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China, which has experienced remarkably fast economic growth since its reform and opening-up in 1978, has
been facing serious social issues in recent years, such as global warming and increasing health risks due to
growing emissions of CO; and air pollutants. According to the International Energy Agency, China was the
world's largest emitter of CO, and air pollutants (SO2, NOx, PM25) in 2016. China's electricity and heat
supply sector has been particularly carbon-intensive compared to other sectors, relying on coal for nearly
70% of its total electricity production in 2019. Therefore, improving the environmental efficiency of
coal-fired power plants in China is crucial to mitigating the environmental impact of CO, and air pollutants
emissions. To effectively improve the environmental efficiency of coal-fired power plants, it is first
necessary to quantitatively understand the current relative efficiency level of each plant. With the
background, the objective of this doctoral thesis is to quantitatively evaluate the environmental performance
of coal-fired power plants in China with frontier-based approaches and plant-level input-output data, and to

discuss effective policies for mitigating environmental burdens in China.

This doctoral thesis consists of six chapters. In Chapter 1, the current status of CO, and air pollutant
emissions in China and the contribution of coal-fired power plants are highlighted and the main objectives of

this doctoral thesis are clarified.

In Chapter 2, four types of frontier-based approaches are introduced first, and then the basic DEA model and
three advanced topics of the DEA are introduced in detail. Chapter 2 also gives an overview of previous
empirical studies that applied the frontier-based approaches to coal-fired power plants in China and clarifies

empirical contributions of this thesis.

Chapter 3 applies data envelopment analysis (DEA) to the input-output data of 1270 coal-fired power plants
(combined heat and power (CHP) and thermal plants) in China to estimate the technical efficiency score and
CO, emission reduction potential of each plant. In addition, a two stage approach with Tobit regression
analysis was performed to identify the determinants of the technical efficiency. The main findings of this
chapter are summarized as follows: (1) Through the technical efficiency improvement of coal-fired power
plants in China, the coal consumption of CHP plants and thermal plants could be reduced by 43% and 42%,
respectively, on average. (2) The reduction of coal consumption through the technical efficiency

improvement could reduce CO;, emissions by 178 kt for CHP plants and 1516 kt for thermal plants on



average. (3) Increasing the annual capacity utilization rate and capital utilization rate of coal-fired power
plants in China was important for improving the technical efficiency (especially for CHP plants). Based on
these findings, this chapter concludes that reducing coal consumption through technical efficiency

improvement is effective in reducing CO emissions from coal-fired power plants in China.

In Chapter 4, a parametric linear programming approach is employed to the input-output data (including CO»
and SO, emissions) of 316 coal-fired power plants in China to estimate the CO, and SO, emission efficiency
scores, emission reduction potentials, and marginal abatement costs for each power plant. Moreover, an
existing optimal budget allocation decision framework was applied to discuss the optimal budget allocation
at the power plant level. The main findings of this chapter are as follows: (1) Through the environmental
efficiency improvement of coal-fired power plants in China, CO, emissions of 1500 kt and SO, emissions of
3800 kt could be reduced per plant on average. (2) The average marginal abatement cost of coal-fired power
plants in China was 600 yuan/ton for CO; and 233000 yuan/ton for SO,. (3) There were two groups of
coal-fired power plants in China: one was the group of power plants that should be closed down because they
had almost no removal potential, and the other was the group of coal-fired power plants that should be
prioritized for technology investment because they had a large removal potential even though their marginal
abatement cost was not high. Based on these findings, this chapter concludes that CO; and SO, emission
reductions are very costly and policy makers need to make optimal investment decisions based on the

potential and cost for improvement of each power plant.

Chapter 5 applies the DEA-Slacks based measure (SBM) approach to the input-output data (including CO»,
SO,, NOy and PM; s emissions) of 104 coal-fired power plants belonging to China's five major power groups.
Two types of inefficiency scores were estimated for each power plant: total environmental inefficiency
scores and specific inefficiency scores for CO2, SOz, NOy, and PM; 5 emissions. In addition, a meta-frontier
decomposition framework was adopted to quantitatively decompose the sources of inefficiency into two
factors: inter-group inefficiency (i.e., the efficiency gap across company groups) and intra-group inefficiency
(i.e., the efficiency gap within company groups). The main findings of this chapter are as follows: (1) The
average total environmental inefficiency scores per company were Datang (0.26), Guodian (0.31), Huadian
(0.28), Huaneng (0.21), and Power Investment (0.32). (2) The average specific emission inefficiency scores
of 104 power plants were CO (0.05), SO2 (0.44), NOx (0.30), and PM> 5 (0.55), respectively. (3) The source
of inefficiency of many plants was due to efficiency gaps across company groups, but the inefficiency of
some plants was due to efficiency gaps within company groups. Based on these findings, this chapter
concludes that company managers need to precisely identify the specificity of emission control technologies
and sources of inefficiency for each power plant, and implement appropriate environmental management for

each individual power plant.

Finally, the summary, limitations, and conclusions of this entire doctoral thesis are provided in Chapter 6.



