%, 0.57% and 0.42% smaller, respectively, than those
under scheme S1. As for the output price of building materials industry, the
impacts of schemes S1—S3 would be positive. Whereas the increasing rate
under scheme S3 is smaller than that under schemes S1 and S2 by 0.55% and
0.48%, respectively. Scheme S4 will not induce a rise in the output price in
building materials industry. The impact of all the schemes on the output
price of paper industry will be negative.

3) Impacts on sectoral export

It can be seen from Figure 8.3 that, schemes S1—S3 will each bring on
sectoral export loss in all the five energy- and trade-intensive sectors. The
largest decreasing amplitudes of iron and steel industry, building materials
industry and chemical industry all correspond to scheme S1, while schemes
S2 and S3 could reduce their negative impact on the exports of these three
sectors through tax relief. In the 10% reduction case, the decreasing ampli-
tudes of the export in iron and steel industry, building materials industry and
chemical industry under scheme S2 will be 0.51%, 0.53% and 0.46% smaller,
respectively, than those under scheme S1. While the corresponding decreas-
ing amplitudes under scheme S3 will be 0.36%, 0.47% and 0.41%, respectively,
smaller than those under scheme S1. However, the negative impact on the
exports of non-ferrous metals industry and Paper industry by scheme S3 will
be the largest among the three schemes, closely followed by that of scheme

Figure 8.3 Impacts of different carbon tax schemes on sectoral export of energy- and

trade-intensive sectors in the 10% reduction case
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S1. The manner of tax relieving under scheme S2 could still alleviate the
negative impact of carbon taxing on the exports of these two sectors. The
decreasing amplitudes of export in non-ferrous metals industry and Paper
industry under scheme S2 are 0.50% and 0.34% smaller, respectively, than
those under scheme S3.

Scheme S4 could completely eliminate the negative impact on the exports
of all the energy- and trade-intensive sectors by utilizing carbon tax revenue
to reduce indirect tax. The exports of these sectors under this scheme will
all increase, compared to the baseline scenario. In the 10% reduction case,
the increasing amplitudes of exports in these sectors will all be close to,
or surpass, 1%. Especially the increasing amplitude of export in building
materials industry will result in about 1.84%.

4) Impacts on sectoral profit

As illustrated in Figure 8.4 that, scheme S3 will incur loss of sectoral profit
in all the energy- and trade-intensive sectors. The corresponding decreasing
amplitudes under this scheme are much larger than those under the other
three schemes. In the 10% reduction case, this scheme will reduce the profit of
iron and steel industry and building materials industry by 1.47% and 1.14%,
respectively. The impact on profit of the three other schemes for these two
sectors will be positive or slightly negative (scheme S1 on the profit of iron
and steel industry). The loss amplitude of profit in chemical industry, non-
ferrous metals industry and paper industry caused by scheme S3 is higher
than the corresponding minimum loss amplitudes in the other three schemes

Figure 8.4 Impacts of different carbon tax schemes on sectoral profit of energy- and

trade-intensive sectors in the 10% reduction case
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by 1.37%, 0.99% and 2.35%, respectively. Thus it can be seen that if sim-
ply exempting energy- and trade-intensive sectors from carbon tax whilst
assigning all the tax revenue to government income, the negative strikes on
the profit of energy- and trade-intensive sectors will not only be larger than
those under the schemes where all the production sectors are relieved (S2)
or subsidized (S4), but also be larger than those under the scheme where
no production sector is relieved or subsidized (S1). Scheme S4 will not have
negative impacts on the profit of Iron and Steel industry, building materials
industry, chemical industry and non-ferrous metals industry. In the 10% re-
duction case, the profit loss of paper industry under this scheme is only some
0.06%, which is smaller than the corresponding amplitude under scheme S1,
S2 and S3 by 1.84%, 1.40% and 2.35%, respectively.

5) Impacts on sectoral CO2 emissions
As presented in Figure 8.5, that under the three schemes, where all or

part of the production sectors are relieved from carbon tax (S2—S4), the de-
creasing amplitudes of CO2 emissions in the five energy- and trade-intensive
sectors will all reduce in comparison to those under scheme S1. Under the two
schemes where energy- and trade-intensive sectors are completely exempted,
the CO2 mitigation effects of all the exempted sectors are weakened. In the
10% reduction case, the decreasing rates of CO2 emissions in iron and steel
industry, building materials industry, chemical industry, non-ferrous metals
industry and paper industry under scheme S3 will decrease by 9.01%, 9.64%,

Figure 8.5 Impacts of different carbon tax schemes on sectoral CO2 emissions

of energy- and trade-intensive sectors in the 10% reduction case
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8.52%, 11.12% and 9.99%, respectively, in comparison to those under scheme
S1. The corresponding ratio of sectoral mitigation amount to total mitiga-
tion amount will decrease from the 7.01%, 6.03%, 10.21%, 1.12% and 0.82%
under scheme S1 to 0.70%, 0.31%, 1.28%, 0.02% and 0.13%, respectively.
Under scheme S4, CO2 emission in all the five exempted sectors will increase
compared to the baseline scenario. Thus it can be seen that when completely
exempting energy- and trade-intensive sectors from carbon tax, if there are
no other policy restriction, the mitigation burden of the exempted sectors
will in a great extent shift to other sectors. In order to exert as much as pos-
sible the mitigation effects of the energy- and trade-intensive sectors, when
protecting these sectors by complete exemption, the Denmark pattern could
be referred to. This would require the exempted sectors to commit them-
selves to qualified energy saving or emission mitigating measures (Cansier
and Krumm, 1997).

8.2.2.3 Net-tax payment

Referring to the study of Felder and Schleiniger (2002), here net-tax
payment is used to compare the political feasibility of different carbon tax
schemes.

The net-tax payment of a sector equals its total carbon tax payments,
minus its total indirect tax subsidy. A negative net tax payment implies
that the sector benefits from the policy, and vice versa. Summing up all
the positive net-tax payments, we obtain a total net-tax payment, which
reflects the scale of intersectoral transfers. Table 8.4 shows the sectoral net-
tax payment in each sector in the 10% reduction case.

The result shows that without any reimbursement of carbon tax revenue
to production sectors, under schemes S1 and S2, all the sectors will be net
payers. While under scheme S3 all the sectors, except the five exempted
ones, will be net payers. Under these three schemes, the net payments of
Petroleum Refining industry and Electricity Production and Supply industry
are larger than those of the other sectors. Under schemes S1, S2 and S3
the ratio of the sectoral net-tax payment to total net-tax payment will be
31.86%, 31.73% and 34.72%, respectively, for Petroleum Refining industry;
while 27.07%, 27.15% and 37.23%, respectively, for Electricity Production
and Supply industry. The ratios of sectoral net-tax payment to sectoral
output in these two sectors are also larger than those in the other sectors.
This implies that these three schemes are likely to be opposed by Petroleum
Refining industry and Electricity Production and Supply industry, which are
two relatively powerful sectors in China. Thus the political feasibility of these
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three schemes would be seriously affected. Scheme S4 could entirely eliminate
the intersectoral transfers and hence make the net-tax payment zero in all
the sectors. Therefore, compared with the other schemes, scheme S4 has a
relatively higher advantage with regard to policy feasibility.

Table 8.4 Sectoral net-tax payment in the 10% reduction case

Sector

Sectoral net-tax payment

/(RMB 100 million, at 2002

constant prices)

Ratio of sectoral

net-tax payment to

sectoral output/%

S1 S2 S3 S4 S1 S2 S3 S4

Agriculture 38.97 35.91 50.40 0.00 0.04 0.04 0.05 0.00

Iron and Steel 173.83 159.85 0.00 0.00 0.41 0.37 0.00 0.00

Building Materials 146.81 135.05 0.00 0.00 0.52 0.48 0.00 0.00

Chemical industry 261.17 239.90 0.00 0.00 0.34 0.31 0.00 0.00

Non-ferrous metal 24.16 22.24 0.00 0.00 0.15 0.14 0.00 0.00

Papermaking/printing 16.84 15.50 0.00 0.00 0.09 0.08 0.00 0.00

Other heavy industries 204.00 187.81 281.37 0.00 0.11 0.10 0.15 0.00

Other light industries 69.00 63.50 97.26 0.00 0.05 0.05 0.07 0.00

Construction 12.09 11.16 15.61 0.00 0.01 0.01 0.01 0.00

Transportation 25.72 23.68 31.70 0.00 0.05 0.05 0.07 0.00

Service 131.10 120.72 174.88 0.00 0.05 0.04 0.06 0.00

Coal mining and dressing 53.44 48.81 70.81 0.00 0.43 0.39 0.57 0.00

Crude oil exploitation 14.84 13.70 17.94 0.00 0.15 0.14 0.18 0.00

Natural gas exploitation 7.47 6.67 22.49 0.00 1.14 1.04 3.43 0.00

Petroleum Refining 914.95 836.77 944.02 0.00 5.04 4.60 5.22 0.00

Electricity Production

and Supply
777.35 716.06 1012.26 0.00 2.85 2.62 3.71 0.00

Total 2871.72 2637.32 2718.72 0.00 0.26 0.24 0.25 0.00

8.2.3 Discussion of carbon tax policy

Summarizing the above results of the model, the following recommenda-
tions are proposed for China’s future carbon tax scheme design.

(1) To alleviate the negative impact of carbon tax on the economy, when
designing the tax scheme it would be better to relieve or subsidize the pro-
duction sectors.

GDP is an important index to evaluate the social and economic cost of a
mitigation policy. As a developing country, in order to meet the increasing
material and cultural needs of the people, it is especially important for China
to maintain a relatively speedy and high growth. Model results show that
the variation of GDP is sensitive to the setting of tax schemes. If there is
no tax relief or subsidy for any sector (scheme S1), the GDP loss caused by
carbon taxing will be very obvious. For example, in the 10% reduction case,
the GDP loss caused by scheme S1 will reach 0.74 percentage points, which
will seriously compromise China’s overall goal of economic construction.
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As for the impacts on sectoral level, scheme S1 shows obviously negative
strike on the energy- and trade-intensive sectors. For example, in the 10%
reduction case, the sectoral output loss of the five energy- and trade-intensive
sectors caused by scheme S1 will be 0.60%—1.26%, sectoral export loss will
be 0.77%—1.86%, and sectoral profit loss will be 0.04%—1.90%. Energy-
and trade-intensive sectors are the major cost undertakers of carbon tax. The
scale of the potential negative impacts of carbon tax on these sectors will to a
great extend influence the feasibility of the policy. Due to its obvious negative
impacts on the production activity and international competitiveness of the
energy- and trade-intensive sectors, scheme S1 is of high possibility to be
strongly opposed by these sectors and hence its feasibility of implementation
will be weaken.

Under the same reduction target, the negative impact of carbon tax on
economic growth could be effectively reduced through proper tax relieving or
subsidizing the production sectors. If all the sectors could enjoy a reduced
tax rate which equals a quarter of that for households (scheme S2), the GDP
loss caused by carbon tax in the 10% reduction case will decrease by 0.34
percentage points in comparison to those under scheme S1. If totally exempt-
ing energy- and trade-intensive sectors from carbon tax, and reimbursing all
the tax revenue paid by one sector to reduce the indirect tax of that sector
(scheme S4), the negative impact of carbon tax on GDP could be completely
removed; and the development of GDP could even be promoted. At the
sectoral level, scheme S2 and S4 also could obviously moderate the negative
strike on energy- and trade-intensive sectors compared to scheme S1.

Thus, in order to secure economy growth and improve political feasibility,
introducing tax relief or subsidy for the production sectors should be set as
one of the basic principles in the future carbon tax designing.

However, it should also be noted that if simply exempting part of the
sectors while not subsidizing the other un-exempted sectors (scheme S3), the
negative impact on GDP will be even larger than that under scheme S1 where
no tax relief or subsidy measure is adopted. Therefore, when designing the
carbon tax scheme one should be cautious to select a proper manner of tax
relieving of subsidizing.

(2) If all the carbon tax revenue is going to be assigned to the government
income, it is better to implement a uniform tax relieving rate for all the
production sectors.

Tax is an important measure of the state to raise funds, especially for
developing countries. In such a circumstance, if all carbon tax revenues are
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included into the government revenue instead of stipulating a special purpose
for tax proceeds use, then the protection of production sectors in respect of
taxation model shall be considered.

Tax revenue is an important tool for the nation’s fund collection. In this
case, if all the carbon tax revenue is going to be assigned to the government
income instead of being assigned to a particular purpose, protections for
production sectors should be carried out in the course of tax levying.

In this study, the two schemes, where all the revenues are assigned to the
government’s general budget while protecting production sectors with the
manner of levy, are schemes S2 and S3. Scheme S2 relieves all the production
sectors with a uniform tax rate, while scheme S3 totally exempts energy- and
trade-intensive sectors from carbon tax; which implies a different tax rate
between the exempted and un-exempted sectors. Model result shows that:
compared with scheme S1 where there is no any tax relief or subsidy policy,
the negative strikes of scheme S2 on GDP, employment, as well as on the
output, export and profit of energy- and trade-intensive sectors will be much
smaller, while scheme S3 will deteriorate the negative impact on these indices
and cause larger distortion. Comparing the effects of raising total tax revenue,
scheme S2 performs much better than scheme S3. For example, in the 10%
reduction case, scheme S2 and S3 will increase total tax revenue by 2.06%
and 1.45%, respectively.

Therefore, if the emphasis leads more to fund collection and the carbon
tax revenue is going to be totally assigned to the government income, it would
be better to refer to the Swedish pattern and relieve all the sectors with a
uniform rate.

(3) The Denmark pattern, which completely exempts energy- and trade-
intensive sectors and subsidizes all the un-exempted sectors, is a relatively
ideal scheme.

Model result shows that the effect of scheme S4 which simulates the Den-
mark tax scheme, would be better, not only in alleviating the negative im-
pact of carbon tax on the macro economy but also in protecting energy- and
trade-intensive sectors. By utilizing the carbon tax revenue to reduce indi-
rect tax, scheme S4 can completely eliminate the negative impact of carbon
tax on GDP, employment and total consumption. Compared with the other
schemes, this scheme has obvious advantages in stimulating total investment
and improving energy structure. As for the effect on protecting energy- and
trade-intensive sectors, this scheme could entirely remove the negative im-
pact of carbon tax on the total output and export of these sectors, and could
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increase the profit of iron and steel industry, Building materials industry,
chemical industry and non-ferrous metals industry. In the 10% reduction
case, the profit loss of paper industry caused by scheme S4 is only some
0.06%, which is smaller than the 1.46%–2.41% caused by the other three
schemes. Scheme S4 can completely eliminate the intersectoral transfers,
and thus has obvious advantage in policy feasibility compared to the other
schemes.

However, one of the major weak points of this scheme is that it would
strongly weaken the mitigation effects of exempted sectors. The result of
sectoral CO2 emissions shows that, emissions by the exempted sectors un-
der this scheme will rise instead of reduction in comparison to the baseline
level. Therefore, during practical application, the Denmark approach should
be further referred to, and the exempted sectors shall commit themselves
to qualified energy saving or emission mitigating measures defined by the
government.

Summing up the above analysis, if the emphasis is not put on fund col-
lection, in general this quasi-Denmark pattern scheme could be a relatively
ideal tool to alleviate the negative impact of carbon tax on the macro econ-
omy of China and to protect energy- and trade-intensive sectors. That is,
carbon tax should be completely exempted for iron and steel, building mate-
rials, chemical, non-ferrous metals and paper industries. At the same time,
related regulations or rules should be put forward for these exempted sectors
to make sure they carry out quantified energy saving or emission mitigating
measures. For example, the China Medium and Long-Term Energy Con-
servation Plan issued by the National Development and Reform Commission
(National Development and Reform Commission, 2004) has specified detailed
and quantified targets of the unit energy cost for major products in year 2010
and 2020. Similar restricts corresponding to the five exempted sectors should
be specified. For the other sectors, carbon tax should be collected under a
uniform rate according to the reduction target, e.g. Table 8.5 shows the rates
of specific duty in the reduction case of 1%–10%. All the taxes paid by one
sector should be completely reimbursed to that sector through adjusting its
indirect tax. For example, in the 10% reduction case, the indirect tax rate
for agriculture in 2020 should be reduced by 6% compared to that in year
2002.

Table 8.5 Carbon tax rate in different reduction case under scheme S4

Reduction target /% 1 2 3 4 5 6 7 8 9 10

Carbon tax rate (RMB/ton

of carbon, at 2002 constant prices)
31 63 95 129 163 198 234 271 309 348
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8.3 Study on carbon pricing mechanism based on bilat-

eral trading model

The CO2 abatement costs of developed countries/regions are different from
that of developing countries/regions. Designing an emission trading mecha-
nism will help reducing the overall CO2 abatement cost of a country/region,
so as to mitigate global warming at a lower cost, and benefit in win-win sit-
uation or multilaterally. During the trading process, each participant will
manage to reduce its abatement cost or obtain more incomes and technology
transfer from emission trading, so as to better share the benefits of emission
reduction. The process of emission trading is like a game between partic-
ipants. The design of gaming rule or trading mechanism, as well as the
objective conditions (such as the marginal abatement cost) of respective par-
ticipants, will influence the distribution of emission reduction benefits. Up to
date, the emission trading markets have been established by many countries
or International organizations, such as European Union, United Kingdom,
Norway, United States, Japan and Australia. How to design a specific rule of
emission trading? How does each participant make a specific decision under
the given trading rule? These are the focal questions being studied by the
domestic and overseas academic community.

Haites and Mullins (2001) have discussed the initiatives of United King-
dom and Denmark to record and control the CO2 emissions trading activities.
Bahn et al. (2001) have also used the MARKAL-MACRO model to simulate
the ERUs markets of many countries for emission trading and to evaluate
the feasibility of building ERUs trading market in many countries, so as to
decrease the differences in the marginal abatement cost of respective coun-
tries through cooperative emission reduction. Bosello and Roson (2002) have
studied the impacts of emission trading system on the social welfare of two
countries. It is believed that the key to policies and scientific researches re-
lated to climate change relies on justice and efficiency. The justice mainly
focuses on the distribution of emission rights and emission reduction tar-
get among countries, while efficiency puts emphasis on the potential profits
which can be obtained by trading countries through the application of a flex-
ible mechanism. Meanwhile, they believed that the current emission trading
still has many problems, including the uncertainty of some market rules.
Burtraw et al. (1998) have studied the bilateral market trading of sulfuric
dioxide and discussed how to reduce the transaction cost through modeling
simulation.

The game theory is becoming an important tool for studying carbon trad-
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ing. By using the game theory to study the bilateral trading issues among
developed countries, Rehdanz and Tol (2005) have studied the impacts of
market rule design on trading situations and environmental benefits. Kem-
fert (2004) and Bernard (2007) have also used the game theory and the
general equilibrium model to conduct a simulation analysis on the emission
trading market, and it is believed that the main suppliers of the emission
trading market will be China and Russia.

World Bank (2004) believed that China’s CERs would account for 50%
of global CERs in 2010. This figure was considered to be 60% according to
Zhang (2006). Currently, China has become the most important host country
of CDM project. Up to October 1, 2007, China has taken up 44.9% shares
in the CERs trading market. Based on the data from UNFCCC (2007), the
results are calculated and shown in Table 8.6.

Table 8.6 Issued CDM projects and CERs

Host regionsor countries

of CDM projects

Registered projects

Item number
Certified Emission

Reductions/kCERs
Ratio/%

Latin America 290 33624.74 20.03

Asia Pacific 476 124438.89 74.14

China 118 75420.96 44.93

India 282 27802.59 16.56

Europe and Central Asia 8 371.00 0.22

Saharan Africa 13 3823.46 2.28

North Africa & Middle East 16 5589.57 3.33

Total 803 167847.64 100

Data Source: UNFCCC (2007); up to October 1, 2007.

Compared with the price in the carbon trading markets of developed
countries in the corresponding period, the trade price of CERs is on the low
side. It was believed by Liu Lancui and Wu Gang (2007) that the CDM is
only at the initial phase of development, while the sellers’ market is suffering
from fierce price competition.

China is the biggest supplier in the CERs market. Whether the price of
CERs in China can be increased? Whether the price of CERs can be limited?
Will the increase or limitation of price affect the transactions? This section
will build a model to preliminary study these questions.

8.3.1 Bilateral trading model

The difference between developed countries and developing countries in
the abatement cost is one of fundamental conditions for the existence of
Clean Development Mechanism. Therefore, this section has built a nonlinear
programming model of bilateral trading on the basis of the abatement cost
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function of different countries. The abatement cost function is derived from
the global marginal abatement cost model of 12 countries/regions as built by
Ellerman and Decaux (1998) and Zhang (2000, 2001 and 2002); the models
are indicated in Formulas (8.1) and (8.2).

Marginal abatement cost function of Region i:

MC i = aiQ
2
i + biQi (8.1)

Total abatement cost of Region i:

TCDi =
1
3
aiQ

3
i +

1
2
biQ

2
i (8.2)

Here, Qi refers to the domestic emission reductions of Region i; ai and bi are
the parameters in the marginal abatement cost function. Developed countries
are represented by United States, EU and Japan, while developing countries
are represented by China.

8.3.1.1 Bilateral trading model without price bounding

This section assumes such a bilateral emission trading market: developed
country A (Annex I country) and a representative developing country B (non-
Annex I country). The former one needs to commit to an emission reduction
goal, while the latter one is not subject to any specific emission reduction
obligation. During this study, China will be the developing country, and the
CO2 emission quota sold represents the certified emission reductions (CERs)
of CDM project. Developed countries will respectively select United States,
European Union and Japan. The commitment maker (developed country)
expects to accomplish the emission reduction goal at the lowest cost, while
the emission quota seller (developing country) expects to obtain the greatest
profit from the transaction, including more financial support and technology
transfer.

On basis of the abatement cost function of Ellerman and Decaux (1998),
we have built a bilateral trading model. CA refers to the abatement cost of
country A; GB refers to the proceeds received by country B from country A
during the transaction; QA and QB respectively refer to the domestic emission
reductions of country A and country B; TA refers to the emission reductions
target of country A; qA and qB refer to the quantity of CO2 emission quota
purchased by country A and the quantity sold by country B; pA and pB refers
to the emission quota purchase price of country A and the selling price of
country B; aA and bA refers to the parameters in the marginal abatement
cost function. The bilateral emission trading model is shown below.
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minCA =
1
3
aAQ3

A +
1
2
bAQ2

A + pAqA (8.3)

s.t. QA + qA � TA

max GB = pBqB −
(

1
3
aBQ3

B +
1
2
bBQ2

B

)
(8.4)

s.t. QB � qB

The abatement cost of developed countries is generally divided into do-
mestic abatement cost and off shore purchase cost. Therefore, the quan-
tity of domestic emission reductions plus offshore purchased quantity must
be more than the emission reduction target stipulated in “Kyoto Protocol”.
Developing countries are sellers of the emission permits. Therefore, the ob-
jective function shall be set to maximize the profits, and the yield of emis-
sion quota (domestic emission reductions) must be more than the quantity
sold.

Under the equilibrated circumstance, the purchase price is equal to the
selling price(pA = pB = p∗), and the purchased quantity equals to the sold
quantity(qA = qB = q∗); the quantity of domestic emission reductions of
country A shall be QA∗ = TA − q∗, while the quantity of domestic emission
reductions of country B shall be QB∗ = q∗. The abatement cost of developed
countries and the profit of developing countries are fully optimized in the
model. When the transaction price is lower than the domestic marginal
abatement cost, the overall abatement cost of developed countries can be
reduced through trading; when the selling price of emission permits is higher
than the domestic marginal abatement cost in the developing countries, and
the developing countries can gain profits by selling the emission permits. The
trade quantity and trade price will increase along with the increase in the
emission reduction target. When the marginal abatement cost of developing
countries is equal to that of developed countries, the emission trading will be
ended.

Currently in China, CDM is only at the preliminary phase of development,
and there is a great difference between the price of CERs in the primary
market and that in the secondary market. The market price of CERs in CDM
is lower than the market price of CO2 in European Union. In order to avoid
the cut-throat competition among suppliers and to obtain more funds and
technologies to support activities related to the mitigation of climate change,
National Development and Reform Commission of PRC has stipulated the
guiding price to regulate the selling price of CERs. We will hereunder set the
price floor in the bilateral trading model and discuss its impact on trading
situation.
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8.3.1.2 Bilateral trading model with price floor

First, we shall set the price floor of model according to the guiding price
stipulated by National Development and Reform Commission of PRC, and
analyze whether the price floor policy will increase China’s profits obtained
from CO2 emission trading.

If the government of developing country offers a bottom price of v, then
the transaction will only take place when the trade price is p∗ � v; from the
view of developed country, only when the marginal abatement cost of MCA is
greater than the limited price of v can develop country purchases the emission
quota from developing country to accomplish the emission reduction target.
When MCA is lower than v, the develop country will not purchase emission
permits from other countries. Instead, it will accomplish the emission re-
duction target via domestic emission reduction initiatives. When MCA, the
marginal abatement cost of developed countries, equals to v, then the corre-
sponding quantity of domestic emission reductions (QA) shall be the critical
point of developed countries whether to purchase the CO2 emission permit
or not (as indicated in Formula 8.5).

MCA = aAQ2
A + bAQA = v (8.5)

When MCA � v, the developed country will be able to accomplish the
emission reduction target through domestic emission reduction initiatives at
cheaper cost than offshore purchase. Therefore, the developed country will
not choose to trade but to launch emission reduction initiatives within the
country. By this time, the trade quantity will be q(1) = 0, and the trade
price of p(1) will not exist any more. The developing country will not able to
obtain any profit.

When MCA > v, the developed country will choose to purchase emission
permits from other countries, and the transaction can be divided into three
circumstances:

(1) When MCA >v�MCB, the limit price will be higher than the marginal
abatement cost of the developing country. The trade price will be p(2) = v,

and the trade quantity of q(2) can be obtained via
{

p(2) =aAQ2
A+bAQA

q(2) =TA−QA
.

(2) When MCA > MCB > v, the price floor policy will have no impact on
the emission trading. The actual trade price of p(3) will equal to the marginal
abatement cost of the developing country: p(3) = aBQ2

B + bBQB, with trade
quantity q(3) = QB.

(3) When MCB � MCA, the marginal abatement cost of developing
country will be higher than that of developed country. The transaction will
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not take place between both countries. Otherwise, CDM will not be needed.
In conclusion, whether the government of developing country would set

the price floor of emission trading and the difference in price floor will all
influence the emission trading. If the price floor can be properly determined,
then the developing country will be table to obtain more profits. Therefore,
we will conduct related simulation studies.

8.3.2 Trading scenarios

According to the country classification indicated in Annex B of “Kyoto
Protocol”, Ellerman and Decaux (1998) have calculated the CO2 emissions
data of United States, European Union and Japan in 1990 (as indicated in
Table 8.7).

Table 8.7 Carbon mitigation indicators of US, EU and Japan

Countries and regions
Emission data of

1990 /Mtc

Emission reduction rate

committed/%

Emission reduction

target

United States 1362 7 571
European Union 822 8 308

Japan 298 6 144

Data Source: Ellerman and Decaux (1998).

In order to stabilize the market, National Development and Reform Com-
mission of PRC has stipulated the guiding price (bottom price) for the emis-
sion trading of CDM project. Along with the fluctuation of market, this price
will also be adjusted accordingly. Therefore, this section assumes that the
guiding price for emission trading is USD 8/ton CO2.

Owing to the direct connection between the quantity and abatement cost,
three scenarios have been established for the quantity of emission permits
purchased by developed countries (as indicated in Table 8.8).

Table 8.8 Scenarios

price scenario Without price bounding With price bounding

Upper limit

for the

proportion

of purchase

Unlimited

(100%)

20% of

emission

reduction

target

50% of

emission

reduction

target

Unlimited

(100%)

20% of

emission

reduction

target

50% of

emission

reduction

target

Note: The upper limit for the proportion of purchase refers to the upper limit for the

proportion of emission permits purchased by developed countries from developing countries

to the emission reductions target.

8.3.3 Comparison and analysis of carbon pricing mechanism

According to the aforementioned model and scenarios and by conducting
the numerical simulation of trade price and trade quantity of the developed
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country and the developing country, as well as the profit of developing coun-
try, our research findings are given below.

8.3.3.1 Scenario without price bounding

Compared with the circumstance without emission trading, the existence
of emission trading is more beneficial to the developed country for accom-
plishing the emission reduction target. From Table 8.9, we can find out
that: if the quantity purchased by developed country from developing coun-
try is not limited, then the developed country can substantially reduce the
cost of emission reduction by purchasing emission permits from other coun-
tries. For example, without emission trading, Japan has to pay a high price
(USD 34.256 billion) in order to achieve a smaller emission reduction tar-
get (144Mtc). Under the scenario of free trading without price bounding,
the overall abatement cost will drop to USD 682 million (as indicated in
Table 8.9).

Table 8.9 Emission mitigation targets of developed countries and mitigation

costs under different scenarios

Countries

and

regions

Emission

reduction

target

(Mtc)

Without emission

trading

Overall abate-

ment cost under

free trade/USD

100 million

Marginal abatement cost

/(USD/ton of carbon)

Overall abatement cost

/USD 100 million
United

States
571 186 375 97

European

Union
308 274 305 31

Japan 144 583 343 7

Given the aforementioned data and model design, the emission trading
will be the most favorable choice for Japan. Without emission trading, the
unit abatement cost of Japan will be higher than that of United States and
European Union (USD 583/ton of carbon). As for Japan, the trade price
will be USD 4.78/ton of carbon under the scenario of free trade without
price bounding, USD 2.08/ton of carbon under the scenario of 50% purchase
limit, and USD 0.75/ton of carbon under the scenario of 20% purchase limit.
Therefore, the drop in the proportion of emission permit purchased by de-
veloped countries from the CDM market could also be one cause for the low
trade price in the CDM market.

Table 8.10 Bilateral trade prices in without price bounding

Countries and regions q(unlimited) q � 50%TA q′ � 20%TA

United States 20.94 12.53 3.64
European Union 11.20 5.34 1.74

Japan 4.78 2.08 0.75
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When limiting the proportion of emission permits purchased by developed
countries from developing countries, the stricter the limit is, the lower the
trade price will be (Table 8.10), and the lesser the profit that will be received
by developing countries (Table 8.11).

Table 8.11 Benefits of China without price bounding

Countries and regions q(unlimited) q � 50%TA q � 20%TA

United States 49.73 20.60 2.25
European Union 16.94 4.53 0.56

Japan 3.71 0.79 0.11

Under the three scenarios of this model, owing to the high emission re-
duction target (571Mtc), China can receive the greatest proceeds from the
emission trading with United States. However, with the restriction in the
proportion of purchasable quantity, the profit has dropped from USD 4.973
billion (unlimited proportion) to USD 225 million under the scenario with
20% purchase limit.

It has occurred to us that the restriction in the purchasable proportion
will inhibit the need of developed countries to purchase emission permits from
developing countries and result in the drop of trade price, hence decreasing
the profit received by developing countries during the emission trading.

8.3.3.2 Scenario with price bounding

According to the scenario design with price bounding and the model in-
dicated in Section 8.3.1.2, we assume that the bottom price is USD 8/ton
of carbon, i.e., v=8, and simulate the consequences of three scenarios. The
different trade prices at which developed countries can purchase different
proportion of emission permits from developing countries are given in Table
8.12.

Table 8.12 Trade price under price floor policy

Countries and regions q(unlimited) q � 50%TA q � 20%TA

United States 20.94 12.53 8.00
European Union 11.20 8.00 8.00

Japan 8.00 8.00 8.00

Note: The trade prices are the constant USD in 1985.

Under the policy that stipulates a bottom price of USD 8/ton of car-
bon, compared with the trade prices given in Table 8.10, some transactions
concluded at lower prices are now limited in the trade price (for example,
under the scenario with unlimited purchasable quantity, the trade price of
Japan is USD 4.78/ton of carbon, which is changed to USD 8/ton of carbon
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after price limitation), while those with trade price higher than the bottom
price will remain unaffected (for example, under the scenario with unlimited
purchasable quantity, the trade price of United States is USD 20.94/ton of
carbon. Since MCB > v, the trade price will remain to be USD 20.94/ton
of carbon after price limitation). In this model, Japan has suffered from the
greatest impact caused by v=8. The trade price will all change into USD
8/ton of carbon under three scenarios of Japan (as indicated in Table 8.12).

When comparing between the scenario with price bounding (USD 8) and
the scenario without price bounding, if the purchasable proportion of devel-
oped countries is not limited, the profit received by China will increase by
121% during its trade with Japan; if the purchasable proportion is limited to
50%TA, the profit received by China will increase by 90% and 537% respec-
tively during its trade with EU and Japan; if the purchasable proportion is
limited to 20%TA, the profit received by China will increase by 221%, 686%
and 1894% respectively during its trade with US, EU and Japan. It has oc-
curred to us that the establishment of guiding price is beneficial to China. On
the one hand, it can control the trade price and avoid cut-throat competition
in the market; on the other hand, it can help increase the profit. When the
price is limited to v=USD 8/ton of carbon, China’s profit is given in Table
8.13.

Table 8.13 Benefits of China under price floor policy

Countries and regions q(unlimited) q � 50%TA q � 20%TA

United States 49.72 20.60 7.23
European Union 16.94 8.63 4.42

Japan 8.20 5.05 2.19

By comparing the results indicated in Table 8.13 and Table 8.11, we can
conclude that: the profit of developing countries will remain unchanged when
the trade price is not affected and will increase when the bottom price policy
is implemented. The price floor can raise the trade price and increase the
profit of developing countries. It will play an important role in the market
stabilization of developing countries and protection of native enterprises.

The above discussion indicates that the price floor will not necessarily
increase the profit of developing countries. When the bottom price is lower
than the marginal abatement cost of developing countries, the price floor will
not affect the trade. Only a proper guiding price can give full play to the
positive role of price floor policy.

8.3.3.3 A reasonable range for price rise

Through above analysis, we think that a premise for the price floor policy
to take effect is a rational guiding price. And what price could be a rational
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price floor? If we could find a rational range for price floor according to
the developed countries’ purchase quantity of emission permits in developing
countries, developing countries could adjust the price floor within this range
to gain further benefit, which shall help them have more funds and technol-
ogy to support the activities related to climate change and hence alleviate the
resource and environment pressure in developing countries. Through simu-
lation, we obtained a chart showing the profiting variation with price fixing
by developing countries as shown in Figure 8.6.

Figure 8.6 Benefits of China from trade with different developed

countries under price floor policy

1) The scenario without limiting proportion of purchase
When the price floor varies between (0, 21), trade between China and the

U S is not affected and the benefits from the trade stays at USD 4.973 billion
[(0, 12) for EU; (0, 5) for Japan]. This is because that when the price floor v is
less than the marginal abatement cost of USD 20.94 in developing countries,
developing countries will not adopt price floor policy in trade. Under such
circumstances, trade is market-oriented and developing countries’ benefits
won’t increase either.

When developing countries lift the price floor to v �USD21/ton of car-
bon (EU: v � 12; Japan: v � 5), the price floor is larger than the marginal
abatement cost in developing countries. Under such circumstances, develop-
ing countries shall adopt price floor policy in trade and their benefits shall
increase as they raise the floor price.

China gains largest benefits from trade with the U S (USD 16.08 bil-
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lion) when v=USD 87/ton of carbon, with EU (USD 13.448 billion) when
v=USD 124/ton of carbon, and with Japan (USD 15.668 billion) when v =
USD 265/ton of carbon.

If the price floor is kept raised even when the largest benefit is achieved for
developing countries, benefit shall decrease till the price reaches the value of
marginal abatement cost in developed countries. Under such circumstances,
developed countries won’t purchase any emission quota from developing coun-
tries and developing countries shall gain zero profit as shown in Figure 8.6.

2) The emission reductions quota that developed countries can purchase
from developing countries should not be larger than 50% of emission reduction
targets

Developing countries’ profit increases as the price floor is raised. At cer-
tain point when the fixed price rises result in decrease in the volume of
transaction to below 50% of emission reduction targets, trade shall not be
affected by the limit of purchase quota and developing countries’ benefit is
the same as when there is no limit of purchase quota.

3) The emission reductions quota that developed countries can purchase
from developing countries should not be larger than 20% of emission reduction
targets

As 20% of the emission reduction targets (US: 114.2Mtc; EU: 61.6Mtc;
Japan: 28.8Mtc) is less than the optimal transaction without price bounding
(US: 191.77Mtc; EU: 109.86Mtc; Japan: 59.30Mtc); developing countries can
only achieve maximum benefit within allowed volume of transaction when
there is limit on purchase, then the increase rate is rather slow. This is
because the quantity of purchase is too small compared with the other two
situations and raised price floor has a small influence over benefit.

Through the above-mentioned model of bilateral carbon dioxide emission
trade between developed countries and developing countries, simulation is
conducted to show the influence of different ratio ceilings of emission trade
in developed countries and price floor policy in developing countries over
emission trade and conclusions or inspiration are drawn as follows:

(1) According to the model specification and simulation results in this
section, it does not exist that the unit abatement cost in Japan is USD 583,
larger than those both in the US (USD 186) and EU (USD 274), which shows
that emission trading is best favorable to Japan; in addition, compared with
no price bounding circumstance and the situation of floor price at USD 8/ton
of carbon, China’s benefit from trade with Japan increases 121% without
limiting proportion of purchase for developed countries; China’s benefit from
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trade with EU and Japan increases 90% and 537% respectively under the
circumstance of purchase proportion no larger than 50%TA; and the increase
rate of China’s trade benefit with the US, EU and Japan reaches 221%, 686%
and 1894% respectively under the circumstance of purchase proportion no
larger than 20%TA. Therefore, a rational guiding price is favorable to China;
it can control trade price on the one hand and bring about more benefits on
the other.

(2) Under the circumstance of no price bounding, as the restriction over
the purchase proportion of emission permits for developed countries become
more and more strict, price of emission permits becomes lower. Therefore, if
the ratio of emission quota purchase in CDM market for developed countries
decreases, it might cause lowered price in CDM market transaction.

(3) In our model under the circumstance of USD 8/ton of carbon , China’s
trade benefit with the US increases only when the limit proportion of purchase
is set to be 20%; with EU, China’s benefit both increases when the limit
proportion of purchase is set to be 50% and 20%; with Japan, China’s benefit
increases under all the three situations. It is observed that price fixing does
not necessarily increase the benefits of developing countries; only rational
price floor policy can increase the benefits of developing countries; whereas
bilateral trade with different countries, there exists different reasonable floor
price range or best price fixing point.

The establishment of CDM aims at helping developing countries with
their sustainable development through capital assistance and technical trans-
fer, whereas developed countries may utilize the mechanism to decrease cost
of achieving emission reduction targets. It is a win-win mechanism. This
section is a preliminary study of bilateral transaction in emission trading
market. Further research on gaming mechanism designing and abatement
cost function is necessary, so as to better fit practical situation and provide
specific decision-making plan for China’s participation in emission trading.

8.4 Conclusion

This chapter is a simulated investigation of CO2 emission tax and emission
trading policy.

(1) In the aspect of carbon taxes, the established dynamic and computable
general equilibrium model CEEPA is used to simulate the introduction of
carbon tax policy into China and to compare the macroeconomic influences
exerted by different carbon tax plan on China’s GDP, consumption and in-
vestment as well as the influences on the production, export and emission in
the energy intensive trading sectors. Analytical results show that proper tax
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reduction/exemption or allowance for production sectors will alleviate the
negative influence cause by carbon taxes on the overall economic growth as
well as the production operation and international competition capability of
energy intensive trading sectors. Among these, the “Danish Model”, which
exempts carbon taxes for energy intensive trading sectors while returning tax
revenue to the non-exemption sectors, is relatively optimized.

(2) In the aspect of emission trading, through establishing the model
of bilateral carbon dioxide emission trade between developed countries and
developing countries, simulation is conducted in this chapter to show the
influence of different ratio ceiling of emission reduction trade in developed
countries and price floor policy in developing countries on emission trade.
Suggestions based on analytical result are finally given as: the proportion
of emission reductions purchasable by developed countries from developing
countries to the emission reduction target ceiling has influence on both the
transaction price on international CDM market and the volume of transac-
tion. Developing countries could stabilize the market to gain more benefits
from emission trading through appropriate price floor policy. Guiding price
should be within a rational range; within this range, the higher the fixed price
the more the benefits will be, and there exists a best price fixing point. How-
ever, bilateral trade with different countries claims different rational fixed
price range or best price fixing point.
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The entry into force of the “Kyoto Protocol” means not only the start
of legal binding of greenhouse gas emission reduction goals and duties on
industrialized countries, but also the beginning of greenhouse gas emission
reductions via market mechanism. Global carbon markets have been pri-
marily established so far and can be divided into quota based markets and
project based markets. Quota based carbon markets are represented by the
CO2 emission trading scheme of EU, while project based carbon markets are
mainly the CDM project markets and JI project markets. Carbon market
plays an important role in CO2 emission reductions, decrease of emission
reduction cost, publicity of emission reduction policy, carbon financing and
promotion of low carbon development.

With carbon market as focus, this chapter will analyze in detail the ba-
sic characteristics and influencing factors of international carbon market as
well as its current status, so as to evaluate both the effects of international
carbon market on alleviating global warming and promoting CO2 emission
reductions, and the uncertainty and weaknesses of carbon market. Analysis
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will concentrate on the following questions:
• What are the characteristics and mechanism of international carbon

markets?
• Whether international carbon market is an effective way to promote

CO2 emission reductions?
• Whether has energy market become an obvious factor of influencing the

macro fluctuation of international carbon market?
• What characteristics are demonstrated in the micro liquidity of inter-

national carbon market?
• How is the dynamics of current international carbon market develop-

ment and what challenges are there?
• How is China’s socio-economic development influenced by CDM projects

related to renewable energy power?

9.1 International carbon market

On the 16th February 2005, “Kyoto Protocol” entered into force, which
means that the greenhouse gases emission reduction goal and duty for indus-
trialized countries has legal binding; hence industrialized countries are faced
with present and/or prospective emission reduction pressure internationally,
nationally or regionally. In order to effectively have the emission reduction
duty fulfilled, “Kyoto Protocol” provides three types of flexible mechanism,
i.e. clean development mechanism (CDM), joint implementation (JI) and
international emission trade (IET/ET). It is these mechanisms that establish
a practically working basis for the global emission reductions campaign and
lay a foundation for the development of carbon market.

With the bound of “Kyoto Protocol”, CO2 emission credit for each nation
becomes a kind of scarce resource, and the emission credit of discharging
additional carbon beyond basic need displays attributes of a commodity. As
the environmental impact of CO2 is going global and in the long term CO2

will show the same warming effect, the emission place and emission reduction
place become substitutable. Meanwhile, since CO2 emission reductions claim
cost and it is different in countries, CO2 emission credit possesses value and
a commercial market of carbon dioxide emission generated in the field of
alleviating climatic change.

Figure 9.1 gives the trading rules for carbon market stipulated in “Kyoto
Protocol”. Within the stated period, any country and/or region that could
not achieve the emission reduction goal can buy emission quota from carbon
market, while countries that already fulfill the goal and possess marginal
quota may sell their quota on the market.
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Figure 9.1 The carbon Market under the “Kyoto Protocol” Rules

As a matter of fact, marginal reduction cost and emission quota price
together decided whether a country and/or an enterprise will participate in
carbon market trade or not. When a country or enterprise is under market
system with emission restriction, it will weigh the relationship between the
emission quota price and its marginal reduction cost. If the allowed emis-
sion quota for the country or enterprise is insufficient to meet its greenhouse
gases emission requirement, it will consider the relationship among emission
reduction cost, emission quota price and penalties. If the marginal reduction
cost is higher for the country or enterprise, they would be willing to pay
higher price for additional emission quota. On the other hand, a country
or an enterprise that has additional emission quota would be willing to sell
the quota and gain benefits. If this market could progress with standardized
development, a final equilibrium price would be formed. Under this equilib-
rium price, marginal reduction cost for all enterprises are the same, which
ensures the fulfillment of emission reduction goals in the carbon market with
minimum costs. Therefore, within the context of carbon market, a country
or an enterprise has two options: achieving emission reduction goals by itself,
or purchasing emission quota from the carbon market.

Therefore, establishing of international carbon market helps reduce car-
bon dioxide emission, lower the average CO2 emission reduction cost globally,
widen the adoption of emission reduction policy, realize carbon financing and
promote low carbon development.

International carbon market could be categorized into two types accord-
ing to transaction mode: quota-based (or emission permit) market (such as
IET) and project-based market (such as CDM and JI). Carbon market under
“Kyoto Protocol” is the main part on international carbon market.

Transactions on international carbon market experienced two phases:
from 1996 to 2000, and from 2001 till now. During the first phase, car-
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bon trade mainly happened in non-Kyoto market, i.e. voluntary market or
retail market. Volume of transaction then shows no obvious law, with ir-
regular fluctuation. The maximum yearly transaction volume of 40 million
tons CO2 occurred in 1996, while the minimum yearly transaction volume
of 14 million tons CO2 appeared in 2000. During the second phase, the car-
bon market gradually moved from non-Kyoto market towards Kyoto market.
This is because a common understanding of international liability for allevi-
ating climatic change has been reached and Kyoto rules attracted more and
more attention.

Since the entry into force of “Kyoto Protocol” and launching of European
Union emission trading scheme (EU ETS), both the project-based emission
reduction trading market and the quota-based CO2 emission quota trading
market responded to such occurrences with rapid growth. Table 9.1 (Based
on the data from World Bank (2007a), the results are calculated and shown in
Table 9.1) gives an outline of the international carbon trading market during
2005—2006.

Table 9.1 Carbon market: volumes and values in 2005—2006

Market type Market

2005 2006

Volume Value Volume Value

/million tons /USD 100 /million tons /USD 100

of CO2 million of CO2 million

EU ETS 321 79.08 1101 243.57

Allowances New South Wales,
6 0.59 20 2.25

Australia

Chicago Climate 1 0.03 10 0.38

UK-ETS 0.30 0.0131 N. a. N. a.

Sub total 328 79.71 1131 246.20

Project-based Primary CDM 341 24.17 450 48.13

transactions Secondary CDM 10 2.21 25 4.44

JI 11 0.68 16 1.41

Others 20 1.87 17 0.79

Sub total 382 28.94 508 54.77

Total 710 108.64 1639 300.98

Note: Primary CDM markets refer to the CDM projects that are purchased between

the original owner of the carbon resource and the buyer; secondary CDM markets refer to

the CDM projects in which the seller is not the original owner. N/A in the table indicates

unavailable data. Source: World Bank (2007a).

Data in Table 9.1 show that in 2006 global carbon market value reached
USD 30 billion (23 billion Euros), three times of that in 2005, and transac-
tion volume was 16.39 million tons of CO2 equivalent, strongly doubled the
value in 2005. Statistical results from Point Carbon indicate that the global
carbon market value in 2007 increased 80% compared with 2006, climbing up
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to 40 billion Euros (Point Carbon, 2008). From these it is clear that inter-
national carbon market is developing rapidly and various parties are actively
participating, and most of the countries hold optimistic attitude towards in-
ternational carbon trading market (World Bank, 2007a). In addition, the EU
ETS has predominated carbon trading market and the transaction volume of
CO2 occupies 67% of global total volume.

In the carbon market and other related markets, projects concerning
cleaning technology attracted most attention among investors in the capi-
tal market. Up to March 2007, there were 58 carbon funds on the market
that had raised over USD 11.8 billion (9 billion Euros) of capital while in May
2006, there were 40 carbon funds on the market that had raised USD 4.6 bil-
lion (3.7 billion Euros) of capital, among which about 50% came from UK.
In 2006, investment in cleaning technology and related fields created a record
of USD 70.9 billion (New Energy Finance, 2006). Most of the companies on
carbon market are growing rapidly with good profit.

9.1.1 Overview of quota based market

Quota based market mainly deals with international emission trade. Ac-
cording to the IET mechanism, buyers purchase the emission reduction quota
established and allocated (or auctioned) by administrators under the cap and
trade system, such as the assigned amount units (AAU) under “Kyoto Pro-
tocol”, or the EU ETS under European Union emission Allowances(EUAs).
Among the countries and regions who committed to emission reductions by
“Kyoto Protocol”, EU took the lead by establishing the biggest European
Union Emission Trading Scheme (EU ETS). And some national emission
trading mechanisms were founded, such as UK Emission Trading Scheme
(UK ETS), the Norway Emission Trading Scheme (N ETS) and Japan’s Vol-
untary Emission Trading Scheme (J VETS).

In addition, due to the sense of responsibility for protecting global environ-
ment and confidence on carbon market, some countries and regions voluntar-
ily established participatory GHG emissions trading market without commit-
ment to the emission reduction duty stated in “Kyoto Protocol”, such as US
Chicago Climate Exchange (CCX) and Australia N.S.W. Greenhouse Emis-
sion Reductions Scheme (NSW/ACT) (Currently Australia already signed
the “Kyoto Protocol”, but it didn’t take any emission reductions duty when
establishing the scheme.).

Actually these emission reduction schemes are obviously different from
each other. Major differences lie in the types of restricted GHG, emission
source, whether it is compulsory, duration of emission reductions and pun-
ishment for violation, etc., which are shown in Table 9.2. (Based on the data
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from Ellis, Tirpak (2007), the results are calculated and shown in Table 9.2).

Table 9.2 Key characteristics of different emissions trading schemes

Market Eligible

gases

Emission

source

Manda-

tory or

Volun-

tary

Partici-

pants

Target:

indexed

or fixed

Time

scale

Noncom-

pliance

penalty

EU CO2 Combustion Manda- Emitters Fixed 2005—2007 EUR 40 (+
ETS, plants, oil tory shortfall

Phase I refineries, to be
coke made up

ovens, in following
I&S, year)

cement,
glass,
lime,
brick,

ceramics,
pulp and

paper

EU CO2 As above, Manda- Emitters Fixed 2008—2012 EUR 100(+
ETS, +opt-in + possible tory shortfall
Phase (e.g. “opt-in” for to be

II N2O) some made up
gases/

sectors(e.g.
industrial

N2O in the
Netherlands)

NSW/ 6 type of Production Manda- Electricity Indexed 2003—2020 AUS 11.5/t
ACT, green- and use of tory retailers, shortfall if

Australia house electricity large over-emission
gases elec. not made

users up in
subsequent

year

UK 6 type of Various Volun- Emitters Fixed 2002—2006 GBP30 +
ETS green- industrial tary and users make up

house sectors and credits
gases energy use in next

year +
nonpayment
of subsidy

Chicago 6 types of Electricity Volun- Emitters Fixed 2003—6, No defined
Climate green- generation, tary (and offset 2007—10 penalty, but

Exchange house manufac- providers) reward
gases turing and/or

industry punishment
for some
carbon
offsets

providers

Note: Carbon offset refers to the form of trading in compensation of CO2 emissions

by enterprises or individuals who, due to production or daily life, inevitably keep emitting

CO2 but have no way of repair the consequences by themselves. Data source: Ellis, Tirpak

(2007).
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Regarding market influence, EU ETS is currently world’s largest carbon
market in terms of market value or transaction volume; its market value is far
higher than other exchanges and obviously exceeds other project based mar-
kets including CDM (Capoor, Ambrosi, 2006). The trends of EUAs transac-
tions in EU exchanges (including ECX, Nordpool, EEX, Powernext, EXAA)
and OTC market from January 2005 to December 2007 are shown in Figure
9.2 (Based on the data from exchanges of ECX, Nordpool, EEX, Powernext
and EXAA and Pointcarbon, the results are calculated and shown in Figure
9.2), and from the figure it is observed that the transaction volume of CO2

emission reductions in EU CO2 emission trading market increases with years.
In 2007, the global transaction volume of CO2 equivalent is 2.7 billion tons,
and 1.6 billion tons, i.e. 2/3 of the volume, is transacted via EU ETS; among
the global transaction value of 40 billion Euros, 28 billion Euros comes from
EU ETS (Point Carbon, 2008). Regarding market function, EU ETS Phase I
(2005—2007) achieved larger success. It not only promoted interior emission
reductions in EU, but also had positive influence on CO2 emission reductions
worldwide.

Figure 9.2 The Transaction Volumes of EU EUAs

(Data Source: exchanges of ECX, Nordpool, EEX, Powernext and EXAA and Point

Carbon; transaction volume of futures include all contracts due before 2012)

9.1.2 Overview of project based market

Project based market is primarily markets based on CDM and JI. It grew
rapidly. According to market transaction, contraction volume of CDM and
JI increased greatly in 2006, reaching about USD 5 billion (about 3.8 billion
Euros). The same growth happened to voluntary carbon trading among
enterprises and individuals, and transaction value climbed up to USD 100
million (about 80 million Euros).
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Compared with drastic price fluctuation in EU market, project based
carbon market price is relatively stable. In 2006, developing countries sold
approximately 4.5 million tons of primary CDM credits, equivalent to about
USD 5 billion (380 million Euros). The average price of approved CERs is
USD 10.9 (8.4 Euro) (World Bank, 2007a). In the secondary markets ,
the prices of approved emission reductions are much higher than in primary
markets, normally ranging between USD 14.30—19.50 (11—15 Euros).

At present in the project-based market, as trading of CDM projects are
very active and the CDM market has direct relation with China, this section
shall focus on the introduction of CDM markets. Continuous and healthy
development of CDM markets are confronted with series of challenges, mostly
reflected in project type distribution, geographical distribution, scale, direct
benefit of sustainable development of the project, influence on promoting
technical transfer, etc.

9.1.2.1 CDM exporting countries are mainly large developing country

So far, CDM projects are mainly concentrated in the several large de-
veloping countries who have relatively strong economic power and political
influence, whereas other relatively poor developing countries have less CDM
projects and hence it is hard for them to get advanced technology and/or
equipment through CDM projects. The CERs quantity in India, China,
Korea and Brazil occupies 92% of the total quantity assigned by UN. Africa,
as a continent with lowest GDP per capita, is the major region with many
developing countries, but CDM projects developed slowly there. The CERs
registered by Egypt only takes 13% of the total CERs (UNFCCC, 2007;
World Bank, 2007a).

It can be seen from the distribution of the number of CDM project that
India is the largest CDM exporter and China ranks the second. According to
Figure 9.3, there are 948 CDM projects in 49 countries of the world registered
in EB up to February 27, 2008. India is the country claiming most CDM
projects; the 316 projects take 33.3% of the total CDM projects worldwide.
Following India is China, having 161 projects and taking 17%, a slight rise
compared with 14.8% in September of 2007. Brazil and Mexico rank the
third and the forth, having 125 projects and 101 projects respectively.

China is the second largest emitter, but the number of CDM projects in
China is less than that in India. Two reasons caused this: the Chinese
government always encourages technical transfer and resists CDM projects

It means that the sellers are not the original project owners or the country where
the project is originally located.
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with additional condition, and in order to promote sustainable develop-
ment, the Chinese government prefers to inter-governmental cooperation of
CDM projects (LIU Lancui, WU Gang, 2007).

From the registered CERs number, China and India are the first and
second largest exporter respectively. Up to February 27, 2008, about 60%
of the CERs in the CDM market were provided by China and India, and
following them were Korea, 18% and Brazil, 14.9%. Based on the data from
UNFCCC (2007), the results are calculated and shown in Figure 9.4. The
proportion taken by Asia was over 80% and the remaining less than 20% were
shared by other countries and regions.

Figure 9.3 Number of registered CDM projects

[Data Source: UNFCCC (2007), data by February 27, 2008]

Figure 9.4 Registered CERs projects by region

[Data Source: UNFCCC (2007), data by February 27, 2008]

To sum up, the major CDM project cooperation parties for developed
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countries are the larger developing countries like China, India, Brazil and
Mexico, while other relatively smaller poor developing countries are not par-
ticipating; hence CDM projects only benefit a few relatively advanced de-
veloping countries while having little impact on foreign direct investment,
technical transfer, government revenue increase and promotion of sustain-
able development.

9.1.2.2 CDM projects are mainly energy-related projects and emission re-
ductions focus on non-CO2

It can be seen from the CDM projects number that, energy-related projects
take up about 55% of registered CDM projects, waste disposal projects,
21%, agricultural projects, 7%, and HFCs/sulphur hexafluoride/other chem-
ical projects, only 1.3%, which are all shown in Table 9.3 (Based on the
data from UNFCCC (2007), the results are calculated and shown in Table
9.3). Energy industry (including renewable energy) is the sector where most
CDM projects are implemented, since it is basically a high energy-consuming
industry.

Table 9.3 Registered CDM projects by sector

Sector Number of registered projects

Energy industries (renewable - / non-renewable sources) 653

Energy distribution 0

Energy demand 16

Manufacturing industries 69

Chemical industry 23

Construction 0

Transport 2

Mining/Mineral production 7

Metal production 1

Fugitive emissions from fuels (solid, oil and gas) 98

Fugitive emissions from production and consumption 16

of halocarbons and sulphur hexafluoride

Solvents use 0

Waste handling and disposal 256

Afforestation and reforestation 1

Agriculture 83

Note: One project may belong to several sectors. Data in the table is up to February

25, 2008. Source: UNFCCC (2007).

From the perspective of emission reductions, however, the situation is
totally reversed. Up to February 27, 2008, the emission reductions in the
project-centered energy industry occupied only 25% of total emission reduc-
tions, and the fugitive emission reductions related to fuel (solid, oil and gas)
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and/or halocarbon, sulphur hexafluoride production and consumption oc-
cupied only 37% of registered projects, based on the data from UNFCCC
(2007), the results are calculated and shown in Figure 9.5.

Figure 9.5 Registered CERs by sector

[Data Source: UNFCCC (2007), data by February 27, 2008]

9.1.2.3 CDM investors are mainly UK, Holland and Japan

Up to November 8, 2007, the investment projects of UK occupied 41%
of the total projects, and the number of project in the whole Europe took
83%. No matter in terms of the passion in CDM investment or considering
the operation of EU ETS, the European continent always took the lead in
global warming control. The European governments as well as individuals’
attention and active involvement in emission reductions campaign deserves
respect and learning by other countries, especially those who are far from
fulfilling their duties in emission reductions.

From transaction value, European buyers took about 86% of the CDM
market share in 2006 (World Bank, 2007a). Japan took up to 40% of the
market share in 2005, almost the same as the proportion taken by Europe.
Japanese buyers are more sensitive to price and more serious about the details
in negotiation, which is why the market share taken by Japan obviously
decreased when CDM price rose in 2006.

In the project based market, EU becomes the largest buyer. Figure 9.6
(Based on the data from UNFCCC (2007), the results are calculated and
shown in Figure 9.6) shows the distribution of CDM projects by purchase
country up to February 27, 2008. It can be observed that UK purchased
most CDM projects, taking 40% of the total number, following it is Nether-
lands taking 5%, Japan taking 12%, Switzerland taking 6%, and Sweden and
Germany taking 5% respectively. In summary, EU is the major buyer of
CDM projects and purchased 82% of total projects.
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9.1.2.4 Project based carbon market price rises, with JI price lower than
CDM price

There has been obvious price rise in project based market. Figure 9.7
(Based on the data from World Bank (2007a), the results are calculated and
shown in Table 9.7) shows the price distribution in project based market in
2005 and 2006. For CDM projects, the average price of CERs is about USD
10.90(8.40 Euros)/ton of CO2, with an increase of 52% compared to the price
in 2005 (This average price considered different types of contract.). In 2006,
the lowest CER price was USD 6.8(5.20 Euros)/ton of CO2, an increase of
173% compared with the lowest price of USD 2.50(1.90 Euros)/ton of CO2

in 2006. Similarly, JI prices in 2006 showed drastic rise from 2005 prices too.
The average price of ERUs was USD 8.70(6.70 Euros)/ton of CO2 in 2006,
an increase of 45% from 2005 price.

Figure 9.6 Registered Projects by Investor Parties

[Data Source: UNFCCC (2007), data is sorted according to number of

projects up to February 27, 2008]

Figure 9.7 Observed prices for project-based transactions in 2005 and 2006

[Data Source: World Bank (2007a)]
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With comparison of the CDM and JI project price, ERUs price is still
lower than CERs price. In 2006, the trading price of JI projects was USD
6.60—12.40/ton of CO2, lower than both the primary CERs price (USD
6.80—24.75/ton of CO2) and secondary CERs price (USD 10.75-27/ton of
CO2). In addition, Russia is the major exporter of JI projects. But, its
current legal and institutional establishment still needs improvement, which
partially caused instability to the ERUs price. In actual trading, if prepay-
ment is high enough (over 50%), ERUs price often gives rebate.

For the buyers and sellers in international market, the following factors
usually decides the base price in negotiation: particularity of the project,
price of relevant Chinese projects, rebate rate of primary CERs, price of
similar emission reductions projects, etc. The price of CERs in secondary
markets is also a reference in negotiation. Although EU ETS is currently
the largest carbon market and demanding party, other trading markets still
show high potential of development. Moreover, due to the instability of EU
ETS price, Japan and other countries do not consider this factor much in
negotiation.

9.1.2.5 CDM projects show smaller impact on sustainable development

To promote the sustainable development of developing countries is one of
the two objectives of CDM. “The Marrakesh Agreement” after “Kyoto Pro-
tocol” restated the right of host country to decide whether the CDM project
promotes sustainable development of the country. It stipulated that CDM
projects promoting the sustainable development of non-Annex I countries
shall comply with the following principles:

in compliance with the development strategy and priority fields of de-
veloping countries; promoting advanced, efficient and environment friendly
technical transfer, especially energy technology transfer, for developing coun-
tries; assisting the socio-economic development of developing countries;

assisting to build the capacity of developing countries in alleviating and
being adapted to climatic change; and assisting the improvement of re-
gional environment of developing countries.

The PDD documents of many projects indicate the project’s direct posi-
tive impact on sustainable development in many aspects, such as environment
(within the scope of project, local environment or larger scale), economy, tech-
nical transfer (including knowledge transfer), health, social benefit (referring
to local community, excluding employment), employment, education of clean
technology, acquisition of ideas and information, and improvement of energy
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utilization. Therefore, Table 9.4 (Based on the data from UPDD and Ellis et
al. (2007), the results are calculated and shown in Table 9.4) comprehensively
evaluates the significance of different types of registered CDM projects in
promoting sustainable development according to Marrakesh Agreement and
the PDD of CDM projects. As host country makes the decision of whether the
CDM project promotes the sustainable development of developing country,
instead of monitoring by assigned operation unit or Executive Board (EB),
the impact of CDM project on host country’s sustainable development stated
in PDD is rather macroscopic.

Table 9.4 Direct and indirect effects on sustainable development caused by
CDM projects

Pro-
ject

Descri-
ption

Direct and indirect effects on sustainable development

Envir-
onment

Econ-
omy

Intro-
duction
of adv-
anced
equip-
ments

Health
Social
develo-
pment

Emplo-
yment

Exem-
plary
effect

Ene-
rgy
sup-
ply

Mainly
power
genera-

tion
using

Rene- wind,
wable water,
energy terrestrial

√ √
H

√ √ √ √
utili- heat and
zation biomass

energy
as well
as solar
energy

utilization

HFC
23

HCFC22
production
avoiding � L *
emission
of HFC23

N2O

Decom-
pounding

N2O
generated L *

√
in fatty

acid
production

Fuel
conver-
sion

Substitution
of coal or
petroleum

√
H

√ √
products
for gas

Improvement
Effi- of energy

ciency utilization
impro- efficiency
vement by energy

√
H

√ √ √ √
supplier or
demander
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Continued

Pro-
ject

Descri-
ption

Direct and indirect effects on sustainable development

Envir-
onment

Econ-
omy

Intro-
duction
of adv-
anced
equip-
ments

Health
Social
develo-
pment

Emplo-
yment

Exem-
plary
effect

Ene-
rgy
sup-
ply

CH4 Recla-
recla- mation of

√
L

mation industrial
CH4

CH4
avoi-
dance

Avoiding
genera-
tion of
CH4 in

√
L

√
utili-
zation
of solid
wastes

Indu-
strial
waste
gases

Utili-
zing
high-
temp-
erature
gases
gene-
rated

√
M-H

√ √
in

steel
plant

or
conc-
rete

facto-
ries

to gen-
erate
elect-
ricity
for

local
use

Land-
fill
gases

Collec-
ting

landfill
√ √

M-L
√ √ √ √ √

gases
for

burn-
ing or
electri-

city
genera-

tion

Con-
crete

Redu-
cing
refi-
nery

√
M

√
dross

in
conc-
rete

produ-
ction
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Continued

Pro-
ject

Descri-
ption

Direct and indirect effects on sustainable development

Envir-
onment

Econ-
omy

Intro-
duction
of adv-
anced
equip-
ments

Health
Social
develo-
pment

Emplo-
yment

Exem-
plary
effect

Ene-
rgy
sup-
ply

Bag
asse

Utiliza-
tion
of

bag-
asse in

√
H

√ √ √ √ √
electri-

city
genera-

tion

Animal
waste

Refor-
mation

of
animal
waste

√
L

√ √ √ √ √
mana-
gement
system

in
farms

Affore-
station

Absor-
bing

green-
house
gases
by

affores-
tation
and

√
L

√

refores-
tation

Note: Summary of the impact of registered CDM projects on sustainable development

is drawn from PDD and Ellis et al. (2007).
√

indicates direct impact; � indicates only

reducing global greenhouse gases emission; ∗ indicates CERs benefits; H indicates causing

high-degree technical transfer; M indicates moderate technical transfer; L indicates basic

technical transfer.

Almost the PDD of all CDM projects mentioned their impacts on environ-
ment and employment, namely reducing the emission of substances polluting
the air, water and soil, reducing generation of wastes, and increasing em-
ployment for local population. The significance of different types of CDM
projects are differently stated in PDD. CDM projects’ impact of, among oth-
ers, introducing advanced and friendly energy technology is very important
for sustainable development, which is explained in many PDD.

A glance at the types of current CDM projects:
(1) Energy and waste disposal projects can effectively improve regional
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environment, increase income of local population and employment, and pro-
mote local economic development, showing obvious benefit for sustainable
development.

(2) Renewable energy and energy efficiency improvement projects can
really bring about, to some degree, technical transfer for host country, or
promote application of advanced technology, hence assisting sustainable de-
velopment by reducing pollutant emission, increasing energy supply, and im-
proving the living standard for local population.

(3) HFCs/sulphur hexafluoride/other chemical projects are different,
whose contents are mainly collection and decomposition of chemical waste
gases that are usually not regional pollutant and have small influence on
local environment. Besides, the technology needed to complete the tasks
does not require high technical content or deserve wide utilization. There-
fore, these projects contribute less for direct sustainable development in host
country.

As host country makes the decision of whether the CDM project promotes
its sustainable development, instead of monitoring by assigned operation unit
or EB, supervision of CDM project as whether it promoted host countries’
sustainable development is far from enough considering the superfluity and
boundary of the project.

From the macroscopic angle, CDM projects’ are necessary impact on host
countries’ sustainable development is still small and measures to promote the
sustainability of CDM projects.

9.1.2.6 Market characteristics of CDM projects in China

As stated above, China has been a key host country of CDM projects and
playing an important role in international carbon market. China’s CERs and
number of CDM projects rank the first and second worldwide respectively.
India is another key CDM project exporter, and the distribution of CDM
projects by sector in China and India are shown in Figures 9.8 and 9.9 (Based
on the data from UNF (2007), the results are calculated and shown in Figure
9.8 and 9.9).

To sum up, the distribution characteristics of CDM project types can be
shown as follows in comparison with other large exporters of CDM projects
(such as India, Brazil, etc.):

(1) At present, CERs in China come mainly from non-CO2/non-CH4

emission reduction projects, taking 57% of total project emission reductions
and largely higher than the 34% in India; whereas CERs from projects re-
lated to energy efficiency improvement, new energy and renewable energy
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development, and recovery utilization of CH4 and/or coal-bed methane, are
extremely small. Implementation of non-CO2/non-CH4 emission reduction
projects can only bring about benefits in emission reductions and hardly in-
troduces advanced technology, which has unclear effects for the sustainable
economic, social and environmental development in China. In addition, the
great benefits from CERs of non-CO2/non-CH4 emission reduction projects
seriously obstructed the development of energy efficiency and renewable en-
ergy projects that are capital intensive and require less emission reductions.

Figure 9.8 Registered CERs in China by sector

[Data Source: UNFCCC (2007), up to February 27, 2008]

Figure 9.9 Registered CERs in India by sector

[Data Source: UNFCCC (2007), up to February 27, 2008]

(2) CDM projects in China cover narrower field, mainly wind power, hydro
electricity and HFC23, and the introduction of advanced energy technology
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in these projects are left behind India and Brazil. India and Brazil devel-
oped a series of projects related to hydro electricity, wind power, biomass
electric power generation, solar energy utilization, bagasse electricity, energy
efficiency improvement and fuel switch, making use of CDM projects. These
projects saved substantive fossil energy for the countries, promoting diver-
sification of energy consumption structure and ensuring energy security to
some degree.

(3) The direct effect of CDM projects in China on promoting local sustain-
able development is not as good as in India. The Indian government and/or
enterprises valued the contribution made by CDM projects and made full
use of local resources to attract the projects that can promote sustainable
environmental, social and economic development of the nation, which is a
good reference of Chinese government and enterprises. This fact means a lot
to China’s energy security, environmental safety or even economic security.

Based on the above analysis of CDM projects in China and especially the
challenges, we suggest:

(1) The future CDM project cooperation in the prior fields of China should
emphasize macro control and policy guidance of government. By taking ad-
vantage of Chinese CDM funds, government should develop and encourage
application of CDM projects that has significance to national economy, en-
vironment and society, such as projects related to biomass electric power
generation, energy efficiency improvement, animal waste reclamation and
landfill gas, and also provide prophase development cost or low-interest loan
for these projects. Government entities should guide and supervise inter-
national cooperation of CDM projects through series of financial, legal and
other policies so that the projects could be beneficial to China’s sustainable
development.

(2) To actively develop methodology for energy efficiency improvement
projects, so as to promote equipment replacement and technological reform in
our high energy consuming industries (steelworks, cement production plant,
power plant, etc.), improve energy utilization efficiency, and decrease fossil
energy consumption, which helps to realize the goal set in the 17th Commu-
nist Party of China National Congress Report, i.e. building a moderately
prosperous society in all respects by 2020.

(3) To establish unified seller’s market for Chinese CDM projects trading
that is supervised by government, stabilize CERs price, avoid cut-throat
competition and build the international competition capability of Chinese
CDM projects.



250 Chapter 9 International Carbon Market and Its Impacts on CO2 . . .

9.2 Relationship between EU carbon market and energy

price

Global climate change and “Kyoto Protocol” have become one of the focal
points that observed by the whole universe. To fulfill the commitment in
“Kyoto Protocol” with low cost, EU established EU ETS. Currently EU ETS
is the largest carbon market worldwide and also the wind vane of international
carbon market trading. Its development reflects the trend of world carbon
market and its market quotation directly influences global CO2 trading price.

Researches on EU carbon market already attracted much attention from
scholars, but it is still on initial progress. Through empirical research, Chris-
tiansen and Wettestad (2003) gave very good comments on the pioneering
work done by EU in greenhouse gases emission reductions, and discussed
major factors influencing successful future emission trading from three differ-
ent angles. Jepma (2003) discussed the defects of greenhouse gases emission
trading order within EU, and warned that such order did not conceivably
linked with the “Kyoto Protocol” mechanisms (such as CDM and JI); he fur-
ther concluded that not only the order itself was risky, but also it might be
avoided by member parties in the future who possibly would design local cli-
mate policy. Against the emerging doing of signing negotiation agreements
covering emission trading among many member countries, Boemare et al.
(2003) pointed out that the co-existence of such “top-down” and “bottom-
up” trading schemes might cause complication of related policy and, taking
France and UK for example, explained existing common problems caused by
inter-playing of member country policy and EU policy.

Yet after proposal of EU ETS, many scholars conducted deep studies
on EU ETS. Based on EPPA model, Reilly and Paltsev (2005) established
EPPA-EURO model to analyze EU ETS carbon market, especially the trends
of carbon price, and found that carbon price during 2005—2007 should have
been 0.6—0.9 Euros/ton of CO2, which was tremendously different from ac-
tual 20—25 Euros/ton of CO2; they then analyzed causes of such difference.
Ruchner et al. (2006), starting from the emission reductions data released
by European committeeman, discussed the problem of whether credits were
excessively allocated or discounted, and provided method of measuring exces-
sive allocation or discount. Buchner et al. (2006) also reviewed the problem
of EU ETS emission credits allocation, including experience gained during
the process of allocating and general principles, and analyzed the influence
of EU ETS on global climate change. Soleille (2006) compared the effects as
well as similarities and differences of command control mode and EU ETS as



9.2 Relationship between EU carbon market and energy price 251

two policy tools for reducing pollution and pointed out that it is hard to say
which is more effective, as the effectiveness does not lie in the policy tool itself
but depends on the strength of goal set; as a result the national assignment
plan setting emission reductions quota is very important. Georgopoulou et
al. (2006) argued that, based on analysis of EU ETS Phase I allocation plan,
due to synthetic action of non-transferability of credits crossing the phases,
increase in number of CDM project and requirements of continuing emission
reduction, credits allocation in Phase II would be extremely strict and de-
serve special attention from relevant enterprises and government. Laurikka
(2006) introduced a simulation model to discuss impact of IGCC investments
on emission trading (especially EU ETS). Haar and Haar (2006) qualitatively
analyzed the policy-making uncertainty in EU ETS, including potential in-
fluence on economic development, effects on reduction of greenhouse gases
emission and benefits/cost issues, and pointed out that governmental and
academic research of EU ETS is insufficient. Böhringer et al. (2006) took
Germany for example and quantitatively analyzed excessive cost of CERs
with numerical simulation; results showed that effective national allocation
plan is not sensitive to international carbon price but more easily influenced
by efforts of talking emission intensive industrial sector round.

Chinese researchers’ attention to international carbon market just took a
few steps and no study of quantitative investigation on international carbon
market has been published. ZHANG Shengdong et al. (2005) gave qualitative
division of the basic structure of international carbon markets and emphat-
ically introduced project based carbon markets from the respects of trading
entity, transaction quantity, trading price and trading type.

9.2.1 Relationship between carbon prices and energy prices

Current researches on EU ETS largely emphasize design of the scheme
and emission reduction policies, which bear reaching significance for getting
to know EU ETS and even the global CO2 emission trade. Carbon prices
are the information carrier and focal embodiment of carbon market develop-
ment; the trend of carbon prices are formed by synthetic action of several
factors, like energy prices, weather condition, emission reductions policy of
related government and/or authoritative institution, anticipation of carbon
market traders, and even market condition of CDM and JI projects (Chris-
tiansen and Wettestad, 2003; Springer, 2003b). Among these factors, energy
prices are one of the important player and one of the most direct indicator
of whether the carbon market is mature. Therefore, analysis of energy prices
and research on whether there is an interacting relationship between energy
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price and carbon price are very important and offer good guidance for the dis-
covery of internal mechanism of carbon market and the analysis/prediction
of carbon price trend. However, there has been few studies on this so far
and we found that the only publication is about the impact of energy price
and weather factor on CO2 price by Mansanet-Bataller et al. (2007), who
concluded that abnormal temperature and energy price (petroleum and nat-
ural gas) have obvious influence on CO2 price. But, they used the OTC
forward price in 2005 when market then was far from mature with inactive
trading; the authors regarded OTC forward price practically the same as fu-
tures price, yet as carbon futures market trading became frequent, the trends
of forward price and futures price showed differences while futures price it-
self demonstrated divergence against different phases. Moreover, the energy
prices quoted by the authors did not include electric power, whose price trend
(especially the price in Germany) has obvious influence on the fluctuation of
carbon market. This could be observed from the trade review of ECX (Euro-
pean Climate Exchange, 2007). Therefore, in order to making futures price
functionally reflect traders’ anticipation and guide market trend, and to con-
sider the new characteristics of carbon market development, we adopted data
of carbon market futures price in 2006 and further quantitatively analyzed
the inter-acting relationship between carton futures price and energy futures
price.

As known to all, CO2 emissions mainly come from use of fossil energy,
especially electric power, petroleum, natural gas and coal; hence carbon prices
are always closely related to the prices of these energy. Generally, when
market is mature enough, increase of petroleum and natural gas prices will
cause use of coal with lower price; this is particularly true with the large
energy-consuming electricity generating industry. This means that coal price
will rise and CO2 emissions will increase, so that carbon price will rise with
the increasing demand in carbon market.

Based on such mechanism of supply and demand on carbon market and
energy market, energy price and carbon price should be positively propor-
tional to each other and there should be clear interactive relationship between
them. However, whether there really exist such relationship between EU car-
bon market and energy market? Are they clearly interactive? To answer
these questions, we shall apply econometrics instruments, like co-integration
theory, vector error correct model (VECM) and Granger causality test, to
empirically investigate the relationship and influencing mechanism between
the carbon price and energy price in EU.
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9.2.2 Model of cointegrating relationship test between carbon
prices and energy prices

9.2.2.1 Data sources

The ECX in Netherlands is the exchange with largest carbon transaction
volume; its daily transaction volume usually occupies 80% of the total volume
of key exchanges in Europe. Therefore, the transaction in ECX reflects the
market status of EU ETS to greater degree.

Based on the two phases of EU ETS (2005—2007 as Phase I, 2008—2012
as Phase II), this section selects several key carbon futures contract (expire in
December of 2005, 2006, 2007, 2008 and 2009 respectively) of ECX as subjects
of investigation. The trend of prices are shown in Figure 9.10 (Based on the
data from ECX (2006), the results are calculated and shown in Figure 9.10).

Figure 9.10 The carbon prices of ECX (April 22, 2005—December 29, 2006)

[Data Source: ECX (2006)]

As before May 2006 all countries were not active in participating in carbon
trading, the entire EU carbon market trading was rather weak; on the other
hand, various non-market factors greatly influenced carbon price trend, espe-
cially during the period from the end of April 2006 to the beginning of May
when the factories and power plants of Estonia, Belgium, Czech, Netherlands,
France and Sweden released certified data in advance, plus many speculating
funds taking the chance, carbon prices slumped violently and the markets’
weakness continued. Till 15 May when European Commission formally issued
the certified credits data, contraction prices began to rise to normal level. For
a precise study and investigate of the interactive relationship between carbon
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prices and energy prices, we should use data of a normally operating market.
Therefore, the sampling period is set as from May 15, 2006 to December 29,
2006.

Considering the big difference in contract prices in the two EU ETS phases
while contracts during the same phase show consistency in high degree, we
presume that contract prices of Dec 07 and Dec 08 represent contract prices
of Phase I and Phase II respectively. Energy prices that influenced Europe
carbon prices mainly include power prices, oil prices, coal prices and gas
prices. Here we adopt representative energy prices.

As Germany ranks the first in both the installed capacity and plant out-
put in Europe, owning the largest electricity market in EU, we use electricity
futures prices on Germany in representation of European electricity price
measured at Euro/MWh. Oil prices are the latest Brent futures prices pro-
vided by Platts at cent/barrel, which is converted into dollar/barrel in this
section. As the European coal futures market was recently established, we
use the coal futures prices of the three ports (Amsterdam, Rotterdam and
Antwerp) in EEX of Germany at dollar/ton. Furthermore, as UK is the
largest gas consumer in Europe and the gas prices in UK can basically reflect
the gas market transactions in Europe, we adopt the UK gas futures index
prices of ICE at penny/caloric unit. All energy prices are daily data. After
calculating the natural logarithm, the price trend is obtained as shown in
Figure 9.11 (Based on the data from ECX (2006), the results are calculated
and shown in Figure 9.11).

Figure 9.11 The logarithm prices of energy-carbon contracts in 2006

[Data Source: ECX (2006)]
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From the trends of carbon prices and energy prices, it can be discovered
that various energy prices are generally concordant with Phase II carbon
prices and also the Phase I carbon prices before October, and that after
October in Phase I as market expectation of carbon contract was pessimistic
and trading was weak with decreasing prices while energy prices, except that
gas prices showed relatively bigger fluctuation, were rather stable, Phase I
carbon prices demonstrated certain differences, or even reversed trend, from
energy prices during this period.

9.2.2.2 Methodology and variables

Our goal is to investigate empirically whether there is an interactive rela-
tionship between EU carbon futures prices and energy futures prices. Meth-
ods like cointegration theory, vector error correct model and Granger causal-
ity test can be very useful in achieving this goal.

We use EG two-step system to identify the conintegrating relationship
between the two series. If the cointegrating relationship exists between the
two series, it means that, even they are not stable, the regression between
them is meaningful and that there is a long-term and balanced interactive
relationship between them.

Cointegrating relationship also indicates the causal relation between two
variables, but not showing the direction of this causal relation, i.e. which is
the cause and which is the effect, or interactive as both cause and effect. Ac-
tually, the Granger cause-and-effect relationship can be obtained via VECM
(Glasure and Lee, 1997; Granger, 1988).

To be specific, when conintegrating relationship exists between series Yt

and Xt, VECM can be established for the first order difference series and its
corresponding vecm, as shown in Formulas (9.1) and (9.2):

ΔYt = α1 +
p∑

i=1

β1,iΔXt−i +
p∑

i=1

γ1,iΔYt−i + δ1vecm1,t−1 + μ1,t (9.1)

ΔXt = α2 +
q∑

i=1

β2,iΔYt−i +
q∑

i=1

γ2,iΔXt−i + δ2vecm2,t−1 + μ2,t (9.2)

Here, p and q are the optimized lagging numbers that can be obtained by
setting the minimum AIC value for the model. If coefficient δ before vecm is
obvious, a long-term Granger causal relationship exists, and it can make up
the defects of normal linear Granger causality test. Another advantage of this
method is that it can detect the strength of long-term balanced conintegrating
relationship in adjusting the short-term fluctuation of dependent variables.
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As each first order difference series is steady, regular method of finding
Granger causal relationship can be introduced, i.e. to test the short-term
causal relationship between carbon prices and energy prices with ordinary
linear causality test.

In addition, when there are more than two variables, multiple cointegrat-
ing relationships between the variables may exist and EG two-step system
is unable to find all the cointegrating vectors. Therefore, when investigating
the overall influencing relationship between carbon prices at two phases and
all energy prices, we adopt Johansen cointegration test to judge the cointe-
grating relationship.

The variables and their definitions used in this section are listed in Table
9.5.

Table 9.5 Variable selection and definition

Variable Definition Variable Definition

ln Dec07
Dec07 carbon contract

logarithm price
Δln Dec07

First order difference of

Dec07 carbon contract

logarithm price

ln Dec08

Dec08 carbon

contract

logarithm

price

Δln Dec08

First order

difference of

Dec08 carbon contract

logarithm price

ln Elec

Electricity futures

contract logarithm

price in Germany

Δln Elec

First order difference of

electricity futures contract

logarithm price in Germany

ln Oil
UK Brent oil futures

index logarithm price
Δln Oil

First order difference of UK

Brent oil futures index

logarithm price

ln Coal
Coal futures contract

logarithm price in Germany
Δln Coal

First order difference of

coal futures contract

logarithm price in Germany

ln Ng
UK gas futures

index logarithm price
Δ ln Ng

First order difference

of UK gas futures

index logarithm price

9.2.3 Analysis of interactions between carbon prices and energy
prices

9.2.3.1 Correlation between carbon prices and energy prices

Before starting the study of cointegrating relationship, we first investigate
the correlation between carbon prices at two phases and energy prices during
the sampling period. The obtained Pearson correlation coefficients are shown
in Table 9.6.
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Table 9.6 Pearson correlation coefficients between carbon

price and energy price

Variable ln Dec07 ln Dec08

ln Elec −0.2314 0.4307

ln Oil 0.6930 0.6494

ln Ng −0.5929 −0.6880

ln Coal 0.0665 −0.2153

We discovered that carbon prices are not positively related, or show vari-
ation in the same direction as intuitively predicted, to all the energy prices.
In particular, the carbon prices at two phases are obviously in negative cor-
relation to gas prices. Specifically:

(1) Electricity prices are positively correlated to Phase II carbon prices
This is in consistency with the intuitive logic between electricity prices

and carbon prices. In the European electricity market, German electricity
takes a predominating position and its electricity is mainly coal generated.
Therefore, rise of electricity price will cause increase use of coal and more
emissions of CO2 and finally cause rise of carbon prices. But, electricity
prices and Phase I carbon prices are negatively correlated. Such negative
correlation appeared because winter is a principal electricity-consuming sea-
son and electricity price kept rising steadily after October even though market
trading was still weak, while during Phase I market expectation was rather
low with little uncertainty and carbon contract prices kept falling.

Of course, such status reflects insufficient interaction between carbon mar-
ket and electricity market and imperfection of the interaction mechanism.

(2) Oil prices are positively correlated to carbon prices at both phases
and correlation degrees are similar

This is in consistency with previous intuitive inference. When oil prices
rise people often turn to use coal at lower cost and increase CO2 emissions,
which requires more CO2 emission credits and further push carbon prices to
rise. When oil prices fall, as oil is cleaner than coal with smaller emission
coefficient, people often use less coal and decrease emissions of CO2 and as a
result carbon prices fall.

(3) Carbon prices at both phases are negatively correlated to gas prices
The reason for the inconsistency with intuitive inference is that during the

period from September to November the weather is convenient with enough
precipitation, consequently more electricity is generated by gas, which is
much cleaner and with lowest emission, rather than coal. As a result, car-
bon prices gradually fall back while gas prices rise, and both show reversed
trends.
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Another reason for the negative correlation between gas prices and carbon
prices at Phase II is that gas is mainly used to generate electricity or as
heating source. Affected by warm winter in 2006, people used less gas after
November and the gas prices kept falling. But, soon Germany and Spain
declared strict control of Phase II national allocation plan and EU committee
released Phase II national allocation plan, many public sectors and financial
institutions actively purchased Phase II CO2 emissions credits. In addition,
coal is cheaper than gas while gas’ elasticity of substitution for coal is rather
small in other industries. Therefore other industries still use large quantity
of coal despite of warm winter, and require more CO2 emissions. As a result,
carbon prices in Phase II rise obviously and demonstrate reversed fluctuation
trend against gas prices.

(4) Coal prices are positively correlated to Phase I carbon prices and
negatively correlated to Phase II carbon prices

This is very different with the case of other energy resources. The negative
correlation is mainly caused by the inconsistency of the trends of coal prices
and carbon prices during two periods. One period is from the end of May to
the beginning of June, when gas prices fell drastically and electricity industry
raised the use of cleaner and less-emission gas; as a result carbon prices fell
while coal futures price trend is steady with little external influence. The
other period is July and August, when the continental climate of Europe is
hot and dry and there was a sudden increase of electricity demand. But hydro
electricity is scarce and electricity generating facilities are limited. In order
to meet the demand, coal was used in large quantity to generate electricity
and consequently coal prices kept all the way rising. Meanwhile, traders of
carbon market universally anticipates that the emission quota allocated by
government would surely exceed actual emissions and carbon prices would
fall, plus the uncertainty in people’s prediction on Phase II emission quota;
hence carbon prices in both phases show trends of overall falling. It can be
observed that, to some degree, such negative correlation explains the obstacle
existing in the interactions between carbon market and coal market, and that
sometimes markets’ expectation on government polity exerts larger influence
on carbon prices trend than energy prices do.

Generally speaking, although energy prices and carbon prices demonstrate
certain positive influential relationship, which is in consistency with theoret-
ical mechanism, sometimes carbon price trend does not go side by side with
energy price trend, due to abnormal weather condition or uncertainty of gov-
ernment polity, or even go in entirely reversed trend. This also verifies the
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viewpoint of Mansanet-Bataller et al. (2007) that abnormal weather in Ger-
many influenced carbon price. Therefore, we may make the judgment here
that energy prices do not become the dominant factor that controls carbon
prices yet and that the relationship between energy prices and carbon prices
does not entirely follow the theoretically predicted influential and interac-
tive relationship. Further empirical research is necessary to find the detailed
mechanism and the degree of influences between them.

9.2.3.2 Interactions between carbon prices and energy prices

In order to make the judgment as whether there is a long-term balanced
cointegrating relationship between carbon prices and energy prices, we first
adopt ADF method to test the steadiness of each series and results are shown
in Table 9.7. It is not difficult to find that at 1% of significance level all
original series are first order integrating.

Table 9.7 ADF unit root test results of time series

Original

sequence

Statistical

ADF value
Value of P

First order

difference

sequence

Statistical

ADF value
Value of P

ln Dec07 −1.6323 0.7751 Δln Dec07 −9.5678 0.0000

ln Dec08 −1.6745 0.7573 Δln Dec08 −11.8212 0.0000

ln Elec −2.2407 0.4630 Δln Elec −11.2200 0.0000

ln Oil −1.8444 0.6784 Δln Oil −9.2431 0.0000

ln Coal −3.1561 0.0972 Δln Coal −10.0041 0.0000

ln Ng −1.8095 0.6955 Δln Ng −13.5832 0.0000

1) Interactions between carbon prices and electricity prices
The contract prices of Dec07 and Dec08 in ECX represent the carbon

prices in Phase I and Phase II respectively, and German electricity prices
represent European electricity price. Results of ADF test in Table 9.7 show
that ln Dec07, ln Dec08 and ln Elec are all first order integrating series.
By establishing cointegration regression equation and test the residual se-
ries steadiness of the equation, we obtained results as shown in Table 9.8.

Table 9.8 Cointegration test between carbon prices and electricity prices

Parameters ln Dec07 ln Dec08

C 23.8155(0.0026) −6.9379(0.0002)

ln Elec −5.2986 (0.0069) 2.441669 (0.0000)

Statistical ADF value in

residual steadiness test
−2.5472(0.3053) −2.3129(0.0205)

Note: In the brackets are corresponding significance possibilities.
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According to the residual steadiness test results, at significance level of 5%
(or even 10%), there is no conintegrating relationship between ln Dec07 and
ln Elec, but there is between ln Dec08 and ln Elec. And, the influence of
electricity on carbon prices in Phase II is positively proportional.

As there is a long-term balanced conintegrating relationship between
ln Dec08 and ln Elec, we applied VECM to test the Granger causal rela-
tionship between them and results are shown in Table 9.9. We found that
from the long term, there exists mutual Granger cause-and-effect relationship
between Phase II carbon prices and electricity prices.

Table 9.9 Granger causality test between carbon prices and electricity prices

Original

hypothesis

Error correct

coefficient
P

Long-term ln Elec is not the Granger cause of ln Dec08 −0.0476 0.0677

ln Dec08 is not the Granger cause of ln Elec −0.1438 0.0035

Original hypothesis
Statistical

value of F
P

Short-term Δln Elec is not the Granger cause of Δln Dec07 0.6631 0.5763

Δln Dec07 is not the Granger cause of Δln Elec 0.8495 0.4694

Δln Elec is not the Granger cause of Δln Dec08 3.0783 0.0495

Δln Dec08 is not the Granger cause of Δln Elec 0.3719 0.6902

Actually, the influence of carbon prices on electricity prices depends to
greater degree on the quota for power plants. If the quota is excessive, influ-
ence might be small; but if the quota is insufficient, the influence must not
be overlooked. Take July 2006 for example. It was hot and dry in Europe,
which caused increasing demand on electricity, but hydro electricity is scarce
and a nuclear power resource was in shortage due to frequent repair caused
by high temperature. To satisfy market demand on electricity, coal was used
in large quantity to generate electricity and CO2 emissions increased; as a re-
sult the demand of power companies on emission reductions quota increased
and finally electricity price rose.

In addition, as the life cycle of power plant is relatively long and costs of
technological innovation is higher, more emission credits will be purchased,
which pushes carbon prices to rise. In turn, to transfer part of the additional
cost of buying quota, power plant will raise electricity prices.

Another reason for the obvious cointegrating relationship between elec-
tricity prices and forward carbon prices in Phase II is that both the construc-
tion and life cycle of power plant are relatively long.

Meanwhile, according to the coefficient of vector error correct the long-
term balanced relationship between ln Dec08 and ln Elec has obvious adjust-
ment effect on the short-term fluctuation of both electricity prices and carbon
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prices, with larger strength of adjustment for the former, about 3 times the
latter.

As differential logarithmic series are all stationary series, we adopt stan-
dardized linear Granger causality test to study the short-term Granger causal
relationship between carbon prices and electricity prices. Results are shown in
Table 9.9. Test results show that is the short run, there is no Granger causal
relationship between the changes of electricity prices and carbon prices and
that there is irreversible causal relationship between electricity price change
and Phase II carbon contract prices change. To be specific, electricity price
change will cause carbon prices change, but carbon prices change won’t cause
electricity price change.

Such results indicate: the long-term and short-term influences of elec-
tricity prices on carbon prices are different, but they share one thing in
common that electricity price change obviously causes fluctuation of Phase
II carbon prices; and from the short term, interactions between electric-
ity prices and carbon prices are not clear, which explains that the short-term
electricity price change is not an influential power of controlling carbon prices
trend.

2) Interactions between carbon prices and oil prices
We first investigate the interactions between the two carbon contract price

(Dec07 and Dec08) and Brent oil futures price. According to the ADF in-
tegration test results in Table 9.7, ln Dec07, ln Dec08 and ln Oil series are
all first order integrating sequences. Therefore, we first adopt EG two-step
system to check if there is long-term balanced cointegrating relationship be-
tween ln Dec07 and ln Oil or between ln Dec08 and ln Oil and then we check
the long-term and short-term Granger causal relationship between them.

The cointegration test results are shown in Table 9.10. According to
the corresponding residual steadiness test results, there isn’t cointegrating
relationship between ln Dec07 and ln Oil at significance level of 2% (or even
10%), but there is between ln Dec08 and ln Oil. It is discovered from the
cointegrating coefficient that oil price has obvious positively proportional
influence on Phase II carbon contract prices.

Table 9.10 Cointegration test between carbon prices and crude oil prices

Parameters ln Dec07 ln Dec08

C −7.8551(0.0000) −0.3570(0.2363)

ln Oil 2.4884(0.0000) 0.7756(0.0000)

Statistical ADF value in

residual steadiness test
−0.9121(0.3631) −2.5417(0.0120)

Note: In the brackets are corresponding significance possibilities.
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Based on the cointegrating relationship, VECM is further applied to test
the long-term Granger causal relationship between ln Dec08 and ln Oil and
the results (as shown in Table 9.11) show that there is irreversible long-term
Granger causal relationship between Phase II carbon prices and oil prices at
significance level of 1%. To be specific, oil price change will Granger-cause
carbon prices change, but not vice versa. Yet according to the error cor-
rect coefficient, the long-term balanced relationship between Phase II carbon
prices and oil prices has certain corrective effect on the short-term fluctuation
of carbon prices, but with relatively weak strength. The elastic coefficient is
only −0.07.

Table 9.11 Granger causality test between carbon prices and crude oil prices

Original hypothesis
Error correct

coefficient
P

Long-term
ln Oil is not the Granger cause of ln Dec08 −0.0731 0.0042

ln Dec08 is not the Granger cause of ln Oil −0.0290 0.1144

Original hypothesis
Statistical

value of F
P

Short-term

Δln Oil is not the Granger

cause of Δln Dec07
1.2849 0.2796

Δln Dec07 is not the Granger

cause of Δln Oil
1.5163 0.2228

Δln Oil is not the Granger

cause of Δln Dec08
0.5893 0.4438

Δln Dec08 is not the Granger

cause of Δln Oil
2.2522 0.1354

Because ln Dec07, ln Dec08 and ln Oil are all first order integrating series,
and their first order differential series are all stable, showing conformity with
the premise of ordinary linear Granger causality test. Therefore, we adopt
this method to test the short-term Granger causal relationship between car-
bon prices and oil prices and results (as in Table 9.11) show that there isn’t
obvious Granger causal relationship between carbon prices in both phases
and oil prices at significance level of 10%.

This explains that in the long term, fluctuation of oil price has already
influenced the trend of carbon prices and the long-term balanced relationship
between oil prices and carbon prices has corrective effect on the short-term
fluctuation of carbon prices. But, in the short term, the fluctuation of oil
prices, especially the fluctuates on high level in 2006, didn’t spread to carbon
market immediately; and the short-term fluctuation of carbon prices was not
influenced by oil prices. On the other hand, carbon prices trend is still not
a key factor controlling oil prices no matter from the long term or from the
short term. There is still much room for extended influence from carbon
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market and the interactions between carbon prices and oil prices need to be
further bridged.

3) Interactions between carbon prices and gas prices
The interactions between European Phase I Dec 07 contract prices and

European gas (represented by UK gas) prices and between the Phase II
Dec 08 contract prices and gas prices are investigated respectively.

As ln Dec07, ln Dec08 and ln Ng are all first order integrating, further
study shows (as in Table 9.12) that there isn’t obvious cointegrating relation-
ship between ln Dec07 and ln Ng but there long-term balanced cointegrating
relationship between ln Dec08 and ln Ng.

Table 9.12 Cointegration test between carbon prices and natural gas prices

Parameters ln Dec07 ln Dec08

C 7.6120(0.0000) 4.9731(0.0000)

ln Ng −1.3361(0.0000) −0.5530(0.0000)

ADF value in residual

steadiness test
−0.0340(0.6699) −2.6392(0.0085)

Note: In the brackets are corresponding significance possibilities.

Based on the cointegrating relationship between ln Dec08 and ln Ng, we
adopt VECM to test the long-term Granger causal relationship between car-
bon prices and gas prices and results show (as in Table 9.13) that there is
irreversible Granger causal relationship between gas prices and Phase II car-
bon prices. To be specific, in the long term at significance level of 1% (or
even 10%), Phase II carbon prices are the Granger cause of gas prices, but
not vice versa. Such results verify the lack of interaction between European
gas market and carbon market.

Table 9.13 Granger causality test between carbon prices and gas prices

Original hypothesis
Error correct

coefficient
P

Long-term
ln Ng is not the Granger cause of ln Dec08 −0.0356 0.1626

ln Dec08 is not the Granger cause of ln Ng −0.0889 0.0034

Original hypothesis
Statistical

value of F
P

Short-term

Δln Ng is not the Granger cause of Δln Dec07 2.8694 0.0600

Δln Dec07 is not the Granger cause of 0.0473 0.9538

Δln Ng is not the Granger cause of Δln Dec08 0.2610 0.6102

Δln Dec08 is not the Granger cause of Δln Ng 1.1583 0.2836

By testing the Granger causal relationship of stable Δln Dec07, Δln Dec08
and Δln Ng with ordinary linear Granger causality test we found (as in Ta-
ble 9.13) that in the short term, gas price change will lead to Phase I carbon
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prices change and that there isn’t obvious interaction between gas prices
and carbon prices. This explains that the short-term indirect interaction
between gas prices and carbon prices are not clear, or, even though the long-
term Phase II carbon prices change will Granger-cause gas price change the
short-term interactions are not obvious. In other words, instant fluctuation
in carbon prices won’t be transferred or reflected in gas price change.

4) Relationship between carbon prices and coal prices
Similar with in the case of other energy sources, we investigate the inter-

actions between two carbon contract prices Dec 07 and Dec 08 and European
coal futures prices (represented by coal futures price in the three ports).

ADF integration test shows that ln Dec07, ln Dec08 and ln Coal are all
first order integrating series (as in Table 9.7). Further we investigate whether
there is cointegrating relationship between ln Dec07, ln Dec08 and ln Coal
respectively. Corresponding residual sequential steadiness test results show
(as in Table 9.14) that there isn’t obvious cointegrating relationship between
Phase I carbon prices and coal prices at significance level of 5% (or even
10%) and that there is long-term balanced cointegrating relationship between
Phase II carbon prices and coal price.

Table 9.14 Cointegration test between carbon prices and coal prices

Parameters ln Dec07 ln Dec08

C −1.8306(0.7289) 7.6659(0.0000)

ln Coal 1.0406(0.4037) −1.1242(0.0063)

ADF value in residual

steadiness test
−1.7039(0.7451) −2.0569(0.0384)

Note: In the brackets are corresponding significance possibilities.

Based on the above cointegrating relationship, we further test the long-
term Granger causal relationship between Phase II carbon prices and coal
prices. VECM test results reveal (as in Table 9.15) that in the long term,
there is reversible Granger causal relationship between coal prices and Phase
II carbon prices at significance level of 5%. According to the VECM coeffi-
cient and significance possibility, the long-term balanced relationship between
them demonstrates stronger and more obvious corrective effect on short-term
coal price change, i.e., about 2.6 times that on the short-term carbon prices
change.

Through ordinary Granger causality test on differential stationary se-
quence Δln Dec07, Δln Dec08 and Δln Coal, there is only irreversible causal
relationship from carbon prices change to coal price change from short term.
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Table 9.15 Cointegration test between carbon prices and coal prices

Original hypothesis
Error correct

coefficient
P

Long-term
ln Coal is not the Granger cause of ln Dec08 −0.0377 0.0374

ln Dec08 is not the Granger cause of ln Coal −0.0969 0.0012

Original hypothesis
Statistical

value of F
P

Short-term

Δln Coal is not the Granger cause of Δln Dec07 0.3371 0.7986

Δln Dec07 is not the Granger cause of Δln Coal 2.8484 0.0394

Δln Coal is not the Granger cause of Δln Dec08 0.8594 0.5264

Δln Dec08 is not the Granger cause of Δln Coal 2.3424 0.0344

This explains that: although there isn’t obvious cointegrating rela-
tionship between Phase I carbon prices and coal prices, in the short term,
Phase I carbon prices change will still Granger-cause coal price change and
the influence of carbon market on coal market already presents itself to some
degree; although there is long-term reversible Granger causal relationship
between Phase II carbon prices and coal prices, in the short term, coal price
change will not obviously cause carbon price change. Therefore, European
carbon market has obviously influenced the coal futures market in general.
Of course, German coal futures market was recently established; it isn’t a
mature market, which is expressed not only in its inactive market trading,
but also in its small contraction volume. Moreover, the position and actual
consumption are distinctly inconsistent. As a result, coal price trend does
not completely reflect the supply and demand of coal in Europe and thus
unobvious interactions between the coal market and carbon market.

5) Overall influence between carbon prices and energy prices
As there is certain relativity between various energy prices, despite of

the investigation of interactions between carbon prices and different energy
prices, it is necessary to examine whether there is general cointegrating re-
lationship between carbon prices and energy prices. Since the carbon prices
in both phases and various energy prices series are all first order integrating,
which is in conformity with the premise of Johansen cointegration test, we in-
troduce the maximum eigenvalue method to judge whether there is long-term
balanced interaction.

The conintegrating relationship between ln Dec07 and ln Dec08, both as
dependent variable, and energy prices respectively are tested and results are
shown in Table 9.16.

According to the significance testing, we found that there isn’t obvious
cointegration between ln Dec07 and energy prices and that there is one and
only one cointegration between ln Dec08 and energy prices. Standardized
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cointegration coefficients are shown in Table 9.17, from which we obtain re-
gression Formula (9.3) and vector error correct vecm Formula (9.4).

ln Dec08 = 3.8689 ln Elec + 0.6049 ln Oil − 0.1973 ln Ng

− 3.5719 ln Coal + 0.7123 (9.3)

vecm = ln Dec08 − 3.8689 ln Elec − 0.6049 ln Oil + 0.1973 ln Ng

+ 3.5719 ln Coal − 0.7123 (9.4)

Table 9.16 Johansen cointegration test

Dependent variable: ln Dec07

Eigenvalue Likelihood 5%Critical 1%Critical Cointegration

ratio value value number

0.101843 45.89087 68.52 76.07 None

0.085159 30.42378 47.21 54.46 At most 1

0.075473 17.60705 29.68 35.65 At most 2

0.042829 6.306926 15.41 20.04 At most 3

2.51E-05 0.003619 3.76 6.65 At most 4

Dependent variable: ln Dec08

Eigenvalue Likelihood 5%Critical 1%Critical Cointegration

ratio value value number

0.229979 68.80740 68.52 76.07 None∗

0.087147 31.17474 47.21 54.46 At most 1

0.069741 18.04480 29.68 35.65 At most 2

0.042156 7.634743 15.41 20.04 At most 3

0.009900 1.432657 3.76 6.65 At most 4

Note: “∗” indicates that the original hypothesis is refused at significance level of 5%.

Table 9.17 Standardized cointegration coefficients

Index ln Dec08 ln Elec ln Oil ln Ng ln Coal C

Coefficient 1.0000 −3.8689 −0.6049 0.1973 3.5719 −0.7123

Standard

deviation
0.4884 0.1606 0.0963 0.4169

Statistical T −7.8991 −3.6771 1.9982 9.0221

Δln Dec08t = − 0.0004 Δln Dec08t−1 + 0.3150 Δln Elect−1

+ 0.0204 Δln Oilt−1 − 0.0052 Δln Ngt−1

− 0.1201 Δln Coalt−1 − 0.0012 − 0.0727vecmt−1 (9.5)

It is observed from Formula (9.3) that as previously argued the influence
of electricity prices and oil prices on Phase II carbon prices is positive while
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the influence of gas prices and coal prices is negative. According to the
absolute value of regression coefficients, it is also proved that electricity price
exerts the largest influence and gas prices have the smallest. Because among
the various energy resources, electricity possess highest emission coefficient,
following it are coal and oil, and gas is the cleanest energy, showing lowest
emission coefficient.

In addition, the square value of R in cointegration regression equation
is 0.83, which indicates that the general change of various fossil fuel prices
can explain 83% of the information of Phase II carbon price change. The
important influence of energy price change on carbon prices trend is verified
again and the study of interactions between energy prices and carbon prices
is of great significance.

Based on the above cointegrating relationship, we establish a Vector Er-
ror Correct Model with Δln Dec08t as dependent variable, and the regression
equation is expressed in Formula (9-5). From the regression coefficients of re-
spective variables we found that the long-term balanced relationship between
Phase II carbon prices and all energy prices has obvious negative corrective
effects on its short-term fluctuations, but with weak long-term elasticity co-
efficient of about −0.07. In addition, according to the short-term elasticity
coefficient, the short-term fluctuation of previous electricity price and oil
price has a positive pulling effect on the Phase II carbon prices, while the
short-term fluctuation of previous carbon prices, gas prices and coal prices
has a negative holding effect on the Phase II carbon prices. According to the
absolute degree of effect, electricity price has the largest short-term effect
and previous carbon prices have the smallest short-term effect.

In summary, starting from futures prices, we found through research that
the long-term and/or short-term interactions between energy prices and car-
bon prices are not fully demonstrated , plus the influence of abnormal
weather or governmental emission reduction polity on carbon market traders’
anticipation, therefore there might appear negative correlation in conflict
with intuitive logical inference. It explains that futures trade in carbon mar-
ket is still not brought into full play of its market function to discover price,
that energy prices are not the key factor influencing carbon price trend, and
that establishment related to market system and trading environment need
to be strengthened.

(1) According to the correlation between energy prices and carbon prices,
only oil price positively correlates with carbon prices in both phases, gas

It agrees with the argument of carbon Finance (2007).
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price negatively correlates with carbon prices in both phases, and the corre-
lations between electricity price and Phase I carbon prices/coal price/Phase
II carbon prices are all negative respectively. Such correlation test results
show that there is obstacles of interactions between carbon market and en-
ergy market and that supply and demand in the market are not fully reflected
in prices.

(2) According to the long-term balanced cointegration, no obvious coin-
tegration exists between various energy prices and Phase I carbon prices, but
there is long-term balanced cointegration with Phase II carbon prices. Ma-
jor reason for such findings is that during the sampled period the European
climate policy in Phase I is already very clear with relatively flexible require-
ments for each party in carbon market and mild punishment. Therefore,
traders carry less burden and show relatively stable anticipation of carbon
prices trend, which makes the influence of energy prices on carbon prices not
so obvious. But, owing to the high uncertainty in climate policy in Phase
II especially in national allocation plan, all market participants have very
different anticipation of Phase II carbon price trend, which leads to an active
carbon market and makes the long-term interactions between carbon prices
and energy prices clearer.

(3) According to Granger causality test results, there is obvious reversible
or irreversible Granger causal relationship between various energy prices and
Phase II carbon price in the long term, provided that the cointegration con-
ditions are met. Among them, electricity prices and coal prices both have
reversible causal relationship with Phase II carbon prices, oil prices will
Granger-cause Phase II carbon prices change, while gas price is somewhat
influenced by carbon prices, instead of causing Phase II carbon prices change.

In the short term in general, interactions between energy prices and car-
bon prices are not so obvious and cases are few then there is obvious Granger
causal relationship. Besides, the degree and direction of causal relationship
between energy prices and carbon prices are greatly varied. Generally speak-
ing, electricity price change causes Phase II carbon prices change, gas price
change causes Phase I carbon prices change, carbon prices change in both
phases causes coal price change and other causal relationships are not obvi-
ous. Such situation is mainly resulted from immaturity of relevant markets
and the sensitivity to influences of emission reductions policy.

(4) According to the overall influence of all fossil fuel prices on carbon
prices, there isn’t obvious cointegration relationship between Phase I carbon
prices and energy prices while there is only one cointegration between Phase II
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carbon prices and energy prices. In addition, results from vector error correct
model show that the long-term balanced relationship between Phase II carbon
prices and all energy prices has obvious corrective effect on the short-term
fluctuation of carbon prices, but the long-term elasticity coefficient is about
−0.07, indicating moderate strength.

Through empirical research we found that although EU carbon market
has already attracted, and will continue to, wide attention from the public it
is not mature with imperfection; and that very often policy influence replaces
energy prices as key factor leading carbon prices to continuous rise or fall. In
the long term or short term, there aren’t well-established interactions between
carbon market and energy market.

Such phenomenon is primarily due to the lack in flexibility of market
trade and information disclosure as well as redundancy of government in-
tervention, in addition to influences of small number of traders and inactive
market trading. Another important reason for unobvious interactions be-
tween carbon market and energy market is that mechanism of energy market
is to be standardized yet. For example, the coal futures trade in Germany
started on May 2, 2006 and related policy and regulations as well as trading
operations are still to be improved; therefore, the coal price trend might not
be able fully reflect the supply and demand of coal in the whole Europe.

Just the same as oil market in Europe, price fluctuation of carbon mar-
ket is primarily event driven. Based on a comprehensive view of EU carbon
market development, we believe that the future (especially the period from
2008 to 2012) price trend of EU carbon market will be greatly influenced by
several events: Phase II, appearing during 2006—2007; CDM projects out-
comes, appearing during 2006—2008; presidential election of the U S in 2008;
the post-Kyoto framework in response to climate change, appearing during
2008—2009; policy of carbon buying government, mainly during 2007—2013;
strategy of Russia, Ukraine and China in response to climate change, espe-
cially during 2010—1013, etc.

In summary, we argue that in the long term the European electricity sector
is and will continue to be the key factor influencing the price trend of carbon
futures in Europe; and that from the short term factors, in addition to energy
prices, like governmental intervention and weather, cannot be overlooked and
sometimes the latter shows more evident influence. In the future, despite
of similarities as current status to large degree, carbon market will be more
complicated, and, as a emerging new market, it has a long way to go before the
transaction system is improved, non-market interference is furthest decreased
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and fluctuation of carbon prices can really reflect carbon supply and demand
in the market.

9.3 Liquidity analysis of EU carbon market

Market liquidity is one of the important attribute of market transaction,
an important indicator of market efficiency and functional performance, an
indispensible part of the micro-structure of a market, and also one of the
essential factors influencing the behavior of market price. The better market
liquidity is, the higher the resource-allocating efficiency will be; therefore,
in the futures market, liquidity is one of the goals of transaction system
arrangement and contract design.

So far there hasn’t been a commonly agreed definition to market liquid-
ity. In the securities market, market liquidity is generally referred to as the
security’s ability to be easily converted, i.e. traders are able to complete large-
volume transactions with lower cost yet without causing large fluctuation of
market price. Similarly, in the futures market, we may regard market liq-
uidity as “futures traders can complete large-volume futures contract quickly
without causing obvious fluctuation of contract price”. The essential part
is the volume and value of the contracts under the circumstance of no price
change or small fluctuation; if the volume or value is large enough, we say
the futures market possesses nice liquidity.

Researches on market liquidity have already attracted wide attention from
scholars and the industry, especially in the stock market where detailed dis-
cussion in many publication are conducted about the characteristics of stock
market liquidity, measuring of liquidity, the relationship between liquidity
and stock returns, major factors influencing liquidity, etc. (Aitken and Com-
erton, 2003; Bacidore et al., 2005; Brockman and Chung, 2006; Comerton-
Forde et al., 2005; Ginglinger and Hamon, 2007; Marshall and Young, 2003;
Wan Shuping, 2006). These studies are very important in our understanding
of liquidity. Generally speaking, however, we found that most of the studies
on market liquidity concentrate on the stock market with few attention to
the futures market (Liu Xiaoxue, 2006; Han Xiaolong and Cao Qi, 2006),
and as for the carbon futures market, there has been not any publication of
research about market liquidity.

At present, EU ETS is the largest carbon market, whose development and
status basically reflect the trend and status of world carbon market. There-
fore, an in-depth analysis of EU carbon market liquidity and the influencing
factors is significantly meaningful in understanding the global carbon market
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mechanism and system from the microscopic perspective.

9.3.1 Models for market liquidity study

In studies of market liquidity, in addition to the influencing factors, how
to measure market liquidity is also an important part. Many publications
discussed the measuring of market liquidity from different perspectives, which
can be summarized in four aspects:

Magnitude: reflecting the transaction cost of market participants, with
major indicators including bid-asked spread, variance ratio, etc.

Depth: reflecting the possible transaction volume under the circum-
stance of no price change, with major indicators including contraction depth,
quotation depth, transaction volume open interest, etc.

Elasticity: reflecting the speed at which the price fluctuation caused by
transaction from asymmetric information driver regresses equilibrium price;
the larger elasticity is the better liquidity will be and the better market
efficiency will be.

Timeliness: reflecting the time for waiting before a transaction got
handled and the frequency of contraction.

In practical researches, generally one or more aspects will be considered.
Given the data status of EU ETS, this section adopts Martin liquidity ratio
with quantity-price incorporation characteristic to measure the liquidity of
EU carbon market and meanwhile be able to measure the magnitude and
depth of the market.

For a specific carbon contract, if relatively small transaction volume brings
about large scale price fluctuations, the liquidity of this contract is lower; in
contrast, if large volume only causes small fluctuations, the liquidity of the
contract is higher. A carbon market with higher liquidity won’t show large-
scale price fluctuation due to small-volume transaction. The measurement
index of liquidity ratio is the embodiment of the concept of incorporating
volume and price, which reflects the interactions between carbon transac-
tions and price changes. The frequently used liquidity ratios include Amivest
liquidity ratio, Hui-Heubel liquidity ratios and Martin liquidity ratios, etc.
Each of the liquidity ratios possesses its own strong points. In view of the
availability of sample data, we adopt Martin liquidity ratio here.

The Martin liquidity ratio index refers to the price change caused by unit
transaction volume, which can provide comprehensive measurement both in
magnitude and in depth. As international carbon market emerged recently, in
some cases there isn’t any transaction volume in many trading days concern-
ing some contracts, especially when the initial stage of a newly established



272 Chapter 9 International Carbon Market and Its Impacts on CO2 . . .

market. For the convenience of measurement and explanation, we switch
the numerator and denominator of traditional Martin liquidity ratio index
to obtain a modified Martin liquidity ratio index as measurement of carbon
market liquidity. For a specific carbon futures contract, the Martin liquidity
ratio index can be defined as:

L =
Vt

(Pt − Pt−1)2
(9.6)

Here, Pt is the settlement price of the contract on day t; Pt−1is the settlement
price of the contract on day t−1; Vt is the contraction volume on day t, which,
as its numerical value is very large, is modified as its natural logarithm. The
larger index L is the better the contract liquidity in the market appears, and
vice versa. Please note that when denominator is 0, i.e. when price remains
unchanged, we set denominator as minimum price change unit, i.e. 0.01 Euro.

The weekday effect of liquidity is a common phenomenon in financial
market and futures market. To test the day-of-the-week effect and compare
the difference of various market liquidities, we adopt a nonparametric test
method independent of specific distribution, i.e. Kruskal-Wallis test (K-W
Test for short). This test is widely used for equivalent test of several inde-
pendent samples. Its null hypothesis is that k series follow distributions with
the same mean; and its alternative hypothesis is that k series do not have the
same mean; thus the statistic KW complies with the χ2 distribution with a
degree of freedom as k − 1.

KW =
12

N (N + 1)

k∑
j=1

S2
j

mj
− 3(N + 1) (9.7)

Here, N is the sample size; k is number of series to be tested; S2
j is the sample

variance of series j; mj is the rank value of series j.
Carbon market liquidity is influenced by many factors. This section will

introduce a multivariate statistic regressive method to investigate the influ-
ence of micro structural factors on liquidity. After analysis of characteristics
and influencing factors of carbon market liquidity, we shall adopt ordinary
linear Ganger causality test to find the causal relationship between EU carbon
market liquidity ratio and Brent oil futures liquidity ratio, so as to provide a
reference for better understanding of the interactions between carbon market
and energy market.

9.3.2 Data sources and definitions

As analyzed above, transactions in ECX carbon market can largely reflect
the market status of EU ETS. Based on the two phases (2005—2007 as Phase
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I and 2008—2012 as Phase II) of EU ETS emission credits, we select several
key carbon futures contract of ECX (expires in December of 2005, 2006, 2007,
2008 and 2009 respectively) and pick the day prices at Euro/ton of CO2 from
opening of carbon market from 22 April 2005 to the end of September 2007
as object for investigation. The price trend is shown in Figure 9.12 (Based
on the data from ECX (2006), the results are calculated and shown in Figure
9.12). We found that there is large difference between carbon contract prices
in two phases, especially after 2006, while carbon prices within the phase is
rather consistent.

Figure 9.12 Trends of carbon prices in ECX (April 22, 2005—September 28, 2007)

Data Source: ECX (2006)

9.3.3 Empirical results and discussions

9.3.3.1 Statistical characteristics of carbon market liquidity

According to the Martin liquidity ratio equation above, we obtain daily
liquidity of various futures contracts and then compute the average monthly
and yearly liquidity ratios, which are shown in Figure 9.13 and Table 9.18
(Based on the data from ECX (2006), the results are calculated and shown
in Figure 9.13 and Table 9.18).

With regard to the monthly carbon market liquidity, it is firstly observed
from Figure 9.7 that the general trend of contract liquidity ratios in different
phases is not so clear concerning different phases and contract liquidity within
one phase does not show much consistency either, with many reciprocal chi-
asms. Secondly, the liquidity ratio of contract Dec06 is high in most trading
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days, following it is contract Dec08 which became major traded contract
type, especially after 2006; contract Dec07 and Dec08 are relatively close;
contract Dec09 shows lowest liquidity, leaving wide gap from other contracts
but also demonstrating a rising pose, especially after 2006. This indicates
that since the carbon futures market emerged contract Dec06 and Dec08 are
most popular with active transactions and arouse sufficient confidence from
participants, and that the market for contract Dec09 is far from mature. An
important reason for it is that Phase I carbon market transactions happen
in relatively stable and mature environment and encounter less uncertainty
while carbon market development in Phase II are faced with many uncer-
tainties, in addition to insufficient market expectation and confidence, which
together lead to a weak market. Thirdly, we can see the rising trend in the
overall EU carbon market liquidity. This is sufficient to approve that car-
bon market as a new futures market is becoming active and that its role in
reaching the emission reduction goals of “Kyoto Protocol” already attracted
wide attention from all walks of international community and its impacts are
extending.

Figure 9.13 Monthly Martin liquidity ratios of different carbon contracts

[Data Source: ECX (2006)]

Table 9.18 gives the statistical results of yearly carbon market liquidities.
We found that compared with 2005, liquidity ratios for all kinds of contracts
in 2006 and 2007 are greatly increased, among which contract Dec08 shows
the largest increase of 700% in 2006 (Contract Dec09 shows a large increase
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in 2006 too due to small transaction volume in 2005, but the absolute value
of increase is still limited.); in 2007 contract Dec07 shows the largest increase
of over 2700%. On the other hand, in 2005, contract Dec05 has the largest
liquidity ratio and the farther the expiration date is the smaller liquidity
ratio will be; in 2006, the trend in 2005 continues generally and the liquidity
ratio of contract Dec07 is slightly smaller than that of contract Dec08. This
explains that by the end of 2006 the primary contract in carbon market is
still Dec08 and previous contracts while transactions of contracts after Dec08
lacks vitality and needs further cultivation.

Table 9.18 Daily Martin liquidity ratios of different carbon contracts by year

Dec05 Dec06 Dec07 Dec08 Dec09

Yean
Sample

size
Mean

Sample

size
Mean

Sample

size
Mean

Sample

size
Mean

Sample

size
Mean

2005 167 297.40 175 210.25 175 148.94 175 51.37 175 0.41

2006 — — 248 455.72 256 350.49 256 410.68 256 112.73

2007 — — — — 193 9961.77 193 1933.67 193 931.29

Note: The sampling period in 2007 is from January to September.

Data Source: ECX (2006).

9.3.3.2 Expiration effects test of carbon market liquidity

Generally speaking, futures contract liquidity abides by the law of cyclical
variation as it approaches the expiration month, which is called Samuelson
hypothesis for futures contract. We investigated the expiration effect of con-
tract Dec05 and Dec06 expiring in December 2005 and 2006 respectively ,
and results are shown in Figure 9.14. We found that from the coming out to
expiring of the contracts, the liquidities generally experienced three stages of
low-high-low. During the initial period of listing, liquidities of two contracts
are low and contract Dec05 transactions soon became active with rising liq-
uidity, about 4 to 5 months later reaching the peak; for contract Dec06, its
liquidity rose relatively slower, showing a trading peak in the beginning of
2006 and soon dived due to the incident of certified credit data, but after set-
tlement of the incident its liquidity soared. 1 to 2 months before the delivery
month, carbon futures contract liquidity appeared weak, especially contract
Dec05, and showed obvious sinking trend. This is closely related to the strict
trading system practiced before delivery month. Comparatively speaking,
transactions of contract Dec06 are always active; although before delivery its
liquidity slid down a bit it maintained a certain level of absolute value in

By the end of 2006, only the two types of contracts are due among all the futures

contracts investigated in this section.
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its liquidity. In general, European carbon futures contracts also demonstrate
obvious expiration effects, just like other futures commodity.

9.3.3.3 Day-of-the-week effect test of carbon market liquidity

Day-of-the-week effect refers to the different characteristics expressed in
futures contract liquidity on different days of the week; if the contract liq-
uidity on certain weekday of a week is obviously higher than (or lower than)
that of the other weekdays, we regard this contract possesses “weekday ef-
fect”. In financial market, most common among the day-of-the-week effect is
Monday effect and Friday effect, which combined together are called weekend
effect. Causes of weekend effect might be measurement deviation or the fact

Figure 9.14 Liquidity expiration effects of Dec05 and Dec06 contracts
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that many unfavorable influencing factors are released during weekend; hence
negative return appears every Monday. Of course, a possible reason might be
that most investors have made investment decision for the next week during
the weekend.

We first calculated the average liquidity ratios for various carbon futures
contract from Monday to Friday (as shown in Table 9.19). Results show
that liquidity ratios of Dec05 and Dec07 contracts are relatively higher on
Monday and Tuesday, liquidity ratios of Dec06, Dec08 and Dec09 contracts
are higher on Thursday and Friday than on other date, and that no contract
shows higher liquidity ratio in the middle of the week. Therefore, the whole
European carbon futures market does not have consistent day-of-the-week
effect and some contracts may show similar day-of-the-week effect. Further
research is needed to test whether such inference is correct.

As liquidity ratios series show obvious non-normal characteristics, we can-
not adopt variance analysis based on normal distribution to test day-of-the-
week effect. This section, however, introduces Kruskal-Wallis nonparametric
one-way variance analysis method to test the day-of-the-week effect for vari-
ous carbon contract liquidities and the results are shown in Table 9.20. We
found that, at significance level of 5% or even 10%, all carbon contracts should
accept the original hypothesis, i.e. there is no obvious difference between liq-
uidity ratios on different days of the week. This explains that differences of
the daily liquidity ratios during the week are random and that EU carbon
market liquidity does not show day-of-the-week effect. The most possible rea-
son for such results is the immaturity of carbon market, which is expressed
not only in inactive market transaction and small contraction volume, but
also in the inconsistency between contraction volume and actual consump-
tion volume. As for the big discrepancy in mean for some contracts (such as
contract Dec09), it is caused by extrema of liquidity ratios due to absence of
price change between trading days. This is a special case and should not be
considered as typical of the whole transaction of this contract.

Table 9.19 Daily Martin liquidity ratios of different carbon

contracts by weekday

Dec05 Dec06 Dec07 Dec08 Dec09

Time
Sample

size
Mean

Sample

size
Mean

Sample

size
Mean

Sample

size
Mean

Sample

size
Mean

Mon. 32 478.44 81 366.24 119 2913.32 119 817.28 119 58.28

Tues. 34 311.68 86 286.93 127 3721.59 127 577.35 127 259.90

Wed. 34 342.44 86 337.62 127 3341.64 127 896.41 127 103.27

Thur. 34 245.51 86 440.87 127 3541.84 127 419.46 127 187.82

Fri. 33 114.23 84 339.53 124 2781.34 124 1206.67 124 1062.57
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Table 9.20 Kruskal-Wallis Test for the day-of-the-week effect of liquidity

Carbon contract Statistic KW Degree of freedom
Significance

probability

Dec05 2.575 4 0.631

Dec06 3.674 4 0.452

Dec07 4.548 4 0.337

Dec08 7.151 4 0.128

Dec09 6.962 4 0.138

Carbon market liquidity is influenced by many factors, including macro-
scopic factors like governmental macroeconomic policy and unexpected acci-
dent, as well as microscopic factors like carbon market maturity and market
micro structure (in terms of market volume, position, price fluctuation rate,
transaction turnover rate, etc.). Concerns about carbon market liquidity
are always related to changes in these factors and efforts of increasing the
liquidity should start from these aspects.

To sum up the discussions and analysis of the results of empirical research
above, we come to some constructive suggestions about EU carbon market
liquidity.

(1) For the general trend of carbon market liquidity, it is different from
carbon prices trend; the liquidity ratios of carbon contract in different phases
do not demonstrate obvious difference and liquidities of contracts in the same
phase do not show consistency either. In particular, Dec06 and Dec08 con-
tracts show higher liquidity ratios on most days, becoming the active contract
type in the market, and contract Dec09 show lowest liquidity ratio. More-
over, we found a rising trend in the overall EU carbon market liquidity ratios.
Although carbon market is an emerging futures market, transactions are be-
coming active and its influence is spreading.

(2) With regard to the expiration effect of carbon market, we found that
carbon futures contract liquidities generally experienced three stages from
their initial opening to expiration, i.e. low liquidity-high liquidity-low liquid-
ity, showing obvious expiration effect. Carbon market transactions have the
characteristics in other financial and futures commodity markets.

(3) With regard to day-of-the-week effect, we found that EU carbon mar-
ket liquidity does not show notable day-of-the-week effect, i.e. no notable
difference between the liquidity ratios on different days of the week exists
and the existing liquidity ratios differences are limited and random.

Carbon market is a rising market with high potential. With the extending
of its influence and the strengthening of the interactions between carbon
market and energy market, carbon market shall attract focused attention
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due to its achievements in emission reductions and will play an important
role in leading and promoting the development of energy market.

Generally speaking, there is long way to go for carbon market and much
more efforts are needed in studies of carbon market. With regard to car-
bon market liquidity, we first need to design a better measuring method and
instrument to precisely measure the liquidity, so as to provide reference for
market trading and investors; we then need to pay attention to the major
factors influencing carbon market liquidity, but owing to availability of data
we haven’t done any further discussion in this aspect yet. Finally, more at-
tention are necessary in the interactions between carbon market and energy
market, especially coal market and gas market; researches about the increas-
ingly close relationship between them will forecast market behavior effectively
and guide participants to avoid risks.

9.4 Socio-economic impacts analysis of CDM projects

in China

Global warming has become the most serious challenge faced by human in
the 21st century; to reduce the anthropogenic emission of greenhouse gases
so as to alleviate global climate change has become a common responsibility
and duty of all humanity. On February 16, 2005, “Kyoto Protocol” formally
took into effect, which commenced the actual campaign of mankind to fight
against global warming. Clean Development Mechanism (CDM) is one of
the three flexible mechanisms in “Kyoto Protocol”. Through cooperation of
CDM projects, developed countries can obtain the entire or partial of the
Certified Emissions Reductions (CERs) produced in these projects and use
the CERs to fulfill their quantized emission reduction duties under “Kyoto
Protocol”; meanwhile, developing countries can gain additional funds and/or
advanced environment friendly technologies so as to promote the sustainable
development of the nations. Therefore, cooperation of CDM projects can
globally reduce the total economic cost of achieving greenhouse gases emis-
sion reduction goals. In view of the high cost of GHG emission reduction
in developed countries, CDM projects have become an important emission
reduction instrument for developed countries to fulfill their duties of emission
reductions. Many government agencies, funds and enterprises in developed
countries tried to find a way of cooperating with developing countries in
CDM projects, hoping to fulfill the quantized emission reduction goal set
in “Kyoto Protocol” with lower cost. These efforts were actively responded
by developing countries, who expected attract foreign investment and ad-
vanced technology via cooperation of CDM projects and at the same time



280 Chapter 9 International Carbon Market and Its Impacts on CO2 . . .

provide informational support for future emission reductions strategy from
the technological and economic perspectives. As of January 14, 2008, there
were more than 40 countries that took part in CDM project cooperation in
Executive Board (EB) and successfully registered 896 CDM projects. The
emission reductions of these projects reached 188.48 million tons of CO2/year.
Currently, major CDM project host countries are China, India, Brazil and
Mexico, among which China acts as the leading CERs producer (91.34 million
tons of CO2/year) and hosts 150 CDM projects.

At present, analysis of the influence of greenhouse gas emission reduc-
tion policy with Computable General Equilibrium (CGE) models, like MIT-
EPPA, WorldScan, MS-MRT, GTEM, GEM-E3, has attracted attention from
many scholars and research institutions abroad. Based on these models, Sp-
inger (2003a) summarized a large body of relevant studies; additionally, a
special issue about the impacts of “Kyoto Protocol” emission reduction mech-
anism was published by Energy Journal in 1999.

Manne and Richels (1999) used MERGE model to analyze the different
situations with 15% of the global CDM project potential traded. Results
showed that under the CDM scenario marginal abatement cost in 2010 will
be decreased to USD 100/ton of carbon, under the scenario of global trading
marginal abatement cost is USD 70/ton of carbon, and under the scenario of
“Kyoto Protocol” emission reduction goals the US GDP will suffer 0.1% of loss
without the flexible emission reductions mechanism but the loss will be half
with the CDM mechanism. Bernstein et al. (1999) assumed by applying MS-
MRT model that non-Annex I countries have 15% of the emission quota and
results show that under CDM and global trading scenario marginal abatement
cost is largely decreased in comparison with both the scenarios of no trading
and trading between Annex I countries. Ellerman et al. (1998) hypothesized
that all of the potential of CDM projects will be released with consideration
of the additional cost of CDM projects. They used EPPA model and found
that marginal abatement cost under CDM scenario is obviously lower than in
the scenario of no trading and that the net profit for non-Annex I countries
increases with the increase of CDM additional cost. Pan (2005), utilizing
GEM-3 model, divided trading into free trade sector (energy and energy
intensive sectors) and domestic trade sector with the hypothesis of regarding
JI or CDM similar as ET but only free trade sector eligible for JI or CDM
project cooperation. Bollen et al. (1999) modeled the CDM project in the
form of investment with WORLD SCAN and hypothesized that investment
does not influence all production capacity. The study covers only one type
of CDM project and results show that greenhouse gases emission reductions
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under CDM will lead to global increase of greenhouse gas emissions if no
greenhouse emissions quota is set for non-Annex I countries. Böhringer et al.
(2003) utilized German CGE model and Indian MARKAL model to analyze
the Indian power sector under CDM. Bréchet and Lussis (2006) used global
equilibrium model and national equilibrium model to analyze the contribution
of supply of and demand for CDM as an instrument to the climate policy
in Belgium. Results show that CDM projects will reduce 21% of the CO2

emission in Belgium in 2010 and decrease abatement cost.

All the above studies are based on the hypothesis that CDM is a trad-
ing mechanism with binding and that trading price is decided from market.
Actually CDM is different from emission trading system in that CDM is
developed on the basis of projects. Generally speaking, impacts of single
project on macro economy are weak and unable to provide any reference for
policy-making. In addition, CDM projects are different from carbon tax sys-
tem and/or CO2 emission trading system; the latter can be directly related to
macro economy via commodity prices especially energy prices, while the for-
mer hasn’t direct relationship with commodity prices in any way (Timilsina
and Lefevre, 2000). Moreover, CDM projects are mostly bilateral projects,
and the prices for CERs are normally decided in negotiation. Compared with
CO2 emission trading system, therefore, it is a twisted market; its prices do
not reflect the supply and demand in the market either. The hypothesis of re-
garding CDM as ETS in above models can hardly reflect the impacts of CDM
both developed and developing countries objectively. The study of Timilsina
and Shrestha (2006) adopted a different approach. Starting with the supply
and demand of energy, they modeled CDM projects with substitution of coal
electricity for hydro electricity and analyzed the impacts of CDM projects
on the macro economy of Thailand. Their analysis covers the impacts of the
CERs, produced in small hydro electricity projects and with different prices,
on the macro economy and sector development of Thailand. Results show
that substitution of fossil energy electricity generation for small hydro power
stations decreases GDP.

Most of the studies above used global or bi-national CGE model to analyze
the global impacts of the three mechanisms in “Kyoto Protocol”, instead of
the impacts of CDM on developing countries. However, due to the differences
in manpower wages, industrial structure, and technology in each country as
well as the differences in the number of CDM project and types in various
countries, impacts on different countries are different. Therefore, impact
analysis specific to developing countries are necessary.

Whether CDM is able to play an active role in achieving emission reduc-
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tion goals of “Kyoto Protocol” and whether post-Kyoto protocol will be emis-
sion reductions mechanism largely depend on the current impacts of CDM
projects on economy, society and environment both sides. And, how to ob-
jectively evaluate the economic, social and environmental impacts of CDM
projects in China has become a hot and difficult subject for researchers.

China, as a key host country of CDM projects, has successfully registered
a series of CDM projects related to renewable energy electricity and HFC,
and the problem to be solved immediately is how to evaluate the impacts
of these projects on the socio-economic development and environmental im-
provement in a scientific and objective manner? In the future work of CDM
project development and selection, how to evaluate the impacts on sustain-
able development? As the largest developing country of the world, China
owns a large potential CDM market, and how could China scientifically uti-
lize international capitals and technologies to promote sustainable develop-
ment via CDM projects? These problems have become important concerns
of decision makers.

CGE (Computable General Equilibrium) models are normally applied in
policy simulation to analyze the impacts of environmental policy/measure,
revenue and/or foreign trade policies on national or regional (both intra-
national and inter-national) GDP, resident welfare, industrial structure, labor
income distribution, etc.; CGE models can be very effective in addressing the
above issues. Therefore, CGE models addressing the above issues. Therefore,
CGE models are theoretically very important and have real CDM projects
in China. impacts of CDM projects in China. projects in China.

Some studies have it that China will be the largest the world (World
Bank, 2004; Zhang, 2006); actually 2006); actually China already successfully
registered a series of CDM projects, and the total CERs produced in China
rank first in the world. But, how would these CDM projects and different
CERs prices influence the society, economy and environment of China? How
to evaluate the impacts of CDM projects on China’s society and economy?
So far there has been no related study.

Therefore, there is urgent need to conduct issues above with the idea of
management science; it will not only of management science; it will not only
help China further cooperate with other CDM projects and correctly under-
stand the impacts of the projects, but also provide a theoretical model for the
quantitative investigation of CDM projects, provide theoretical methods for
objective evaluation of the projects’ effects on promoting sustainable devel-
opment, and provide scientific reference for decision makers in making some
scientific and rational CDM project development plans.
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9.4.1 CEEPA model with CERs prices

Based on the CGE models introduced in section 7.3, this chapter is an
analysis of the impacts on macro economy exerted by the development of
CDM projects related to biomass electricity generating, hydro electricity and
wind electricity from the angle of energy supply. A hypothesis of this chapter
is that CDM projects of biomass electricity generating, hydro electricity and
wind electricity replace thermal electricity by 1% respectively.

According to Marrakesh Agreement, 2% of the total CERs are for inter-
national adaptation costs; in addition, there are other transaction costs for
CDM projects like registration, verification and certification fees. And we
suppose that 25% of total CERs is for transaction cost and adaptation fund,
while the remaining 75% is surplus.

CDM project surplus:

CDMREV = CERp × (
TPOL0

CO2
− TPOLCO2

)
Here, CERp is the price of certified emission reductions; TPOL0

CO2
and

TPOLCO2 are CO2 emissions under BAU (Business-As-Usual) scenario and
policy simulation scenario respectively.

CERs price is an important variable. As currently there is no price on a
uniform global basis, the general CERs price of the CDM projects registered
by EB is USD 3—5/ton of CO2. In order to analyze the socio-economic
impacts of CERs prices, we suppose CERs price to be USD 3—50/ton of
CO2, which reflects the fact that CERs price of CDM project is decided by
both parties of the transaction.

The 75% of surplus from increase of CDM projects will increase govern-
ment revenue. To keep government revenue constant, the increased revenue
is returned to residents in this report.

9.4.2 Macro impacts of renewable electricity CDM project

Based on the CEEPA model, we come to some conclusions as follows.

9.4.2.1 Impacts of renewable power generation CDM projects on GDP

It can be found from Figure 9.15 that biomass electricity, wind electric-
ity and hydro electricity CDM projects have a negative influence on actual
GDP, among which the GDP loss caused by hydro electricity CDM project is
obviously lower than that caused by wind electricity and biomass electricity
CDM project. Actual GDP loss from biomass electricity CDM project is
largest, and the wind electricity CDM project goes in between the other two.
Moreover, GDP loss increases with rise of CERs price, which is consistent to
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the results of the analysis done by Timilsina and Shrestha about the impact
of hydro electricity CDM project on social economy in Thailand (Timilsina
and Shrestha, 2006). As the GDP analyzed in this report is the actual GDP
described with expenditure approach, in which GDP is composed of total
consumption, total investment and net export and the model adopts law of
closure in balance of trade, i.e. foreign savings is exogenously given, net ex-
port is constant; and actually total consumption and total investment are
the major factors influencing GDP. Hence we remain focusing our analysis
on total investment and total consumption.

Figure 9.15 Impacts of renewable power generation CDM projects on GDP

9.4.2.2 Impacts of renewable power generation CDM projects on total in-
vestment

From Figure 9.16 we may see that the total investment of biomass

Figure 9.16 Impacts of renewable power generation CDM projects on total investment
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electricity, wind electricity and hydro electricity CDM projects is obviously
lower than in the BAU scenario, among which the hydro electricity CDM
projects show smallest decrease, biomass electricity CDM projects show largest
decrease and wind electricity CDM project is in between. And, it decreases
with the rise of CERs price. This is because the total investment in this
model is obtained from endogenous conversion of total savings. The major
components of total savings are enterprise saving, private saving and govern-
ment saving. Since renewable energy power generation is a capital-intensive
technology, substitution of thermal power generation for this technology
means increase in demand for capital by electric power sector. This will
somewhat lower the average capital return rate and demand for labor in
comparison with under the BAU scenario and in turn lowers the gross profit
of enterprise; it therefore causes decrease in enterprise saving.

9.4.2.3 Impacts of renewable power generation CDM projects on total con-
sumption

According to Figure 9.17, the total consumption of biomass electricity,
wind electricity and hydro electricity CDM projects increase in comparison
with under the BAU scenario, which is opposite to the results in section 7.3.
Increase in total consumptions caused by biomass electricity and hydro elec-
tricity CDM projects are relatively larger and increase with the rise of CERs
price. This is because government consumption in this model is exogenously
given according to law of closure and total consumption is mainly influenced
by resident consumption. Resident consumption has a dominant position
in total consumption. On the one hand, residents may receive allowance
from CDM project surplus to increase their income; on the other hand, rural

Figure 9.17 Impacts of renewable power generation CDM projects on total consumption
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residents may receive profit from biomass electricity project. Therefore, resi-
dent consumption is relatively increased in comparison with under the BAU
scenario and it increases with the rise of CERs price.

The negative pulling force of total investment is obviously higher than
the positive pulling force of it, and therefore actual GDP is lower than that
under the BAU scenario. At the point of CERs price USD 50/ton of CO2, the
GDP loss caused by biomass electricity, wind electricity and hydro electricity
CDM projects are 0.05%, 0.038% and 0.031% respectively.

9.4.2.4 Impacts of renewable power generation CDM projects on CO2 emis-
sions

According to Figure 9.18 we find that the impact of CDM project sub-
stituting thermal power generation for renewable power generation by 1%

Figure 9.18 Impacts of renewable power generation CDM projects on CO2 emissions

is 0.96%—1.04%, among which hydro electricity CDM projects bring about
largest 1.04% of CO2 emission reductions, wind electricity CDM projects
bring about 1.02% and biomass electricity projects bring about 0.97% of
reductions. And, CERs price has the least impact.

9.4.3 Impacts of renewable electricity CDM project on energy
intensive sectors and energy sectors

This section analyzes the impacts of biomass electricity, hydro electricity
and wind electricity CDM projects on energy intensive sectors and energy
sectors at the CERs price point of USD 20/ton of CO2.
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9.4.3.1 Impacts of renewable electricity CDM project on outputs of energy
intensive sectors and energy sectors

According to Figure 9.19 we find that all renewable electricity CDM
projects cause decrease of outputs in both energy intensive sectors like iron
and steel, building materials, chemical engineering, non-ferrous metal, paper
manufacturing, etc., and energy sectors like coal mining, oil drilling, gas ex-
ploitation, petroleum processing, power industry, etc. Coal mining industry
suffers the largest impact. With regard to the impacts of the three types of
renewable power generation CDM projects on various sectors, biomass elec-
tricity CDM projects exert the largest impact, since the costs of biomass
power generation is higher. Therefore, CDM project surplus may be used to
subsidize energy intensive sectors.

Figure 9.19 Impacts of renewable electricity CDM projects on outputs of

energy intensive sectors and energy production sectors

9.4.3.2 Impacts of renewable electricity CDM project on product prices of
energy intensive sectors and energy sectors

According to Figure 9.20, all the renewable power generation CDM projects
cause increase of product prices in energy intensive sectors like iron and steel,
building materials, chemical engineering, non-ferrous metal, paper manufac-
turing, etc., among which the price increase in iron and steel and chemical



288 Chapter 9 International Carbon Market and Its Impacts on CO2 . . .

engineering sectors appears the largest. Impacts on energy production sec-
tors vary, but are generally small. Hydro electricity CDM project will cause
price decrease in coal mining, oil drilling, gas exploitation and petroleum
processing industries by 0.010%, 0.001%, 0.001% and 0.001%, respectively;
product prices in electric power sectors increase by 0.18%. Wind electricity
CDM project cause price decrease in coal mining industry by 0.02%; and for
other energy production sectors product prices increase by 0.001%, 0.001%,
0.002% and 0.200% respectively. Biomass electricity CDM project causes
price increase in coal mining, oil drilling, gas exploitation, petroleum pro-
cessing and electric power sector by 0.001%, 0.002%, 0.004%, 0.002% and
0.250% respectively.

Figure 9.20 Impacts of renewable electricity CDM projects on product prices of energy

intensive sectors and energy production sectors

9.4.4 Regional impacts of CDM projects

According to the PDD of renewable energy projects in China, CDM
projects can increase local revenue, create new job opportunities, promote
local economy, and build up the ability of the locality by means of technical
transformation; the projects may utilize energy source more effectively and
make use of waste materials for power generation, thus improving the effi-
ciency of resource utilization; they can also reduce emissions of air pollutant
like SO2, NOx and dust, improve water quality and decrease the demand for



9.4 Socio-economic impacts analysis of CDM projects in China 289

organic oxygen, thus protecting nature and forest vegetation.

For example, Ningxia Yinyi wind electricity CDM project produces
104GWh power annually on average, presumably saving 34,600 tons of stan-
dard coal. This means a decrease of 352 tons of SO2, 400 tons of NOx, 480
tons of granule and 9000 tons of coal cinder. In addition, it is expected that

the project reduces 98,200 tons of CO2 equivalent annually; the project
will contribute to the development of wind power generation in Ningxia Hui
Autonomous Region and even the whole of China; it reduces emissions of
other pollutant from thermal power generation; construction and mainte-
nance of the project create job opportunities; and the project somewhat
relieved local poverty.

Another example, Gansu Xiaogushan hydro electricity CDM project pro-
duces 357GWh annually on average, presumably reducing 3,129,000 tons of
CO2. And, the project brings the benefits of increasing energy consump-
tion, reducing load shedding in several poorer villages nearby and improving
conditions of housing, education, health and public facility for local residents;

promoting the development of local electric industry; increasing job
opportunities and local income (installation of the project creates 3000 job
opportunity, operation of the project need 100 regular staff), and improv-
ing technical level of local people; improving local traffic situation; and

improving local energy utilization efficiency.

One more example, Heilongjiang Tangyuan County biomass electricity
CDM project produces 124GWh annually on average, presumably reducing
184,000 tons of CO2e. And the project can utilize local agricultural re-
sources comprehensively, setting an example for comprehensive utilization of
biomass energy in China; increase job opportunities, relieve poverty, and
increase the income of local residents who can sell stalk; and help with the
environmental improvement, not only reducing emissions of greenhouse gases
and SO2 but also avoiding burning of agricultural residual and reducing air
pollution.

Based on the research above, we may come to the following conclus-
ions:

(1) At different CERs price levels, CDM projects of biomass power genera-
tion, wind power generation and hydro power generation all result in decrease
of total investment and increase of total consumption; and as the negative
pulling force on total investment is larger than the positive pulling force on
total consumption, actual GDP suffer losses too. At the CERs price level
of USD 50/ton of CO2, actual GDP losses resulted from biomass electricity,
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wind electricity and hydro electricity CDM projects are 0.05%, 0.038% and
0.031% respectively. In terms of CO2 emission reductions, hydro electricity
CDM project brings about 1.04%, wind electricity CDM project brings about
1.02% and biomass electricity CDM project brings about 0.97%.

(2) From the angle of sector division, renewable power generation CDM
projects will result in decrease of outputs and increase of product prices in
energy intensive sectors; and biomass electricity projects demonstrate the
largest impact.

(3) From the angle of regional division, renewable power generation CDM
projects will bring about multiple benefits, demonstrating a long-term obvious
positive effect on economic growth and the improvement of local living con-
ditions.

These conclusions are drawn based on a static CGE model. In order to
further analyze the long-term impacts of CDM projects, a dynamic CGE
model will be developed, so that the socio-economic impacts from CDM
projects related to renewable power generation and energy utilization im-
provement as well as other CDM projects can be analyzed from a long-term
perspective.

9.5 Challenges of international carbon market develop-

ment

Although international carbon market shows fast development, it still
faces series of challenges. We start with discussions about the uncertainties
of long-term development of the entire carbon market and then analyze the
challenges of international carbon market from two aspects of quota based
carbon market (represented by EU ETS) and project based carbon market
(represented by CDM).

9.5.1 Uncertainty of long-term development of international car-
bon market

(1) Despite the fast development of carbon market, it is noted that the
transaction volume is still limited in comparison with the actual world emis-
sions. And, carbon market liquidity is not sufficient to make direct connection
with energy market and financial market. At present, given the development
of carbon market, it did not change the structure of energy consumption of
the world or key regions to large degree. Take Europe for example. Coal is
the kind of fossil fuel with the highest emission density, but as international
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oil and gas prices were kept rising in recent years while coal prices relatively
lower, plus the low cost of CO2 emissions and weak binding force, coal power
generation industry is still progressing rapidly.

(2) It is uncertain as to how the international carbon market will be after
2012. As “Kyoto Protocol” only provides provisions on greenhouse gases emis-
sion reduction duties for 2008—2012, the emission reductions in international
carbon market are mainly the quantized emission reduction goals fulfilled by
developed countries. There is currently not any agreements concerning the
framework of emission reductions after 2012, and hence the international
carbon market after 2012 shows much uncertainty.

(3) There is currently no global transaction rule for carbon market, which
is divided into standardized and non-standardized parts. In the standardized
market, emission right trade at reasonable transaction value helps achieve
established emission reduction goals, but this requires policy makers to es-
tablish rational emission reduction goals and allocate appropriate quantity of
carbon credits. The efficiency of market operation depends to a great extent
on rationalization of policy. Market operation also requires accurate fore-
casting of economic growth, impact assessment of technological improvement
and establishment of strict system of transaction rules and monitoring. In the
non-standardized voluntary carbon market, lack of applicable standards and
higher risks presents many defects of market operations. Another influence
source of carbon market is participation of many small funds and/or enter-
prises, which have their own anticipation of the rapidly developing carbon
market and hope to gain long-term benefits from investment. Considering
the variables in carbon market, such behavior can be regarded as gambling.

9.5.2 Challenges of the development of EU carbon market

(1) EU ETS concentrates only on CO2 emissions, leaving emissions of
other greenhouse gases aside; while other greenhouse gases emissions occupies
20% of the total greenhouse gas emissions in EU, therefore, the scheme has
only limited influence on fulfilling the Kyoto goals. Besides, there is large
internal diversity within each nation. In France, for example, the greenhouse
gases emissions from the sectors covered by ETS only occupy 20% of its total
emissions, while the percentage is 69% in Estonia (IEA, 2005).

(2) EU ETS covers only 45% of the CO2 emissions in EU and there
are many more CO2 emissions not considered. The scheme covers almost
12,000 emission facilities in about 25 countries of EU, including refiner-
ies, coking plants, power plants with over 20 MW capacity, steel works,
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cement plants, glass works, ceramic factories as well as pulp and paper
mills. But, there are still 55% of CO2 emissions not included in the trading
scheme.

(3) EU ETS works only in certain sectors with CO2 emissions, which
makes other sectors uninvolved in the scheme which grows faster and further
imposes difficulties in coordinating balanced development of all sectors. Es-
pecially, traffic sector already aroused wide discussions. The traffic sector is
not covered in the ETS and will probably not be covered in Phase III (before
2013); whereas it is a large source of emission and a sector that deserves
focused emission reduction operations.

(4) EU ETS market and the National Allocation Plan (NAP) of each
member country do not necessarily bring future investment towards low-
carbon economy, though it is one of the important goals of EU ETS. During
2005—2008, the Phase I NAP was generally over-allocated and consequently
Germany as a leading emission source tried to focus on carbon intensive
industries in Phase II NAP, such as coal electricity facilities, instead of low-
carbon industries.

(5) Irrationality of NAP results in many uncertainties for long-term effect
of EU ETS. The over-allocation of EU ETS in Phase I not only failed to make
a contribution to achieving Kyoto goals or assisting effectively carbon market
to develop and grow, but also paid the cost of “learning by doing” and added
uncertainty in succeeding NAP for member countries. The member countries
are unwilling to change the NAP, together with the invalidity of ETS price
signal, which makes the long-term effects of ETS full of uncertainty.

(6) Compared with the emission reduction commitment of “Kyoto Pro-
tocol”, the contraction value of EU ETS is very low. Although the monthly
volume is growing, it does not exceed the 1.6% of allocated quota in Phase I
(Kaasik, 2006).

9.5.3 Challenges of the development of CDM market

With regard to CDM market, although the market is developing well,
there are still some uncertainties for future development.

(1) As the two large CO2 emission countries, whether or not China and
India make the commitment to the binding emission reduction duty will
directly influence the transactions in global CDM market.

(2) It is difficult to improve energy utilization efficiency and to finance for
fuel switching projects.

The major reasons for such difficulty lie in the fact that renewable energy
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development and energy efficiency improvement projects are capital intensive
investment, which require large amount of initial capital investment and last
for a long period. Such projects have low investment return rate and lacks
competitiveness. Meanwhile, these projects produces less CERs and single
project has small impact on achievement of the Kyoto goals for a developed
country.

(3) The methodology of CDM projects and the procedural complexity
and difficulty together increase costs of transaction.

On the one hand, CDM projects have complicated rules and require multi-
ple methodologies, which require computation of the data line, additionality,
project boundaries, leakage, etc., but availability of such data is difficult
and current methodology needs improvement; especially energy efficiency
improvement projects, difficulties in methodology and monitoring seriously
obstruct development of such projects in large amount. On the other hand,
examination and approval of CDM projects require complicated procedures
of examining and approval by relevant departments of the developing country
and registration in UN. The shortest time spent in examination and approval
of a project is 3—6 months while complicated procedures may bring uncer-
tainty to final results. But whether registration is successful or not, initial
designing and advertising costs at least need USD 100,000. Besides, due to
the “additionality”, most CDM projects are not byproducts; instead, CERs
can be traded only after investment, which may turn to be waste if final
result of the examination and approval procedures is uncertain.

(4) CDM project management in developing countries needs to be im-
proved.

Although many countries have established relevant CDM project manage-
ment institutions, there is no clear division of which institution is in charge
of what approval/assessment responsibilities concerning CDM projects, like
introduction of energy utilization technology, environment improvement, im-
pacts on economy and employment, etc.

(5) Low CERs price and cutthroat price competition in seller’s market
restricted enthusiasm.

Current CDM projects are basically buyer’s market, and enterprises of
developing countries show weak bargaining power. As people get to know
CDM projects better and more and more enterprises take part in market
transaction as suppliers, carbon prices will be further depressed and expected
benefits will shrink with large amount. Meanwhile, according to the Linking
Directive of EU ETS, CERs can be used to redeem emission reduction com-
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mitment, i.e. CERs are completely negotiable in EU ETS. Currently there
is large difference between EUAs prices and CERs prices; purchased CERs
produced in CDM projects can be very profitable through EUAs trading.
Therefore, buyer’s market does not want to see over-rising of CERs prices or
trend of equivalent CERs and EUAs prices.

(6) Buyers of CDM projects prefer to low-cost and large-emissions projects.
In terms of the supply structure in global carbon market, the commitment

of developed countries to “Kyoto Protocol” and the demand for emission re-
ductions gave impetus to global carbon market with the preference to devel-
opment of fast-production, low-risk and large-quantity CDM projects related
to fluorinated hydrocarbon and NxO emissions. Supply of non-CH4 and non-
CO2 emission reductions projects occupies over 50% of total supply; these
gases carry higher potential of warming effect, but only need general equip-
ment and technology to process, besides, initial input is less and incremental
cost of emission reductions is relatively lower.

9.6 Conclusion

In this chapter, surrounding the issues about the origin of international
carbon market, the relationship between international carbon market and
carbon dioxide emission reductions, mechanism of different carbon markets
and market transaction, through empirical research, we discussed the recent
development of international carbon market and its socio-economic impact
in China, and indicated the uncertainty and challenges in the future of inter-
national carbon market.

We have come to the following conclusions:
(1) The emergence of “Kyoto Protocol” provides conditions for introducing

market tools into the field of greenhouse gases emission reductions.
The emergence of international carbon market is based on two reasons,

principle of common but different responsibility and emission reduction cost
differences between different country/region.

(2) International carbon market is growing rapidly with promising pros-
pect, but there are heavy tasks for relevant system establishment.

Carbon market under “Kyoto Protocol” is the part unit in global carbon
market. According to the “Kyoto Protocol”, international carbon market can
be divided into two categories based on transaction type: project-based mar-
ket (such as CDM, JI) and quota-based market (such as IET), which demon-
strates different characteristics in terms of transaction cost and management.
Quota-based carbon market developed fast, but with many challenges, and
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its functions need to be strengthened. For example, the transaction environ-
ment of EU ETS is far from perfect and it faces many challenges before a
prosperous development. Project-based market also saw a fast growth, with
Japan and UK as major buyers while China and India as major CERs sellers.

(3) In EU carbon market, the market function of price discovery for fu-
tures trading is waiting to play; energy prices are not yet the dominant
factors influencing carbon price volatility; establishment of market system
and transaction environment needs to be enhanced.

Our research results indicate that both the long-term and short-term in-
teractions between energy prices and carbon prices in Europe are not fully
demonstrated; and the influence of abnormal weather or government emis-
sion reductions policy on carbon market on traders’ expectations, there might
even be negative correlation inconsistent to intuitive logical reasoning.

(4) European carbon market liquidity shows similar characteristics as or-
dinary financial market, but with unobvious day-of-the-week effect.

In terms of general trend, it can be found that the EU carbon market
liquidity is different from carbon prices trend; the liquidity ratios of car-
bon contracts in different phases do not demonstrate obvious difference and
liquidities of contracts in the same phase do not show consistency either. Sec-
ondly, with regard to the expiration effect of carbon market, we found that
carbon futures contract liquidities generally experienced three stages from
their initial opening to expiration, i.e. low - high - low liquidity, showing
obvious expiration effect. Carbon market transactions have the characteris-
tics in other financial and futures commodity markets. Besides, as for the
day-of-the-week effect, it can be discovered that EU carbon market liquidity
does not show significant day-of-the-week effect, i.e. no notable difference be-
tween the liquidity ratios on different days of the week exists and the existing
liquidity ratios differences are limited and somewhat random.

(5) The renewable power generation CDM projects in China will result
in actual GDP loss; but in terms of different regions, these projects produce
multiple benefits.

In addition to carbon market, we also analyzed the socio-economic and
regional impacts of renewable power generation CDM projects in China. Re-
sults show that at different CERs price levels, CDM projects of biomass power
generation, wind power generation and hydro power generation all result in
decrease of total investment and increase of total consumption; and as the
negative pulling force on total investment is larger than the positive pulling
force on total consumption, actual GDP suffer losses too. At the CERs price
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level of USD 50/tCO2, actual GDP losses resulted from biomass electricity,
wind electricity and hydro electricity CDM projects are 0.05%, 0.038% and
0.031% respectively. But, in terms of CO2 emission reductions, hydro elec-
tricity CDM project brings about 1.04% reductions, wind electricity CDM
project brings about 1.02% reductions and biomass electricity CDM project
brings about 0.97% reductions.

From the angle of sector division, renewable power generation CDM
projects will result in decrease of outputs and increase of product prices in
energy intensive sectors; and biomass electricity project demonstrate largest
impact.

However, from the angle of regional division, renewable power generation
CDM projects will bring about multiple benefits, demonstrating long-term
obvious positive effects on economic growth and the improvement of local
living conditions.

As renewable energy CDM projects have negative influence on actual
GDP and outputs in energy intensive sectors, such negative influence may
not last for a long time. Therefore, to make our study thorough and sound
and hence to provide comprehensive policy support, it is necessary to conduct
further research in the following two aspects: establishment of dynamic
CGE model and analysis of socio-economic impacts of CDM projects related
to renewable power generation, energy efficiency improvement and other fields
from the long-term angle; and analysis of impacts of profit allocation
mechanism of different CDM projects, for example, allowance allocated to
renewable power generation projects or energy intensive sector will change
their potential socio-economic impacts.

In summary, although EU carbon market has already attracted and will
continue to attract wide attention, it is still not mature and perfect in general.
On the other hand, there is much room for global CDM project development;
and to achieve emission reduction goals at minimum cost has become a com-
mon understanding (Zhuang Guiyang, 2007). China already became and will
continue to be the major CDM cooperation country. Moreover, establishment
of carbon market brings about obvious profits for all countries of the world.
However, the appearance and activity of carbon market did not change the
structure of energy consumption of the world or in major regions, and in the
long run, its development still faces large challenges.
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In accordance with the above analysis and the economic development
level of China, we can conclude that: the current status of CO2 emissions of
China can be classified into survival-based emissions. And China needs to co-
ordinate between economic development and CO2 emission reduction, which
means that China needs to slow down the increasing rate of CO2 emissions
in major emission-intensive sectors, increase the proportion of renewable en-
ergy consumption, optimize the economic structure and energy consumption
structure, strengthen the R&D and introduction of GHG emission reduc-
tion technologies, and further improve the energy utilization efficiency while
maintaining the pace of economic growth.

Analysis of this chapter will focus on:
• How will the key driving forces of China’s CO2 emission change in the

future?
• How will China’s future CO2 emission develop?
• What are the measures for China to control its CO2 emissions?
• In order to maintain economic growth whilst control CO2 emissions,

what policy recommendations can be provided?
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10.1 Main driving forces of CO2 emissions in the proce-

dure of urbanization and industrialization in China

In accordance with the development goal of “quadrupling the per capita
GDP of the year 2000 by 2020 on basis of structure optimization, economic
performance improvement, consumption reduction and environment protec-
tion”, people’s living standard will be improved substantially, the urbaniza-
tion process will speed up, the household electric appliance consumption will
grow rapidly, and the automobile will become affordable for more and more
families, hence resulting in the increase in energy consumption by households.
“To fundamentally realize industrialization in China by 2020” implies that
the manufactural scale will still go on expanding. Meanwhile, the booming
development of urbanization will also greatly drive the development of ser-
vice industry and transport industry. Therefore, energy consumption from
production will also increase dramatically in this period, and CO2 emissions
from energy consumption will increase unavoidably.

Firstly, China is divided into eight macro economic regions, i.e., Northeast
(NE), Beijing-Tianjin (BT), Northern Coastal (NC), Eastern Coastal (EC),
Southern Coastal (SC), Central (C), Northwest (NW) and Southwest (SW)
(as indicated in Figure 10.1; owing to the lack of corresponding input and out-

Figure 10.1 Map of China with the eight economic regions
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put data, Tibet and Taiwan is not included in this study). The Northwest
and Southwest regions constitute the West Region, which is line with the
extension laid out in the state West Development Strategy. Four sectors are
considered in each region, i.e. agriculture, manufacturing, construction and
service (including freight transportation, communication, commerce, catering
and non-material production industry).

The empirical study indicated in Chapter 3 has proved the great im-
pacts of population, economy, technology and urbanization on CO2 emis-
sions. Therefore, on basis of scientific analysis, we have set up four scenarios
of China’s future economic development, population growth, urbanization
rate and technological advancement (as indicated in Table 10.1).

Table 10.1 Scenarios

Scenario Description

BAU

(Business-as-usual)

Given the macroeconomic development

in recent years, it is assumed that average

economic growth during 2005—2010 will

be the arithmetic average of values indicated

in the“11th Five-Year Plan” of all

regions. The economy will maintain

comparatively quick growth during

2010—2030, with the growth rate dropping

year after year. The population and

urbanization will grow at a moderate rate.

The technology will also grow at a moderate

rate and achieve the national energy-saving

layout.

L

(Low economic growth)

Assume that a variety of risks and challenges

will result in the drop of economic growth

rate, which will be lower than the rate under

the reference scenario. Meanwhile, the

urbanization process will advance at a lower

rate.

H

(High economic growth)

Assume a higher economic growth rate on

basis of scenario BAU.

HP

(High economic growth +

High population)

Assume a higher population growth rate on

base of scenario H.

HT

(High economic growth +

High technology)

Assume technology achieves greater

improvement on base of scenario H.

Developments of the major driving forces are set as follows.

10.1.1 Economic growth

Three possible economic growth scenarios are given in Table 10.2.
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Table 10.2 Forecast of China’s rate of economic growth

in the coming 20 years (%)

Scenario 2005—2010 2010—2015 2015—2020 2020—2030

Reference scenario 10.1 8.5 7.5 6.5
Scenario L 9.0 7.5 6.5 5.5
Scenario H 10.5 9.5 8.5 7.5

We believe that the annual average economic growth rate of each region
during 2005—2010 just complies with the 11th Five-year Plan of that region.
Although eventually the growth rate of each region is quite possible to surpass
the planned value, the weighted mean value of regional economic growth is
always higher than the national growth rate (because of the scope of statistics
and human factors). According to the experience of the 10th Five-year Plan,
the average of the regional planned growth rates will be the relatively more
accurate expectation of the national GDP growth. Scenario L and scenario
H will be adjusted by 1 percentage point respectively on the basis of the
reference scenario. According to the experience of industrialized countries,
with the rapid economic growth in China, the growth rate will slow down
gradually. For reasons given above, we established the scenarios of economic
growth during 2010—2030, and also assumed that the economic growth in
different regions will be getting close to each other gradually and taking on
the characteristics of convergence to some extent.

10.1.2 Population growth

This model has referred to the forecasts of China’s future population
changes, which are given in “Strategic Study Report on National Population
Development” (National Population Development Strategic Research Team,
2007) (see Table 10.3).

Table 10.3 Forecast of regional population development (100 million)

Scenario Northeast
Beijing-

Tianjin

Northern

Coast

Eastern

Coast

Southern

Coast
Central

North-

west

South-

west

2020
Medium 1.20 0.32 1.81 1.63 1.61 3.89 1.38 2.67

High 1.23 0.33 1.84 1.66 1.64 3.97 1.41 2.72

2030
Medium 1.24 0.33 1.85 1.68 1.67 3.98 1.42 2.73

High 1.27 0.34 1.90 1.72 1.71 4.09 1.46 2.80

10.1.3 Urbanization level

Since 1996, the urbanization process of China steps up distinctively. How-
ever, the current urbanization level is still on the low side. In accordance with
the population scenarios and the related urbanization files of China, the sce-
narios of China’s future urbanization processes are accordingly given in Table
10.4.
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Table 10.4 Forecast of regional urbanization rate (%)

Scenario Northeast
Beijing-

Tianjin

Northern

Coast

Eastern

Coast

Southern

Coast
Central

North-

west

South-

west

2020
Medium 55.21 84.77 56.54 66.45 62.13 48.55 45.31 42.55

Low 56.25 86.37 57.61 67.70 63.30 49.47 46.16 43.35

2030
Medium 58.19 90.62 62.87 72.15 66.87 53.88 49.40 47.02

Low 59.69 92.97 64.50 74.02 68.60 55.27 50.67 48.23

10.1.4 Technology advance

This model has set up two possible technical developing scenarios (as indi-
cated in Table 10.5), and assumed that the speed of technical advancements
is the same among all regions.

Table 10.5 Improvement potential of sectoral final energy use efficiency

Scenario Description

Medium

The efficiency of energy utilization meets the goal of

National Energy-Saving Layouts (see Annex 3) in line

with which the efficiency values for 2030 are also planned.

High

The efficiency of energy utilization achieves better than

the planned goals. The improvement rate of final energy use

efficiency in both years is 5% higher than the existing goal.

10.2 China’s future CO2 emissions

The base-year data of regional GDP, population, urban/rural per capita
income and urbanization rate are derived from “Historical Data on China’s
Gross Domestic Product 1952—2004” (Department of National Accounts,
National Bureau of Statistics, 2007) and the related provincial data of 1997
as given in “1949—2000 China Statistical Data Compilation” (Department of
Comprehensive Statistics, National Bureau of Statistics, 2005). The values
are all at constant prices of 1997. Given the difference between the input-
output accounting and general national economic accounting and the differ-
ence between the aggregation of provincial values and the national value, we
hereby deflate the data of aforesaid regions, so that they can be compatible
with the national scope.

The base-year final demand matrix, interregional trade coefficient ma-
trix and the multiregional direct consumption coefficient matrix are obtained
by adjusting the 8-sector basic matrix from the multi-regional input-output
tables of China for the year 1997 (State Information Center, 2005). From
the MRIO data we could also identify regional urban- and rural-household
aggregate consumptions, which are combined with regional population and
urbanization rates to obtain the base-year regional per capita consumption
by urban and rural residents.
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The base-year data of energy consumption per unit output and residen-
tial energy consumption per capita could be obtained as follows: adjusting
and integrating the energy balance of each province or municipality from the
“China Energy Statistical Yearbook” (National Bureau of Statistics, 2001),
total sectoral energy consumption, as well as aggregate residential energy
consumptions of urban and rural residents for each region, could be obtained.
The base-year data of energy consumption per unit output could be obtained
by dividing total sectoral energy consumption with the corresponding sectoral
total output from the MRIO tables. Base-year residential energy consump-
tion per capita could be obtained by dividing regional aggregate residential
energy consumptions of urban and rural residents with the corresponding
base-year regional urban and rural population, respectively. The future ur-
ban and rural income elasticities are acquired through a modification of the
work of Hubacek and Sun (2001).

10.2.1 Total emissions continue growing

Figure 10.2 illustrates the results of total CO2 emissions under different
scenarios. The nationwide CO2 emissions will be 2.19—2.87 billion tons of
carbon and 2.49—3.96 billion tons of carbon respectively in 2020 and 2030.

Figure 10.2 Total CO2 emissions of China in 2020 and 2030 under different scenarios

Under the BAU scenario, the nationwide CO2 emissions will be 2.52 billion
tons of carbon and 3.15 billion tons of carbon respectively in 2020 and 2030.
On basis of the BAU scenario, if the annual growth rate of GDP increases
by 0.80% and 1.00% respectively during 2005—2020 and during 2020—2030
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(Scenario H), then the nationwide CO2 emissions will increase by 291 million
tons of carbon and 707 million tons of carbon respectively in 2020 and 2030.
When the economy grows rapidly, if the control over population growth is
slackened, i.e. the annual growth rate of population during 2005—2020 and
during 2020—2030 will increase by 0.14% and 0.06% (Scenario HP), then
compared with the BAU scenario, the increment of nationwide CO2 emissions
in 2020 and 2030 will increase to 349 million tons of carbon and 810 million
tons of carbon respectively. On the contrary, if efforts are also made to
promote technical advancements besides rapid economic growth, so that the
improvement rate of regional final energy use efficiency of each sector is 5%
higher than the existing energy conservation goal (Scenario HT), then the
increment of nationwide CO2 emissions will decrease to 170 million tons of
carbon and 240 million tons of carbon in 2020 and 2030 respectively when
compared with the BAU scenario.

10.2.2 Per capita CO2 emission will continually increase while still
lower than the current level of developed countries

According to our analysis, the per capita CO2 emission will reach 1.51—
1.94 tons of carbon/capita and 1.67—2.59 tons of carbon/capita respectively
in 2020 and 2030. In 2005, the per capita CO2 emission of OECD coun-
tries was 3.01 tons of carbon/capita. It is obvious that China’s future per
capita CO2 emission level will still be lower than the current level of de-
veloped countries. Figure 10.3 and Figure 10.4 respectively shows the re-
sults of regional per capita CO2 emissions in 2020 and 2030. It can be seen
that the per capita emissions of Southern Coastal region and Southwest re-
gion are apparently lower than the national average; those in Central region

Figure 10.3 Regional per capita CO2 emissions for year 2020
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Figure 10.4 Regional per capita CO2 emissions for year 2030

are slightly lower than the national average, and those of other five regions
are all higher than national average, with the two highest per capita emissions
appearing in Northeast region and Beijing-Tianjin region.

10.2.3 CO2 emissions in Central China occupies the largest share

Regional CO2 emissions for year 2020 and 2030 are presented in Figure
10.5 and Figure 10.6, respectively.

In both analysis years, all regions reach their highest CO2 emissions in
scenario HP. In all scenarios the highest emission appears in the central re-
gion. In BAU scenario, the CO2 emissions of the central region account for
24.8% and 22.6% of nationwide CO2 emissions in 2020 and 2030 respectively.

Figure 10.5 Regional CO2 emissions for year 2020

10.2.4 Obvious difference existing among CO2 emission intensities

Table 10.6 shows the results of CO2 emission intensities under each sce-
nario.
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Figure 10.6 Regional CO2 emissions for year 2030

Table 10.6 CO2 emission intensity in different scenarios

(ton of carbon/104 RMB)

Scenario 1997 2020 2030

BAU 1.260 0.520 0.346

L 1.260 0.521 0.347

H 1.260 0.519 0.346

HP 1.260 0.530 0.355

HT 1.260 0.469 0.304

In both analysis years, Scenario HT is characterized by the lowest CO2

emission intensity, while Scenario HP is featured by the highest CO2 emission
intensity. Generally speaking, the CO2 emission intensity is declining under
all scenarios.

Figure 10.7 and Figure 10.8 illustrate the results of regional CO2 emission
intensities for year 2020 and 2030, respectively. It can be seen that, under
the assumption of uniform rates of technological improvement for all regions,
up to year 2030 there will be distinct differences among regional emission

Figure 10.7 Regional CO2 emission intensity for year 2020
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Figure 10.8 Regional CO2 emission intensity for year 2030

intensities. In all scenarios in the two analysis years, the regions whose
emission intensities are higher than the corresponding national average in-
clude: Northeast, Central and Northwest. The highest emission intensities
correspond to Northeast, closely followed by Northwest. The lowest emission
intensities correspond to Southern Coastal in both analysis years.

Given the different regional emission intensities, the inter-regional com-
modity transfers may raise nationwide CO2 emissions while shortening the
supply-demand gap of the importing region. Therefore, continuing efforts
should be taken to advance the improvement of final energy use efficiency in
each region, especially to accelerate the improvement in Central and North-
west as much as possible, so as to promote CO2 emission reduction at the
national level.

10.2.5 Huge shifting emission among regions

CO2 emissions taking place in any region result directly or indirectly from
the final demand of the region itself or from other regions. Figure 10.9 and
Figure 10.10 show the difference between CO2 emissions driven by each re-
gion and those generated by that region in 2020 and 2030 respectively. CO2

emissions driven by any region refer to the emissions produced either inside
the region or in other regions in order to satisfy the final demands in that
region. That is, it excludes the CO2 emissions attributing to the region’s
exports, while it includes the emissions taking place in other regions, but
resulting from the satisfaction of imports of this region. A positive rela-
tive error implies that emissions driven by a region are larger than those it
generates, and vice versa.

It can be seen from Figure 10.9 and Figure 10.10 that in both anal-
ysis years, the relative errors clearly exist in most regions. The regions
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with emissions driven by them being higher than those they generate in-
clude Beijing-Tianjin region, Eastern Coastal region, Southern Coastal re-
gion and two western regions, with the largest positive relative error corre-
sponding to Beijing-Tianjin in both analysis years (30%—32% and 22%—
24% in 2020 and 2030 respectively). Among all the regions with nega-
tive relative negative errors, Northern Coastal has the lowest errors in both
analysis years. Emissions driven by this region are about 25% lower than

Figure 10.9 Relative errors between CO2 emissions driven by each region and those

generated by that region for year 2020

Figure 10.10 Relative errors between CO2 emissions driven by each region and those

generated by that region for year 2030

those it generates in year 2020, and 24% lower than those it generates in
year 2030. The summation of all positive errors reflects the scale of emission
shifting among regions. The results of this model show that: the inter-
regional shifting scale hits 116—154 million ton of carbon in 2020 and 142—
227 million ton of carbon in 2030.
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These results indicate that, the inter-regional trade will result in the ap-
parent emission shifting among regions and hence there existing obvious rel-
ative error between emissions driven by one region and those emitted by that
region, which implies different identifications of a region’s emission obligation
may incur evidently different impacts on that region that when performing
environmental policy reform. The principles of emission responsibility iden-
tification would be one of the most important determinants of whether the
policy goal of certain taxing scheme could realize. Therefore, in the future
when performing environmental policy reform, careful decisions should be
made about for which kind of emissions a regional is supposed to be respon-
sible.

10.3 Pathway of CO2 abatement in China

Based on the studies of the above chapters, we believe that China’s CO2

emission strategy should follow the fundamental principle of “technology pri-
ority, diverse development and economic security”, with the major measures
for emission reduction shown as follows.

10.3.1 Optimizing economic structure and energy structure as the
long-term strategy of CO2 abatement

It is hard to change the coal-dominant primary energy structure of China
in the short run. With per capita GDP exceeding USD 1,000 and the economy
entering a new phase of booming development, the proportion of heavy and
chemical industry will increase, the energy intensity will rise, and the energy
consumption will grow quickly. Therefore, China’s GHG emissions will be
characterized with huge total emissions, quick growth rate and high CO2

emission intensity, resulting in the fact that the mitigation of CO2 emissions
through structural optimization will be faced with both great potential and
great challenge.

Since 1980s, despite the booming economic growth, the CO2 emission
intensity has been dropping constantly, with reduction rate even surpassing
those of major developed countries at their take-off stage. What are the
driving factors of such quick reduction? Can we further predict that China’s
energy intensity will keep dropping quickly in the future? The causes for the
continual drop of CO2 emission intensity in the final energy use of China’s
production sectors has been quantitatively analyzed with this model. The
results have proven that it is hard for China’s CO2 emission intensity to
maintain quick drop in the future.

Analysis of the CO2 emission intensity variation in the final energy use of
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material production sector and the CO2 emissions indicate that: the current
variations in China’s industrial structure and final energy use structure are
not favorable for the reduction of CO2 emission intensity and have offset
the partial functions of energy intensity. Therefore, the industrial structure
and the final energy use structure of the material production sector should
be adjusted, especially for those of the secondary industry. However, the
growth in the added values of the ferrous metal smelting and processing
industry and the non-ferrous metal smelting and processing industry has
resulted in the increase of industrial CO2 emissions by 56.21 million ton
of carbon. Therefore, mitigation emphasis should be put upon these energy-
intensive sectors, and the export of CO2 intensive products should be reduced
properly.

For such energy intensive sectors as chemical feedstock and product manu-
facturing industry and non-metallic mineral product industry, priority should
be given to introducing advanced technologies, updating and lagged produc-
tion techniques and further improving energy efficiency, so that the energy
intensity of these sectors can catch the advanced international standards.
Exports of these products should be properly reduced while imports should
be properly increased. End-use consumption of renewable energies in these
sectors should be promoted through preferential measures such as incentive
fiscal and tax policies, so as to orient the final energy use structure toward
the direction favorable for CO2 emission reduction.

The coal-fired power generation technology should be improved; such
clean energies as wind power and hydropower should be well promoted.
Meanwhile, the power loss incurred during power transmission/distribution
should also be reduced, as well as the CO2 emission intensity of electricity
sector.

Clean and low-carbon industrial final energy use should be promoted, and
the efficiency of electricity use should be improved. Efforts should be made
to reinforce energy conservation and implement energy conservation audit
system. Some industrial sectors should commit to a certain energy saving
goal so as to reduce CO2 emissions.

10.3.2 Guiding household consumption style to reduce CO2 emis-
sions

According to our study, population will contribute to the most of CO2

emissions of China. This means that the number of population and the pro-
duction and living patterns of residents will have the greatest influence on
CO2 emissions. Therefore, controlling population growth and properly guid-
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ing residents’ ways of production/living can effectively reduce CO2 emissions
in China. As a matter of fact, the direct and indirect influence of residents on
CO2 emissions accounted for 40% of total primary energy-related CO2 emis-
sions during 1992—2002. The indirect CO2 emissions resulted from the food-
stuff, dressing, household appliances and services accounted for over 50% of
total indirect CO2 emissions. Housing is the greatest carbon-intensive behav-
ior. The enlargement of the consumption scale of urban and rural residents,
the growth of urban population and the upgrade of household consumption
structure are the major causes for the growth of household CO2 emissions.
However, the reduction of energy intensity has more or less moderated the
growth speed of energy consumption.

Furthermore, according to the results of CO2 emissions in year 2020 and
2030 produced by CEDAS model, if the control over population growth is
slackened when the economy grows rapidly, i.e. the annual average growth
rate of population during 2005—2020 and during 2020—2030 increases by
0.14% and 0.06% respectively (Scenario HP), then compared with the BAU
scenario, the increment of nationwide CO2 emissions in 2020 and 2030 will
enlarge to 349 million ton of carbon and 810 million ton of carbon respectively.
Therefore, through properly guiding household consumption pattern toward
low-energy-consumption and low-emission pattern, household CO2 emissions
can be mitigated to a great extent.

10.3.3 Improving structure of international trade to lower embed-
ded CO2 emissions

In recent years, China’s foreign trade continues to maintain positive
growth momentum. In 2005, the total volume of China’s foreign trade hit
RMB 11,690 billion, ranking top 3 in the world, with 53.6% of which com-
ing from export. Therefore, the export trade has played a very important
role in the economic development of China. However, since a majority of
export commodities are energy-intensive products, China’s export products
have generated substantive CO2 emissions during processes such as produc-
tion and transportation.

Our study shows that, the direct and indirect CO2 emissions caused by
export products in 1997 and 2007 both had accounted for over 30% of primary
energy related CO2 emissions. This means that about 1/3 of primary energy
related CO2 emissions in China are generated from satisfying the production
and living activities in other countries. The greatest CO2 emissions come
from the commodity export of machinery manufacturing industry, energy ex-
ploitation industry, textile industry and chemical industry, which accounted
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for 73.40% and 77.32% of CO2 emissions from commodity export respectively
in these two years.

10.3.4 Strengthening self-innovation of technology to mitigate CO2

emissions effectively

IGCC and NGCC now have entered into the stage of commercial demon-
stration and may accomplish the overall optimization of energy conservation
and emission reduction. The thermal power plants are the major CO2 emis-
sion sources in the world. Such emerging power generation technologies as
IGCC and NGCC can well improve power generation efficiency and sub-
stantially decrease CO2 emissions. They are considered as the important
technological options to reduce global CO2 emissions. The combination of
IGCC/NGCC with CCS can even accomplish near-zero CO2 emissions of
thermal power plants. The energy resource endowments of China have de-
termined that the coal-dominant energy structure will remain unchanged in
quite a long time in the future. Being applicable to the situations of China,
IGCC has great potential for development. However, with a high construc-
tion cost, the IGCC power station is still staying at the primary stage of
commercial operation. With technical advancements and efficiency improve-
ment, IGCC will have a broad prospect for application in China.

The power generation efficiency and emission reduction potential of NGCC
power stations are even higher than that of IGCC power stations. However,
the power-generation costs of NGCC rely excessively on the price of natural
gas. Therefore, with the continual growth of international oil/gas price, there
exist many uncertainties in the power-generation costs of NGCC. In partic-
ular, since the natural gas resources are not abundant in China, the NGCC
technology should be developed moderately.

CCS has obvious emission mitigation effect. It may realize near zero emis-
sions. CCS is considered to be “one of options for mitigating climate change”
in the IPCC special report 2005. The key feature of CCS is to perform car-
bon capture and storage aiming at large emission sources. It can effectively
control and reduce the CO2 emissions from large emission sources such as
thermal power plants. Boasting great potential for emission reduction, CCS
can help reduce more than 1/3 of global CO2 emissions by 2050. CCS is
currently on the way toward commercialization in some developed countries.
Despite the high costs of CCS, such approaches as EOR/EGR can help re-
duce costs. However, the application of CCS will also result in the increase
of energy consumption. Therefore, in order to enable large scale deployment
of CCS, the emission reduction costs of this technology should be reduced as
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fast as possible.
Renewable energies could mitigate CO2 emissions effectively with long

term abatement potential. Utilization of renewable energy can realize zero
emissions. It is one of relatively mature technologies which can be scaled-
up developed and capable of reducing CO2 emissions effectively. Renewable
technology includes hydropower, wind power, solar power and biomass power,
etc. The renewable energies are developing swiftly in China, with some tech-
nologies reaching or approaching the level of commercialized development.
Considering no matter the aspect of resource, technology or industry, the
renewable energy has great potential for large-scale deployment. Along with
the gradual optimization of China’s energy consumption structure, the share
of renewable energy will become higher and higher. Therefore, in the long
term, the development and application of renewable energy utilization tech-
nologies will play a very important role in energy conservation and emission
reduction.

10.3.5 Balancing positive and negative impacts of carbon tax

The results of our model show that the variation of GDP is sensitive to
the setting of tax schemes. If there is no tax relief or subsidy for any sector
(scheme S1), the GDP loss caused by carbon taxing will be obvious. For
example, in the 10% reduction case, the GDP loss caused by scheme S1 will
be 0.74%, which will severely affect the realization of overall objectives of
China’s economic construction.

However, the negative impact of carbon tax on the economy, and on
the energy and trade intensive sectors, could be alleviated through properly
relieving or subsidizing production sectors. The Denmark pattern, which
completely exempts energy and trade intensive sectors and subsidizes all the
un-exempted sectors, is a relatively ideal scheme. By utilizing the carbon
tax revenue to reduce indirect tax, this scheme can completely eliminate the
negative impact of carbon tax on GDP, employment and total consumption.
Compared with the other schemes, this scheme has obvious advantages in
stimulating total investment and improving energy structure. As for the effect
on protecting energy- and trade-intensive sectors, this scheme could entirely
remove the negative impact of carbon tax on the total output and export of
these sectors, and could increase the profit of Iron and Steel industry, build-
ing materials industry, chemical industry and Non-ferrous Metals industry.
In the 10% reduction case, the profit loss of paper industry caused by this
scheme is only some 0.06 percent, which is smaller than the 1.46%—2.41%
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caused by the other three schemes. This scheme can completely eliminate
the intersectoral transfers, thus having obvious advantage in policy feasibil-
ity when compared with the other schemes. However, one of the major weak
points of this scheme is that it would strongly weaken the mitigation effects of
exempted sectors. The result of sectoral CO2 emissions shows that, emissions
by the exempted sectors under this scheme will rise instead of reduction in
comparison to the baseline level. Therefore, during practical application, the
Denmark approach should be further referred to, and the exempted sectors
should commit themselves to qualified energy saving or emission mitigating
measures defined by the government.

10.3.6 Participating and improving international carbon market
actively

The establishment of international carbon market has greatly promoted
the cooperation between developed countries and developing countries on
CO2 emission reduction. Although China is a leading project cooperator in
the global CDM market, the buyers favor low-cost projects with the greatest
emission reduction force. Therefore, such a fact has largely inhibited the
development of capital-intensive projects of renewable energy and energy
efficiency improvement.

In the carbon trading market, starting from the future prices, our study
shows that neither the long-term nor the short-term interactions between the
European energy price and carbon price are fully displayed. Plus the impact
of unusual weather or the emission reduction policy of the government on
the prospect of the carbon traders, such interaction could even be negatively
correlated and run against the intuitive logical inference. It can be seen
that the futures trading in the carbon market has not yet given full play
to the marketing function of price discovery, also the energy price has not
yet become the dominant factor affecting the trend of carbon price. The
construction of related market systems and trading environment should be
reinforced.

Despite the booming development of international carbon market, it is
noted that the emergence and heating-up of carbon market is not able to
obviously change the energy consumption structure of the world or those of
major regions. Taking Europe as an example, although the coal is the fossil
fuel with highest emission intensity, the coal-fired power generation industry
is still experiencing rapid development as a result of the swift growth of
international oil/gas price in recent years, as well as the low coal price and low
carbon price. Furthermore, despite the satisfactory development of carbon
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market, its influence is still very limited. On the one hand, its trading volume
is still very limited compared to the real emissions of the world; on the other
hand, the liquidity of the carbon market is not sufficiently enough, and is not
directly and apparently correlated to the energy market and finance market.

10.4 Policy implications

Global climate change is one of the most complicated problems faced by
human being up to present, as well as the greatest challenge to energy de-
velopment. The ultimate measure to address the issue of climate change is
to reduce the anthropogenic GHG emissions, especially CO2 emissions from
the process of energy production and consumption. Thus the international
community is making efforts to find out more effective (or maybe more rigid)
emission reduction actions at the post-Kyoto age. On the other hand, emis-
sions will not only relate to the living environment of human being, but also
directly influence the modernization and sustainable development process of
developing countries. Therefore, the control of GHG emissions will not only
relate to the field of science and technology, but also relate to broader fields
such as society, economy, politics and international relation. China should,
from the view of a responsible country and the stand on sustainable develop-
ment, give systematic consideration to socio-economic development and GHG
emission mitigation and take well-defined strategies and effective measures
to resolve the problem of global climate change. On the one hand, China
should contribute to the mitigation of climate change by cooperating with
the international community; on the other hand, China should endeavor for
more favorable development spaces during its modernization process, so as
to achieve the double-dividend of economic development and environmental
protection.

According to the research findings of previous chapters, the following
policy recommendations are provided.

10.4.1 Guiding GHG mitigation in the national energy strategy

Greenhouse gases are mainly generated during the process of energy pro-
duction, consumption and utilization. Emission reduction will directly influ-
ence the quantity of fossil fuel consumption or the way of consumption. At
the present time, no matter what their position is in the climate negotiation,
the issue of emission reduction has all be reflected in the energy strategy of a
majority of countries. No matter how historical responsibilities are identified,
China’s development cannot repeat the energy consumption pattern of devel-
oped countries causing unlimited CO2 emissions. Therefore, we need make
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early preparations and plans to include the emission reduction concepts and
measures into the long-term energy development strategy and meet energy
needs with the lowest environmental cost, so as to accomplish the goal of a
stable, diverse, clean and sustainable energy supply.

10.4.2 Accelerating the R&D of low carbon technologies

Currently, climate change has become the new driving force of energy
technology development, with low-carbon energy technology becoming one
of important directions for energy technology development. In order to slow
down the increase of fossil fuel consumption and improve energy efficiency,
priorities should be given to the development and selection of clean coal,
natural gas, renewable energies and new energy technologies. Especially, for
renewable energies, emphasis should be given to the development, promotion
and utilization of wind power, solar energy and biomass energy. Researches
on CCS should be carried out continuously. The corresponding road map and
implementation strategy should be developed, and a clean energy utilization
road with Chinese characteristics should be laid out through combining in-
dependent development with introduction and digestion.

International experiences indicate that: supports from the government
and environmental policies are the key factors guiding the development of
energy technology. Efforts should be made for demand pulling and policy
guidance, and the systematized arrangement and innovation capacity build-
ing of the technology R&D system should be reinforced, so as to achieve a
breakthrough in the low-carbon energy technology.

10.4.3 Optimizing the industrial structure and energy consump-
tion structure

The above analysis indicates the great potential of industrial structure
and energy consumption structure for emission reduction. Structural ad-
justment would be necessary to accomplish certain emission reduction goal.
High attention should be paid to industrial structure and energy consump-
tion structure in China, which are showing the trend toward carbon-intensive
development in recent years,

In respect of industrial structure, the proportion of secondary indus-
tries should be controlled, especially the growth rate of energy- and carbon-
intensive heavy and chemical engineering industries. The share of emission-
intensive products in export trade should be reduced. As for energy structure,
the proportion of nuclear power and renewable energy should be gradually in-
creased. Meanwhile, efforts should be made to develop clean coal power gen-
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eration technologies and promote such clean energies as wind power and hy-
dropower. The power loss incurred during power transformation/transmission
and the CO2 emission intensity of electricity sector should also be reduced.

The final energy use structure should be adjusted. For such energy-
intensive sectors as chemical feedstock and product manufacturing industry
and non-metallic mineral product industry, priority should be given to the
introduction of advanced technologies, upgrade and retrofit of lagged pro-
duction techniques and the further promotion of energy efficiency, so that
the energy intensity of these sectors can reach the advanced international
standards.

Clean and low-carbon industrial end-use energy consumption should be
promoted, whilst importance should be attached to the increase of CO2 emis-
sion intensity with the increase in the proportion of electricity. If the power
utilization efficiency cannot offset its high CO2 emissions, the cost of electri-
fication will be the increase of CO2 emissions. Therefore, the policy to adjust
the industrial end-use energy consumption structure should be implemented
together with the policy to reduce CO2 emission of the electricity industry.

10.4.4 Accelerating the import of advanced energy technologies
through international mechanism

Three mechanisms orienting emission reduction and cost-cutting have
been developed internationally. Although there are still some uncertainties on
the future mechanisms, the basic framework is positive and will definitely be
improved and strengthened in the future. When applying these mechanisms,
emphasis should be put upon the introduction, absorption, promotion and
innovation of technologies, as well as upon the integrated planning and the
connection of technological chains.

Meanwhile, China should participate in the stipulation, improvement
and implementation of rules. A group of special talents who are familiar
with international rules and energy related technologies should be cultivated.
Chance should be seized to promote the introduction and application of ad-
vanced energy technologies, which should be integrated with the independent
innovation of energy technologies.

10.4.5 Strengthening socio-economic impacts analysis of mitiga-
tion policies

Compulsory emission reduction will have certain adverse impacts on eco-
nomic development and energy consumption. The cost of emission reduction
varies from country to country which are at different development stages.
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China is currently in the process of industrialization and modernization, and
the cost of emission reduction is far higher than that of developed countries.
Such a process will go on in the near future. Therefore, scientific researches
should be strengthened to figure out the socio-economic impacts of emission
reduction policies, which will on the one hand provide quantitative support
for the planning of scientific emission reduction strategy and on the other
hand provide scientific references for fairly developing international emission
reduction policies and allocating emission reduction obligations.

10.4.6 Enhancing the propaganda of the efforts on GHG mitiga-
tion

Currently, most consumers do not have a good understanding of the im-
portant significance of emission reduction and the connection between daily
consumption behavior and emission reduction. Besides policy guidance, re-
lated propaganda should be promoted and the enthusiasm of enterprises
should be stimulated, so as to guide the consumption behavior of residents
and develop an atmosphere of energy conservation, energy efficiency improve-
ment and GHG emission reduction.

The core of international negotiation on emission reduction is justice.
Developing countries are faced with greater difficulties and more restrictive
factors during emission reduction. In such a circumstance, China has made
good efforts to mitigate climate change. Efforts and achievements of China
should be publicized internationally to build the image of a responsible devel-
oping country and seek for the understanding and support from international
community.

We believe that, as long as the strategy is proper and the measures are
effective, China will become a model developing country seeking for low-
carbon development under the framework of sustainable development.
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