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There is no consensus on whether state-owned enterprises (SOEs) or privately-owned enterprises (POEs) pollute more. This study explores the impact of ownership on pollution emission intensity using micro-data from Chinese industrial enterprises. From the perspective of energy efficiency, the mechanism of ownership affecting pollution emissions is explored further. Research results show that the pollution emission intensity of SOEs is significantly higher than that of POEs. The underlying reason is the low energy efficiency of SOEs, and energy efficiency plays an important mediating role in the relationship between ownership and pollution emissions. Among industrial waste gas, nitrogen oxides (NOx) and dust emissions, energy efficiency plays the largest mediating effect between ownership and NOx emissions. Additionally, in both high-polluting and low-polluting industries, SOEs’ pollutant emission intensity is higher than that of POEs, however, the mediation effect of energy efficiency is greater in low-polluting industries. In cities with high growth pressure, SOEs’ pollutant emission intensity is more significant than that of POEs. On the contrary, there are no noticeable differences in pollutant emission intensity between SOEs and POEs in cities with low growth pressure. But the mediation effect of energy efficiency is more significant in cities with high growth pressure. Industrial enterprises are the ultimate sources of industrial pollution. Therefore, the formulation of effective environmental policies cannot be separated from the analysis of enterprises’ emission behaviors and the assessment of micro factors affecting emissions. The conclusions of this study provide a basis for developing countries to formulate environmental policies for industrial enterprises.
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1 INTRODUCTION
The ownership structure is an essential factor affecting an enterprise’s objective functions, and it may also be the main factor determining the choice of the environmental behavior of an enterprise. Based on the “national key pollution sources self-monitoring information disclosure platform” in China, the average number of days exceeding the standard in 2016 for emissions of industrial NOx, industrial dust, and industrial sulfur dioxide (SO2) by enterprises under different types of ownership are compared in Figure 1. It can be seen that the average number of days for the three groups that exceeded the emissions standard were 32.60 days for SOEs, 37.73 days for foreign-invested enterprises, and 32.71 days for POEs. It can be seen that there are obvious differences in pollutant discharge behavior among enterprises with different types of ownership. These differences indicate that enterprises with different types of ownership may have different environmental behavior.
[image: Figure 1]FIGURE 1 | The average number of days exceeding the standard emissions in different ownership enterprises in China.
The empirical tests are different because existing studies have not thoroughly analyzed the mechanism of ownership affecting enterprises’ pollutant emissions. Therefore, this study attempts to ascertain the internal mechanism of ownership affecting enterprises’ pollutant emissions from the perspective of energy efficiency. And it hopes to provide a new perspective to understand the relationship between ownership and pollution. The reason for starting with energy efficiency is that pollution emissions are the result of energy consumption. According to World Health Organization, the main contributor to air pollution is the inefficient consumption of energy by household, industrial, agricultural, and transport sectors. Several studies have found significant differences in energy efficiency between SOEs and POEs (Lin and Wang, 2014; Lin and Long, 2015). Therefore, energy efficiency is deemed to be a critical path for studying the internal relationship between ownership and pollution. Thus, is there any difference in energy efficiency between SOEs and POEs? Is this difference a mediating factor affecting pollutant emissions? If energy efficiency plays a mediating role between ownership and pollution, how big is the contribution of this mediating role?
The marginal contribution of this research may mainly exist in the following two aspects. First of all, starting from energy efficiency, this paper provides a new perspective to analyze the relationship between ownership and air pollution emissions, which not only enriches the research in related fields of corporate environmental behavior, but also deepens the understanding of the differences between SOEs and POEs, forming a useful supplement to existing theories. Secondly, this paper further carefully examines the differences in the mechanism of energy efficiency in industries with different pollution levels and regions with different economic growth pressures, so as to provide theoretical bases and policy inspiration for developing countries to improve corporate environmental performance according to different local conditions.
Based on the above research background and motivation, this paper takes Chinese micro-enterprises as the research object, and empirically explores the differences in pollution emissions of enterprises with different ownership. By constructing the mediation effect model, this paper attempts to examine the mediation effect of energy efficiency between ownership and pollution emissions. Furthermore, based on industries with different pollution levels and regions with different economic growth pressures, the heterogeneity of the mediation effect of energy efficiency is explored in groups. The rest of the paper is structured as follows: Section 2 reviews the relevant literature, and Section 3 presents theoretical hypotheses. Meanwhile, Section 4 introduces the research sample, data collection, the analysis framework and data description. Section 5 discusses the empirical results. Section 6 is the conclusion and policy implications.
2 LITERATURE REVIEWS
Do SOEs or POEs pollute more? There is no agreement over this, and this is a question worth further study. Many former studies unveil that SOEs have better environmental performance than POEs (Earnhart and Lizal, 2006; Calza et al., 2016; Clò et al., 2017). Some researchers, however, claimed that privatization benefits environmental protection (Craig and Dibrell, 2006; Wang and Jin, 2007; Berrone et al., 2010; Meyer and Pac, 2013). While other studies indicate no linear relation between ownership and environmental pollution and there is no proof of a relationship between ownership and environmental performance (Calza et al., 2013; Li and Chan, 2016; Wang and Dear, 2017). Thus, the debate about corporate ownership as a potential impetus of enterprises’ environmental concerns and performance is still open. The conclusions can be categories into four groups:
The first group suggests that environmental performance is better and that pollution emissions are lower in SOEs (Earnhart and Lizal, 2006; Calza et al., 2016; Clò et al., 2017). Using an unbalanced panel dataset of Czech enterprises from 1993 to 1998, the study analyzed the effects of ownership structure on corporate environmental performance. It shows that state ownership improves environmental performance (Earnhart and Lizal, 2006). Using 778 European enterprises in 2012 (Calza et al., 2016), it investigated the explanatory power of corporate governance issues, including ownership. The results show that enterprises with a higher percentage of shares owned by the state exhibited superior green proactivity. Also, using a cross-country panel dataset of 29 power markets in Europe from 1990 to 2012 (Clò et al., 2017), it investigated how ownership affected environmental performance in developed countries. They found that increasing public ownership, as measured by the OECD, ETCR index, was associated with reducing greenhouse gas emissions and carbon intensity.
The second group asserts that SOEs’ environmental performance is worse than that of POEs (Craig and Dibrell, 2006; Wang and Jin, 2007; Berrone et al., 2010; Meyer and Pac, 2013). The study investigated different environmental performances with diverse ownership structures using data from 396 enterprises in the United States (US) (Craig and Dibrell, 2006). They posited that family enterprises could better facilitate environmentally-friendly enterprise policies than are their non-family competitors. By using a survey of approximately 1,000 industrial enterprises in China, some studies explored the differences in pollution control performance among industries with different types of ownership in China (Wang and Jin, 2007). In their study, enterprises under foreign direct investment (FDI) and either collectively or community-owned enterprises exhibited better environmental performance in terms of water pollution discharge intensity, whereas state- and private-owned enterprises in China were the worst performers. Also, some studies used the US and Eastern Europe enterprises data (Berrone et al., 2010; Meyer and Pac, 2013), one compared the environmental performance of family and non-family public corporations between 1998 and 2002, using data from 194 US enterprises, and found that the family-controlled public enterprises exhibited better environmental performance than their non-family counterparts. Another compared the environmental performance of state-owned and privatized energy utility plants in Eastern Europe using a novel panel dataset. It demonstrated that state-owned plants emitted more sulfur dioxide than did privately-owned plants.
The third group asserts that the relationship between ownership and environmental performance or pollutant emissions is non-linear (Li and Chan, 2016). They tested the relationship between ownership and environmental performance using a survey of over 1,000 industrial enterprises in 12 Chinese cities in 2006. The results showed that, compared with POEs and foreign-invested enterprises, small and medium-sized SOEs were less likely to achieve national emissions standards. However, the environmental performance of the largest SOEs matches that of their private and foreign counterparts.
The fourth group finds no evidence suggesting a relationship between ownership structure and environmental performance (e.g., (Calza et al., 2013; Wang and Dear, 2017)). One of them examined the influence of ownership structure on enterprises’ environmental performance using 12 European energy-listed enterprises. The results showed that enterprises with more diffuse ownership exhibited the worst environmental performance, measured as the capability to reduce CO2 emissions. However, the relationship between ownership structure and environmental performance was not significant. Another investigated the enterprise-level determinants of environmental regulation violations based on 629 cases reported in Chongqing, China, from 2011 to 2014. Still, the regression coefficient that represented ownership was not significant.
To sum up, the research on the relationship between ownership and pollution emissions is inconsistent, but with energy efficiency as an intermediary variable, there are few literatures exploring the internal mechanism of ownership affecting corporate pollutant emissions. Therefore, based on the analysis perspective of energy efficiency, this paper carefully explores the mechanism of the ownership structure on air pollution, which not only forms a useful supplement to existing research, but also provides insights for more developing countries to improve their environmental performances.
3 THEORETICAL HYPOTHESES
Who pollutes more: SOEs or POEs? The debate on ownership type and pollution has gone on for years, but no agreement has been reached. To discuss the relationship, it is needed to analyze the differences between SOEs and POEs in terms of the objective function, social responsibility, environmental regulation, technology level, and energy efficiency and ascertain how these features affect pollution emissions. Thus, we put forward three hypotheses.
Hypothesis 1. The pollutant emission intensity of SOEs is significantly lower than is that of POEs.
Compared with POEs, SOEs are more likely to incorporate environmental protection into their objective function for the following four reasons. First, the government is the biggest shareholder in SOEs, and it does not concern about profits. For example, SOEs in the transportation industry often serves as an operator of the social infrastructure to guarantee the smooth transport for the society. Thus, these enterprises would focus on how to maximize the number of passengers transferred rather than the profit for the enterprises. So, SOEs would not have an incentive to pollute more, though this may increase profits. Second, the cost of environmental violations for SOEs is higher than for POEs because the cost for SOEs includes economic costs, such as fines, and reputational and political costs for the managers, which is their most crucial concern. The performance measure of managers is not based on either revenue or profit but on whether SOEs have maximized social welfare. Third, SOEs are always critical monitoring objects for environmental protection and are supervised by many departments regarding pollution control, emission reduction, and environmental information disclosure. Fourth, SOEs have better endurance to financial constraints that have a strong negative and significant impact on environmental protection investment (Zhang et al., 2019). Thus, SOEs may emit less because of their adequate environmental protection funds, social responsibility, higher violation costs, and stricter environmental supervision.
Hypothesis 2. The pollutant emission intensity of SOEs is significantly higher than is that of POEs.
SOEs have more bargaining power and better relationships with the local and central governments, and POEs have less bargaining power concerning the payment of the pollution levy (Wang et al., 2003). SOEs are more likely to escape environmental supervision because of the collusion between the government and enterprises (Wang and Jin, 2007). In particular, the administrative ranking of some SOEs may be higher than that of the local government. Thus, the local environmental protection departments are often faced with difficulties during supervision. Moreover, SOEs are usually protected and, compared with POEs, have no motivation to improve energy efficiency (Lin and Long, 2015). More and more evidence has been found that SOEs’ productivity levels are below those of all other ownership categories (Jefferson et al., 2003). Thus, SOEs may emit more because of their greater bargaining power, lower energy efficiency, and lower technical level.
Hypothesis 3. Energy efficiency plays a significant mediating role between ownership and pollution intensity.
What role does energy efficiency play in the relationship between ownership and environmental pollution? Many previous studies focus on comparing energy efficiency between foreign-invested enterprises and local enterprises and the impact of FDI on energy efficiency (Earnhart and Lizal, 2006; Huang and Chang, 2019). However, few studies have analyzed the differences in energy efficiency between SOEs and POEs for local enterprises using data from developing countries, especially China. Most studies only consider that the energy efficiency of SOEs is low and that of POEs is high (Lin and Wang, 2014; Lin and Long, 2015; Andersson et al., 2018; Wang and Yuan, 2018). That is because SOEs in developing countries have soft budget constraints. When SOEs are faced with loss, bankruptcy, and other problems, they often enjoy various kinds of government subsidies. This soft budget constraint induces moral hazard for enterprises, which weakens energy conservation and emission reduction motivation. Conversely, as POEs face hard budget constraints, energy-saving and emission reduction are consistent with their goal of maximizing profits.
4 METHODOLOGY AND MODEL SPECIFICATION
4.1 Sample selection
Our objective is to identify the relationship between ownership, energy efficiency, and environmental pollution. So we selected industrial enterprises’ data in China because pollution is not the main problem for enterprises in the agriculture and service sectors. Taking air pollution as an example, in 2015, the total sulfur dioxide (SO2) emissions in China were 18.591 million tons. The industrial SO2 emissions accounted for 83.73%1, which proves that the industrial sector is the main contributor to air pollution. It is reasonable to exclude enterprises in the agricultural and service sectors from the sample.
4.2 Data collection
Our analytical database is derived from two enterprise-level data sources: China’s Environmental Statistics Database (CESD) and Annual Surveys of Industrial Enterprises (ASIF). The CESD is compiled by the Ministry of Environmental Protection (MEP) of the People’s Republic of China. It contains annual emission data, energy data, and environmental investment data for the industrial sectors. The ASIF is compiled by China’s National Bureau of Statistics (NBS). It contains much information on all state-owned and non-state-owned industrial enterprises’ production and finances with an annual sale above 10 million CNY in 2013. The ASIF is one of the key micro-data sets used widely by China’s researchers, and the CESD has only recently become available to researchers. Recently, more and more researchers have been using these two comprehensive datasets to study enterprises’ environmental behavior (e.g., (Liu et al., 2017; Huang and Chang, 2019; Zhang et al., 2019)).
For baseline regressions, two datasets were matched and 15,229 observations were obtained in total. To ensure the accuracy of the data, the researcher’s team also performed a random comparison between the data in the database and the annual reports or information on the enterprises’ websites.
4.3 The analysis framework
To investigate the relationship between ownership and pollution emissions and the mediation effect of energy efficiency, the researchers established the econometric model as follows:
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The dependent variable is pollu, which represents environmental behavior. The independent variable is soe, which represents ownership. The controlling variables are size, profit, lev, age, and treatment, representing the enterprise size, the state of operation, assets structure, the enterprises’ duration, and the environmental investment for pollution reduction. i = 1, … , n identifies the enterprise, t = 1, … , 39 refers to each industry, and ɛ is the error term. The regression model (1) is used to check the total direct effect of ownership on pollutant intensity.
The dependent variable pollu is defined as the pollution intensity of industrial waste gas emissions, the pollution intensity of NOx emissions, and the pollution intensity of industrial dust emissions. The units of three air pollution intensities are million cubic meters per thousand CNY, tons per million CNY, and tons per ten thousand CNY. Here, the pollutant emissions are measured by three gas emission intensities for two reasons. First, following urbanization, the discharge of wastewater is increasingly greater from residential sources than from manufacturing. For example, in 2015, the volume of household wastewater discharge was approximately 535,204 million tons, accounting for 72.78% of the total wastewater discharge volume2. Therefore, as regards water pollution, the primary source of pollution is living and not producing, which is why we use air pollution, rather than water pollution, to represent the environmental behavior. Second, the pollutant emissions are measured by air pollution intensity rather than by total pollutant discharge. To a great extent, the total volume of emissions will be affected by the production scale, which cannot reflect environmental performance quality. To eliminate the influence of scale on pollution, the researchers used emission intensity to characterize pollution emission.
The independent variable soe is also defined as a dummy. Based on previous researches, SOE samples are defined as the share of state ownership exceeding 30% (Huang et al., 2017). If the percentage is more than 30%, the enterprise is considered state-owned; otherwise, it is considered privately-owned. The 30% threshold is chosen because it indicates relative state control based on available government documents.
The controlling variables include size, profit, lev, age, and treatment. size refers to the natural logarithm of total assets. On the one hand, large-scale enterprises are more innovative because they have extra financial resources to improve production technology and environmental technology (Arora and Cason, 1995; Hamilton, 1995). The regulators are often successful in pressing them to pollute less (Lei et al., 2017). On the other hand, large-scale enterprises are influential, and they may have the bargaining capacity to avoid environmental punishment. So, as yet, enterprise size and pollution intensity are not directly comparable. profit is a comprehensive reflection of enterprise management, which may influence the cash flow and investment for environmental protection. lev refers to the ratio of total liabilities to total assets of an enterprise, reflecting whether the basic financial structure of enterprises is stable. The stability of the financial structure is essential to ensure environmental protection investment. age is measured by the observation year minus the year that the enterprise was established. treatment is measured by the operational cost of industrial waste gas treatment facilities. The higher the operating cost, the more environmental investment and pollution treatment required.
The regression model (2) is used to check the influence of ownership on energy efficiency.
[image: image]
The dependent variable is energy. In order to facilitate the aggregation of different types of energy consumption, this paper converts the industrial coal consumption, fuel oil consumption and natural gas consumption in the database into standard coal consumption and sums them up3. At the same time, energy efficiency is defined as the standard coal consumption per unit income value of an enterprise, that is, the standard coal consumption of an enterprise divided by its total income (Lyubich et al., 2018). The controlling variables are similar to model (1). The regression model (3) is used to check the indirect influence of ownership and energy efficiency on pollutant intensity.
[image: image]
Combined with the research theme of this paper, this paper adopts the classic mediation effect test (Baron and Kenny, 1986), the test steps based on the “Causal Steps Approach” are as follows: The first step is to estimate the empirical model (1) and check the total effect of ownership on environmental pollution. If [image: image] is significant, the test will go on. The second step is to estimate the indirect effect of empirical models (2) and (3). If [image: image] and [image: image] are both significant, then the indirect effect is valid. If [image: image] and [image: image] are not significant, the Bootstrap method is used to test whether [image: image] is significantly zero. If not, the indirect effect is valid; otherwise, the indirect effect is not valid. Thirdly, when the mediation effect is established, if [image: image] is significant, the direct effect will also be proved. If [image: image] is not significant, the direct effect will not be valid, and all the influence of ownership on emission pollution is caused by the mediation effect (Judd and Kenny, 1981). The fourth step is to compare the symbols [image: image] and [image: image]. If the symbols are the same, then part of the mediation effect is valid, whereas, if the symbols are opposite, there is a suppressing effect (MacKinnon et al., 2000).
4.4 Summary statistics
The summary statistics of key variables in the state-owned sample and the private-owned sample are compared in Table 1. As shown, the average industrial waste gas emission intensity is 0.423 million cubic meters per thousand CNY for SOEs and 0.103 million cubic meters per thousand CNY for POEs. The average industrial NOx emission intensity is 1.314 tons per million CNY for SOEs and 0.245 tons per million CNY for POEs. The average industrial dust emission intensity is 0.783 tons per ten thousand CNY for SOEs and 0.111 tons per ten thousand CNY for POEs. Overall, SOEs’ gas pollution intensity is much higher than that of POEs, suggesting that SOEs’ environmental behavior is relatively low.
TABLE 1 | Summary statistics of the key variables.
[image: Table 1]As shown in Table 1, there is a significant difference between SOEs and POEs, and the average emission intensity of SOEs is much higher than that of POEs. Whether the ownership structure causes the different environmental performances of SOEs and POEs needs further analysis. The pollutant emission of industrial enterprises depends on many factors, such as production, technology, energy efficiency, etc., and all the factors are closely related to the industry. Whether the different emission intensities of SOEs and POEs are not attributed to the ownership but enterprises’ distribution? In other words, whether more SOEs distribute in high-pollution industries and more POEs distribute in low-polluting industries?
The proportion of SOEs and POEs in 39 industries in China is calculated and shown in Figure 2. As can be seen, the numbers of SOEs and POEs in different industries are quite different. In several industries, the proportions of SOEs exceed 50%, such as “Manufacture of Tobacco” (C16), “Extraction of Petroleum and Natural Gas” (B07), “Mining and Washing of Coal” (B06), “Production and Supply of Electric Power and Heat Power” (D44), “Repair Service of Metal Products, Machinery, and Equipment” (C43), and “Production and Supply of Gas” (D45). In other industries, the proportions of SOEs are not so high. Even in several industries, the number of SOEs is less than five. For example, there is only one SOE in four industries, including “Utilization of Waste Resources” (C42), “Manufacture of Furniture” (C21), “Other Manufacture” (C41), and “Manufacture of Articles for Cultural, Educational, Arts and Crafts, Sports and Entertainment Activities” (C24). The unbalanced distribution of SOEs in China shows that SOEs may not enter the industry randomly. During the development of Chinese SOEs, most SOEs are from high-polluting industries. Because the heavy industry has become the first industry to develop in the 1950s, making SOEs become leaders in these industries. Following the gradual progress of China’s reform and opening up, POEs have gradually developed. However, most POEs entered the light industries instead of heavy industries because SOEs occupy most heavy industries. Consequently, there are significant differences in the distribution of Chinese SOEs and POEs in different industries.
[image: Figure 2]FIGURE 2 | Enterprises distribution of 39 industrial sectors in China. Notes: the industry code is shown in Appendix A.
Furthermore, Figure 3 compares the ratio of average industrial coal consumption to total gross turnover between SOEs and POEs in 39 industrial sectors. As shown in Figure 3, the ratio of coal consumption to the gross revenue in SOEs is relatively higher than that in POEs in most sectors except for “Manufacture of Rubber Products” (C29_1). The coal consumption intensity of SOEs is ten times that of POEs in the following sectors: “Mining and Processing of Non-metal Ores” (B10) and “Manufacture of Plastics Products” (C29_2).
[image: Figure 3]FIGURE 3 | Coal consumption to the total revenue in 39 industrial sectors in China.
Does the difference in energy consumption between SOEs and POEs cause the divergence in pollution emission? Whether the different industrial distribution causes the gap in pollution emission intensities of SOEs and POEs? To determine whether there are significant differences in environmental behavior between SOEs and POEs in an industry, the research team investigated the average intensities of releasing industrial waste gases (NOx and industrial dust) into the air from SOEs and POEs in 39 industrial sectors. As shown in Figure 4, there are wide variations in the intensities of emitting air pollutants in different industrial sectors. The air pollutant emission intensities in some sectors are incredibly high, such as “Production and Supply of Electric Power and Heat Power” (D44), “Mining and Processing of Non-metal Ores” (B10), and “Manufacture of Plastics Products” (C29_2).
[image: Figure 4]FIGURE 4 | Pollutant emission intensities of 39 industrial sectors in China.
Nevertheless, the air pollutant emission intensities are relatively low in some industries, such as “Printing and Reproduction of Recording Media” (C23), “Manufacture of Articles for Cultural, Educational, Arts and Crafts, Sports and Entertainment Activities” (C24), and “Repair Service of Metal Products, Machinery, and Equipment” (C43). The air pollutant emission intensities of SOEs and POEs indicates even gaping differences in the same sector. 11 industries bear signs of higher waste gas emission intensities in SOEs than in POEs, while 16 lower. Therefore, there are still some differences in the air pollutant emission intensities between SOEs and POEs in spite of not an entirely random industrial distribution of SOEs and POEs in China. However, why do SOEs discharge higher pollution emissions? Does it have something to do with their varying energy efficiencies? That requires the mediation effect test.
5 RESULTS AND DISCUSSION
5.1 Benchmark regression results
Based on the above research design, the baseline regression results of this paper are shown in Table 2. Columns (1), (2), and (3) showcase the statistical results of fixed OLS regressions, using the industrial waste gas emission intensity to represent environmental pollution, Columns (4) and (5) using industrial NOx, and the last two Columns using industrial dust. The estimation results of empirical Equation 2 are consistent since it does not matter which pollutant is used to characterize environmental pollution, so the estimation results of Equation 2 are reported only in Column (2).
TABLE 2 | Mediation effect regressions.
[image: Table 2]As shown in Table 2, in Columns (1), (4), and (6), ownership has a positive and significant coefficient, suggesting that the pollutant emission intensity in SOEs is higher than that in POEs, and the environmental behavior of the SOEs is worse than that of POEs. In Column (2), when energy is the dependent variable, the regression coefficient of ownership is also significantly positive, indicating that the energy consumption of SOEs is higher than that of POEs and it also shows that the energy efficiency of SOEs is lower. In Column (3), both the estimated coefficients of ownership and energy are significantly positive. Based on the estimation results of Columns (1), (2), and (3), it can be concluded that the pollution emission intensity of SOEs is higher than that of POEs, and energy efficiency plays an important mediating role in the impacts of ownership on pollution emission intensity. Therefore, it is fair to say that SOEs have relatively higher energy consumption that leads to greater pollution emission intensity. The reason why SOEs generate higher pollution emission intensity is that their energy efficiency is low. Similarly, regression results in Columns (4), (5), (6), and (7) are robust where the pollutant emission intensity is represented by either industrial NOx or dust.
The extent to which the energy efficiency mediates the impact of ownership on three pollutants is different. First, as for the relationship between ownership and industrial waste gas emission intensity, the energy efficiency contributes 20.41% to the total mediation effect with the ratio of indirect effect to direct effect at 0.2565. Second, in terms of the relationship between ownership and industrial NOx emission intensity, energy efficiency contributes 35.14% to the total mediation effect with the ratio of indirect effect to direct effect at 0.5417. Last, the energy efficiency contributes 19.52% to the total mediation effect in the relationship between ownership and industrial dust emission intensity, and the indirect-to-direct ratio is 0.2426. It can be seen that the degree of the energy efficiency mediating the relationship between ownership and waste gas intensity is similar to that in the relationship between ownership and dust emission intensity since both of the contribution rates are close to 20%. However, NOx is different from waste gas and dust since its contribution rate of mediation effect is the largest which reaches 35.14%. That shows that when enterprises emit different types of pollutants, compared with waste gas and industrial dust emissions, improving the energy efficiency of enterprises is the most conducive to reducing NOx emissions, especially for SOEs with low energy efficiency.
Besides, research on the control variables brought some valuable findings. Size has a significant and negative coefficient, suggesting that businesses of the larger size normally emit fewer gas pollutants at a lower intensity, so from this point of view, the larger, the better. That may be because large businesses invest more in environmental treatment that enjoys a scale effect. Air pollution treatment facilities, such as desulfurization and denitration units, can generate larger output and bring a greater total amount of pollution treatment, yet with lower costs. Therefore, large businesses have more cost-effective environmental treatment, which is consistent with the conclusions of many studies (e.g., (Arora and Cason, 1995; Hamilton, 1995; Lei et al., 2017)). In Columns (4), (5), (6), and (7), profit has a significant and positive coefficient, suggesting that businesses with higher profit rates have higher pollution emission intensity. The reason may be that businesses with higher profit rates are generally in the initial or growth stage of their life cycle when the top priority is to occupy the market. Compared with this, it is not essential to fulfill social responsibilities, such as environmental protection. In Columns (2) and (6), lev has a significant and positive coefficient, indicating that the higher the proportion of debt to total assets, the greater the pollution emission intensity. Therefore, increasing the proportion of debt is not conducive to the improvement of environmental behavior. Except for Columns (1), (2), and (3), age has a significant and negative coefficient, suggesting that older enterprises have relatively low pollution emission intensity, and the environmental behavior of newly-established enterprises is poor. Finally, treatment always has a significant and positive coefficient since huge environmental treatment costs often accompany high pollution emission intensity.
5.2 Industries with different levels of pollution
There are some differences between the environmental behavior of enterprises in high-polluting industries and that of enterprises in low-polluting industries. To investigate the different mediation effects in these two industries, the researchers split the whole sample into high-polluting industries and low-polluting ones. According to the “Guidelines for Environmental Information Disclosure of Listed Enterprises” issued by the MEP, the high-polluting industries include six industries: “Electric Power Thermal Production and Supply Industry”, “Ferrous Metal Smelting and Calendering Industry”, “Non-metallic Mineral Products Industry”, “Non-ferrous Metal Smelting and Calendering Industry”, “Chemical Raw Materials and Chemical Products Manufacturing Industry” and “Petroleum Processing, Coking, and Nuclear Fuel Processing Industry”. The rest 33 industries are low-polluting. In 2013, the above six heavy-polluting industries released 90% of all industrial waste gas emission approximately.
The regression results for high-polluting industries and low-polluting industries are presented separately in Table 3. The regressions for high-polluting industries are in Columns (1), (2), and (3), and the regressions for low-polluting industries are in Columns (4), (5), and (6). In every column in Table 3, environmental pollution is represented by industrial waste gas emission intensity. As shown in Table 3, in Columns (1) and (4), ownership has a positive and significant coefficient, suggesting that the waste gas emission intensity of SOEs is higher, and the environmental behavior of POEs is better in both high-polluting and low-polluting industries. In Column (2) and (5), the regression coefficients of ownership are also significantly positive, which fully shows the energy efficiency of SOEs is lower than that of POEs in both high-polluting and low-polluting industries. In Column (2) and (5), the regression coefficients of ownership are also significantly positive, which fully shows the energy efficiency of SOEs is lower than that of POEs in both high-polluting and low-polluting industries. At the same time, combined with the regression results in columns (3) and (6), it is verified that the mediating role of energy efficiency is significantly established in both high-polluting and low-polluting industries, with a 50.30% mediation effect in the high-polluting industries and 59.76% in the low-polluting industries. And whether it is a high-polluting industry or a low-polluting industry, the contribution rate of mediation effect has both exceeded its contribution rate of the direct effect according to the regression results.
TABLE 3 | Mediation effect regressions in different industries.
[image: Table 3]These empirical results illustrate two findings: First, the mediating role of energy efficiency cannot be ignored in both high-polluting and low-polluting industries. An in-depth analysis of energy efficiency is essential for comparing enterprises’ environmental behavior with the different ownership structures. Second, the less polluted the industry, the greater the mediation effect of energy efficiency. For this reason, to achieve the goal of pollution treatment in the low-polluting industries, more efforts should be devoted from the perspective of energy, such as improving the efficiency of energy use and optimizing the structure of energy consumption.
5.3 Regions with different economic growth pressures
An increasing number of studies have found that the relationship between the government and enterprises is very delicate, especially in developing countries like China. To pursue the growth of local economies, the local government may relax environmental regulation on local businesses, especially SOEs. Similarly, POEs are normally willing to benefit from relaxed environmental regulation policies by building political connections. In this way, the local government and the regulated enterprises may form a certain balance where each side satisfies its own needs through political connections, but the balanced consequences may deteriorate environmental performance.
Therefore, the lower the level of economic development and the greater the pressures of growth, the more the local government tends to pursue economic growth instead of environmental protection. To analyze whether the relationship between ownership and environmental pollution is different under different growth pressures and whether the mediating effect of energy efficiency is still valid, the researchers divided the samples into two groups: a high growth pressure group and a low growth pressure group. First and foremost, the city where each sample business is located is identified. Then, the research team calculated the GDP growth rate of each sample city according to the “China Urban Statistics Yearbook” in 2013. As a result, if the city’s GDP growth rate is lower than the average of the province where it locates, the growth pressure is considered to be high; otherwise, the growth pressure is not considered as high. Finally, the regressions for Eqs. 1–3 are repeated.
The regression results of the high growth pressure group and the low growth pressure group are presented in Table 4 respectively. The regressions of high growth pressure samples are in Columns (1), (2), and (3), and the regressions for low growth pressure samples are in Columns (4), (5), and (6). Also. in every column in Table 4, the environmental pollution is represented by industrial waste gas emission intensity. Firstly, as shown in Column (1) in Table 4, ownership has a positive and significant coefficient, but in Column (4), the estimated coefficient of ownership is not significant. Thus, in the cities with high growth pressure, SOEs’ pollutant emission intensity is more than that of POEs. Conversely, there is no noticeable difference in the pollutant emission intensity between SOEs and POEs in the cities with low growth pressure. This may be on account that the local government is more likely to first relax environmental regulations on SOEs in cities with high growth pressure, leading to increased pollutant emission intensity and deterioration of SOEs’ environmental behavior. In cities with little growth pressure, it is not necessary for the local governments to relax environmental regulations to boost the economy. The environmental behavior of SOEs and POEs depends mainly on their characteristics. If it is assumed that the characteristics of enterprises are distributed randomly, then the environmental behavior of SOEs and POEs should be similar. Besides, from the regression results in columns (1) to (4), it can be seen that the mediating effect of energy efficiency is more significant in cities with high growth pressure, but not significant in cities with low growth pressure. The reason may be that, for cities with low growth pressure, since the economic growth pressure itself is low, and there is not enough motivation to further develop the economy, so the environmental pollution problems accompanying economic growth are also less. At this time, there is no obvious difference in the pollution emission intensity of SOEs and POEs, which further leads to the insignificant mediating effect of energy efficiency.
TABLE 4 | Mediation effect regressions under different growth pressures.
[image: Table 4]5.4 Robustness tests
To ensure the robustness of the regression results, the research team also carried out the following robustness tests, the test results are shown in Table 5. On the one hand, we only retain the manufacturing industry sample and re-estimate the mediation effect model in columns (1)–(7). Columns (1), (2), and (3) use industrial waste gas emission intensity to represent pollu, columns (4) and (5) using industrial NOx, and columns (6) and (7) using industrial dust. The results illustrate that the regression results hardly changed. On the other hand, the industrial SO2 emission intensity is used to characterize the pollution emission intensity, and the mediation effect model is tested repeatedly. The regression results are shown in columns (8) and (9). Similarly, the results are still robust.
TABLE 5 | Mediation effect regressions (robustness tests).
[image: Table 5]6 CONCLUSION AND POLICY IMPLICATIONS
Enterprises with different ownership structures have varying goals, decision-making methods, and risk attitudes, therefore conducting different environmental behaviors (Meyer and Pac, 2013; Li and Chan, 2016; Clò et al., 2017). Will POEs pay more attention to economic profits and undermine environmental responsibility, thus exacerbating environmental pollution? Will SOEs pay more attention to environmental protection and strengthen social responsibility to reduce environmental pollution? Behind the differentiated environmental behavior of enterprises with different ownership types, what factors play a key role? The answers to these questions will help people understand the environmental behavior and environmental performance of different ownership enterprises and provide some references for the formulation of differentiated environmental policies.
This study explores the impact of ownership on pollution emission intensity with the adoption of micro-data of Chinese industrial enterprises. From the perspective of energy efficiency, the mechanism of ownership affecting pollution emissions is investigated further. Besides, the different mediation effects are compared in high and low-polluting industries and high and low-growth pressure cities. The findings show that the pollution emission intensity of SOEs, including industrial waste gas, NOx and dust emission intensity, is significantly higher than that of POEs. The underlying reason is the low energy efficiency of SOEs, and energy efficiency plays an important mediating role in the relationship between ownership and pollution emissions. Compared with industrial waste gas and dust emissions, energy efficiency plays the largest mediating effect between ownership and NOx emissions. Additionally, in both high-polluting and low-polluting industries, SOEs’ pollutant emission intensity is higher than that of POEs, however, the mediation effect of energy efficiency is greater in low-polluting industries. In cities with high growth pressure, SOEs’ pollutant emission intensity is higher than that of POEs. On the contrary, there are no noticeable differences in pollutant emission intensity between SOEs and POEs in cities with low growth pressure. But the mediation effect of energy efficiency is more significant in cities with high growth pressure.
The conclusions of this study provide a theoretical basis and policy inspiration for developing countries to formulate environmental policies for industrial enterprises. Firstly, the pollutant emission intensity of SOEs is higher than that of POEs, which indicates that more attention should be paid to SOEs in the formulation of environmental policies. So, we should strengthen the constraints and improve the environmental performance of SOEs, including strengthening budget constraints, optimizing energy consumption structures, improving energy consumption efficiency, and promoting the upgrading of production technology. Secondly, the mechanism of “ownership-energy-pollution” shows that energy efficiency plays an important role in enterprises’ environmental governance, especially for SOEs. Therefore, on the one hand, enterprises should optimize the way of energy utilization, transform environmental governance from end-to-end management to source prevention and control, and minimize the unnecessary consumption of energy. On the other hand, enterprises should actively introduce foreign capital and learn from the excellent production technology and management methods of foreign-funded enterprises in energy production and utilization so as to improve energy efficiency. Finally, the focuses of concern should be not only industrial enterprises but also the local government. Empirical studies show that when local governments face growth pressures, SOEs are likely to become tools to relieve growth pressures at the cost of environmental protection. Therefore, the central government should optimize the development concepts of local governments, continuously strengthen the importance of environmental protection, and provide appropriate policies and financial support in environmental protection to achieve a balance between economic growth and environmental protection.
However, this paper still has some limitations. The dataset used in this study consists of cross-industrial data because of data restrictions, making it impossible to explore more mechanisms between ownership and environmental pollution through dynamic methods. In addition, there are other potential factors, other than energy efficiency, such as soft budget constraints and differential law enforcement by the local government, that may mediate the relationship between ownership and pollution. This will be a horizon for future studies to scale.
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