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China’s extensive growth since reforming and opening its economy has led to increased pollution, and under the United Nations Framework Convention on Climate Change, Chinese companies must initiate green innovation to meet the world trend and enhance their international competitiveness. In addition, with institutional and cultural differences, policy drive is a key focus of China’s development. Therefore, China’s Energy Saving and Emission Reduction policy has its own necessity and characteristics as a mechanism for green innovation in enterprises. This study examines the impact of the 13th Five-Year Plan on green innovation from the perspective of the Energy Saving and Emission Reduction policy. First, the data of 100 listed enterprises in two control zones (TCZ) and non-two-control zones (non-TCZ) from 2014 to 2019 were selected to identify whether the implementation of the policy has an impact on the innovation of heavily polluting enterprises using the double-difference method (DID). The study found that the 13th Five-Year Plan for Energy Saving and Emission Reduction had a negative impact on the innovation of heavily polluting enterprises. Further, the study found that the policy had a negative impact on enterprises’ innovation through the transmission channel of increasing the environmental cost of enterprises, thus reducing investment in research and development (R&D). It is suggested that the state should start with the policy itself, identify its precise target, and formulate flexible environmental regulation policies.
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1 INTRODUCTION
China’s GDP has grown rapidly because of reform and opening-up measures, and according to economic data released by the National Bureau of Statistics, China has overtaken Japan to become the world’s second-largest economy. Although China has been at the center of industrialization in recent years, the secondary sector in China accounted for 37.8% of the GDP in 2020, which is still higher than that of Germany, a manufacturing powerhouse, and the world average. The advent of the information age has led to a flourishing economy (Işık, 2013), an increase in government investment to boost GDP per capital, and a growing problem of pollutant emissions (Işık et al., 2022) with environmental issues coming to the fore. According to a report published by the Ministry of Ecology and Environmental Protection, China’s carbon emissions will reach 13.9 billion tons in 2020, accounting for 30% of the world’s emissions. In the context of economic growth, which is obtained by energy consumption and polluting the environment, and in the context of China’s special socialist system, the formulation and successful implementation of effective policies can help the government to establish a good image, and the people will be more obedient to their guidance (Ahmad et al., 2021). Thus, the government’s macro-control measures to regulate population activities can effectively relieve environmental pressure to a certain extent, accelerate the transformation of economic growth mode from extensive to intensive, and realize the upgrading of industrial structure. The policies of the Five-Year Plan for Energy Saving and Emission Reduction are aimed at reducing the number of people living in the country. Moreover, it targets heavily polluting enterprises and provides for a reduction in the total emissions of major pollutants by approximately 40% by 2020. In the 13th Five-Year Plan issued by the State Council in 2017, it is stipulated that the value of energy consumption in 2020 will be reduced by 15% compared to the national energy consumption of 10,000-yuan GDP in 2015. Another key indicator is the reduction in total emissions of volatile organic compounds (VOC) by more than 10% in 2020 compared to 2015 (Yan et al., 2020). Environmental regulation is an important means and tool to motivate enterprises to act on protecting the environment (Rugman and Verbeke, 1998), including administrative command-based environmental regulation and market-based environmental regulation. Command-and-control environmental regulation manages subjects through local standards, regulations, and other means (Fan and sun, 2020), to achieve environmental control and promote the development of green technological innovation in enterprises. Energy conservation and emission reduction policies, as command and control environmental regulatory instruments, have been implemented in a macro-context, where the consequences of man-made destruction of the earth’s natural environment and global warming have become evident in recent years. Therefore, measures to mitigate environmental degradation are urgently needed. At the micro-level, China’s environmental regulatory policy has long been dominated by command-and-control environmental administrative instruments (Tao et al., 2021). In addition, China is in the midst of industrialization, which allows for economic transformation, so it is possible to combine this with command-based environmental regulation to adjust the status quo to an extensive economic growth mode. Unlike other environmental regulations, the Energy Conservation and Emission Reduction policy is a product of Five-Year Plans, each of which specifies a different emission reduction target and is progressive in its efforts, with a certain degree of tolerance in terms of corporate innovation; thus, differing from the impact of other environmental regulation policies on corporate innovation. The Energy Saving and Emission Reduction policy is a nationwide environmental governance strategy with a wider scope than other environmental regulations, so studying these policies can provide a more comprehensive response to the effects of environmental regulations adopted by the government. The 13th Five-Year Plan for Energy Saving and Emission Reduction considers the current environmental situation and development trends. It clearly stipulates optimizing the industrial and energy structure, strengthening energy conservation in key areas, enhancing the reduction of major pollutants, vigorously developing the recycling economy, mobilizing the whole society to participate in energy conservation and emission reduction, etc., which is systematically and comprehensively targeted in terms of program provisions. It is in line with China’s socialist national conditions by clearly defining emission reduction targets, while promoting the achievement of policy objectives through social monitoring.
As the economy grows and environmental issues become more prominent, the positive impacts of renewable energy—despite being widely accepted and used in recent years—on CO2 emissions in some regions are less than the negative impacts of fossil energy (Işık et al., 2019). With the trend of globalization, the development of international trade and the booming tourism industry have had a negative impact on the environment (Isik et al., 2017). Therefore, in the context of economic development and globalization, unilateral reliance on sustainable energy sources is not effective in alleviating environmental pressures, and companies should innovate their production methods. For example, the optimal contract theory suggests that executive incentives can achieve synergy of interests between shareholders and management, reduce agency costs, and thus promote the efficiency of corporate innovation (Grossman and Hart, 1983); while the higher echelon theory suggests that managerial experience, values, and personal traits influence corporate innovation (Hambrick and Mason, 1984). Corporate green innovation also depends on external environmental regulation, and when firms face elevated levels of environmental regulation, clean technology firms with external investment are more likely to avoid environmental regulation by purchasing production equipment and off-the-shelf technology (Emilio and Kensuke, 2018). Yan et al. (2020) found that government-led funds can promote firm innovation in conjunction with private venture capital. In the context of China’s special socialist system, environmental policies implemented by a country inevitably have an impact on some enterprises. Innovation is an important form of resource reallocation within enterprises (Bernard et al., 2010) and has an enormous impact on the output (Yi et al., 2017) and product quality (Feng, 2020). Therefore, under the pressure of policies, heavy polluters or enterprises with excessive emissions must make changes, and enterprise innovation is a better choice; however, a better choice is not necessarily a suitable choice. First, a fixed production process was established in enterprises with heavy pollution after long-term inheritance. Therefore, the cost of the production process and the investment in industrial upgrading is tremendous, which compels these enterprises to abandon innovation. Second, the early neoclassical economic theory argues that environmental regulatory policies could constrain firms’ productive activities, leading to endogenous costs (Walter and Ugelow, 1979; Feiock and Rowland, 1990; Copeland and Taylor, 1997), crowding out productive investment (Haveman and Christainsem G B, 1981) and reducing corporate research and development (R&D). The implementation of the mandatory collection of pollution charges required by the policy of Energy Saving and Emission Reduction decreases enterprises’ R&D investment and may lead to a decline in their transformation, thus exerting negative effects on their green innovation. Finally, a certain period is needed for green patents to be developed and authorized, so it is not guaranteed that the implementation of energy-saving and emission-reduction policies will have a positive effect, instead of a negative effect on the green innovation of enterprises in recent years. The 13th Five-Year Plan for Energy Saving and Emission Reduction influences enterprises’ green innovation through certain mechanisms. The policy focuses on optimizing the energy structure of industries and strengthening the emission reduction of major pollutants. This leads to a curtailment in the investment capital of heavy polluters in terms of innovation. Therefore, this study examines the impact of the 13th Five-Year Plan for Energy Saving and Emission Reduction policy on the green innovation of heavily polluting enterprises, and analyzes whether the plan has an impact on green innovation through the channel of influencing enterprises’ emission fees. This study uses the DID model to manually collect the number of green patents to examine the impact of the Energy Saving and Emission Reduction policy on green innovation of heavily polluting enterprises and to examine whether this policy can force those enterprises to transform. The innovations of this study are as follows: 1) This study combines macro- and micro-enterprise data to study the mechanism of environmental cost in enterprise innovation, exploring its independent and convergent characteristics. The conclusions reached are more reliable and scientific, providing a perspective on the restrictive factors that the state should consider in the process of achieving the purpose of environmental regulation implementation. 2) Owing to its institutional characteristics, China’s Energy Conservation and Emission Reduction policy is an important national environmental regulatory policy, and it is crucial to study its implementation effect. This study treats energy conservation and emission reduction policy as an exogenous shock and a quasi-natural experiment, combining DID model to analyze the impact of the policy on green innovation of heavily polluting enterprises and mitigate the interference of endogenous problems, which not only provides empirical evidence to reveal the effect of energy conservation and emission reduction in China but also enriches the influence factors and channels of green innovation of heavily polluting enterprises. 3) The literature study on environmental regulation consisted of a wide industry sample, and the research results and the real situation of migration were ignored due to the diverse nature of the industries. This study focused on the heavily polluting enterprises, accurately identified environmental regulation policy implementation effect, explored property heterogeneity and industry, and revealed energy conservation and emissions reduction policy in diverse properties rights and different influences under industry.
2 LITERATURE REVIEW
The impact of environmental regulation policies, primarily the Energy Saving and Emission Reduction policy, on business innovation can be grouped into two categories. One of them is inhibition; China is currently undergoing industrialization and the long-standing pattern of relying on industry to generate economic growth is unlikely to change in the future. Moreover, clean technology enterprises are relatively weak in automation and have poor pollution control capabilities; environmental regulatory policies, mainly the Energy Saving and Emission Reduction policy, increase the unit emission and operating costs of polluting firms (Langpap and Shimshack, 2010), divert technological innovation inputs to environmental management projects (Kemp and Pontoglio, 2011), divert financial resources from firms, and extract funds for technological innovation activities, thus reducing productivity (Gray, 1987) and profitability (Palmer et al., 1995; Greenstone, 2002). China entered the industrial era 40 years ago, and some enterprises have developed a very mature production system and are more resistant to the transition, preferring to pay sewage charges to meet the needs of the policy. This increases the production costs of enterprises and reduces their profit margins, reducing their incentive to innovate green technology (Dean and Brown, 1995). Therefore, environmental regulations have a crowding-out effect on firms’ R&D investments through the rising cost of environmental management, which is detrimental to their technological innovation (Kneller and Manderson, 2012). China is the largest unitary state in the world, and environmental regulation policies are in the form of “Central treat, local pay.” In the weak incentive–weak constraint institutional environment, although local governments actively participate to obtain resource elements and other preferential policies from the central government, many of their efforts are tentative and not implemented with positive attitudes and actions (Liu et al., 2019), which causes the deviation of environmental regulations from the expected results; and thus, the inability to effectively play the role of the government in pushing back the green technological innovation of enterprises. High polluting firms will be more significantly affected because of the simultaneous cost pressure effect, process innovation incentive effect, and market-oriented incentive effect of environmental regulation (Liu and fan, 2019), but if the policy simply emphasizes emission reduction targets and fails to implement flexible environmental regulation policies, coupled with the shrinkage of overall economic activity due to COVID-19 and national economic policy uncertainty, innovation incentives for heavily polluting firms will struggle (Işık et al., 2020; Leeuwen and Mohnen, 2017). The second is “facilitative.” A series of energy conservation and emission reduction policies implemented in China since the reform and opening-up of the country have effectively contributed to the continuous improvement of industrial green productivity and have initially demonstrated the effectiveness of the green revolution in environmental policies (Chen, 2010). Porter’s hypothesis is quite representative and suggests that reasonable environmental regulations can promote the technological progress of enterprises, produce innovation compensation and first-mover advantage (Porter and Linde, 1991), and are beneficial for improving the competitiveness of enterprises (Liu and Zhou, 2018). Other scholars later supported this view (Berman and Bui, 2001), complementing the Porter hypothesis. Pearce (1991) argues that a carbon tax can be used to reduce the level of tax distortion and improve the quality of the environment (the first dividend) while simultaneously promoting job or investment growth (the second dividend). Meanwhile, the market-based policy of Energy Saving and Emission Reduction focusing on carbon emission trading can provide incentives for enterprises and assist them in improving a high-quality production level (Hu and tang, 2020). Other arguments suggest a “U-shaped” relationship between environmental regulation and green technological innovation (Liu et al., 2017; Meng and Yu, 2022). The relationship between environmental regulation and firm innovation is not measurable (Chan et al., 2016).
Many factors influence corporate green innovation. From an intra-firm perspective, based on principal–agent theory, firm owners cede the right to manage the firm; the dual personalities of narcissism and humility of managers are conducive to the establishment of a corporate innovation culture and promote corporate innovation performance (Zhang et al., 2017), and managerial experience is positively related to innovation investment (Yang et al., 2022); corporate capital structure also affects corporate innovation to a certain extent (Zhang and Xu, 2022); and from a financial perspective, environmental management accounting activities can help firms engage in green innovation. In terms of the external environment, flexible and differentiated environmental regulation policies can directly provide goals, directions, and opportunities for clean technological innovation (Joern et al., 2013), so environmental regulation has a positive effect on promoting green technology innovation (Wang et al., 2020). However, the Porter hypothesis clearly states that some strict environmental regulations are conducive to firms’ innovation and those regulations increase the pressure on companies to reduce pollution and emissions, leading to higher production costs and thus a “crowding-out effect” on firms’ innovation resources (Petroni et al., 2019). He et al. (2019) found that green credit significantly promotes a delay in technological innovation. Additionally, Cao et al. (2021) adopted DID to evaluate the impact of the implementation of Green Credit Guidelines on the green innovation activities of enterprises.
A review of the existing literature reveals a wealth of research on corporate innovation, which provides a solid theoretical foundation for this study. However, there are some limitations in the existing literature. First, given the quality and availability of micro-enterprise data and macro-policy data, few existing studies on corporate green innovation have examined in depth the mechanisms through which the Energy Saving and Emission Reduction policy affects corporate green innovation from a macro–micro perspective, and even fewer have examined the channels through which these mechanisms work. Second, in previous studies, most research on environmental regulation has focused on all industries, ignoring the bias between the findings and the reality due to the diversity of industries. The Energy Saving and Emission Reduction policy has focused on polluting industries; therefore, this study uses heavily polluting enterprises as research subjects, which can help accurately identify the effectiveness of the policies. Third, the Energy Saving and Emission Reduction policy explored in this study as a product of the Five-Year Plan and an important environmental regulation tool has a positive starting point. However, the findings of this study differ from those of previous studies, and there may be a lack of targeting in policy formulation, leading to an unexpected contradictory outcome. The findings of this study can help the country to enhance flexibility in policy formulation and provide input for subsequent policy formulation and implementation.
3 THEORETICAL ANALYSIS AND HYPOTHESIS
The Energy Saving and Emission Reduction policy influences the number of green patents held by companies through the increased cost of pollution control. The detailed analysis is as follows.
First, the increase in pollution abatement costs caused by the policy of Energy Saving and Emission Reduction will exert negative effects on the green innovation of enterprises. When the government implements a policy, it places explicit restrictions on the total amount of pollutants discharged by firms. Therefore, when local governments at all levels respond to national policies, they inevitably put pressure on companies. However, unlike the situation under command control regulation, enterprises with high energy consumption can continue to produce until the marginal emission cost is equal to the price of emission rights, and they will not pay a fine higher than the marginal emission cost or be forced to stop production. Considering the demand for innovation of production methods and extremely high costs of raw material, the emission cost paid is lower than the R&D expenditure; some established companies with heavy pollution after a long period of inheritance (such as steel, coal, paper, and other industries) are likely to choose to pay pollution charges to continue production. When the operating cost of enterprises increases, it will have a crowding-out effect on innovation and investment. Therefore, additional environmental costs reduce enterprises’ investment and harm their innovation in other aspects (Tu et al., 2019). In this case, the number of green patents decreases accordingly. Moreover, the effect of the policy is influenced by region, industry, and participants. If they are not fully considered in the initial stages, they may be negatively affected. Moreover, firms will hesitate to comply with related regulations, and their enthusiasm for green innovation will be impaired (Anouliès, 2017). Eventually, enterprises’ green innovation will also be affected. Therefore, the policy of Energy Saving and Emission Reduction increases the cost to companies, weakens their profitability, and reduces their innovation investment by internalizing the negative effects of environmental pollution in the external world. In particular, when the marginal profit of green patents is less than their marginal cost, it is more difficult for enterprises to improve their enthusiasm for participating in the R&D of green patents. Therefore, in the face of the policy of Energy Saving and Emission Reduction, if the environmental cost is less than the R&D cost of green patents, firms will choose to pay the former, which will reduce their investment in R&D and be unconducive to their innovation, resulting in a reduction in the green innovation of enterprises. Figure 1 illustrates the mechanism channel of the impact of Energy Saving and Emission Reduction policy on corporate green innovation. Second, if the revenue from the sale of emission rights is greater than the cost of developing green patents or if the cost of purchasing emission rights is greater than the cost of developing green patents, then the profit maximization drive will lead to green innovation. In addition, at the beginning of the government’s environmental regulation policy, the role of “compliance cost” is higher than the role of “innovation compensation,” which is not conducive to green technology innovation. As policies become more formalized and rationalized, the “compliance cost” is lower than the “innovation compensation,” and firms are pressured to choose green technology innovation as a production method. Therefore, this study proposes the null hypothesis H0: The 13th Five-Year Plan for Energy Saving and Emission Reduction will not have a negative impact on the green innovation of heavily polluting enterprises. Alternative hypothesis H1: The 13th Five-Year Plan for Energy Saving and Emission Reduction will have a negative impact on the green innovation of heavily polluting enterprises by increasing the cost of pollution control.
[image: Figure 1]FIGURE 1 | Variable relationships.
4 MODEL SPECIFICATION AND DATA DESCRIPTION
4.1 Data Sources
This study uses patent data and the corresponding economic data of listed companies in China. The data on patents of listed companies were obtained from the People’s Republic of China State Intellectual Property Office (SIPO. https://www.cnipa.gov.cn). The data on their economic characteristics were obtained from the China Stock Market & Accounting Research Database (CSMAR. https://www.gtarsc.com) and the National Bureau of statistics of the People’s Republic of China (NBSPRC. https://www.stats.gov.cn). The data on regional characteristics were obtained from the Ministry of Ecology and Environment of the People’s Republic of China (MEE. https://www.mee.gov.cn). Table 1 presents the variables.
TABLE 1 | Variable definition.
[image: Table 1]4.2 Data Description
4.2.1 Explained Variable
In this study, the number of green patents granted to listed companies in the sample in the current year is selected to measure corporate green innovation and is denoted by patent. Data from SIPO and CSMAR.
4.2.2 Explanatory Variables
In this study, the 13th Five-Year Plan for Energy Saving and Emission Reduction issued by the State Council in 2016 is used as the explanatory variable if the sample year is after 2016 post = 1, and vice versa post = 0. Ten cities in the TCZ in the east and west and 10 cities in the non-TCZ with heavy pollution-listed enterprises were studied as the analysis objects, with the TCZ (19.01%) as the experimental group and the non-TCZ (13.7%) as the control group. (TCZ or two-control zone refers to the control zone for acid rain or sulfur dioxide emissions set by the National Environment Bureau, while the non-two-control zone refers to the zone that does not have any control set for the area.) If the enterprises belong to the TCZ, policy = 1 and vice versa = 0. Data for the TCZ were collected manually and obtained from the MEE.
4.2.3 Control Variables
Firm-level and regional economic characteristics were selected as control variables for the model in this study.
Enterprise credit evaluation. Scholars have shown that bank loans reflect market investors’ evaluations of corporate credit (Colombo and Groce, 2013). Simultaneously, moderate debt management can compensate for insufficient funds for business operations and long-term development, and enterprises can use more funds to improve technical equipment, reform processes, and conduct innovation activities. Therefore, the corporate debts of listed companies in the sample are introduced as the control variable to evaluate the credit of enterprises, which is represented by the variable “Debts” with value in logarithm.
Tobin’s Q value. Tobin’s Q value is used to study whether the value of an enterprise’s assets in the market is overestimated or underestimated, and a high Tobin’s Q value indicates a high rate of return on industrial investment. Therefore, introducing Tobin’s Q value of enterprises as the control variable can measure the intensity of enterprises’ investment in industry, which is represented by the variable “Tobin’s Q” with value in logarithm.
Enterprise asset utilization rate. Introducing the utilization rate of enterprises’ assets as a control variable can assist us in recognizing the degree of utilization of enterprises’ assets. Therefore, the return of assets of heavily polluting listed companies in the sample is introduced into the model as a control variable, which is represented by the variable “ROA” with value in logarithm.
Enterprise cash flow. It is believed that the larger the cash flow of enterprises, the faster the funds may flow for enterprise innovation. Therefore, enterprise cash holdings are introduced into the model as a control variable to measure its cash flow, which is represented by the variable “Cash” with value in logarithm.
Enterprise intangible assets. It is represented by variable “Ina” with a logarithmic value.
4.3 Debts, Tobin’s Q, ROA, Cash, and Ina Data Are From CSMAR
Regarding the level of regional economic development, relative to cities with a lower level of economic development, cities with a higher level are likely to provide greater support for enterprise innovation. The gross regional product of the city where the company is located is chosen as a control variable to measure the level of regional economic development and is expressed in logarithms as GDP. GDP data are from NBSPRC.
4.4 Model Specification
In the 1980s, a special method for evaluating the effects of policies, the difference-in-differences method (DID), was developed in foreign economics, drawing on experimental tests of effectiveness in the natural sciences (Ashenfelter, 1978, Ashenfelter and Card, 1985), and has since been widely cited. In an earlier study, for example, Card and Krueger (1994) used the DID method to calculate the effect of a minimum wage increase in New Jersey. Later, this method was widely used in policy research; for example, Oster-Aaland (2007) used the DID model to test whether the tailgating policy could make a difference in students’ alcohol consumption, and Liu et al. (2022) used the DID model to test whether the Leading Officials’ Accountability Audit of Natural Resources policy could significantly promote green innovation. Social science research is virtually impossible to conduct as a controlled experiment and can only be completed as a natural (or quasi-natural) experiment. Under natural experiments, DID method is used to obtain statistically significant unbiased estimates of policy effects by selecting a pre-experimental sample (“experimental group” or “treatment group”), and a post-experimental sample (“experimental group” or “treatment group”) differences (Shi and chu, 2017). From an econometric point of view, the double-difference method is a comparative static method of regression using individual data, which avoids the endogeneity problems associated with the traditional method of treating policy as an “independent variable.” This study adopts the double-difference method (DID) to identify the impact of the Energy Saving and Emission Reduction policy on corporate green innovation based on the following considerations: 1) To a greater extent, DID avoids the problem of endogeneity, as policies are made by the state and are exogenous to micro-economic agents, and thus do not suffer from reverse causality. 2) The traditional approach to policy evaluation is mainly through a dummy variable for the occurrence of a policy, but DID approach combines the occurrence of a policy with the point of occurrence, which is more rigorous, scientific, and more effective in assessing the effect of a policy. The model was constructed as follows:
[image: image]
where DU is a grouping dummy variable; if individual i is affected by policy implementation, then individual i belongs to the treatment group and the corresponding DU takes the value of 1. If individual i is not affected by policy implementation, then individual i belongs to the control group and the corresponding DU takes the value of 0. DT is a policy implementation dummy variable that takes the value of 0 before policy implementation and the value of 1 after policy implementation. DU*DT is a grouping dummy variable; The interaction term with the policy implementation dummy variable, whose coefficient picture then reflects the net effect of policy implementation. Controlit is the control variable, [image: image] is the individual effect, and [image: image] is the time effect.
5 EMPIRICAL ANALYSIS
5.1 Descriptive Analysis
The descriptive statistics of the variables selected in this study are shown in Table 2. From 2014 to 2019, the maximum value of the number of green patents granted to enterprises was 4.4886, and the minimum value was 0, indicating that there was a major difference in the number of green patents between enterprises.
TABLE 2 | Descriptive analysis.
[image: Table 2]5.2 Regression Analysis
Table 3 shows the regression results of the effect of the Energy Saving and Emission Reduction policy on enterprises’ green innovation. According to the results, the policy is negatively associated with green innovation in heavily polluting firms at the 1% level, which is less than the conventional 5% significant value, thus rejecting the null hypothesis and also verifying the existence of the alternative hypothesis H1 that the Energy Saving and Emission Reduction policy has a negative effect on green innovation by companies. The theoretical reason for this is that China entered the industrialization era earlier. Therefore, heavy polluting industrial enterprises have developed to date and have formed a certain pattern in terms of production systems, and when the state implements environmental regulation policies, it restricts the emission behavior of enterprises through compulsory means. This invariably increases the environmental costs of firms, especially the heavy polluting enterprises which have developed over a long period; facing long-term and unpredictable innovation results, they choose a more secure production model in the face of high environmental costs, and then, unlike before the implementation of the policy, the increase in costs leads to pressure on innovation investment and a reduction in innovation capacity. This research differs from previous studies in that: 1) due to the Chinese institutional context and the authority of the Porter hypothesis, previous studies have demonstrated the positive impact of environmental regulation policies on firms. For example, Theyel (2000), based on data from a survey of US chemical companies, found that the adoption of environmental management practices integrated with production processes had a positive impact on corporate green technology innovation. He and Shen (2019), based on data on Chinese listed companies, found that environmental management systems promote green technological innovation in firms through the mediating effects of their internal resource management practices (i.e., utilization, accumulation, and allocation of resources). Chen et al. (2022) argue that environmental regulation has a long-term positive effect on green technological progress and green economic development but rarely considers the consequences of policy implementation in terms of the adverse effects of the policy. The scientific and comprehensive empirical analysis in this study draws conclusions that differ from those of the previous studies and exposes the limitations of national policy implementation. 2) Previous studies have been more monotonous in describing the direct impact of policies on enterprises; however, this study takes heavily polluting enterprises as the research sample, considers the channels affecting green innovation of these companies, proves the impact of channels of policies through mechanism tests, clarifies the channels of policies affecting innovation, and offers test results that are more scientific and reliable. 3) Since earlier findings were based on industry-wide samples, as Energy Saving and Emission Reduction policy is highly targeted, it is difficult to prove the real consequences of the implementation of the policies from the conclusions drawn from previous studies; the findings of this study are based on a sample of heavily polluting enterprises and can accurately capture the effects of policy implementation.
TABLE 3 | Benchmark regression results.
[image: Table 3]5.3 Robustness Test
5.3.1 Parallel Trend Test
This investigation used an event study approach to assess the parallel trend hypothesis and dynamic effects. Figure 2 shows the results of the parallel trend hypothesis test, where the horizontal axis is from 2 years before to 2 years after policy implementation. The estimated coefficient of DID before policy implementation is not significant, and the estimated coefficient of DID after policy implementation is significant; that is, the parallel trend hypothesis is satisfied.
[image: Figure 2]FIGURE 2 | Parallel trend test chart.
5.3.2 Placebo Test
Similar to other studies on policy consequences, owing to the complexity of the real economy and society, micro-firm behavior may be influenced by many other unobservable macro-factors in addition to the policy effects covered by the study itself. Thus, even if the parallel trend condition is satisfied between the experimental and control groups, there is uncertainty whether the empirical results obtained are necessarily caused by the implementation of the 13th Five-Year Plan for Energy Saving and Emission Reduction. To further enhance the credibility of the main test, a placebo test was designed for this study. The general idea is to select a year in which the policy did not occur as the hypothetical policy implementation year and then conduct the same test as the main test. If the test result is significant and consistent with the result of the main test, it indicates that the result obtained from the main test exists in the absence of policy implementation and fails the placebo test; and if the test result is not significant, it indicates that the result obtained from the main test that exists in the absence of policy implementation was not present in the absence of the policy and passed the placebo test. In this study, the policy was set to 2015 to examine whether the effect of the 13th Five-Year Plan for Energy Saving and Emission Reduction on green innovation exists. The results are presented in Table 4 (Model 1) and the results show that the DID coefficient is not significant and, therefore, passes the placebo test.
TABLE 4 | Robustness tests.
[image: Table 4]5.3.3 Substitution Variable Test
To further prove the hypothesis, a robustness test was conducted using the replacement variable method, replacing the original variable with the ratio of the number of green patents granted to the current year’s R&D expenditure investment, expressed as the ROI. According to the regression results, the Energy Saving and Emission Reduction policy was significantly negatively correlated with ROI at the 1% level, further validating hypothesis 1, as shown in Table 4 (Model 2).
5.3.4 High-Order Clustering Robustness Standard Error Test
As the random perturbation terms for the same individual and region are correlated across years, using higher-order clustering robust standard errors better captures the characteristics of within-group correlations, resulting in consistent estimates of the true standard errors. The test results are shown in Table 4 (Model 3) and remain significant, indicating that they pass the higher-order clustering robust standard error test.
5.3.5 Exclusion of Other Policies’ Interference
In the process of implementing the 13th Five-Year Plan for Energy Saving and Emission Reduction, the State introduced the Water Pollution Prevention Law and the New Environmental Protection Law of the People’s Republic of China, which may have an impact on the estimation results of this study. To exclude the impact of these policies to identify the “net effect” of the policy, this study introduces the grouping variable POLICY in the base regression model with each policy. Model 4 reveals that the results still hold after controlling for other policies that may affect the green innovation of firms, indicating that the base regression results are robust.
5.4 Heterogeneity Analysis
5.4.1 Shareholding Heterogeneity
The difference in the nature of shareholding implies a different company positioning. State-owned enterprises (SOE), because of their special property rights and their production and operation in response to the state’s call, are required by state guidelines to be more cautious and stricter; in terms of policy implementation, public officials in SOEs are the most direct targets of accountability if the expected outcomes of the policy are not achieved (Liu and Xiong, 2022). In addition, the higher the administrative rank of the public officials of SOEs, the greater the responsibility for environmental protection and the stronger the supervision. Therefore, when the state issues environmental policies, SOEs take certain environmental management measures to meet the environmental standards set by the state; while non-state-owned enterprises are relatively less motivated in terms of state environmental constraints, as their business goal is to maximize their own interests, so they invest less in environmental costs. Another view is that the attributes of SOEs also make it easier for them to access external funding channels through banks and other financial institutions, mitigating the crowding-out effect of environmental regulations on internal financing and lowering environmental costs. Therefore, they are not conducive to the long-term reversal of corporate innovation (Lou and Ran, 2016). Thus, based on the nature of equity, the sample data were divided into state-owned and non-state-owned enterprises. Table 5 shows that the 13th Five-Year Plan for Energy Saving and Emission Reduction has a significant negative correlation with green innovation for SOEs, with a correlation coefficient of −0.543 (Model 5), and a significant negative correlation with non-SOEs, with a correlation coefficient of −0.206 (Model 6). This is because SOEs have strong political relevance and are more regulated by local governments, which will exert pressure on SOEs’ environmental management and are more active in fulfilling their social responsibility. When SOEs’ environmental performance is not up to standard, they tend to pay more environmental costs and R&D investment is further reduced; and non-SOEs, influenced by profit-seeking goals, find it difficult to actively invest significant resources to cooperate with the government’s environmental governance efforts regardless of the cost (Zhang et al., 2019). Consequently, SOEs’ output in R&D will become less, with the implementation of the policy, in relation to non-SOEs.
TABLE 5 | Heterogeneity analysis.
[image: Table 5]5.4.2 Industry Heterogeneity
In terms of innovation drivers, the role of environmental regulation policies is clear industry heterogeneous, with excessively polluting and high-emission industries being more affected by environmental policies (Antonioli et al., 2013; Kang et al., 2020). The 13th Five-Year Plan for Energy Saving and Emission Reduction focuses on strengthening energy conservation in key areas and enhancing the reduction of major pollutants, which is more targeted at heavily polluting companies. The policy concentrates on directly strengthening the performance assessment mechanism for environmental management within enterprises, compulsorily institutionalizing pollution control guidelines, highlighting the government’s intention to restrict the production and operation of heavily polluting firms and expand their investment and construction behavior, and addressing the problem of heavy environmental pollution at the source (Xu, 2022). As non-heavy polluters are less damaging in terms of emissions and, therefore, have lower costs to invest in environmental management, the avenue for extracting R&D and innovation investment through emissions charges may not exist. The regression results proved that the impact of the 13th Five-Year Plan for Energy Saving and Emission Reduction on non-heavily polluting enterprises was not significant (Model 7), indicating that the policy was focused on the impact on heavily polluting enterprises.
5.5 Mechanism Test
The Energy Saving and Emission Reduction policy had a negative impact on green innovation through the rise in environmental costs, thus causing a constriction in R&D costs for heavy polluters. This study draws on Dai et al. (2021). According to signaling theory, if an enterprise increases its own environmental investment, as a profit-maximizing whole, it will certainly announce this information to its stakeholders and the public, and thus be able to show that it has assumed its responsibility for environmental management. Therefore, the measure of environmental costs for heavily polluting enterprises—the higher the score, the better the environmental responsibility of the enterprise. Nineteen subdivisional indicators were selected to measure the enterprise’s environmental score; for each environmental responsibility fulfilled by an enterprise, 1 point was awarded, and for each environmental violation, 1 point was subtracted. According to Table 6 (Model 8), the regression results indicate that the 13th Five-Year Plan for Energy Saving and Emission Reduction has a negative impact on the scores of heavily polluting enterprises, which may be due to the fact that since the implementation of the policy, the government has strengthened its environmental supervision efforts so that environmental violations have become standardized and environmental scores have become lower in enterprises. When a firm’s environmental score becomes low, as environmental penalties have a special deterrent effect on the environmental governance of the target firm (Chen et al., 2021), they will bring market risk to the company and raise its debt financing cost (Xu and Qi, 2020), so the firm will choose to invest more money in environmental governance to improve its environmental score, while R&D investment will be restricted and negatively affect innovation. This explains how the 13th Five-Year Plan for Energy Saving and Emission Reduction leads to a decrease in innovation capacity through an increase in environmental costs for ecofriendly firms. The breakdown of the environmental scores is shown in Table 7.
TABLE 6 | Mechanism test regression table.
[image: Table 6]TABLE 7 | Environmental rating scale.
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6.1 Conclusions and Recommendations
As a national policy to cope with rapid economic growth and damage to resources and the environment, the 13th Five-Year Plan aims to alleviate the contradiction between economic development and environmental issues, achieve ecologically sustainable development, and focus on the balance between social and environmental benefits. With rapid economic development, pollutant emissions in China have become increasingly prominent. The 13th Five-Year Plan, a comprehensive work program for energy conservation and emission reduction introduced in 2017, sets comprehensive emission reduction targets: it stipulates that by 2020, the national energy consumption of 10,000 yuan of GDP will drop by 15% compared to 2015, with policy emphasis on optimizing industrial and energy structures, strengthening energy conservation in key areas, optimizing the industrial and energy structure, and reinforcing the reduction of major pollutants, as well as a series of mandatory emission reduction programs. Therefore, in response to the call for sustainable development, this study explores the impact of the 13th Five-Year Plan for Energy Saving and Emission Reduction on the green innovation of heavily polluting enterprises and explores the impact mechanisms involved. The research found that the policy had a negative impact on green innovation in heavily polluting enterprises through the effect of increased environmental costs because, after the implementation of the command-based emission reduction policy, companies were under pressure to pay extra costs for environmental protection. The increase in environmental costs had a crowding-out effect on R&D investment, and firms increased their operating costs and reduced the effectiveness of innovation significantly. Further research found that the negative impact of the Energy Saving and Emission Reduction policy on innovation was more pronounced among state-owned enterprises and heavily polluting enterprises, which could reasonably be explained by the fact that the implementation of national policies is more stringent on SOEs; subsequently, they may need to invest more in environmental management than non-state-owned enterprises in order to achieve the expected results of the policies, and innovation will be significantly reduced. The effect of national policies is clearly industry heterogeneous; the more polluting the industry, the more environmental costs it must invest in meeting policy needs than low polluters. Therefore, heavily polluting firms are squeezed more severely in terms of R&D investment than non-heavy polluters.
Based on these findings, the following policy insights emerge from this study: First, the state should consider the heterogeneity of industry and property rights before formulating and implementing policies. For example, command-based environmental regulation policies are more stringent for heavily polluting industries and state-owned enterprises, and policy pressures cause results that are contrary to the intended goals; therefore, the government should be flexible in formulating and improving environmental policies. Policy implementation needs to focus on the impact channels of innovation for sustainable development. This study concludes that policy implementation has a negative impact on a firm’s innovation by raising environmental costs, and that the adverse effects of policy can be mitigated by addressing the channels, such as moderate emissions levies and reasonable R&D subsidies, to promote green innovation. For pollution-intensive industries, which are mainly resource consuming and labor intensive, the government can help alleviate the pressure of environmental costs brought about by the policy by moderately reducing the levy of sewage charges, further increasing the intensity of subsidies, lowering the threshold of green credit financing for enterprises, or implementing preferential tax policies. This would raise the awareness of green independent research and development, and better promote environmental costs. Second, the implementation of environmental regulation policies requires the integration of the advantages of various types of ecofriendly rules to form a strong and effective “combination blow” and to promote the coordination of different environmental guidelines. On the contrary, it is necessary to combine policy with the market economy, divide regions with different policy-carrying capacities according to the market economy, coordinate regional division of labor and cooperation, promote the adjustment of industrial structure in each region based on development advantages; and concurrently improve the regional environmental regulation and trading mechanism, build a price system that reflects market supply and demand, the degree of scarce resources and the cost of resources and environment, and optimize regional environmental allocation by market means. Third, it is a long-term process of obtaining positive feedback on the implementation of environmental regulations. In this process, the government can strengthen the propaganda of innovation, continuously guide enterprises to form a green development model, encourage them to innovate in environmental protection, stimulate their endogenous motivation to protect the environment, increase their motivation to increase environmental cost investment, and achieve a positive cycle, so that economic development and environmental protection can work together. Enterprises should also have a certain sense of innovation, and in the face of a green economy, it is important to know that green innovation is the goal of long-term development, and that they need to uphold the concept of innovation and actively implement industrial transformation.
6.2 Limitations and Future Research Directions
This study had certain limitations. First, the year of policy implementation is 2017, and owing to the problem of data disclosure, the experimental group had a short research year, which made it difficult to prove the long-term effect of policy implementation. Second, the incomplete disclosure of green patent information of some non-heavily polluting enterprises caused the absence of part of the sample and reduced the sample size. Third, the environmental cost data of different enterprises involved distinct detailed accounts, and some companies did not disclose specific items, which was not conducive to data statistics.
Environmental problems brought about by economic development have always existed, and the reliance on environmental regulation to alleviate environmental pressures is in line with China’s socialist national conditions. Based on the research ideas in this study, the following directions can be improved. First, the channels through which policy affects green innovation should be integrated and categorized. There are many different channels through which policy can influence green innovation in enterprises, and a single analysis of one or several channels cannot determine the channels through which policy has an impact on green innovation. Therefore, in future research, the channels of influence can be integrated and classified, with each category including systematic and complete secondary indicators, which can improve the accuracy of the channels through which policy influences innovation. Second, the green innovation framework should be unified. Green innovation is a broad concept, including technical innovations such as products, technologies, and processes, and non-technical innovations such as management and services; and from the perspective of the supply chain, green innovation also includes the construction of green supply chain networks. The diversity of content leaves green innovation without a clear definition and relies solely on indicators to measure it. Future research can clarify the concept of green innovation and establish a unified framework for integrating the hierarchy of innovation processes, which can significantly reduce the degree of bias in research related to green innovation. Third, it is important to distinguish the differences in the Energy Saving and Emission Reduction policy. Based on China’s current political system and ecological context, the government has continued to introduce environmental regulations to reduce emissions and alleviate environmental pressures, but the various content of environmental policies contradicts each other, and the boundaries are blurred. The next Five-Year Plan will also introduce energy conservation and emission reduction policies. Therefore, when studying the effects of these policies, it is important to clarify their specific content and to distinguish between energy conservation and emission reduction policies and other environmental regulations so as to avoid inaccurate findings due to the influence of the latter.
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