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This study aims to investigate whether the subsidies promote pollution reduction or not by taking the power companies in China as a case study. So, we built a fixed-effects panel data model first, which is then used to verify the influence of government subsidies on pollution reduction in power companies. Additionally, how the subsidy influencing mechanism would work is also investigated. Results find that subsidies can significantly reduce power companies’ pollution, especially sulfur dioxide emissions and soot. At the same time, the result also showed that the government subsidies could encourage power companies to cut emissions by taking measures like end-of-pipe control and green innovation. Also, from the perspective of heterogeneity, government subsidies have a better effect on the regions with stronger environmental regulations, less economically developed regions, big-scale companies, and companies with low slack.
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1 INTRODUCTION
1.1 Background
As the largest developing country in the world, China is facing multiple challenges such as economic growth, employment security, and environmental governance (Ai et al., 2020). Among these, environmental governance is more stressful; as a result, emission reduction targets were set for each public and private sector company (Usman et al., 2021). Many administrative and voluntary approaches and subsidies were popped out at the federal and local levels in line with this. Compared with administrative orders and voluntary approaches, government subsidies have no negative impact on companies’ output, and they can influence companies’ behavior through the market force (Davis, 2017). Therefore, government subsidies can be an essential policy instrument and play an indispensable role in leading companies to allocate resources and shoulder social responsibilities (Frye and Shleifer, 1997; Wang et al., 2020). To deal with the increasingly severe environmental pollution, China’s central government issued a notice about regulating the funding channels for environmental protection in early 1984. The document held that at least 80% of the fee the government levies on companies for the discharge of pollutants had to be used to subsidize companies’ environmental protection. In 1994, the Ministry of Environmental Protection and the Ministry of Finance jointly issued a couple of provisions about enhancing the management of environmental subsidies, which specially regulated the use of the means of government subsidies to stimulate companies’ environmental protection. In 2003, regulations regarding the utilization and management of pollutant discharge fees regulated that the fee should be used for companies’ pollution management. The interim measures for the management of special funds allocated by the Central Finance for Emission Reduction of Major Pollutants issued by the Ministry of Finance in 2007 regulated establishing national funds for emission reduction of major pollutants and encouraging provincial-level governments to enact environmental subsidy policies for local environmental protection. The 12th 5-year (from 2011 to 2015) plan requested local governments to increase the budgets for environmental gradually subsides in their annual financial plans (Ren et al.,2021). When we look at the sectors, economic growth, and environmental governance, the energy sector has a prominent role in the nation’s economy. However, the stressing point is its environmental impact. Considering the case of power companies in China, they are dominated by coal as a resource for producing power, and this determines the severe effect of the electric power industry on environmental quality (Yan and Yang, 2008). In 2012, China became the most significant contributor to global sulfur dioxide (SO2) emissions (Shi et al., 2016). The current rates rose to 33%, and coal power plants seem to be the primary sources (Zhao et al., 2013; Nakaishi et al., 2021). Noticing this, the Chinese government started emphasizing emission reduction in power companies by providing investment subsidies for technology innovation and reform through direct fiscal appropriation, finance discounts, and tax subsidies (Gao et al., 2009; Liang et al., 2015; Shi et al., 2016; Zhang et al., 2017; Hou et al., 2020; Schreifels et al., 2021). For instance, the government passed a regulation requiring the newly built coal power plants to install desulfurization units. A price subsidy for desulfurization is offered to promote this, that is, raising the price limit for electricity to 0.015 yuan per kilowatt hour. Also, to improve the development of new-energy power firms in line with environmental regulations, the government provided subsidies to the renewable power plants (including wind power plants, photovoltaic power plants, and biomass power plants) (Li, 2021). However, these measures mainly include sewage discharge permission which the power companies must apply in advance. On the other side, the local governments take compulsive measures to limit the companies’ production and ensure the emission complies with standards for discharge of pollutants. But these sewage discharge permission significantly affected the power companies’ pollution management costs; in many instances, their costs are increased. It became worse and burdened the companies when the business scale of sewage discharge was immense. Such burdens lead to limiting production levels to reduce the pollution management cost. But such development approaches made the national economy unsustainable.
To counter such issues, researchers like Zhang and Zhang (2011) and Wang and Zhang (2018) showed that increasing the facilities for pollution reduction and green technology innovations can save energy and reduce emissions. We reviewed end-of-pipe treatment and green innovative strategies in the following sections to understand this more thoroughly.
1.2 End-of-Pipe Treatment Strategy
The end-of-pipe treatment strategy is a passive environmental governance approach (Hart, 1995; Sharma et al., 1998); it is the first approach raised and adopted in environmental management. It is mainly introduced through the purchases and installations of pollution control equipment (for instance, the desulfurization equipment or using the raw materials which will generate fewer pollutants) when companies face pressure from external environmental regulations during electric power production. More specifically, coal ore with less sulfur content can reduce SO2 emissions. On the other side, the waste heat recovery of soot for reheating can further reduce the cost of the resources used for heating the coal and help enhance the plant’s energy efficiency. In such cases, innovative changes are needed for the plant equipment, affecting the investments where the company should be able to manage it. This is where the government subsidy comes into the picture and helps to increasing the cash flow of the subsidized companies and meet the capital demand for companies to upgrade their equipment with new technology in line with environmental regulations (Zhang and Zhang, 2011; Wang et al., 2015; Wang and Zhang, 2018; Yan et al., 2019).
1.3 Green Innovative Strategies
In the early days, the pollution management technologies adopted during the life cycle of environmental management practice were relatively few. But to meet the demand for environmental management, companies have started adopting green innovative strategies (Wang and Zhang, 2020; Wang and Li, 2021). The positive externalities of green innovations will lead to innovative social benefits being higher than private benefits; technology spillovers will result in the consequence that innovative companies cannot internalize all the innovative benefits. As a result, the companies started facing capital shortages and the burden of operating costs when engaging in green innovative activities. In such cases, the government subsidies can make up the cost of companies’ green innovations and encourage companies’ participation in environmental technology innovations. In addition, relevant social investors tend to invest in companies compliant with national regulations. The government’s subsidies to environmental innovations have some signaling function. For instance, the companies that receive government subsidies can send specific signals to the society, telling the potential investors that they comply with the government’s environmental regulations and meet the government’s requirements for environmental protection so that they can get investment from the outside world (Wang and Wang, 2019; Xing et al., 2019).
From the earlier discussed end-of-pipe treatment and green innovative strategies, two hypotheses were formulated, hypothesis 1: government subsidies can help implement companies’ pollution control strategies and increase the equipment investment for environmental management to reduce the emission of pollutants; hypothesis 2: government subsidies can promote the green innovative level of power companies and reduce the emission of pollutants.
So, based on the formulated hypotheses, this article aims to study how government subsidies impact the pollution reduction of power companies from the perspectives of pollution prevention and control strategies and green innovation strategies. For this, the microdata of power companies is considered. The key contributions of the study include complementing the existing research from the microperspective of power plants combined with the emission data, followed by the analysis of the heterogeneous impact of government subsidies on the emission of pollutants from the perspective of slack that enriches the existing research. Additionally, we also bring out some operational insights that help in policy amendments.
The article structure is as follows; Section 2 introduces the empirical approaches and variables used in the investigation. Section 3 discusses the fundamental regression results, followed by a brief analysis of the relevant mechanisms. Section 4 provides the conclusion and suggestions.
2 METHODS
A fixed-effects panel data model shown in Eq. 1 was adopted to test if government subsidies can help promote pollution reduction of power companies or not.
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where the subscripts [image: image], [image: image], and [image: image] represent a company, the city where the company is located, and the year respectively; [image: image] represents the quantity of pollutants discharged by a company; [image: image] represents the subsidy income received by the company; [image: image] represents the control variables at the company level, including the size of a company and the years a company has been in business; [image: image] represents company fixed effects; [image: image] represents the year with fixed effects; [image: image] represents the control variables at the city level and the level of environmental regulations in regions; [image: image] represents error terms, and the [image: image], [image: image], and [image: image] represents the coefficients.
2.1 Data Sources and the Sample Selection
The data at the prefecture and city levels are from China City Statistical Yearbooks; the data at the provincial level is from the China environment yearbook released by the Ministry of Ecology and Environment of the People’s Republic of China. The power company’s microdata from China industry business performance data reports are considered. This mainly covers the foremost financial variables of all state-owned and big nonstate-owned industrial enterprises in China. Then, we matched the power company’s financial index data with pollution data and patent data with the China city statistical yearbook to get the indexes needed for research and analysis. However, due to data availability limitations, we only included the data from 1998 to 2014 at the company level. In addition, we eliminated the samples with a debt to assets ratio below 0, and the study also does a 10% winsorization to continuous variables to prevent the influence of extreme values on results.
2.2 Variables
While under investigation, this study accounts for numerous variables types. For instance, the explained variables, explanatory variables, control variables, and the mechanism analysis variables.
The views of Wu et al. (2018) and Xing et al. (2019) were adopted to measure the government subsidies by the amount of subsidies (denominated in millions and yuan) a company receives in the year. Moreover learning from existing literature (Nie et al., 2008; Usman and Jahanger, 2021; Wang et al., 2021), we also analyzed some other factors that may influence enterprises’ pollution reduction like the characteristics of power companies, the characteristics of prefecture-level cities and the level of regional environmental regulations. The control variables of companies’ characteristics include lnsize (firm size represented by the natural logarithm of the year-end total assets), age (years a company has been in business calculated through the formula: the year it is observed deducts the year when it is founded plus one), lev (financial leverage of a company represented by the debt-to-assets ratio: long-term debt divided by total assets), ROA (earnings of a company indicated by the Return on Total Assets), and lncapital (profitability of a company’s main businesses indicated by operating profit margin: the amount of operating profit divided by primary business income). Moreover, the factors that can be used to control the development of urbanization and industrialization like lnpgdp (the per-capita GDP level of the city in which a company is located), lnpop (density of population: year-end total population divided by the territorial area of the city), and struc2 (the ratio of the second and third industries’ output value to GDP) are added. These variables are expressed in logarithmic forms, respectively. Considering the possible impact of environmental regulation, the levels of different regions on companies’ emission of pollutants are considered. Also, learning from Hong et al. (2011), the pollution discharge fee is viewed as a proxy variable. The data relating to pollution discharge fees are available only at the provincial level, so we used the provincial-level pollution discharge fees (lnfees) to indicate the environmental regulation levels of different cities. Some researchers in the literature have already tested how intermediate variables (number of the equipment for pollution management and number of green innovations) reduce a company’s emissions. Hence, we adopted the validation method of the mechanism of an intermediary function raised by Wen and Ye (2013), see Eq. 2.
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where [image: image] represents intermediate variables such as the number of facilities for pollution reduction and the number of technological innovations adopted by the power company. The rest of the variable’s definitions are the same as the ones shown in Eq. 1. Now, in Eq. 2, if the regression coefficients have significance, it indicates the existence of a mechanism of action of how government subsidies influence power companies’ pollution reduction.
The proxy variable of pollution management facilities is the investment in equipment for pollution reduction, that is, the number of facilities for flue gas purification and the number of facilities for wastewater management. Regarding the measurement indexes of green technology innovations, this study learns from previous research and uses the logarithms of the number of applications for green patents (Dong and Wang, 2019; Pei Xiao et al., 2019), that is, because the patent is a strong index of green innovations (Berrone et al., 2013). The research is carried out based on the information about companies’ patent applications released by the State of Intellectual Property Office of China by combining the international patent classification code of green patents listed on the green patent list, which is provided by WIPO (World Intellectual Property Organization) and the keywords (environmental protection, energy saving, pollution reduction, low carbon, cleanness, recycle, and sustainability) of the new definition of companies’ green innovations raised by Lim and Prakash (2014). Research investment is also a standard index for green innovations; this study does not adopt the index because the research investment index in China industry performance data is only available till 2007. Compared with other analysis methods, the descriptive statistical analysis can more visually measure the overall level and scale of one region’s green technology innovations. Hence, the study adopts the descriptive statistical analysis method; details are given in Table 1.
TABLE 1 | Descriptive statistical analysis.
[image: Table 1]3 RESULTS AND DISCUSSION
3.1 Benchmark Regression Result
The benchmark regression results shown in Table 2 are estimated based on Eq. 1, where the regression formula controls the company fixed effects and year fixed effects, and standard errors cluster at the city level. It only considered core explanatory variables in column 1 and government subsidies remarkably improved the reduction of SO2 emissions of power plants at 1%. It added control variables in column 2; the results show that the explanatory variables are still significantly negative. We can see from the coefficients that government subsidies help reduce power companies’ SO2 emissions by 0.0178 tons. Similarly, government subsidies can substantially reduce soot emissions by 0.005 tons. Therefore, benchmark regression analysis initially proves that government subsidies statistically and economically influence the emission reduction of SO2 and soot.
TABLE 2 | Benchmark regression results.
[image: Table 2]3.2 Robustness Test Results
The robustness test results include the observed effects of substitution variables and the downsizing of company samples. The emission intensity of pollutants is taken as a substitution variable to reprove government subsidies’ impact on pollution reduction. The emission intensity indexes required are represented by SO2 and soot divided by the total industrial output value. There are many new types of power generation options; these include hydropower plants, solar power companies, wind power enterprises, and biomass power plants. Such a sample would cause deviations and errors. To avoid this, we only considered thermal power plants when testing the government subsidies’ effects on reducing the emission of pollutants.
3.2.1 Substitution Variables
The regression results (in Table 3) indicate that government subsidies have a remarkable effect on reducing emission intensities of SO2 and soot. It shows that government subsidies can help improve companies’ productivity and reduce pollution under unit production value. In other words, government subsidies reduce the cost companies’ cause to the outside world through power plants’ technological improvements and green technology innovations.
TABLE 3 | Robustness test results of substitution variables.
[image: Table 3]3.2.2 Downsizing the Sample Size
From the results shown in Table 4, we can see that government subsidies have a remarkable effect on reducing SO2 and soot emissions. Also, the parameters and coefficients of regression results are more prominent than benchmark regression results, indicating that government subsidies have a remarkable impact on thermal power companies’ emissions reduction.
TABLE 4 | Government subsidies’ effects on thermal power plants’ emission reduction.
[image: Table 4]3.3 Analysis of Heterogeneity
This section presents the results related to the heterogeneity of enforcement of environmental regulations, levels of economic development, firm size, and the slack.
3.3.1 Heterogeneity of Enforcement of Environmental Regulations
Environmental management requires companies to increase their budgets (on pollution reduction) or reduce their benefits, so companies will have no motivation to overachieve the goal of emission reduction as requested by local environmental rules when there are some differences in the enforcement of regional environmental regulations. Generally, the companies in the regions with weak enforcement of regulations usually have a relatively low motivation to reduce the emission of pollutants, so government subsidies’ effects will be ineffective. Keeping this in view, Table 5 presents the heterogeneity of enforcement of environmental regulations results.
TABLE 5 | Heterogeneity of enforcement of environmental regulations.
[image: Table 5]From Table 5, we can see that columns 2 and 4 are the regions with strong enforcement of environmental regulations where the government subsidies' effect on power companies' emission reduction was stronger. This observation is in line with the results reported by Chen and Chen (2018) and Cheng and Chen. (2019). They said that the regulations and measures could effectively reduce environmental pollution. Therefore, if we want government subsidies to function and perform effectively, we need to combine them with environmental regulations and policies.
3.3.2 Heterogeneity of Levels of Economic Development
In Table 6, the results of the heterogeneity levels of economic development are shown. The difference in levels of regional economic development is another factor that may influence the government’s subsidy effect on power companies' pollution reduction targets. This is because government subsidies’ outcome depends on the relative value where the companies in more economically developed regions would exhibit low value. It might be due to the more active financial markets, and the chances for power companies to get funds are high from the market. In addition, such active markets give the power companies more access to funds. Government Subsidies have a relatively weak effect on relieving business liquidity pressure and financing pressure, so the subsidies’ impact on the emission reduction of pollutants is relatively weak.
TABLE 6 | Heterogeneity of levels of economic development.
[image: Table 6]On the contrary, the effect on the power companies in less economically developed regions is strong. The sample companies in columns 1 and 3 of Table 6 belong to the power enterprises in less economically developed regions, government subsidies’ effect on the emission reduction is stronger than the power companies (in columns 2 and 4) in more economically developed regions. This concludes that government subsidies can better affect the emission reduction of power companies in less economically developed regions.
3.3.3 Heterogeneity of Firm Size
The firm size could potentially affect the emission reduction targets. For instance, when compared with small-scale companies, the investment made by big-scale companies for reducing the emission of pollutants and green innovations could potentially result in a scale effect. So, in such situations, the government subsidies’ influence on the pollution reduction of companies may be heterogeneous.
Columns 1 and 3 in Table 7 represents small-scale power companies, whereas columns 2 and 4 represent big-scale power enterprises. The observed regression results indicate that government subsidies’ impact on reducing big-scale companies’ emissions is more remarkable. But in the case of small-scale companies, although the influence on SO2 emission reduction is significant, the impact on soot emission is not as impressive. So, the overall observation is that the big companies are more able to take social responsibilities. In contrast, the small companies use the subsidies they receive for production, which further encourages the companies to purchase the equipment for pollution reduction.
TABLE 7 | Heterogeneity of firm size.
[image: Table 7]3.3.4 Heterogeneity of Slack
Slack belongs to companies’ internal resources like surplus cash and idle production equipment. Suppose, if a company has enough slack to support green fields, its dependence on external resources will decrease, and the relative value of government subsidies to the company will be low. Generally, slack can be divided into low discretion slack (SR1) and high discretion slack (SR2). SR1 has low liquidity, and it needs more time to convert or to be utilized when facing some specific utilization (Li and Liu, 2010). For instance, idle production equipment.
Regarding the method for measuring low discretion slack (Herold et al., 2006; Iyer and Miller, 2008; Latham and Braun, 2008; Yang et al., 2015), we used Eq. 3.
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In Table 8, the heterogeneity of the low discretion slack (SR1) result is given. From Table 8, we can see that columns 1 and 3 belong to the SR1 low group, and government subsidies have a remarkable effect on companies’ emissions reduction. In contrast, columns 2 and 3 belong to the SR1 high group, and government subsidies’ impact on companies’ emission reduction is insignificant. This indicates that if a company has a high SR1, it will not be easy for government subsidies to mobilize the company’s internal organizations to use the resources for emission reduction.
TABLE 8 | Heterogeneity of low discretion slack (SR1).
[image: Table 8]High discretion slack (SR2) is not for specific utilization or needs. It has relatively high liquidity, so administrators can more easily control it. We used the quick ratio index to measure it, as shown in Eq. 4.
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In Table 9, the heterogeneity of the high discretion slack (SR2) result is given. From the measuring results of Table 9, it can be observed that the government subsidies’ impact on the reduction of SO2 emissions has a better effect on power companies with low SR2 (in column 1) when compared with power companies with high SR2 (in column 2). Coming to the influence of government subsidies on soot emission reduction, it is remarkable for the companies with low SR2 (in column 3) and not significant for the ones with high SR2 (in column 4). This indicates that companies with high SR2 have abundant liquid assets, and their government subsidies' relative value is low, revealing that subsidies cannot remarkably encourage them to allocate the slack to the field of pollution reduction.
TABLE 9 | Heterogeneity of high discretion slack (SR2).
[image: Table 9]Overall, the heterogeneity of slack results suggests that government subsidies significantly affect the emission reduction of power companies. The effect could be more significant for companies with scarce slack than for those with rich slack.
3.4 Mechanism Analysis
This section presents the mechanism analysis test results for the hypothesis 1: government subsidies can help implement companies’ pollution control strategies and increase the equipment investment for environmental management to reduce the emission of pollutants, and hypothesis 2: government subsidies can promote the green innovative level of power companies and reduce the emission of pollutants.
3.4.1 Pollution Prevention and Control Approaches
From the aforementioned results, it can be understood that subsidies positively impact pollution prevention equipment purchases. To understand this, two facility approaches, where facility one represents the number of exhaust gas pollution management facilities and facility two represents the number of wastewater pollution management facilities, are considered. The regression model shown in Eq. 2 verifies government subsidies’ influence on the number of facilities for pollution management, and the results are given in Table 10. From Table 10, it can be observed that government subsidies have a significant positive effect on the investment in facilities for fuel gas purification. However, they do not substantially impact the investment in facilities for wastewater treatment, and the influence is still positive.
TABLE 10 | Pollution prevention and control strategies.
[image: Table 10]3.4.2 Green Innovative Approaches
Table 11 presents the results of the green innovative strategies obtained by solving the regression model shown in Eq. 2. Here, invention patents are regarded as substantive innovations (invention), appearance design patents, and utility model patents as strategic innovations (noninvention) (Li and Zheng, 2016). Table 11 results reveal that the government subsidies are helpful for the substantive innovations of power companies where the income in the form of subsidy would be allocated for improving green technologies in the company. However, government subsidies’ influence on companies’ nonsubstantive innovations is not notable, indicating that government subsidies cannot realize the goal of reducing company emissions through strategic innovations.
TABLE 11 | Green innovative strategies.
[image: Table 11]4 CONCLUSION AND THE SUGGESTION
This study investigated whether the existing subsidies will promote pollution reduction or not by taking the power companies in China as a case study. For this, a fixed-effects panel data model was built to verify the influence of government subsidies. Based on the investigation, the following conclusions were made:
• An increase of one million yuan in government subsidies could potentially reduce the SO2 and shoot emissions in power companies by 0.0178 and 0.005 tons, respectively.
• The heterogeneity results suggest that government subsidies significantly affect the emission reduction of power companies but depend upon many factors. So, it is always advised to consider the enforcement level of environmental regulations, levels of economic development, firm size, and slack. Moreover, government subsidies have a more prominent effect on the pollution reduction of regions with stronger environmental regulations, less economically developed regions, big-scale companies, and companies with low slack.
• Mechanism analysis shows that government subsidies can encourage companies to increase facilities for emission reduction and adopt green innovative technologies.
Based on the concluding remarks, we proposed the following suggestions, given that government subsidies have a more considerable marginal effect on power companies.
• Green innovations have a emission reduction effect and a knowledge spillover effect, so government subsidies not only need to encourage power companies to reduce the emission of pollutants through the two approaches but also encourage the companies to focus on green inventions and innovations.
• It is strongly advised that the government subsidies combine with environmental regulations to deal with power companies’ pollution reduction.
• There is a high potential and scope for emission reduction in economically developed regions as they have better access to funds and technology. So, the government subsidies should give more support to companies in that region.
• Scale effects should be considered when providing government subsidies, especially for the big-scale companies. Given such a policy, the scale effect of pollution reduction could be realized practically.
• More considerable support should be given to the power companies whose slack is low. Hence, formulating a policy in line with slack would be better.
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