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Energy and environmental pollution have attracted wide attention, but few studies have been conducted on green total factor energy efficiency (GTFEE) from the perspective of government corruption and market segmentation. By using the panel data of 30 provinces in China for the period 2006 to 2017, this paper tests the relationship between government corruption, market segmentation, and GTFEE. Moreover, considering the threshold effect of government corruption and market segmentation on GTFEE, the system generalized method of moments and the dynamic threshold panel model are adopted to analyze the nonlinear relationship. The regression results indicate that government corruption significantly decreases GTFEE, and market segmentation also has a significant negative impact on GTFEE. Moreover, market segmentation exacerbates the negative impact of corruption on GTFEE. The more serious the government corruption, the more severe the inhibitory effect of market segmentation on GTFEE. Similarly, the higher degree of market segmentation can increase the restraining effect of corruption on GTFEE. The results are still valid after a series of robustness tests. This paper suggests that countries should adopt severe anti-corruption actions, speed up the process of regional integration, and provide a good institutional environment support for the improvement of GTFEE.
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INTRODUCTION
Since the 21st century, China’s economy has achieved remarkable achievements (Abbasi et al., 2022; Fang et al., 2022), which continue to grow despite the unexpected COVID-19 pandemic in 2020 (Razzaq et al., 2020; Iqbal et al., 2021; Yang et al., 2021; Ahmad et al., 2022; Wen et al., 2022). The GDP in China has reached 101.6 trillion yuan in 2020, with an annual growth rate of 2.3% (Irfan et al., 2021a; Lee, 2021). However, with the rapid economic growth, China’s energy demand is increasing year by year (Hao et al., 2021a), the problems of energy consumption and pollutant emissions have become increasingly prominent (Elavarasan et al., 2021a; Elavarasan et al., 2021b; Khan et al., 2021; Ren et al., 2021a; Islam et al., 2022). According to Statistical Review of World Energy, China’s consumption of primary energy attained 145.46 exajoules, accounting for 26.1% of the world. China’s CO2 emissions in 2020 are 9,899.3 million tons, accounting for 30.7% of the world’s total, making it the world’s largest carbon emitter. It is worth noting that China’s economic growth is inseparable from the extensive use of fossil energy in the short term (Hao et al., 2021b; Rauf et al., 2021). To smooth the energy and environmental dilemma, the nation has made a lot of measures in terms of energy-saving and emission reduction and has solemnly promised to achieve carbon peaking by 2030 and carbon neutrality by 2060 (Wu et al., 2021b; Zhang et al., 2021). Improving green total factor energy efficiency helps reduce pollution emissions and energy consumption, and that is the only way to protect the ecological environment and achieve economic growth (Wu et al., 2021a; Ren et al., 2022; Lee et al., 2022).
Environmental pollution is a public product with strong negative externalities (Irfan et al., 2020; Varadarajan, 2020; Irfan and Ahmad, 2022; Irfan et al., 2022; Nuvvula et al., 2022). To reduce the harm of pollution to residents’ health, governments around the world have paid more attention to environmental governance and formulated corresponding environmental policies to improve environmental quality (Ahmad et al., 2021; Razzaq et al., 2021; Elavarasan et al., 2022a; Elavarasan et al., 2022b). However, under the economic growth “championship” among governments, local governments may relax environmental regulations and acquiesce in local polluting enterprises to discharge excessive pollutants (Ali et al., 2021; Tanveer et al., 2021; Shi et al., 2022; Xiang et al., 2022). Moreover, to obtain more resources and seek political protection, firms tend to induce local governments to erect barriers and protect businesses within their jurisdiction from other external competition through bribery tactics (Park et al., 2006). It makes enterprises lack enthusiasm for improving energy efficiency, resulting in great differences in the effects of environmental policies across countries (Hao et al., 2020; Pei et al., 2021). Therefore, energy efficiency is closely related to the effect of policy implementation. Once there is serious rent-seeking and corruption in policy implementation, it will directly affect the policy effect and energy efficiency (Ren et al., 2021a). Based on the corruption perceptions index 2021 issued by the non-governmental organizations (NGO) Transparency International, China ranks 66 out of 180 countries with a score of 45, which is higher than the average score of 43, showing that China has a severe corruption problem. However, the relationship between government corruption and energy efficiency still lacks systematic research. Moreover, few scholars study the influence of corruption on GTFEE from the view of market segmentation. Although market segmentation preserves local enterprises and markets from the competition, it prevents the free flow of factors between different regions, resulting in the misallocation of factor resources, which is not favorable to technological innovation and the enhancement of energy efficiency (Hao et al., 2020; Irfan et al., 2021b; Guo and Liu, 2022).
This paper aims to analyze the following questions. What is the influence of government corruption and market segmentation on GTFEE, respectively? Does market segmentation affect the effect of government corruption on GTFEE? Is there a threshold effect in the influence of government corruption and market segmentation on GTFEE? However, existing studies have not addressed these issues. Three variables are incorporated into the same research system to solve the above questions. It is not only useful for understanding the relationship between corruption, market segmentation, and GTFEE but also provides a reference for other developing countries to formulate anti-corruption policies and improve GTFEE policies. Overall, the innovation of this study has three main points. First, this paper brings corruption, market segmentation, and GTFEE into the same analytical framework to better understand the relationship between the three perspectives. Second, this paper examines the influence of corruption on GTFEE, market segmentation on GTFEE, and market segmentation as moderating effects. Third, this study addresses the endogeneity problem by establishing a dynamic threshold model, which separately studies the nonlinear relationship between corruption and GTFEE at different market segmentation levels.
LITERATURE REVIEW
The Influence of Corruption
Corruption is an important issue that countries have to deal with. There are many different interpretations of corruption, which vary by time and place, such as bribery, extortion, nepotism (Rose-Ackerman and Palifka, 2016; Mungiu-Pippidi, 2019). From the perspective of economic, corruption is mainly about government corruption or official corruption, which abuses public power for private interests (Rose-Ackerman, 2017; Igiebor, 2019). From a macro perspective, in the existing literature, there are two different opinions on the impact of government corruption on economic development. One view is that corruption distorts public resource allocation, inhibits economic and social development, reduces social welfare, and weakens capital accumulation (Liu and Mikesell, 2014; Dimant and Tosato, 2018). Cieślik and Goczek (2018) found that the interactions of corruption and investment had a significantly negative inhibition of economic development. Swaleheen (2011) analyzed the impact of corruption on the growth rate of per capita income and concluded that corruption had an inhibition effect. However, some studies have the view that corruption makes up for the shortcomings of the market mechanism, and the rent-seeking behavior of enterprises reduces the government’s inefficient control, which is beneficial to economic development, that is, corruption is a “lubricant” (Ren et al., 2021a; Gunter, 2021). Acemoglu and Verdier (1998) believed that allowing some corruption was conducive to the realization of an ideal state, which could reduce corruption, increase investment and effectively allocate talents.
Furthermore, from a micro perspective, the production and development of enterprises require a lot of capital, which induces enterprises to choose rent-seeking behavior to seek financial support. Getting better rewards through rent-seeking makes entrepreneurs spend more time paying bribes than operating, researching, and innovating, which can lead to distorted talent allocation and slow down innovation in the long-run (Dincer, 2019; Chen, 2021). In addition, Djankov et al. (2002) conducted a study on the degree of regulation in running enterprises in 85 countries found that corruption protects inefficient enterprises, hindered the entry of new enterprises, and disrupts the effective competition order of the market. De Rosa et al. (2010) believed that corruption couldn’t help companies reduce the time to deal with bureaucratic procedures and hindered the improvement of corporate productivity. However, some studies disagree. Lui (1985) proposed a formal queuing model and found that the opportunity cost of queueing people was disparate, which leaded people with high time value to pay a certain amount of bribe cost to “jump the queue” and finally achieved “Pareto optimality”. The auction model established by Beck and Maher (1986) also had a similar logic. In auction behavior, corruption improved the efficiency of resource allocation by directly assigning auction items to the most efficient enterprise. Ren et al. (2022) found that the system quality distinguished the influence of corruption on total factor productivity. In a high-quality system, corruption hinders the improvement of total factor productivity. However, in countries with institutional defects, corruption supports productivity growth and is beneficial (Aidt, 2009).
Literature of Market Segmentation
With economic development, market segmentation has attracted widespread attention. Young (2000) found that China’s reform model enabled governments to interfere in the market through administrative power and implemented local protection. Contrary to the principle of giving play to regional comparative advantages, local governments allocate scarce resources to industries with high returns, intensifying market segmentation. However, Fan and Wei (2006) extended Young (2000) with a more comprehensive dataset and more rigorous econometric method to test the law of one price and found that the price distinction between different cities in China narrowed over time, converging to the law of one price. They also found that China’s “gradualist” reform was conducive to promoting regional market integration. The current research on market segmentation measurement method mainly includes the production method (Young, 2000), the price method (Parsley and Wei, 1996), the trading method (Naughton, 2003; Poncet, 2003), and the specialization index method. Poncet (2005) drew on the gravity model and boundary effects to calculate market segmentation and tests the effect of inter-provincial trade barriers on market segmentation by using China’s inter-provincial trade data. Parsley and Wei (1996), Parsley and Wei (2001), Parsley and Wei (2002) used price dispersion to study market segmentation and integration. In addition, many studies are currently conducted on the impact of market segmentation (Que et al., 2018; Dolnicar, 2019; Shao et al., 2019; Dolnicar, 2020).
Research on GTFEE
Currently, many pieces of literature focus on the relative research of energy consumption and energy efficiency, it involves the categories, development, measurement methods, influencing factors (Mohsin et al., 2019). According to the number of input factors in production, there are a single factor and total factor energy efficiency. The former is usually expressed in terms of energy intensity or energy productivity, with the simple measurement method and available data, it attracts many scholars to use (Moshiri and Duah, 2016; Dong et al., 2018). However, since it cannot include the impact of other factors on output and biased metrics, many scholars have doubted single factor energy efficiency (Wilson et al., 1994; Patterson, 1996). To remedy this deficiency and measure the substitution effect between different input factors, some studies adopt total factor energy efficiency (Hu and Wang, 2006; Honma and Hu, 2009; Borozan, 2018; Ohene-Asare et al., 2020; Chen et al., 2021). Furthermore, researchers have considered the impact of resources and the environment on sustainable economic development, adding environmental factors, energy, and pollution emission into the calculation of total factor energy efficiency (Ramanathan, 2006; Baležentis et al., 2016). This input-output efficiency, which simultaneously considers energy and pollution emissions, is called GTFEE (Hao et al., 2020; Wu et al., 2020). The methods of measuring total factor productivity are generally divided into growth accounting method and econometric method. Specifically, the former includes the Solow residual method and the algebraic index method. One of the econometric methods is the potential output method which is also called Frontier production function, and mainly includes parametric or statistical methods like stochastic Frontier analysis (SFA), nonparametric methods, or mathematical programming like data envelopment analysis (DEA) (Ferrier and Lovell, 1990; Färe et al., 1997). The method of DEA is widely used by scholars (Bian et al., 2013; Mohsin et al., 2021). Furthermore, the current studies on the influencing factors of GTFEE have been carried out from multiple perspectives. including industrial structure (Guo and Yuan, 2020), energy structure (Chien and Hu, 2007), foreign investment (Pan et al., 2020), technological progress (Liu et al., 2016), government intervention (Matraeva et al., 2019), economic development (Wu et al., 2020).
METHODOLOGY AND DATA
Research Method
Basic Linear Model
This article focuses on examining the influence of corruption and market segmentation on China’s GTFEE. Considering that GTFEE may be affected by earlier stages, the lagging one-stage variable [image: image] is added to the model. Therefore, we construct the basic econometric model:
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where [image: image] represents GTFEE, and i and t represent province and time. [image: image] is the random disturbance term. The control variables include economic development ([image: image]), R&D investment ([image: image]), R&D personnel input ([image: image]), trade openness ([image: image]) and urbanization ([image: image]).
Threshold Model
Furthermore, we refer to the research of Ren et al. (2021a) and use a dynamic threshold model to separately discuss their impact on GTFEE with corruption and market segmentation as threshold variables. The dynamic threshold panel model combines generalized method of moments (GMM) with a threshold model to study spatial heterogeneity as well as to solve endogeneity problems between variables. Moreover, the dynamic threshold panel model can determine the threshold variable through grid search under different threshold variables and solve potential internal factors in the model. The specific dynamic threshold is modeled as follows.
[image: image]
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where [image: image] and [image: image] are the threshold variable, respectively. [image: image] is the threshold value to be estimated. [image: image] is an instruction function.
Explanation of Variables
China’s Green Total Factor Energy Efficiency
Tone (2001) proposed a non-radial super-efficiency SBM model that includes slack variables, calling it the super-efficiency Slack Based Model (SBM). It is a type of super-efficiency DEA model. Compared with other radial models, the super-efficiency SBM model not only measures all the slack variables, but in the case of considering all inefficiency sources it can accurately measure the efficiency level—that is, the effectiveness of all DMUs (decision-making units) is analyzed first, and then the super-efficiency analysis is performed for the effective DMU. This paper constructs a super-efficiency SBM model that includes all influencing factors of resource consumption, expected output, and undesired output to evaluate green eco-efficiency. Therefore, based on Wu et al. (2020), we establish an SBM model:
[image: image]
[image: image]
where X denotes the input variable (Capital, labor, and energy); Y indicates the expected output (GDP); B denotes the unexpected output (wastewater, waste gas, and waste solid); n, M, and j represent the number of types of input, expected output, and unexpected output. The calculation of GTFEE requires the inclusion of inputs, desired and undesired outputs, in the calculation framework.
Corruption
Government corruption (COR). Corruption not only stimulates rent-seeking activities but also reduces the motivation of firms for energy technology innovation (Del Monte and Papagni, 2001; Svensson, 2005; Ceva and Ferretti, 2021). Given the availability of data, we draw on the study of Hao et al. (2020) and adopt the number of public officials involved in corruption per 10,000 as a proxy variable for regional corruption. The calculation results are shown in Figures 1, 2.
[image: Figure 1]FIGURE 1 | Corruption levels in Chinese provinces in 2006.
[image: Figure 2]FIGURE 2 | Corruption levels in Chinese provinces in 2017.
Market Segmentation
One of the difficulties studied in this article is the calculation of the market segmentation indicators of China’s provinces. There are currently five types of measurement methods for market segmentation: the production method, trade method, price method, business cycle method, and market survey method. This article refers to the research of Shao et al. (2019) and uses relative price information to calculate the market segmentation in each province. Specifically, it analyzes market segmentation through the difference in commodity prices between regions.
Before measuring the relative price variance, a 3-dimensional (t × m × k) data set needs to be constructed, where t, m, and k represent the year, region and commodity, respectively. We sort out the retail price index of eight categories1 of commodities of 30 provinces in China.
1) Considering that the original data of this article are a chain index of retail prices of commodities, the relative price is measured by the logarithmic first difference of the price ratio. We define the following:
[image: image]
In this way, from the data of 435 pairs of eight types of commodities in the province and city combination in the sample from 2006 to 2017 (12 years in total), the relative prices of 41,760 differential forms can be calculated as [image: image].
2) Changes in commodity prices between regions may be caused by some characteristics of the commodities themselves [image: image]. This means that not all changes are caused by the differences in the market environment between regions, and differences may also include the nonadditive effects caused by the heterogeneity of commodities, leading to the overestimation of the actual market segmentation index formed by trade barriers.
Therefore, we draw on the de-mean method proposed by Parsley and Wei (2001) and assume [image: image],
Where [image: image] is the price change caused by the kth commodity itself, and [image: image] is related to the special market environment of the two regions i and j. In this article, to eliminate the fixed effect [image: image], the relative prices between the provincial and municipal combinations [image: image] are averaged to obtain [image: image], and then these 435 [image: image] subtract the mean value.
[image: image]
In this formula, [image: image] is the final relative price change, and it is only related to the market segmentation factors between regions and some random factors.
3) Calculate the variance var ([image: image]) of the relative price fluctuation [image: image] (k = 1, 2, … ,8) of the eight types of commodities in each of the two regions. Then, calculate the relative price variance of the 435 pairs of provinces and obtain the market segmentation index from other provinces and cities across the country, Var ([image: image])=([image: image], where n is the region and N is the number of combined provinces and cities. The above calculation process has a total of 360 (=30 × 12) observations.
Control Variables and Data Sources
R&D personnel ([image: image]) and R&D capital ([image: image]) can affect the level of technological innovation, which can contribute to the improvement of GTFEE (Song and Oh, 2015; Yang et al., 2021a). This paper uses R&D capital investment and R&D personnel investment in each province to represent, respectively.
The level of economic development ([image: image]) can influence the industrial structure and energy utilization efficiency and plays an important role in GTFEE. This paper adopts the GDP of each province to measure it (Yang et al., 2021b).
Trade openness ([image: image]) can affect the regional GTFEE by introducing the leading energy-saving technology in developed countries. This paper uses the proportion of the total import and export to GDP to measure it (Li and Hu, 2012; Ren et al., 2021b).
The regional urbanization level ([image: image]) can adjust the industrial structure, optimize the allocation of resources, and improve the GTFEE (Lv et al., 2020). In addition, it can promote the improvement of residents’ living standards and economic growth, but changes in residents’ consumption patterns and the construction of urbanization infrastructure will also increase the energy demand. These have important implications for GTFEE. We use the proportion of the urban population to express it.
This paper uses panel data of 30 provinces from the Wind database, China Energy Statistical Yearbook, China Statistical Yearbook, China Inspection Yearbook, provincial inspection reports and the statistical yearbooks of various provinces in China. The specific descriptive statistics are shown in Table 1.
TABLE 1 | The variables description.
[image: Table 1]RESULTS AND DISCUSSION
Corruption and GTFEE
First, we examine the impact of corruption on GTFEE. This study uses OLS, FE, RE, and feasible generalized least square (FGLS) to analyze the relationship between corruption and GTFEE. The regression results show that the coefficient of corruption is significantly negative, indicating that corruption inhibits the increase of GTFEE. Another cause of the endogeneity problem is that conventional models such as fixed effects (FE) and random effects can have estimation bias. To account for this, the lagged term of GTFEE is introduced in our empirical model. Moreover, the GMM approach, which can obtain consistent estimation results, was applied. To test whether the instrumental variable is overidentified, this paper reports the Hanse test. Table 2 shows the corresponding estimation results based on the GMM estimators. We find that the lag term of GTFEE is positive, which means the GTFEE has obvious dependency features. An important reason is that the corruption of officials seeking profit by power exacerbates the misallocation of resources such as labor and capital, as well as market information asymmetry, which reduces GTFEE. This conclusion is consistent with Hao et al. (2020).
TABLE 2 | The results of corruption on GTFEE.
[image: Table 2]Market Segmentation and GTFEE
Given the endogeneity problems, this paper uses system GMM to examine the impact of market segmentation on GTFEE (Table 3). It can be found that the negative relation between market segmentation and GTFEE is clear. Obviously, after increasing the control variable continuously, we find the estimated coefficient is still negative, that is the above conclusion is valid. According to the regression coefficient, every 1% increase in market segmentation can reduce the GTFEE of China by 0.003%, which shows that the region can improve GTFEE through the process of market integration and industrial agglomeration. The reason for this result may be that market segmentation reduces the flow of factors such as labor and technology. Local governments ignore comparative advantages and carry out local protection, which leads to misallocation of resources, hinders technological innovation and GTFEE (Ren et al., 2021a). Therefore, the government can increase GTFEE by breaking the market segmentation, allowing the free flow of production factors, and enhancing regional market integration.
TABLE 3 | The empirical results of market segmentation on GTFEE.
[image: Table 3]The Moderating Effect of Market Segmentation and Corruption on GTFEE
The conclusion of the above tests show that corruption and market segmentation have a significant negative impact on GTFEE. In this part, we analyze the moderating effect of market segmentation through the SYS-GMM method and the stepwise regression method. Table 4 indicates the empirical result of the moderating effect. We found that the interaction term coefficients are all significantly negative. It shows that as market segmentation increases, the negative effect of corruption on the GTFEE is also increasing. Moreover, local government corruption exacerbates market fragmentation and reduces innovation resource flows, resource allocation efficiency, and GTFEE (Zhao et al., 2021).
TABLE 4 | The estimated results of moderating effect.
[image: Table 4]The Results of the Threshold Model
This paper chooses corruption and market segmentation as threshold variables, respectively. The p-values of Wald statistic and AR 2) are greater than 0.1 (Table 5), showing that the variables have no serial correlation and the instrumental variable is valid. The specific threshold results are shown in Table 6.
TABLE 5 | The threshold tests.
[image: Table 5]TABLE 6 | The results of threshold model.
[image: Table 6]Corruption is being considered as the threshold variable to investigate the effect of market segmentation on GTFEE under different levels of corruption. We find that as corruption exacerbates, the regression coefficient of market segmentation increases, indicating that the more serious the corruption is, the greater the negative effect of market segmentation on GTFEE. The reason for this may be because with the increase of corruption, to prevent the entry of other competitors, local government officials often choose to set up administrative barriers to protect local enterprises to obtain local GDP growth, which further hinders the free flow of resources such as technology and talent, and reduces energy efficiency.
Furthermore, this paper examines the role of corruption on GTFEE under different market segmentation levels. The study found that with the exacerbation of market segmentation, the regression coefficient of corruption also increases, indicating that severe market segmentation leads to the stronger negative effect of corruption on GTFEE. The reason for this phenomenon is that in areas with severe market segmentation, local officials excessively use administrative power to interpose the allocation of resources. In this case, the market divides the competition of enterprises, restricts the expansion of the production possibility Frontier of enterprises, and distorts the technical efficiency of firms, thereby reducing the GTFEE.
Robustness Test
To verify the reliability of the above results (Tables 1–5), the robustness test is conducted on the relevance between corruption, market segmentation, and GTFEE. The internal relevance between the three variables is investigated by taking the GTFEE that is measured through DDF-GML model as the explained variable. Furthermore, we re-estimate the model using the OLS and the spatial econometric approach. The results in Table 7 show that the main variables (lncor, lnsegm, and lncor×lnsegm) are negative, which is consistent with the results above and confirms the robustness of the conclusion.
TABLE 7 | The results of the robustness test.
[image: Table 7]CONCLUSION AND POLICY IMPLICATION
This study first establishes an SBM model to measure GTFEE by using considering undesirable outputs, environmental supervision indicator system as unexpected output, and then use the price-relative price method to calculate the market segment index. Second, taking China as the research object, this paper conducts the basic linear regression model to discuss the relationship between corruption, market segmentation, and GTFEE. Finally, the threshold model is adopted to analyze the effect of corruption and segmentation on GTFEE. The main empirically test conclusion is as follows.
First, we found that corruption has a significantly negative effect on GTFEE. With the increase of corruption, the GTFEE will be reduced. Second, when adding different control variables gradually, the stepwise regression method is adopted to test the effect between market segmentation and GTFEE. This study found that market segmentation reduces the GTFEE. In the robustness test, the conclusion about the influence of corruption on GTFEE, market segmentation on GTFEE are both valid. Finally, corruption and market fragmentation significantly reduce GTFEE when they are regarded as threshold variables. Based on the above research, this paper puts forward some recommendations.
1) GTFEE has obvious spatial dependence and is greatly affected by the GTFEE of adjacent areas. If the GTFEE of adjacent areas is higher, the local GTFEE will increase faster. To promote market integration and achieve regional integration, the government should increase the intensity of supervision and governance of official corruption, which can make government governance more transparent, prevent local governments from taking bribes, and reduce officials’ incentives to formulate local protection policies. Furthermore, corruption and market segmentation are alleviated, factor resources can flow freely, and market integration is promoted, which is conducive to the improvement of GTFEE.
2) In the process of economic transformation, the government should focus on market-oriented reforms, reduce excessive intervention, release more power to the market, and ensure the free flow of resources. The main reason is that if the government intervenes too much, the local government will use the resources and power at its disposal to set up and seek rents, breed corruption, and exacerbate market segmentation. The government should improve the degree of market integration, and increase the flow of resources, talents, and technology between regions. Moreover, break regional protectionism, learn from regions with high GTFEE, introduce talents, learn advanced technology, promote the free flow of factor resources and improve GTFEE.
3) Local governments should find and solve the key factors restricting the improvement of local GTFEE according to their regional energy advantages. Implement differentiated energy efficiency improvement policies for different development stages. In addition, optimize the energy consumption structure, reduce the demand for fossil energy such as coal, and strengthen the development and utilization of green and clean energy and renewable energy. As the developed eastern regions have the advantages of geographical location, traffic conditions, and economic opening, it is necessary to maintain the regional advantages, reduce the degree of market segmentation, promote the free flow of energy factors between regions, and establish a unified, and orderly energy market. Moreover, these regions need to vigorously develop low-energy-consuming industries. For the central and western regions with relatively backward economic and technological development, it is necessary to strengthen inter-regional cooperation and promote the free flow of production factors and technology. They also need to appropriately raise local energy prices and improve the pricing mechanism in the energy market.
Although this paper examines the relationship between corruption, market segmentation, and GTFEE, there are still some limitations. For example, this article uses provincial data due to data availability. It would be interesting to study this question at the industry or city level in the future if more detailed data are available. In terms of research methods, the spatial econometric models and techniques can be used to analyze the spatial spillover effects of corruption and market segmentation on the GTFEE in future research. In addition, future research can focus on the impact of corruption, market segmentation on carbon emissions, economic growth or excess capacity.
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