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China’s power industry is in a critical transformation period. The new round of power system reform in 2015 will have a profound impact on China’s power industry. Therefore, it’s necessary to analyze the influencing factors of thermal power generation efficiency. Based on the thermal power generation industry related data in China’s 30 provinces from 2005 to 2017, this paper studies the impacts of market segmentation on thermal power generation efficiency in China. And the empirical result shows that the market segmentation exhibit significant negative effects on the thermal power generation efficiency, that is, the thermal power generation efficiency significantly decrease 1.6799 for each unit increase of market segmentation index of thermal power industry. Besides, by decomposing the dynamic thermal power efficiency index, we find that the “innovation effect” is the primary channel for the market segmentation to make effects on the thermal power generation efficiency. Furthermore, our findings are still robust after considering endogenous problems and eliminating the relevant data. Finally, research conclusions of our study paper provide empirical supports for the efficient development of China’s power market.
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1 INTRODUCTION
For a long time, the dominant position of thermal power generation in China has attracted considerable attention. Thermal power generation accounts for more than 70% of the total power generation in China (Cheng et al., 2019), and the installed capacity of thermal power accounts for more than 60% of the total power generation capacity. In recent years, the twin problem of global warming and climate change have raised concerns about thermal power generation (Kwakwa, 2021). And the goal of energy structure optimization has made the proportion of thermal power decrease slightly, as shown in Figure 1. However, due to China’s abundant coal resources and the technical requirement and economic cost of various types of power generation, thermal power generation will still account for a large proportion of China’s power supply in the future.
[image: Figure 1]FIGURE 1 | Proportion of thermal power generation and installed capacity from 2002 to 2018.
The stylized facts of the uneven distribution of natural resources and local imbalances between power demand and supply exist in China’s power industry (Wang et al., 2014; Lin et al., 2021). In order to alleviate power shortages, the Chinese government has begun to establish provincial power markets since 1988, which is of benefit to the local governments of different provinces. The segmentation of the electricity market among different provinces is accompanied by political competition, and local governments only focus on local economic performance (Zhou, 2004). The resulting inter-regional political competition may lead to the imposition of inter-regional trade barriers by local governments (Young, 2000), which is also called the beggar-thy-neighbor strategy (Li and Lin, 2017). As a result, some more efficient but non-local thermal power generation companies could not get the support of the local government.
Figure 2 shows the relationship between standard coal consumption and average utilization hours for 465 Chinese power plants of 6,000 kW and above in 2011.1 In the absence of market segmentation, priority should be given to the generating set with large capacity and low standard coal consumption. That is to say, power plants with high efficiency should prioritize power generation to meet demand-side power consumption regardless of power plants’ location. But from Figure 2 we can find that some power plants (on the bottom left of Figure 2) with low standard coal consumption is not effectively utilized and the average utilization hours are low, while some power plants (on the top right of Figure 2) with high standard coal consumption and low efficiency have higher utilization hours. Therefore, there is no significant positive correlation between the energy efficiency of the generator set and the utilization hours, which has led to the excessive loss of resources and also put greater pressure on energy conservation and emission reduction. How to solve the imbalance between energy efficiency and utilization rate of power plants and improve the overall efficiency of China’s thermal power industry is the most difficult point for the Chinese government to regulate the power industry. Because of the high degree of power market segmentation, some high-efficiency but non-local thermal power generation enterprises can hardly survive in the local market, and thus can’t obtain the benefits of cross-regional cooperation and trade between different provinces. However, not enough attention was paid to this topic. Therefore, based on the above background, we will study the impact of market segmentation on thermal power generation efficiency in China and hope to provide some empirical supports for solving the problems of thermal power generation efficiency and market segmentation in China.
[image: Figure 2]FIGURE 2 | Standard coal consumption and annual average utilization hours for Chinese power plants of 6,000 kW and above in 2011.
Air pollution and climate change are two major challenges faced by all countries around the world (Chen et al., 2022). To protect the environment, China put forward to realize peak carbon dioxide emissions by 2030 and carbon neutrality by 2060. However, a key method to achieve these goals is to reduce carbon dioxide emissions. There are many latest studies focus on carbon emission reduction. Song et al. (2019) evaluated the impact of low-carbon city polit policy on air quality. Li et al. (2022) evaluated the changes of carbon emission reduction in China’s provinces during 2001–2016 from the perspective of commercial building operation. Zhang et al. (2021) took China and the United States as research objects, evaluated the carbon dioxide emission reduction of buildings, which are important departments of carbon emission reduction under different emission scales, and investigated them emission efficiency. Thermal power generation plays a dominant role in China’s total power generation, and it also has an important impact on carbon emission reduction. Therefore, the carbon emissions and power generation efficiency of thermal power generation are the two main points of this paper. We find that studies on this topic mainly focus on two aspects.
The first aspect is about thermal power generation efficiency. High efficiency is a goal that thermal power plants have been pursuing (Wang Z. et al., 2021). Some studies emphasized on the influence of thermal power generation efficiency and they showed that regional economic development level (Wang, 2014), technology innovation (Bai and Song, 2009; Duan et al., 2016) and environmental regulation (Jaraitė and Di Maria, 2012; Li, 2015) could influence the efficiency of thermal power generation. Wang R.-M. et al. (2021) studied the regional differences in thermal power generation efficiency in China’s eastern, central, and western regions, and found that the eastern region has the highest thermal power efficiency. Others discussed the calculation of thermal power generation efficiency. The data envelopment analysis (DEA) method is widely applied in the calculation of power generation efficiency (Sueyoshi and Goto, 2011; Fallahi et al., 2011). And many researchers have studied the efficiency of the power industry in China from different levels of data collection. For example, with the assumption of sole frontier technology, Wang et al. (2019) analyzed the “average” change in coal intensity of each group by production scale and region under a traditional DEA framework. At the national level, Zhou et al. (2012a) proposed a non-radial direction distance function method from the perspective of production efficiency. And there are a lot of studies focus on the thermal power efficiency at the provincial level with the DEA method (Song et al., 2017; Sueyoshi et al., 2018). Some other researchers have used the DEA method to measure the performance of coal-fired power plants in China at the micro-enterprise level (Zhao and Ma, 2013; Wei et al., 2015). In recent years, Metafrontier analysis has also been widely used to study regional heterogeneity of energy efficiency in China (Feng et al., 2017; Long et al., 2018; Long et al., 2019). Eguchi et al. (2021) proposed a metafrontier data envelopment analysis decomposition framework to investigate the sources of inefficiency in power generation, finding that technology gap contributes most to the regional heterogeneity of power generation efficiency.
The second aspect concentrates on the impacts of market segmentation on energy efficiency. On the one hand, there is significant spatial imbalance (Zhu et al., 2019) and regional heterogeneity in provincial energy efficiency (Cheng et al., 2020). On the other hand, market segmentation will weaken market competition mechanism and reduce market vitality, and thus reducing regional energy efficiency (Yi et al., 2021). Li and Lin (2017) studied the influence of market segmentation on carbon emission performance in China, and proved that market segmentation has negative effect on carbon emission performance. Zhang and Lu (2017) obtained the same conclusion that market segmentation has significant negative effect on energy efficiency promotion by using panel data of Chinese provinces. Sun et al. (2020) have proved that market segmentation has significantly negative effect on environmental efficiency of electric power industry. Qi and Zhou (2020) found that market segmentation has a significant inhibitory effect on energy efficiency by distorting technological progress, scale efficiency and allocation efficiency.
Based on above analysis, we find that researches in this field are still insufficient in the following aspects. For one thing, the calculation of market segmentation index in existing paper mainly focuses on multi-integral energy products market and calculations of market segmentation of power industry are still scarce; for another thing, there is a lack of research on the impacts of market segmentation on thermal power generation efficiency. Therefore, the contributions of this paper can be summarized as follows. Firstly, this paper checked the influence of market segmentation on thermal power generation efficiency, and contributes to the literature in the fields of thermal power generation efficiency and market segmentation. Second, in this paper, we explore the impacts of market segmentation on thermal power efficiency from different perspectives, i.e., static efficiency, dynamic efficiency, and the decomposition of dynamic efficiency, which enriches the relevant research content. Third, if a clear understanding of the relationship between market segmentation and thermal power generation efficiency lacks, the central government could not better implement the relevant policies to promote the development of the thermal power industry. This paper provides a new perspective for improving power generation efficiency, which gives some reference for China’s ongoing reform in the field of the electricity market.
The rest of this paper is organized as follows. Measurement of Thermal Power Generation Efficiency and Market Segmentation Index Section is about the relevant literature. In Impacts of Market Segmentation on Thermal Power Generation Efficiency Section, we describe the measurement of thermal power generation efficiency and market segmentation index. In Conclusions and Policy Implications Section, we specifically analyze the impact of market segmentation on thermal power generation efficiency. And Conflict of Interest Section is the conclusion and policy recommendations.
2 MEASUREMENT OF THERMAL POWER GENERATION EFFICIENCY AND MARKET SEGMENTATION INDEX
Thermal Power Generation Efficiency
2.1.1 Methodology
To solve the limitation of the conventional DEA model in the measurement of efficiency (Zhu et al., 2020; Wang M. et al., 2021), Chambers et al. (1996) proposed a directional distance function (DDF), which takes into account the maximization of the desired output and the minimization of the undesired output. The emergence of the DDF model overcomes the limitation that the traditional distance function can only adjust the input or output measurement efficiency, and distinguishes between strong and weak disposability between desirable and undesired outputs. Although DDF has its advantages, its limitation lies in the assumption that the increase of desirable output and the decrease of input and undesirable output are strictly proportional, which may lead to “slack bias” (Fukuyama and Weber, 2009). In view of the flaws of traditional DDF, Zhou et al. (2012a) proposed a non-radial DDF (NDDF) method. Compared with DDF, NDDF further relaxes the assumption of proportional change (Zhang and Choi, 2013; Lin et al., 2018), which can be used to adjust different proportions of input factors, desirable outputs and undesirable outputs (Zhou et al., 2012b).
Therefore, we use the NDDF method to measure the efficiency of thermal power generation in this study. Assuming that there are i = 1,2,., N regions as the basic decision-making unit (DMU), and the time period is t = 1,2, ., T. Each DMU uses capital (K), labor (L), and energy (E) to produce the desired output (Y), and undesired output CO2 emissions (C) during the production process. Referring to the work of Li and Xu (2018), we divide 30 Chinese provinces into three groups based on geographical location: eastern, central, and western regions. And we distinguish three types of technology production set based on the boundaries within the group and global boundary. Assuming that there are H groups and T periods. The production technology set for group h in period t is shown as follows.
[image: image]
The set covers the production technology set for all periods of the group and is expressed as follows.
[image: image]
The global production technology set is the set of production technology sets of all groups in all periods, as shown in Eq. 3.
[image: image]
Then the production function is expressed as:
[image: image]
According to the work of Lin and Du (2015), the following NDDF is constructed, which allows the increase of the desired output and the decrease of the undesired output to change in different ratios, and also effectively prevents the problem of slack deviation.
[image: image]
Where, the slack vector [image: image] is the proportion that each input factors can expand or output factors can reduce. The elements in the vector β could have different values. Compared with DDF, the assumption of expanding desirable output and reducing undesired output in the same ratio is relaxed. The function [image: image] is a diagonalization of the vector [image: image]. [image: image] is a direction vector, which indicates the direction of the expansion of the desired output and the reduction of the input and the undesired output. [image: image] represents the weights assigned to each input or output factor.
Then we could calculate the static efficiency index (UEI). The direction vector is set as g=(-K, -L, -E, Y, -C), and the weight vector w = (1/9, 1/9, 1/9, 1/3, 1/3).
The Eq. 5 can be solved by the following linear optimization process:
[image: image]
s t. 
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After solving the Eq. 6, we can get the optimal solution [image: image]. When region i achieves optimal production at time t, the target values of capital input, labor input, energy input, desirable output and undesirable output are [image: image], [image: image] and [image: image], respectively. If [image: image], the unit has achieved optimal production at time t. If [image: image] is the optimal solution of the above equation, the static efficiency index can be expressed as:
[image: image]
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Where UEI∈[0,1], and the higher value it is, the higher the efficiency level we get. According to the work of Li and Xu (2018) and Li et al. (2018), we further define the dynamic efficiency MMUEI as follows:
[image: image]
In addition, we further decompose the dynamic thermal power generation efficiency MMUEI. Assuming that the number of provinces in each group is [image: image], then the technology set constructed by using the sample in the current group can be expressed as:
[image: image]
During the whole sample period, the technology set constructed by the sample in the different time is the intertemporal group technology, that is: [image: image]. And the union of selectable intertemporal group technology is the global group technology, that is, [image: image]. Therefore, the dynamic thermal efficiency MMUEI can be decomposed as follows (Li et al., 2018; Li and Xu, 2018).
[image: image]
The efficiency change index (EC) measures the change in power generation efficiency within a group between two periods, which describes the change in technical efficiency between the decision unit in the group and the current technological frontier of the group. The Best Practice Gap Change Index (BPC) represents the change in [image: image] relative to [image: image], which measures the change in power generation efficiency gaps between the intertemporal technology and current technology conditions in the group. The technical gap ratio change index (TGC) indicates the change of [image: image] relative to [image: image], which measures the gap between the current group production technology and the global production technology.
2.1.2 Data
Our sample covers the panel data of the thermal power generation industry in China’s 30 provinces from 2005 to 2017.2 The data of capital input, energy input, and desirable output comes from China Electric Power Yearbook, and the data of labor input comes from China Labor Statistical Yearbook. The undesired output is calculated with the energy consumption and corresponding carbon emissions coefficient [image: image] and carbon oxidation rate [image: image], which is shown in Eq. 11.
[image: image]
Where [image: image] represents the CO2 emissions of province i at time t, [image: image] represents the standard coal consumption of fossil fuel j by province i at time t. The relevant coefficients [image: image] and [image: image] come from Liu et al. (2016). The description of our variables is shown in Table 1, and the summary statistics is shown in Table 2.
TABLE 1 | Data description for measuring thermal power generation efficiency.
[image: Table 1]TABLE 2 | Statistics summary for measuring thermal power generation efficiency.
[image: Table 2]2.1.3 The Results of Efficiency Measurement and Decomposition
In this section, we analyze the static and dynamic thermal power generation efficiency, and further decompose the dynamic thermal power generation efficiency into three parts. The range of efficiency calculated in this paper is [0,1]. A larger efficiency value means that the power plant can produce more desirable outputs with fewer inputs and fewer undesired outputs, and vice versa.
The calculation results of the three static efficiency indexes UEIg, UEIi, and UEIc are shown in Figures 3, 4, 5. The primary difference between UEIi and UEIc is the time period. UEIi is a whole cycle index, while UEIc is a specific cycle index. And both UEIi and UEIc are calculated based on the efficiency distance between the decision unit and the group boundary. However, UEIg is calculated based on the efficiency distance between the decision unit and the global boundary. It can be seen from Figure 3 that the UEIg index in the eastern region is significantly higher than that in the central region, and the UEIg index in the western region is the lowest, indicating that there exists a large regional difference. At the same time, the UEIg index is showing a slight upward trend in all regions, which illustrates that the static thermal power efficiency has gradually improved over time. From Figure 4 we can find that the results of UEIi index are similar to UEIg index. However, as shown in Figure 5, the results of UEIc index are different. Specifically, the UEIc index in the central region is higher than that in the eastern region, while the UEIc index in the western region has a large fluctuation.
[image: Figure 3]FIGURE 3 | The average value of UEIg in different regions.
[image: Figure 4]FIGURE 4 | The average value of UEIi in different regions.
[image: Figure 5]FIGURE 5 | The average value of UEIc in different regions.
Compared with the static efficiency indexes, the dynamic efficiency index MMUEI can describe the dynamic change of thermal power generation efficiency. From 2006 to 2017, the average MMUEI value is 1.00057 in China, indicating that on average, the static thermal power generation efficiency is gradually increasing, but the process is slow. As shown in Table 3, the average MMUEI value of 18 provinces is greater than 1, and the average MMUEI value of 12 provinces is less than 1. Furthermore, the three decomposition parts of the dynamic efficiency index MMUEI are shown in Table 4. From Table 4, we can draw the following conclusions: 1) More than half of the provinces are closer to the technological frontier in the current group than in the previous period; 2) The current technology frontier of most provinces is biased towards the intertemporal technology frontier; 3) The gap between intertemporal group technology and global technology is decreasing in most provinces.
TABLE 3 | Calculation results of MMUEI index.
[image: Table 3]TABLE 4 | Decomposition results of MMUEI index.
[image: Table 4]Market Segmentation Index
2.2.1 Methodology
The measurement methods of market segmentation can be divided into five different types (Yu and Liu, 2009). And the detailed introduction is shown in Table 5. Although each method has its own advantages and disadvantages, overall, the index constructed by “price method” can measure the degree of market segmentation more directly. The index is based on strict theory and methods to obtain objective measures of inter-regional market segmentation. Based on the classical literature of Paresley and Wei (1996); Paresley and Wei (2001a); Paresley and Wei (2001b), it has been widely used in similar studies.
TABLE 5 | Measurement of market segmentation index.
[image: Table 5]In our study, a kind of relative price method, Amazon Glacier Cost (Samuelson, 1964), has been widely applied in studies to measure the degree of market segmentation (Li and Lin, 2017; Wei and Zheng, 2017; He et al., 2018). Parsley and Wei (2001b) further developed this method based on the law of one price. Specifically, the larger the price difference between regions, the greater the degree of market segmentation. Therefore, the market segmentation index can be obtained by combining the price information related to various commodities. To better reflect the characteristics of the thermal power industry, this paper uses the ex-factory price index of power, coal and oil industries to measure the market segmentation index. The relevant data comes from China Price Statistical Yearbook. With reference to Li and Lin (2017), the steps to construct the market segmentation index are shown as follows.
Step 1: Build the relative price index. Suppose [image: image] represents the absolute price of energy k of province i at time t, and k∈{[image: image], [image: image], [image: image]}. [image: image] represents the absolute value of the relative price change of energy k in province i and province j at t, where the relative price can be measured by the first-order difference of the logarithm of the ex-factory price:
[image: image]
Step 2: Eliminate the corresponding systematic deviation. Since [image: image] contains the non-accumulation effects caused by the heterogeneity of energy products, we use the de-means method to eliminate the systematic deviation, that is, the average price difference [image: image] between different regions across time t is eliminated.
[image: image]
Step 3: Combine price differences and derive market segmentation index. We calculate 435 pairs () of provincial combinations.
[image: image]
[image: image]
[image: image] represents the difference between the three price indexes between province i and province j in time t; [image: image] represents the degree of market segmentation of province i in time t; N represents the number of paired combinations of each province. Since there are 30 provinces, N = 30–1 = 29.
2.2.2 The Results of Market Segmentation Index
Based on Eqs 12–15, the specific market segmentation index of the thermal power industry in each province can be calculated. Figure 6 shows the time trend of the market segmentation index in the thermal power industry. It can be seen that from 2006 to 2017, the market segmentation index of China’s thermal power industry fluctuated greatly. And three rebounds occurred in 2008, 2015, and 2017, respectively.
[image: Figure 6]FIGURE 6 | Trend of market segmentation index of thermal power industry.
In addition, from Figure 7 we can find that from 2006 to 2012, in general, the market segmentation index of the thermal power industry in most provinces showed a slight downward trend, and the fluctuation range was small, basically between 0 and 0.005. Besides, from 2008 to 2010, the thermal power market segmentation index increases significantly. This finding is consistent with Wei and Zheng (2017). In addition, the market segmentation index fluctuations of most provinces are large between 2015 and 2017. During the entire sample period, the fluctuations in Guizhou, Guangdong, and Tianjin are large, while the fluctuations in Anhui, Hunan, and Inner Mongolia are relatively small and stable, indicating that the price fluctuations of the thermal power industry in different provinces show heterogeneity. We can also see from Figure 7 that the market segmentation index of almost all provinces reached a peak in 2008. This may be due to the widespread impact of the 2008 financial crisis, as local governments tend to increase market intervention to ensure economic stability within the province. Local governments set up barriers for the entry and operation of non-local enterprises to ensure the survival and development of local enterprises, which led to the peak of market segmentation index in most provinces during this period.
[image: Figure 7]FIGURE 7 | Time trend of market segmentation index in different provinces.
3 IMPACTS OF MARKET SEGMENTATION ON THERMAL POWER GENERATION EFFICIENCY
Model and Variables
In order to analyze the impacts of market segmentation on thermal power generation efficiency, we construct the following regression model:
[image: image]
Where MMUEI is the dynamic efficiency index of thermal power generation in province i at time t, and seg is the core explanatory variable, which indicates the degree of market segmentation in the thermal power industry of each province. The control variables are as follows: lnfdbh is the standard coal consumption for power generation, state is the ownership structure, er is the environmental regulation, lncp is the coal price, and ε is the disturbance unrelated to the explanatory variables. [image: image] measures the impacts of changes in market segmentation on thermal power efficiency.
We use the non-radial direction distance function (NDDF) to measure the thermal power generation dynamic efficiency index MMUEI, and the degree of market segmentation is calculated based on the Amazon Glacier Cost model. The data of standard coal consumption for power generation comes from China Electric Power Yearbook. We use the ratio of state capital in total capital in the electricity, heat production and supply industries to represent the ownership structure, and the data comes from China Industry Statistical Yearbook. The intensity of environmental regulation can be measured by the amount of sulfur dioxide emissions. We use the amount of sulfur dioxide emissions per unit of electricity generated to represent the level of environmental regulation, the relevant data comes from China Electric Power Yearbook and China Industry Statistical Yearbook. And the ex-factory price index of coal industrial products is represented as the coal price. The data comes from China Price Statistical Yearbook and is deflated as the 2005 constant price. The summary statistics of the above main indicators are shown in Table 6.
TABLE 6 | Summary statistics of variables in the benchmark regression.
[image: Table 6]Empirical Results
We do the Hausman test and find that the null hypothesis is rejected, which means that unobservable random variables that represented the original heterogeneity are related to all the explanatory variables. Therefore, the fixed effect model is selected and corrected by the heteroscedasticity standard error. The regression results are shown in Table 7.
TABLE 7 | The impacts of market segmentation on thermal power generation efficiency.
[image: Table 7]Through the regression results in Table 7, we find that after adding control variables one by one, the regression coefficient of the market segmentation index on the thermal power generation dynamic efficiency has always been significantly negative, indicating that the larger the degree of market segmentation, the lower the thermal power generation efficiency. Therefore, the existence of market segmentation significantly inhibits the improvement of thermal power generation efficiency. Theoretically, the reasons for this result may be as follows: 1) Market segmentation hinders the effective allocation of resources. The direct result of market segmentation is that resources cannot flow effectively in the region, which leads to the distortion of factor market. In the case of market segmentation, the price signal of power market can only play a local role, and cannot reflect the scarcity of power industry resource factors, which is not conducive to the improvement of thermal power efficiency; 2) Market segmentation may hinder technological innovation. In a segmented market, companies may seek profits from low-cost factor inputs and rental income rather than invest in research and development projects. The factor market distortion caused by market segmentation will restrain regional technological innovation to some extent. And the backward development of innovation will inevitably have a negative impact on thermal power efficiency. 3) Market segmentation hinders regional competition and cooperation. In order to protect and stabilize the local economy, some local governments provide “umbrella”, such as subsidies, to efficient power generation companies, while discouraging more competitive non-local companies from entering. The lack of competition hampers efficiency gains because greater competition leads to increased output and incentivizes companies to adopt technology to improve efficiency. Besides, market segmentation has narrowed the scope of regional cooperation, and some provinces and cities often only communicate and cooperate with their neighbors in their geographical locations.
In addition, the coefficient of standard coal consumption for power generation to thermal power generation efficiency is negative, which is in line with expectations. The coefficient of the ownership structure on thermal power generation efficiency is always significantly negative, indicating that the higher the proportion of state-owned assets, the lower the efficiency of thermal power generation. And the coefficient of environmental regulation is significantly negative, indicating that environmental regulation (the stricter environmental regulation will lead to less SO2 emission per unit of power generation) has a promoting effect on the improvement of thermal power generation efficiency. Besides, the coefficient of coal price is significantly positive, which means that the increase in coal price is conducive to the improvement of the thermal power generation efficiency. If the coal price increases, the power plants will inevitably improve fuel utilization through improving technologies and other energy-saving measures, which can improve the level of thermal power generation efficiency at the same time.
In order to test the robustness of the regression results, we replace the dependent variable MMUEI with the three static efficiency indexes UEIg, UEIi, and UEIc. The regression results are shown in columns 1)–3) in Table 8. It can be seen that the impacts of market segmentation on thermal power generation efficiency are still significantly negative. In addition, we exclude the data in 2006 and conducts an empirical regression with the data from 2007 to 2017. It is found that the market segmentation is still not conducive to help improve the efficiency of thermal power generation (see column 4) in Table 8). In order to solve the endogenous problem, we further use the two-step regression system GMM method and take the lag terms of core independent variable and environmental regulation as the tool variables. Column 5) in Table 8 shows that the sign and significance of the coefficient do not change. Therefore, we claim that the results obtained are robust.
TABLE 8 | Robustness test and endogenous processing results.
[image: Table 8]Analysis of Influencing Path
In order to figure out how does the market segmentation affect the efficiency of thermal power generation, we replace the dependent variable with EC, BPC, and TGC respectively. The regression model is as follows:
[image: image]
Where s can be EC, BPC or TGC, and the key explanatory variable and other control variables remain unchanged.
EC measures the change of intra-group generation efficiency between two periods, so it describes the “catch-up effect” of intra-group decision units on the technological frontier of the current period While TGC describes the “technology leader transfer effect” relative to the global frontier. As can be seen from Table 9, when the dependent variables are EC and TGC, there is no evidence that market segmentation has a significant impact on thermal power efficiency. This indicates that market segmentation does not significantly promote intra-regional technology sharing and development, nor does it significantly hinder inter-regional technology dissemination and sharing. As can be seen from column 3 of Table 9, the effects of market segmentation on thermal power generation efficiency are mainly achieved through BPC. This result has two main implications. Firstly, BPC measures the change of thermal power efficiency gap in the group with intertemporal technology and current technology. An increase in BPC can be seen as a kind of “innovative effect” of technology, which indicates that the gap between the current technological frontier and the inter-period technological frontier is shrinking. Thus, the degree of market segmentation may reduce the incentives for provinces to increase the efficiency of thermal power generation through investment in R&D and technological innovation. Secondly, the market segmentation mainly affects the change of thermal power generation efficiency within the group, so different regions may have unchanged and different power generation technology models due to differences in market segmentation.
TABLE 9 | The influencing path of market segmentation on thermal power efficiency.
[image: Table 9]4 CONCLUSIONS AND POLICY IMPLICATIONS
China’s power industry is in a critical transformation period. The new round of power system reform in 2015 will have a profound impact on China’s power industry. Therefore, it’s necessary to analyze the influencing factors of thermal power generation efficiency. Based on the related data of thermal power industry in 30 provinces of China from 2005 to 2017, this paper mainly studies the influence of market segmentation on thermal power generation efficiency, and also do mechanism analysis and robustness test.
Key Findings

1) different regions have different thermal power efficiency. Among them, the static efficiency index expressed by UEIi and UEIg in the eastern region is significantly higher than that in the central and eastern regions, while the static efficiency index expressed by UEIc in the central region is higher than that in the eastern region. There is a clear gap. For dynamic efficiency, it is found that the average dynamic efficiency of thermal power generation in the eastern region is higher than that in the central region. And the dynamic efficiency of thermal power generation in the western region is the lowest.
2) From 2006 to 2017, the market segmentation index of China’s thermal power industry has changed significantly. The price fluctuation of thermal power industry in different provinces is heterogeneous. Guizhou, Guangdong and Tianjin have larger fluctuations, while Anhui, Hunan and Inner Mongolia have relatively small and stable fluctuations.
3) The market segmentation exhibits a significant negative impact on the efficiency of thermal power generation. And we further find that the impact of market segmentation on thermal power generation efficiency is mainly achieved through BPC. The probably reason is that the power market segmentation prevent the high-efficiency non-local power generation enterprises from surviving in the local market, which leads to the reduction of thermal power generation efficiency nationwide.
Policy Suggestions

1) The government should break down local protection and inter-provincial barriers, integrate power market resources, and strengthen the union of the provincial power generation market. The primary reason for the market segmentation is that under the GDP assessment system in China, local governments have excessively pursued economic development and fiscal revenue. And the local governments have implemented local protection policies to tilt local resources to local enterprises and aimed to promote the development of local enterprises. To break down local protection and inter-provincial barriers, the central government must change the assessment mechanism for local officials, consider other factors such as regional interconnection and cross-regional trade into the assessment mechanism. This can promote the diversification of the assessment mechanism, reduce the interests of local protection, and motivate local governments to reduce direct intervention in the market. Besides, the central government should strengthen the supervision and punishment of market segmentation behaviors of the local governments. At the national level, the central government can do this through real-time monitoring of market prices. For example, using big data to analyze the price index, thereby promptly discovering and preventing market segmentation behaviors. Moreover, the central government should encourage the areas with poor economic development to actively integrate into the domestic market. The long distance between power transmission and distribution makes the cost high, and the gains from power market transactions cannot cover their cost. Therefore, the central government can promote the reasonable allocation of power resources between regions through government subsidies, and accelerate the integration of the power generation market.
2) The government should improve cross-province and cross-region power trading mechanisms and promote the optimal allocation of power resources in a larger area. The government should implement uniform power market trading rules nationwide to prevent some local governments from hindering power market transactions in order to protect their own interests, which reduces the role of market allocation of power resources. And the government should also encourage the western regions to strengthen the construction of power market trading mechanism, further improve the subsidy policy for clean power transmission in the western region on the demand side, and optimize the allocation of national power resources. Besides, the government should allow price signals exist at different times and different regions to more fully reflect the supply and demand of power, realizing the market-oriented adjustment. Under the condition of satisfying the security constrain, the optimal dispatch should be carried out for the generator set, so as to reduce the social cost for the balance of power, and realize the maximum benefit of the entire power generation system. At the same time, the government can explore the establishment of the electricity futures market, which is conducive to the formation of a unified standard in the power market. And the electricity prices will be more transparent, and grid companies can realize reasonable predictions for the electricity price.
3) The government should enhance the incentives of the power industry to improve efficiency with scientific and technological innovation in various regions, and try to realize the replication and popularization of advanced technologies. The existence of market segmentation has also led to the gradual formation and solidification of power generation technology patterns in various regions. Local enterprises lack the motivation to compete under local protection, and lack the motivation for technological innovation. All of these restrict the incentive of the thermal power industry to invest in R&D and improve efficiency, which inhibits the promotion of overall thermal power generation efficiency. In order to improve the efficiency of thermal power generation, the local governments should encourage the innovation of power plants within the region due to the actual conditions, continue to improve the power generation technology, and resolve the contradiction between high energy consumption and low output. Through the establishment of innovative subsidies for invention patents, research projects, and so on to stimulate the enterprises and researchers. And at the same time, the government should realize the sharing mechanism of technology innovation, promote the exchange of advanced experience among power plants. Furthermore, the government should set up efficient and advanced power market pilots, so as to promote the complete replication and reference of advanced technological concepts to improve the overall efficiency of thermal power generation.
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K Eastern China 143 3281.83 2440.47 163.11 10334.9
Central China 17 2896.42 1860.88 590.72 8170.29
Western China 130 1398.33 871.69 88.92 5126
L Easten China 143 91338.96 58196.54 12426 253007
Central China 17 105721 35436.25 59739 206920
Western China 130 71660.97 41098.98 10346 224200
E Eastemn China 143 4602.44 3479.35 201 13332
Central China 17 3909.31 2586.09 1070 11381
Western China 130 1713.95 952.43 215 4435
Y Eastern China 143 1676.2 1194.81 82.19 4671
Central China 17 1318.04 855.71 347 3736
Western China 130 636.44 415.35 73 2349
C Eastern China 143 12760.27 9646.5 557.27 36963
Central China 17 10838.56 7169.93 2966.57 31553.8

Western China 130 4751.93 2640.62 596.09 12296
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Labor (1)

Energy (E)

Power generation (Y)
CO, emissions (C)

Description

The power generation capacity of power plants of 6,000 KW and above
Number of laborers in power and heat production and supply industries
The amount of fossi fuels consumed in power generation

The amount of thermal power generation

The amount of CO; emissions

Unit

10,000 KW
People
10,000 tons of standard coal
100 million KWh
kg
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