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PROPOSITIONS 

1 Do not avoid doing something just because the gain seems small; do not go ahead 

and do something just because the harm seems marginal. 

2 Chinese people like eating at a round table, sharing a variety of delicious dishes and 

enjoying the excitement in a lively atmosphere. By contrast, Western restaurants pay 

special attention to solemnity and ambience. This style allows each person to enjoy 

their delicacies individually. 

3 The differences in energy intensity between countries are not in themselves evidence 
of economic efficiency or inefficiency in energy use (this dissertation). 

4 In Western society, you say 'thank you' when other people pay you a compliment 

According to Chinese custom, however, this was not considered a very modest reply, 

because saying 'thank you' would mean accepting the compliment 

5 Building up of and learning to have mutual trust during the course of global 
cooperation, especially but not exclusively between the North and the South, is as 
important as the cost-effectiveness and environmental effectiveness objectives. 

6 The high welfare in Northern and Western Europe is to some extent a result of the 
competition among candidates who try to win votes by offering more than their 
competitors. 

7 Just as the wealthy pay relatively more income tax for taking and utilizing more 

social resources, development assistance aid from wealthy countries can be well-

likened to a tax to pay to gain international footing. 

8 In addition to acting as a fire fighter in a lot of emergencies and in resolving 
conflicts, a good university president should realize his or her educational ideals and 
lead the university to a higher academic level, even in the situation of cuts in 
funding. 

9 Attitude towards historical tragedy should be,to hate the event not the people; to 
forgive but not to forget (Sinorama, Vol. 17, No. 5, 1992). 



10 "In economics, research is traditionally not a group activity. With a few exceptions, 

the economies of scale are of an intellectual rather than a material nature" (the 

Association of Universities in the Netherlands (VSNU), Quality Assessment of 

Research: Economics, 1995). 

11 The so-called Chen Yun's birdcage theory says that the 'bird' of the free market 

should be allowed to fly, but only within the 'cage' of the planned economy {The 

Economist, April 15th 1995). 

12 In Europe there is intense competition for a professorship at the entry level because 
in principle the chair is only for the best candidate, whereas in the United States the 
promotion will take place as long as the candidate has met a set of criteria estab­
lished by the department in which promotion is sought But the biggest difference is 
that in Europe the competitive pressure on an individual largely ceases once a 
professorship has been obtained, whereas in the United States the pressure continues 
(D.C. Mueller, American and European Economists, KyUos, Vol. 48, No. 2, 1995). 

13 "Marxian economics frequently gives the wrong answers but to important questions. 

Neoclassical economics, on the other hand, can give you very precise answers, but 

the questions themselves may or may not be important" (M. Parkin, Talking with 

Janos Kornai, Economics, Addison-Wesley Publishing Company, 1990). 

14 According to the prisoners' dilemma, 'go Dutch' is not the least costly way. 

15 To significantly eliminate rent-seeking opportunities in developing countries is an 

effective means of anti-corruption. 
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PREFACE 

My interest in and the choice of working on an economic analysis of energy and 

environmental policy are inspired by at least three factors. First, what impressed me 

when I arrived in Holland in 1989 was that, although I knew that the Netherlands had 

a good reputation in the environmental area, the Dutch political parties viewed 

climate change as one of the 1989 election issues. Second, Dutch economists have 

long been internationally renowned for their work. Third, systematic and comprehen­

sive research on the economy-energy-environment system and its interaction is still 

lacking in China. The first two factors mean that the Netherlands is an ideal place for 

doing research on environmental economics, while the third factor highlights the 

necessity of doing such research for China. This has motivated me to propose the 

project entitled 'Compatibility of C 0 2 Emission Reduction Targets with Long-term 

Economic Development in China'. The project has been funded by the Netherlands 

National Research Programme on Global Air Pollution and Climate Change (NOP) 

under contract NOP-852064, of which this Ph.D dissertation is the result. 

For the completion of the dissertation, I owe a great deal to various people. I 

am most indebted to Prof. Henk Folmer. His willingness to be my promoter pleasant­

ly surprised me since he served as the President of the European Association of 

Environmental and Resource Economists at the time I contacted him. His active 

involvement, insight comments and detailed criticisms at various stages of the 

research have contributed greatly to the successful completion of this dissertation. 

Moreover, he has given me the freedom necessary to develop my own style and 

perspective on the research. My sincere thanks are also due to my other promoter 

Prof. Paul van Beek. He has helped me to get my Ph.D research started in Wagenin-

gen. His detailed comments have made the presentation of mathematical formulas in 

Chapter 8 both clearer and more precise. 

I also benefitted from Prof. Ekko van Ierland. He has encouraged me to 

believe in myself and the project, participated in some of the regular discussion 

meetings, and carefully reviewed all the final manuscripts. 

I would like to express my thanks to Dr Jos Bruggink for his contribution to 

the draft project proposal at the time I was working at the Policy Studies Department 

of the Netherlands Energy Research Foundation (ECN). My thanks also go to Tom 

Kram at ECN for keeping me informed of the IEA-ETSAP activities. 

During the course of the research I have been fortunate to receive support, in 

one way or another, from my Chinese colleagues from the State Planning Commis-



sion, Ministry of Electric Power, Chinese Academy of Social Sciences, Chinese 

Academy of Sciences, and National Environmental Protection Agency. I especially 

wish to thank Prof. Hu Zhaoyi, Prof. Yao Yufang, Prof. Zhang Zhengmin, Prof. 

Tang Yuan, Prof. Li Weizheng, Prof. Deng Shuhui, and Prof. Ye Ruqui for arrang­

ing my field work in Beijing and for providing me with many scarce and otherwise 

unavailable data as well as with useful suggestions. 

I benefitted a great deal from discussions with Prof. Lars Bergman at the 

Stockholm School of Economics. He has helped me to interpret the calculation 

results. I would like to express my thanks to Prof. Alan Manne at the Stanford 

University for providing me with necessary information about GLOBAL 2100 for the 

purpose of model comparison. I am also grateful to Prof. Leen Hordijk, Prof. 

Catrinus Jepma (University of Groningen), Prof. Ekko van Ierland and Prof. Kees 

van Kooten (University of British Columbia at Vancouver) for their willingness to 

participate in the Ph.D examination committee. Furthermore, my special thanks are 

due to the Department of General Economics for its hospitality and for providing an 

ideal research environment. My gratitude also goes to Prof. Ruud Lubbers (Tilburg 

University) for providing useful comments and to Diny Dijkhuizen for correcting the 

English text and for helping with the Dutch summary. 

Financial support from the NOP is gratefully acknowledged. I would also like 

to express my thanks for a fellowship granted by the Landbouwuniversiteit Wageni-

ngen and the funding of another project provided by the Dutch Ministry of Housing, 

Spatial Planning and the Environment. The former has offered me the opportunity to 

propose the NOP project, while the latter has made it possible to finalize the disserta­

tion. 

Needless to say, I remain responsible for all the views expressed in this 

dissertation and any errors and omissions that may remain. 

Finally, as far as my family is concerned, I would like to thank my parents, 

brothers and sisters for encouraging me to take up the Ph.D research. I regret very 

much that my father has not been able to see the completion of this dissertation. I 

dedicate it to him. Furthermore, I would like to express my special thanks to my wife 

Li Guoxin, who quitted office at the Chinese Academy of Social Sciences in Beijing, 

for her enduring patience and affection during the long journey to completing my 

dissertation on economics. She made home hard to leave and good to return. 

ZhongXiang Zhang 

Wageningen, November 1995 



1 INTRODUCTION1 

1.1 Background and aims 

In recent years, there has been growing concern about global warming resulting 

from increased atmospheric concentrations of the so-called greenhouse gases and 

the resulting socioeconomic impacts. Although there are still uncertainties regard­

ing the magnitude, timing and regional patterns of climate change, there is a 

growing consensus in scientific and policy-making circles that climate change and 

instability, including a rise in global atmospheric temperatures, a change in 

frequency and severity of storms, shifts in precipitation patterns, and a rise in sea 

level, are most likely over the next century. 

The greenhouse gases (GHG) are carbon dioxide (C0 2 ) , chlorofluor-

ocarbons (CFCs), methane (CH 4), tropospheric ozone (0 3 ) and nitrous oxide 

(N 2 0) . The emissions of these GHG derive from a number of human activities, 

including energy production and use, non-energy industrial processes (primarily 

the production and use of CFCs), deforestation and agricultural practices. 

Estimations of the relative contributions to global warming between 1980 and 

2030 arising from these activities and GHGs are shown in Table 1.1, assuming 

that current trends are to continue. 

It can be seen that C 0 2 emissions alone contribute about half of the global 

warming over the next 40 years, and thus are the major cause of the greenhouse 

effect. CFCs are the other principal contributors. With respect to the protection 

of the stratospheric ozone layer, however, CFCs are subject to control and thus 

are expected to be phased out, although their effect will persist for a considerable 

time. This implies that the contribution of C 0 2 to global warming is likely to rise 

over the next decades with the phase-out of the CFCs (Nordhaus, 1991a). The 

CH 4 and N 2 0 emissions arise from a range of sources, and the relative import­

ance of these sources remain still uncertain. Moreover, it is generally thought 

that CH 4 and N 2 0 , particularly those emissions from agriculture, are difficult to 

measure. 

1 A large part of Section 1.2 has appeared in Greenhouse Issues of the 
International Energy Agency Greenhouse Gas R&D Programme (Zhang, 1996a). 



2 Chapter 1 

Table 1.1 Estimated contributions to global warming by greenhouse gases and 

human activities between 1980 and 2030 

C02 CFCs CH4 0 3 N 2 0 % warming 
by sector 

Energy 35 - 4 6 4 49 

Deforestation 10 - 4 14 
Agriculture 3 - 8 - 2 13 

Industry 2 20 - 2 - 24 

% warming by gas 50 20 16 8 6 100 

Source: World Resources Institute (1990). 

When the contributions by the various sources of GHG are considered, 

energy production and use, with which all GHG with the exception of the CFCs 

are associated to a greater or lesser extent, are expected to contribute about half 

of the increased greenhouse effect, while deforestation and agriculture together 

contribute 25%, with industry being responsible for the remaining 25% (World 

Resources Institute, 1990). 

Given that carbon dioxide is the greatest contributor to global wanning 

and that the burning of fossil fuel is an important source of GHG emissions, a 

number of proposals have been put forward for the limitation of global GHG 

emissions, with C 0 2 , particularly the fossil-fuel related emissions, being set the 

main target. Recognizing the great difficulties in reducing C 0 2 emissions, for 

instance, the Toronto Conference on the Changing Atmosphere has called for 

only a 20% cut by 2005 and a 50% cut by 2025 in global C 0 2 emissions relative 

to their 1988 levels, although a 50-80% cut in global C 0 2 emissions is thought to 

be required to stabilize the atmospheric C 0 2 concentration (UNEP, 1988). 

At present the industrialized countries are responsible for the majority of 

global C 0 2 emissions, and must bear the major burden of the carbon reduction. 

This is why the UN Framework Convention on Climate Change at the Earth 

Summit in Rio de Janeiro commits industrialized countries Parties to cut down 

emissions of C 0 2 and other greenhouse gases to their 1990 levels by the year 
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2000 (Grubb and Koch et al., 1993). 2 This goal has become enshrined as the 

acid test of whether the industrialized world is serious about tackling global 

warming. Efforts by the industrialized countries, however, may well be over­

shadowed by increases in C 0 2 emissions from the developing countries because 

these countries are the fastest growing emissions sources. Looking at a shift in 

the pattern of regional contributions, North America and Western Europe, 

together accounting for 68% of total world emissions in 1950, represented only 

about 38% of the expanded total in 1987. By contrast, the portion attributable to 

China and other developing countries in Latin America, Africa and Southern Asia 

grew from just 7% to 28% of the world total during the corresponding period 

(Kats, 1990). This trend highlights the fact that the developing countries must be 

part of the solution. The dire prediction of future global C 0 2 emission increases 

cannot otherwise be avoided if the developing countries industrialize along the 

same path as the developed counterparts have done. 

Being a developing country, China is currently undergoing a significant 

transformation. This has led to spectacular growth of the Chinese economy, with 

an annual growth of about 9% for GNP during the period 1980-90. In the mean­

time, energy consumption rose from 602.75 Mtce (million tons of coal equival­

ent) in 1980 to 987.03 Mtce in 1990. The corresponding C 0 2 emissions grew 

from 358.60 MtC (million tons of carbon) to 586.87 MtC during the same period 

(Zhang, 1994b). This means that China ranks second in global C 0 2 emissions 

behind the U.S. if the Soviet emissions are distributed over the new independent 

republics. Under a business-as-usual scenario, China's contribution to global C 0 2 

emissions is estimated to rise from 11% in 1990 to 17% in 2050 and to 28% in 

2100 (Manne, 1992). Given that China's economic development depends mainly 

on its domestic market, its rapid growth may remain decoupled from the medium 

or slow growth for the rest of the world. This possibility, combined with 

industrialized countries succeeding in stabilizing their C 0 2 emissions, would 

make China's share in global C 0 2 emissions much larger than the above men-

2 The actual wording in the Convention is convoluted and deliberately 
ambiguous in key parts, owing to the refusal of the Bush Administration to accept 
clear legal obligations to emission targets in the treaty. See Grubb and Koch et 
al. (1993) for a short overview of that Convention. 



4 Chapter 1 

tioned. Thus, advocates of controlling C 0 2 emissions call for substantial efforts 

in China. Indeed, given that China is the world's most populous country and 

largest coal producer and consumer, its coal-dominated energy structure and 

energy-and-carbon-intensive economy, its economic development and efforts to 

limit C 0 2 emissions are of great influence on future global C 0 2 emissions. 

Because of the global characteristics of climate change and China's 

potential importance as a source of C 0 2 emissions, there are global models, 

though relatively few, that cover various political-economic regions and treat 

China as a separate region. These models are of a wider regional scope and are 

thus able to give insight into the regional effects of a variety of international C 0 2 

agreements on international trade and welfare consequences, including impacts on 

China. However, they suffer from a lack of sectoral information, partly because 

of unavailability of data and computational problems. Combined with that the 

effectiveness of international agreements would eventually depend on decisions 

that reflect national priorities, this suggests that for countries with a large 

proportion of C 0 2 emissions like China, a country-specific model should be 

developed. The single-country (China) model should allow for a more detailed 

and reliable analysis than the existing global models in terms of sectoral scope 

and energy sources. We believe that such an analysis at national level is useful to 

broaden the picture painted by global models. It is also useful to serve as a check 

or even as a complement of the results obtained through global models. 

Against this background, the project 'Compatibility of C 0 2 Emission 

Reduction Targets with Long-term Economic Development in China' was initi­

ated. The purposes of this study were threefold: 

1) to provide an analysis of the Chinese energy system in order to shed 

light on its implications for China's future C 0 2 emissions; 

2) to provide a macroeconomic analysis of C 0 2 emission limits for China, 

using a newly-developed computable general equilibrium (CGE) model of the 

Chinese economy; and 

3) to provide a cost-effective analysis of carbon abatement options in 

China's electricity sector by means of a technology-oriented dynamic optimization 

model (Zhang, Folmer and Van Beek, 1994). 


