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Abstract. In July 2021, China's national carbon market was officially launched, 

after years of carbon pilots laid the institutional foundation for the establishment 

of the market. The study of the impact of carbon pilot on energy efficiency and 

energy structure can provide important reference for China's energy transfor-

mation and sustainable development. Using a sample of 283 prefecture-level cit-

ies, the paper finds that carbon emission trading policies have a significant impact 

on reducing the use of energy with high carbon content, while the view that pol-

icies can improve energy efficiency fails to be proved for some reasons. Finally, 

the paper summarizes the conclusion and puts forward the possible research di-

rection in the future. 
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1 Introduction 

As global climate warming and environmental pollution become increasingly serious, 

reducing carbon emissions has become one of the important tasks of governments 

around the world. In this context, the carbon emission trading (CET)system came into 

being to achieve the goal of reducing carbon emissions through the market mechanism 

and effectively reduce emission reduction costs. This paper will further study the im-

pact mechanism of CET on energy utilization efficiency and energy structure through 

the method of difference-difference. 

2 Literature review 

In 2008, a study by M. Kara et al. [6]showed that carbon dioxide emission trading would 

bring huge competitive advantages to carbon-free energy sources. At present, the re-

search on CET has achieved some results[7], but most of the research focuses on energy 

conservation and emission reduction, environmental pollution improvement and the 

impact on economic growth. In terms of economic growth, the research of Zhang 

Youzhi, Liu Yinke and Zhao Jing[3] shows that CET policies can promote economic 

growth, which is reflected in the optimization of industrial structure, and the 
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optimization of industrial structure often involves the utilization efficiency of energy 

and energy transformation. Liu Yuan and Wen Zuomin[5] found that the CET policy 

has a positive impact on green technology innovation, while Jing Guowen and Chen 

Guang[4] found that the CET policy does have a restraining effect on pollution reduc-

tion. In addition, Li and Jiang[1] have found that technological innovation and emission 

reduction are usually manifestations of energy efficiency. 

Based on the collation of existing literature, this paper puts forward the following 

hypotheses: 1. The implementation of policies has a significant impact on the improve-

ment of energy utilization efficiency; 2. Policy changes the energy mix, that is, the 

composition of primary energy use. 

The possible innovation of this paper is that the natural experiment based on the CET 

pilot policy is used to explore the above hypothesis for the experimental city and the 

control city by using the different-difference method. 

3 Theoretical framework 

3.1 Construction of the model 1 

Using differencing method to evaluate the effect of policy can eliminate individual dif-

ferences and estimate the net effect of policy. Considering that the policy implementa-

tion time of the first batch of pilot cities was concentrated in late 2013 and early 2014, 

this paper takes 2014 as the first year of implementation of the policy after referring to 

other literatures on the impact of pilot policies on CET. 

Firstly, this paper studies the impact of CET pilot on energy efficiency, refers to the 

relevant factors affecting energy efficiency studied in existing literature, such as the 

environmental supervision and other related factors involved in Mandal S.K.’s re-

search[8], and then establishes the following model (1) by referring to the research of 

Zhang Kun and CAI Shuxun[2]: 

 Y1=β0+β1*D+β2*T+β3*DT+β4*lna+β5*lnb+β6*lnc+β7*lnf+ε (1) 

3.1.1 Explained variables. 

Y1: Energy intensity, that is, energy consumption per unit of GDP (tons of standard 

coal / 10,000 yuan). 

3.1.2 Explanatory variable. 

D: Dummy variables for pilot areas (1 for pilot areas, 0 for non-pilot areas); T: 

dummy variable of time (since the implementation year of the policy is 2014, set the 

years 2006-2013 as 0, 2014 to 2019 as 1); DT: The interaction term of the pilot region 

dummy variable and the time dummy variable, as the core explanatory variable. 
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3.1.3 Control variables. 

a: GDP per capita (yuan), used to measure economic factors; b: The proportion of 

added value of secondary industry in GDP of each region is used to measure industrial 

structure; c: 1+ the number of municipal green patent applications in each year (num-

ber), which is used to measure the level of science and technology. The purpose of 

adding 1 is to avoid the situation that a large number of samples will be lost when the 

number of green patent applications is 0; f: Energy structure, expressed as the propor-

tion of coal consumption in total energy consumption. 

3.1.4 Final model 1. 

Due to the serious multicollinearity between dummy variables in the actual process, 

the model (1) was changed to the model (2) in which only the core explanatory variable 

DT was retained: 

 Y1=β0+β1*DT+β2*lna+β3*lnb+β4*lnc+β5*lnf+ε  (2) 

3.2 Construction of the model 2 

The second question of the paper is studied, which is to explore the impact of the pilot 

CET on the energy structure. Based on the first model and according to the research of 

references, some variables are transformed. The specific model (3) is shown as follows: 

 Y1=β0+β1*D+β2*T+β3*DT+β4*lna+β5*lnb+β6*lnc+β7*lnf+ε (3) 

3.2.1 Explained variables. 

Y2: Total use of natural gas, liquefied petroleum gas and electric energy (10,000 

tons of standard coal). 

3.2.2 Explanatory variable. 

D: Dummy variables for pilot areas (1 for pilot areas, 0 for non-pilot areas); T: 

dummy variable of time (since the implementation year of the policy is 2014, set the 

years 2006-2013 as 0, 2014 to 2019 as 1); DT: The interaction term of the pilot region 

dummy variable and the time dummy variable, as the core explanatory variable. 

3.2.3 Control variables. 

a: GDP per capita (yuan), used to measure economic factors; b: The proportion of 

added value of secondary industry in GDP of each region is used to measure industrial 

structure; d: The proportion of government fiscal revenue in GDP, which is used to 

measure the role of macro-control; f: Energy structure, expressed as the proportion of 

coal consumption in total energy consumption. 
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3.2.4 Final model 2. 

Due to the serious multicollinearity between dummy variables in the actual process, 

the model (3) was changed to the model (4) in which only the core explanatory variable 

DT was retained: 

 Y2=β0+β1*DT+β2*lna+β3*lnb+β4*lnd+β5*lnf+ε  (4) 

4 Data source 

The data sample studied in this paper included 283 prefecture-level cities in China, 

some of which were not considered due to the lack of data. Most of the missing values 

were filled in by linear interpolation. The remaining missing values were filled in with 

ARIMA. 

There are two data that need special attention, namely energy structure and city-level 

energy consumption. At present, the main types of energy in Chinese cities are coal, 

natural gas, liquefied petroleum gas and electric energy. Due to the lack of data on coal 

consumption in some cities, this paper assumes that the energy structure of prefecture-

level cities is the same as that of the provinces where they are located, based on the 

hypothesis of Li Lei and Jiang Qinyi. The total energy consumption of prefecture-level 

cities is calculated by dividing the total use of natural gas, liquefied petroleum gas and 

electric energy by their proportion. The statistical results are shown in Figure 1. 

 

Fig. 1. Descriptive statistics. 
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5 Empirical results 

5.1 Regression results of hypothesis 1 

 

Fig. 2. Regression results of hypothesis 1. 

The results in Figure 2 show that the explanatory variables, that is, the influence of 

policies on energy efficiency, are not significant and negatively correlated, which is not 

in line with our hypothesis. Economic factors, industrial structure, scientific and tech-

nological level and energy structure all have significant influences on energy use effi-

ciency, but the explanatory power (R²) of the model is very low, which indicates that 

the variables considered by the model may not be the main factors leading to the im-

provement of energy efficiency. 

There may be several reasons for this result: 

The model may not satisfy the parallel trend; If the model does not meet the parallel 

trend, it will lead to the estimation bias, which is also analyzed in detail in the robust-

ness test below. 

Data deviation; On the one hand, there are missing values in the original data, which 

may not be appropriate for the linear interpolation and ARIMA's supplementary value 

adopted in the paper. On the other hand, the correct calculation of total energy con-

sumption requires the assumption that the energy structure of the prefecture-level city 

is the same as that of the province where it is located. Therefore, optimizing the process 

of data processing may be a viable solution. 

It is also possible that the efficiency of energy use is largely determined by science 

and technology, and the implementation of policies cannot improve the scientific and 

technological level of pilot cities in a short time, but based on existing research, this 

guess is largely untrue. 
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5.2 Regression results of hypothesis 2 

 

Fig. 3. Regression results of hypothesis 2. 

The results in Figure 3 show that the influence of explanatory variables, namely pol-

icies, is significant at the 90% confidence level, which is basically in line with our 

hypothesis, while the influence of economic factors, industrial structure, government 

macro-control and energy structure on the total energy consumption except coal is sig-

nificant, and the explanatory power (R²) of the model is also considerable. 

It can be found that the policy has a positive impact on the consumption of major 

energy sources except coal, which may be the most influenced by the policy because 

the carbon content of coal is much higher than that of the other three energy sources, 

resulting in the gradual replacement of coal by other energy sources. 

6 Robustness test: Parallel trend test 

To reach a scientific conclusion, we must show that there was no significant difference 

between the experimental group and the control group before the implementation of the 

emissions trading pilot policy, that is, there was a "common trend" between them. This 

paper takes the pilot implementation year of the CET policy (2014) as the base year 

and takes the three years before and after the implementation as the interval to conduct 

parallel trend test. The dummy variables pre_1, pre_2, pre_3 and post_1, post_2, post_3 

are used to represent the first, second and third years before and after the implementa-

tion of the policy, respectively. The dummy variables in the year of policy implemen-

tation are represented by current, and the regression results and the trend graphics are 

shown in Figure 4 and Figure 5. 
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Fig. 4. Results of the parallel trend test for hypothesis 1. 

 

Fig. 5. The parallel trend of hypothesis 1. 

It can be seen that the variables before the implementation of the policy are signifi-

cant, while the one-year variables after the implementation are significant, and the two-

year and three-year variables are not significant, which means that the model does not 

meet the hypothesis of parallel trends, that is, there may be some differences between 

cities before the implementation of the policy, which will have an impact and error on 

the subsequent empirical analysis, which is probably hypothesis 1 of the paper: "The 

implementation of the policy has a significant impact on the improvement of energy 

efficiency" proves the reason for the failure. 

624             W. Zhaobin



 

 

Fig. 6. Results of the parallel trend test for hypothesis 2. 

 

Fig. 7. The parallel trend of hypothesis 2. 

Figure 6 and Figure 7 are the regression results and trend charts of the parallel trend 

test of Hypothesis 2. It can be seen that variables before the implementation of the 

policy are not significant, and variables after the implementation of the policy are sig-

nificantly positive at the 90% confidence level, which indicates the hypothesis of par-

allel trend in hypothesis 2 is valid. 

7 Conclusion and further research direction 

This paper mainly examines whether the pilot CET policy can promote the improve-

ment of energy efficiency and its impact on the energy structure, using the panel data 

of 283 prefecture-level cities from 2006 to 2019, and establishing a difference-differ-

ence model for analysis. The empirical study finds that the CET pilot policy may not 

be the main factor affecting the improvement of energy efficiency, but the implemen-

tation of the policy can significantly change the energy structure, and coal is gradually 
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replaced by natural gas, liquefied petroleum gas and electric energy. The robustness of 

the conclusion is further verified by parallel trend test. 

The shortcoming of this paper is that when solving the problem of lack of coal con-

sumption data in some cities, it assumes that the energy structure of prefecture-level 

cities is the same as that of the provinces where they are located, and the data of total 

energy use is derived backwards, which may be the main reason for the poor effect of 

Model 1. Therefore, how to better deal with the missing data is one of the directions of 

this paper to be researched in the future. Secondly, when the model was established, it 

was found that there was a serious collinearity problem between the time dummy vari-

able and the city dummy variable, which may be caused by the municipal unit as the 

sample. If you want to explore the differentiation between cities, you can consider using 

the DID model with multiple time points for optimization. 
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