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Abstract

:

Based on a panel data of China’s iron and steel (IS) industry from 2000 to 2014, this paper explores the impact of environmental regulations on CO2 emissions in the industry. The results show that there is a clear inverted-U relationship between environmental regulations and CO2 emissions in the IS industry. Additionally, there are regional heterogeneity and regulatory intensity on the impact of environmental regulations on CO2 emissions. The results in the eastern region are consistent with the whole sample results, while the upward trend in the central region and the downward trend in the western region together lay the basis for the inverted-U shape of the whole sample. High environmental regulations affect CO2 emissions in an inverted-U shape, while low environmental regulations present a U shape. The mechanisms of environmental regulations affecting CO2 emissions are synergy effect and technological innovation effect. Finally, this paper proposes some policy recommendations according to the above findings.
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1. Introduction


Since the increase in greenhouse gas emissions, such as CO2, resulting in global warming, human survival is facing an unprecedented threat. As the largest developing country, China’s CO2 emissions exceeded the United States in 2005 for the first time, making it the largest emitter of CO2 in the world [1]. In order to alleviate the greenhouse effect and suppress CO2 emissions, China has promised that its CO2 emissions per unit of Gross Domestic Product (GDP) (carbon intensity) will fall by 40%–45% by 2020 compared with 2005 [2]. According to a report released by the Ministry of Ecology and Environment of the People’s Republic of China, carbon intensity decreased by about 46% in 2017 compared with 2005. The target of reducing CO2 emissions has been achieved in advance. Nevertheless, global CO2 emissions and the greenhouse effect are still serious. According to a recent report by the World Meteorological Organization, the progress and severity of climate change far exceeds the predictions and assessments of ten years ago and countries in the world must respond quickly. As a responsible developing country, China has promised to reduce its carbon intensity by 60%–65% in 2030 compared with 2005 [2], and will reduce emissions by more than 12 billion tons per year. In order to fulfill the promise, it is particularly important to understand the main sources and influencing factors of CO2 emissions in China.



China’s industry has developed rapidly since the 21st century, especially in heavy industry and energy-intensive industries [3,4]. Although the iron and steel (IS) industry does not list as an industrial sector, it is a pillar industry and has gained momentum in China [5]. According to the National Bureau of Statistics, the output of pig iron, crude steel and steel in China was 771.05 million tons, 928.26 million tons and 1105.52 million tons in 2018, increased by 3.0%, 6.6% and 8.5%, year on year respectively. The IS industry of China has characters of “high pollution and high emissions”, and the comprehensive energy consumption of enterprises is large, which contributes a lot to the greenhouse effect [6]. In 2017, the comprehensive energy consumption per ton of large and medium-sized IS enterprises in China reached 570.5 kilograms of coal equivalent (kgce/t). The IS industry is an important industry for CO2 emissions, and it is also one of the first eight key emitters (petrochemical industry, chemical industry, building materials industry, iron and steel industry, nonferrous industry, paper industry, power industry, aviation industry) to be included in the national carbon emissions trading market [7].



In order to achieve sustainable development of the IS industry [8], the Chinese government has formulated a number of environmental policies and regulations, and issued a series of documents from the steel production technology level to alleviate CO2 emissions. However, there is little research in literature whether these policies are conducive to CO2 emissions reduction or not. In view of this, this paper studies the impact of environmental regulations on CO2 emissions in the IS industry. We mainly explore the nonlinear effect of environmental regulations on CO2 emissions and its potential mechanisms, and compare the results of different regions and samples.



The rest of the paper is structured as follows. Section 2 is the literature review. Section 3 introduces the econometric model, variables and data. In Section 4 we present the main empirical results, robustness check results and heterogeneity results. Section 5 discusses the impact mechanism of environmental regulations on CO2 emissions. Conclusions and corresponding policies are in Section 6.




2. Literature Review


There are many studies on the impact of environmental regulations on carbon emissions. On one hand, this section describes the impact from two perspectives of “green paradox” and “reverse emission reduction”. On the other hand, it focuses on possible ways affecting CO2 emissions in the IS industry.



2.1. Impact of Environmental Regulations on Carbon Emissions


2.1.1. Definition of Environmental Regulations


There are various methods of measurement for environmental regulation, which can be divided into the following four categories. First, the assignment scoring method. This method is to construct a relevant evaluation system, quantify environmental indicators, and assign a value to the intensity of environmental regulations [9]. Second, the single indicator method. These are mainly indicators that directly measure the environment, such as pollution taxes, carbon taxes, and biofuels or fossil fuel subsidies [10,11,12], and indicators that measure the environment indirectly, such as per capita income [13]. Third, the multi-indicator method. These are many methods, such as pollutant emission density [14], total industrial output value divided by SO2 emissions [15], expenditure of industrial waste gas treatment facilities divided by SO2 emissions [16], the proportion of investment in pollution projects in the total industrial output value [17], the proportion of industrial pollution control and control expenditures in sales [16] and comprehensive index of environmental regulations constructed from industrial SO2 emissions, industrial smoke and dust emissions, and industrial wastewater discharge removal rates [18]. Fourth, the classification research method. It is mainly measured based on different environmental regulation methods and the subject angles of different environmental regulations. For example, Zhao et al. (2015) explored the impact of three different environmental regulations on command and control regulations, market-based regulations and government subsidies on the efficiency of reducing CO2 emissions [19]. Due to data constraints, this paper mainly measures environmental regulations by the proportion of investment in pollution projects in the total industrial output value.




2.1.2. Green Paradox


In 2008, Sinn’s research set off an uproar in the field of environmental science. He found that regulations of climate change led to increased fossil energy mining, accelerated energy depletion, and increased cumulative CO2 emissions, which runs counter to policy goals. It is the famous “green paradox” [20]. Fowlie (2009) attested to the conclusions of previous scholars that if regulated companies are “dirtier” than unregulated competitors, industry emissions under environmental regulations will exceed emissions from unregulated industries [10]. Edenhofer and Kalkuhl (2011) refined the conditions of the “green paradox” proposed by Sinn (2008) and got the similar conclusion [11]. Van der Werf and Di Maria (2012) agree that emissions from regulatory countries are indeed greater than those from unregulated countries [21]. Grafton et al. (2010) found that biofuel subsidies will increase fossil fuel extraction rates in the short and medium term and promote CO2 emissions [22]. Van der Ploeg and Withagen (2012) pointed out the condition of “green paradox” in Grafton et al. (2010), they did not internalize the externalities of global warming, and renewable energy has not yet begun to be used [22,23]. Then the continuous subsidy will lead to an increase in CO2 [23]. Grafton et al. (2012) validated the conclusions of Grafton et al. (2010) from the perspective of the indirect impact of renewable resource subsidies on fossil fuel prices [12,22].




2.1.3. Reverse Emission Reduction


However, do environmental regulations really fail to achieve the desired results but bring more CO2 emissions? Many scholars are against this issue. Such as, Zofío et al. (2001), who proposed that environmental regulations based on DEA efficiency scores, would help primary sectors reduce waste emissions and CO2 emissions [24]. Consistent with Zofío et al. (2001), Carlsson and Hammar (2002) held that the incentive-based tradable permit system would facilitate international civil aviation to reduce CO2 emissions [24,25]. Additionally, the results of Michielsen (2014) suggest that the expected climate policy may reduce current CO2 emissions, which is contrary to the “green paradox” [26]. Bauer et al. (2018) pointed out that the “distribution effect” outweighs the “green paradox” [27].



Ang (2009) indirectly proves the conclusions of previous scholars. He found that technology-based environmental regulations could reduce the CO2 emissions in China [28]. Like Ang (2009), Zhang and Wei (2014) also studied China’s CO2 emissions, and found that China’s current environmental regulations could effectively suppress CO2 emissions and achieve the expected effect of the policy, which is the so-called “reverse emission reduction” theory [29]. Yin et al. (2015) confirmed the conclusions of Zhang and Wei (2014) [30]. He and Zhang (2012) not only studied the CO2 emissions of China, but also specifically examined the industrial CO2 emissions, indicating that the government’s energy-saving and emission reduction policies can help reduce CO2 emissions in the industrial sector [31]. Zhao et al. (2015a) also conducted research at the industry level, and they found that market-based regulations and government subsidies have a significant positive impact on reducing CO2 emissions in the power industry in China [32].





2.2. Environmental Regulations, Haze Pollution and Carbon Emissions


Existing literature indicates that environmental regulations can nonlinearly affect haze pollution emissions [14,18,32]. Cole et al. (2005) and Zhou et al. (2019) found that both formal and informal regulations can finally successfully reduce the intensity of pollution [14,18]. Greenstone and Hanna (2014) explored the Indian region and found that air pollution regulations significantly improved air quality and effectively reduced air pollution [33]. Unlike previous scholars, Kheder and Zugravu (2012) found that stricter environmental regulations attracted investment and confirmed the existence of a strong pollution haven effect in France [34]. As for China, it does have a “pollution haven” hypothesis, and there is a nonlinear effect between environmental regulations and pollution [35,36].



Air refers to the mixing of gases in the atmosphere of the earth (contaminated gas SO2, particulate matter PM10, PM2.5, and nitrogen oxides, greenhouse gases, CO2, etc.). The composition of the atmosphere changes due to the emission of various gases from fossil fuel combustion and human production activities [37]. Therefore, reasonable air pollution environmental regulations can not only promote the reduction of pollution emissions, but also help to reduce CO2 emissions [38]. Wang and Hao (2012) found that implementing the reduction policies of CO2 emission can achieve the win-win situation in reducing air pollution and CO2 emissions [39]. Sheehan et al. (2014) verified the conclusions of the above scholars. They found that there is a large overlap in the emission sources between PM2.5 and CO2 through empirical data, and environmental policies that focus on the air pollution have a significant impact on CO2 emissions [40]. From an industry perspective, Li et al. (2017) not only confirmed the conclusions of previous scholars, but also found that environmental regulations targeted towards SO2 emissions in the manufacturing industry of China reduced overall CO2 emissions [41].




2.3. Environmental Regulation, Technological Innovation and Carbon Emissions


The government’s policies of environmental regulations will inevitably increase the environmental costs of enterprises, accelerate the exit of high-pollution and energy-intensive enterprises, and promote green enterprises to occupy more market share [42]. As early as the end of the 20th century, Porter and Van der Linde (1995) pointed out that reasonable environmental regulations can stimulate enterprises to optimize resource allocation efficiency and improve technology level, and stimulate the “innovation compensation” effect of enterprises [43]. Thus, on one hand, it compensates companies for “following costs” and, on the other hand, increases their productivity and international competitiveness. In other words, the impact of environmental regulations on technological innovation has a positive compensation effect, which indirectly affects CO2 emissions. Chan et al. (2016) and Zhao et al. (2015) confirm the above conclusions [44,45].



Environmental regulations can further bring about the upgrading of production technology and environmental technology of enterprises, thereby improving the utilization efficiency of enterprise resources, optimizing the consumption structure of resources and energy, and suppressing the growth of CO2 emissions [29]. Therefore, firstly, it is possible to change production methods for enterprises through innovation, promote production technology upgrades and environmental technology upgrades to increase productivity and reduce the environmental costs. Popp (2006) confirmed that environmental regulations promote innovation in pollution control, which, in turn, significantly inhibits CO2 emissions in the United States, Japan, and Germany [45]. Li et al. (2019) conducted a study on Industrial Green Development of China, which indirectly verified the results of previous scholars [46]. Secondly, enterprises could optimize resource allocation through improving energy efficiency, and then cost-effective and efficient technical response can achieve better emission reduction [47]. Zhang et al. (2017) proved the above viewpoints and found that energy efficiency has a significant impact on CO2 emission reduction in China [48]. Thirdly, the development of the renewable energy sectors and the improvement of energy structures play a strategic role in the commitment to combating climate change in China [49]. Zhang et al. (2017) demonstrated that resources and innovation (R&D intensity) can effectively contribute to CO2 reduction [50].




2.4. Contributions of This Paper


Compared with the existing literature, the contributions of our study lie in the following aspects. Firstly, most of the previous studies examine the impact of environmental regulations on CO2 emissions based on the whole industry in China. This does not automatically lead to a same conclusion in an industrial subsector or other industries. Considering the importance of IS industry, we focus our research on the crucial industry. Secondly, we find that environmental regulations have an inverted-U impact on the CO2 emissions of the IS industry. Thirdly, we provide two possible mechanisms of the impact of environmental regulations on CO2 emissions of the IS industry, namely synergy and innovation effects.





3. Model, Variables and Data Sources


3.1. Benchmark Model and Variable Description


Considering the possible nonlinear relationship between environmental regulations and CO2 emissions in Chinese IS industry, based on previous studies [35,51], we develop the econometric model as Equation (1) showing:


  c  o  2 i t   = a +  β 1  e r  s  i t   +  β 2  e r s s  q  i t   +  β 3  X +  ξ t   



(1)




where CO2it represents CO2 emissions per capita from the IS industry in 28 provinces of China. We estimate the CO2 emissions from fossil fuel combustion through the coefficient published by IPCC. ersit and erssqit represent linear and quadratic terms of environmental regulations, respectively. Following previous research, environmental regulation is measured by the proportion of industrial pollution control investment in total industrial output [29]. The subscript it in the variable indicates the i-th province in China in year t (2000–2014), ξt represents a random disturbance term, the control variable X is selected from two levels: industry and province. First, the control variables from the industry-level include: (1) The labor population (pop), expressed by the average number of employees in the IS industry; (2) The capital stock (cap), calculated from the fixed assets investment in the IS industry; (3) The energy structure (ens2) is expressed by the proportion of coal consumption of the IS industry in total energy consumption. Second, the control variables from the provincial-level include: (1) Economic growth (ecgcons), expressed by the regional GDP of each province divided by the number of employed people; (2) Urbanization (urb), is the proportion of urban population at the end of the year in the total population; (3) Industrialization (ind), is the ratio of the added value of the secondary industry to that of the primary industry; (4) The industrial structure (ins), expressed by the proportion of the added value of the secondary industry to that of the tertiary industry; (5) The trade openness (fdi), is calculated by dividing the total import and export by the regional GDP.




3.2. Data and Trend Analysis


3.2.1. Variable Selection and Data Source


(1) The dependent variable: per capita CO2 emissions of the IS industry in each province. According to the CO2 emission coefficient of different fossil fuels published by the IPCC (2006), we can calculate the CO2 emissions of the IS industry in each province [52].



(2) Core independent variables: environmental regulations (ersit) and the quadratic term of environmental regulations (erssqit).



(3) Control variables. The control variables of the industry-level: labor population (pop), capital stock (cap) and energy structure (ens2). The control variables of the provincial-level: economic growth (ecgcons), urbanization (urb), industrialization (ind), industrial structure (ins) and trade openness (fdi).



The data on industrial pollution control investment, coal consumption and total energy consumption are derived from the Provincial Statistical Yearbooks of 28 provinces in China. The average number of employees, fixed assets investment, and total industrial output value are derived from the China Industrial Statistical Yearbook. The urban population and the total population are derived from the China Statistical Yearbook. The regional GDP, the added value of the primary, secondary and tertiary industries, and the total import and export volume are derived from the China Regional Economic Database in the EPS data platform. Among them, the total industrial output value and regional GDP have been flattened.



Due to the data availability, 2000—2014 was the sample period, and Hainan Province, Sichuan Province and Tibet Autonomous Region were excluded. Table 1 is the descriptive statistics of each variable.




3.2.2. Trend Analysis of CO2 Emissions and Environmental Regulations


According to literature, this paper argues that there is a nonlinear relationship between CO2 emissions and environmental regulations in the IS industry. Figure 1 visually illustrates the nonlinear effects. Figure 1a–d represent the trends of environmental regulations and CO2 emissions of the whole sample, eastern, central and western regions (Eastern Region: Beijing, Tianjin, Hebei, Liaoning, Shanghai, Jiangsu, Zhejiang, Fujian, Shandong, Guangdong; Central Region: Shanxi, Jilin, Heilongjiang, Anhui, Jiangxi, Henan, Hubei, Hunan; Western Region: Inner Mongolia, Guangxi, Sichuan, Guizhou, Yunnan, Shaanxi, Gansu, Qinghai, Ningxia, Xinjiang. The classification comes from the National Bureau of Statistics) [53] of 28 provinces. First, there is a clear inverted-U relationship between CO2 emissions and the environmental regulations of the whole sample. The eastern region also exhibits a similar inverted-U relationship, while the upward trend in the central and the downward trend in the western region constitute the basis for the inverted U-shaped trend in the overall sample.






4. Empirical Results and Discussion


In this section, we first analyze the basic impact of environmental regulations on CO2 emissions, and then check the robustness of the empirical results. Finally, the heterogeneity analyses are carried out.



4.1. Analysis of Benchmark Results


This section analyzes the impact of environmental regulations on CO2 emissions in the IS industry. Table 2 illustrates the results of the benchmark model. Column (a) contains only the independent variable, columns (b) and (c) include two control variables (economic growth and urbanization), and columns (d) and (e) consider four control variables (economic growth, urbanization, industrialization, and industrial structure). The last two columns consider all control variables in model (1). It can be seen that the linear and the quadratic items of environmental regulations significantly affect the CO2 emissions in the seven columns in Table 2: ers has a positive impact on CO2 emissions, while for erssq, the impact is negative. That is, the impact of environmental regulations on CO2 emissions is an inverted-U shape.



The inverted-U shape in Table 2 is consistent with the scatter plot in Figure 1a. Before reaching the peak point, CO2 emissions increase with the environmental regulation intensity. The possible explanation is that the government has formulated some policy measures to improve the impact of climate change, but the implementation of these measures (such as setting carbon taxes and reducing the demand for fossil energy demand) led to accelerated mining of fossil energy, which accelerated the accumulation of CO2 emissions in the atmosphere, resulting in environmental degradation [20]. Therefore, in the short-term, enterprises will increase the demand for energy and consume a lot of energy from the demand side. From the supply side, energy owners will change their mining strategies, move the mining path forward, and accelerate energy depletion, leading to an increase in CO2 emissions. Although the “green paradox” is appalling, the impact of environmental regulations on CO2 emissions is not static. When CO2 emissions reach a peak, pollution-intensive IS companies will bear high environmental costs as the intensity of environmental regulation increases. Therefore, the survival threshold of high-energy consumption and high-pollution enterprises is improved, and CO2 emissions are reduced [16,29]. In addition, the impact of control variables on CO2 emissions in the IS industry is basically in line with expectations.




4.2. Robustness Checks


In this section, we perform robustness checks by replacing the core independent variable and dependent variables. First, we use GDP per capita (denoted as er1) [13], total industrial output value divided by SO2 emissions (denoted as er2) [15], and expenditure on industrial waste gas treatment facilities divided by SO2 emissions (named as er3) to calculate environmental regulations [16]. Second, the calculation of control variables (energy structure ens2, industrialized ind1, industrial structure ins1) is changed. ind1 is replaced by the ratio of the added value of the primary industry to the regional GDP, and ins1 is the ratio of the added value of the secondary industry to the regional GDP. We change the calculation of the above 1, 2 and 3 control variables separately, and check robustness of regression results.



Columns (a)-(c) in Table 3 show the robustness results of core explanatory variables. Columns (d)-(j) show the results of changing the calculation of 1, 2 and 3 control variables, respectively. The third row in Table 3 represents the replaced variable. From Table 3, it can be seen that: Firstly, the results under three different environmental regulation indicators are still significant. Environmental regulations still affect the CO2 emissions of the IS industry in an inverted-U shape. Secondly, no matter how many control variables are substituted, the results are still the same with those in Table 2.




4.3. Heterogeneity Analysis


This section conducts heterogeneity analysis from two perspectives. Firstly, from a regional perspective, we divided the whole sample into eastern, central, and western regions. Secondly, from a sub-sample perspective, the core dependent variable and the provincial GDP are divided into three sub-samples according to their values, respectively.



4.3.1. Heterogeneity Analysis: Sub-Region


In this section, we explore the heterogeneous results of the eastern, central, and western regions.



Columns (a)–(b) of Table 4, columns (c)–(d) and columns (e)–(f) report regression results for the eastern, central, and western regions under the fixed effect and DK methods, respectively. It shows that environmental regulations significantly affect the eastern region, while the results in the central and western regions are insignificant. Particularly, the impact of environmental regulations on CO2 emissions in the eastern region is consistent with the whole sample, which fit the scatter plot in Figure 1a,b. The upward trend in the central region (Figure 1c) and the downward trend in the western region (Figure 1d) form the basis of inverted-U shape for the whole sample.



As can be seen from Figure 2, the eastern region has the highest level of environmental regulations, and the western region has the lowest level of regulations. In fact, the trend graphs of Figure 1 in these two regions are closer to the graphs of the whole sample. In 2005, the IS Industry Development Policy [54] issued by the National Development and Reform Commission of China showed that “from the perspective of ore, energy, resources, water resources, transportation conditions and domestic and foreign markets, large steel enterprises should be mainly distributed in coastal areas. IS enterprises in inland areas should combine the local market and the status of ore resources to determine the production of mines, and do not seek to expand the scale of production, with sustainable production as the main consideration”. Therefore, most of the large IS enterprises are in the eastern coastal areas. The policy on the IS industry is generally aimed at large and medium-sized steel enterprises, or in the eastern and central provinces and municipalities such as Beijing, Guangdong, Zhejiang, Shandong, Liaoning [55]. Therefore, environmental regulations obviously affect the CO2 emissions in the eastern region [56]. The central and western regions are affected by geography, and there are many enterprises with small scale, low efficiency and heavy pollution. In the central region there are mostly small-scale enterprises, and environmental regulations cannot achieve the CO2 emissions goal, and the regression results are not significant. Although the intensity of environmental regulations in the western region is small, it is to seek more investment with relatively low environmental regulations. In other words, the western region is currently at the stage of sacrificing the environment to develop economy. Additionally, the IS industry is in the stage of extensive development, so the coefficient of environmental regulations is positive. With strict environmental regulations, the attractiveness of investment companies has declined and CO2 emissions have decreased in the western region.




4.3.2. Heterogeneity Analysis: Sub-Sample


In this section, we examine the heterogeneity results of environmental regulations and regional GDP under different sub-samples from the IS industry.



Firstly, we analyze the three sub-samples of environmental regulations. Columns (g)–(i) of Table 4 give the regression results for samples of high, middle and low environmental regulations, which are recorded as the first, second, and third sub-samples, respectively. The results indicate that environmental regulations significantly affect the first and third sub-samples. The influence of environmental regulations on CO2 emissions of the first sub-sample is consistent with the whole sample, while for the third sub-sample it is opposite to the trend of the whole sample. That is, as the intensity of environmental regulations increases, CO2 emissions of the first sub-sample increase first and then decrease. However, CO2 emissions of the third sub-sample decrease first and then increase. Although for the second sub-sample, environmental regulations have the same effect on CO2 emissions with the third sub-sample, the results are not significant.



These results imply the following facts. (1) CO2 emissions of environmental regulations for the first sub-sample show an inverted-U shape. This means when the intensity of environmental regulations is high, CO2 emissions increase at the initial stage as the intensity of environmental regulations increases, but decrease after reaching its peak. Strict environmental regulation policies have led the IS companies to increase the demand for high-carbon energy before policy implementation, and energy-owners on the supply side have accelerated energy extraction, resulting in increased CO2 emissions in the short term [57]. However, strict environmental regulations have made high-energy and high-pollution IS companies bear high production costs, suppress their development, encourage large enterprises to switch to cleaner production models, and promote the technology innovation of the IS industry to reduce CO2 emissions [58]. In addition, the coefficient of fdi is 0.898, indicating that inhibition of FDI is beneficial to reduce CO2 emissions. Strict environmental regulations will prevent the entry of high-energy and pollution-intensive IS industries in developed countries, and avoid China becoming a “pollution shelter”. (2) CO2 emissions of the third sub-sample is a U shape, indicating that CO2 emissions will decrease when environmental regulations are low, but will increase in the long run. The loose environmental regulation policy imposes less pressure on enterprises. Environmental costs of IS companies are within the acceptable range, and enterprises respond to policy requirements to reduce CO2 emissions during production and transportation. However, in the increase of environmental regulations, high-pollution and energy-intensive enterprises are increasingly affected. It is expected that the future regulations will be stronger, and enterprises will increase energy demand and accelerate energy consumption [59]. Finally, although the results of the second sub-sample are consistent with the third sub-sample, they are not significant. It indicates that when the country imposes moderate-intensity environmental regulations on the IS industry, the policy effect is not obvious. Therefore, the government generally formulates loose or strict regulations according to local conditions to ensure achievements of policy objectives.






5. Mechanism Analysis


As the above analysis shows, environmental regulations have a nonlinear impact on the emission of haze pollution. Environmental regulations or policies could be strictly and efficiently implemented to guide enterprises to adjust their industrial structure, and gradually shift to clean and low-carbon production. It not only reduces pollutant emissions, but also reduces CO2 emissions. On the other hand, environmental regulations further promote the upgrading of production and environmental protection technologies through the promotion of innovation, and effectively suppress CO2 emissions. For example, the policy subsidies of government for the IS industry are conducive to the IS industry improving production technology so as to reduce CO2 emissions. Therefore, this paper analyzes the impact of environmental regulations on CO2 emissions from the perspective of synergy effect and innovation effect. Synergy effect means that environmental regulations have a synergetic impact on pollution emissions and CO2 emissions. Additionally, it is impossible to affect one without affecting the other. The innovation effect means that environmental regulations significantly improves the technical level of the IS industry, thereby reducing CO2 emissions in the industry through innovative intermediate effects. The following two sub-sections will specifically analyze the results of the two mechanisms.



5.1. Synergistic Effect


According to the definition of synergy effect in this paper, the corresponding models are:


   p  m  2.5 i t   = a +  β 1  e r  s  i t   +  β 2  e r s s  q  i t   +  β 3  p o  p  i t   +  β 4  c a  p  i t   +  β 5  e c g c o n  s  i t      +  β 6  e n  s  i t   +  β 7  i n  d  i t   +  β 8  u r  b  i t   +  β 9  i n  s  i t   +  β  10   f d  i  i t   +  ξ t    



(2)




and


   c  o  2 i t   = a +  β 1  p  m  2.5 i t   +  β 2  p o  p  i t   +  β 3  c a  p  i t   +  β 4  e c g c o n  s  i t   +  β 5  e n  s  i t   +  β 6  i n  d  i t      +  β 7  u r  b  i t   +  β 8  i n  s  i t   +  β 9  f d  i  i t   +  ξ t    



(3)







Among them, pm2.5it indicates pollutant emissions, expressed as PM2.5 emissions in air pollution particle, and the data comes from the China Environmental Statistics Yearbook. Other indicators are the same as model (1).



The results of synergy effect mechanism are given in columns (a) and (b) of Table 5, which correspond to model (2) and model (3), respectively. The results show that environmental regulations do affect CO2 emissions by influencing pollution emissions. This is consistent with the finding of Zhou et al. (2019) that environmental regulations nonlinearly affect haze pollution (PM2.5), and the scatter trend graph of pollution emissions is an inverted-U shape [18]. As the government has formulated a sound environmental policy implemented in all levels of enterprises, the IS industry is gradually transformed from a high energy consumption and high pollution production mode to a clean and low carbon production mode. As a result, pollution emissions are reduced, accompanied by a reduction in CO2 emissions.



It can be seen from Table 5 that for every 1 unit increase in environmental regulation intensity, the pollution emission PM2.5 increases by 5.076 units. PM2.5 increases by 1 unit, resulting in an increase of CO2 emissions by 0.378 units. These show that PM2.5 positively affects CO2 emissions. Controlling pollution emissions through environmental regulations can achieve the goal of reducing CO2 emissions. Zhao et al. (2015) confirmed the above results and found that market regulations and government subsidies positively affected CO2 emissions [19].




5.2. Innovation Effect


Similarly, models of the innovation effect mechanism are:


   e n  i  i t   = a +  β 1  e r  s  i t   +  β 2  e r s s  q  i t   +  β 3  p o  p  i t   +  β 4  c a  p  i t   +  β 5  e c g c o n  s  i t   +  β 6  e n  s  i t      +  β 7  i n  d  i t   +  β 8  u r  b  i t   +  β 9  i n  s  i t   +  β  10   f d  i  i t   +  ξ t    



(4)




and


   c  o  2 i t   = a +  β 1  e n  i  i t   +  β 2  p o  p  i t   +  β 3  c a  p  i t   +  β 4  e c g c o n  s  i t   +  β 5  e n  s  i t   +  β 6  i n  d  i t      +  β 7  u r  b  i t   +  β 8  i n  s  i t   +  β 9  f d  i  i t   +  ξ t    



(5)







Where eniit is the energy intensity of the IS industry, indicating the degree of technological innovation, calculated by dividing the total energy consumption of the IS industry by the total industrial output value of the industry. All other indicators are the same as model (1).



Columns (c) and (d) of Table 5 illustrate the results of the innovation mechanism. It shows that environmental regulations promote technological innovation in the IS industry, thereby reducing CO2 emissions. Feng and Chen (2018) prove that environmental regulations encourage green process innovation and promote the industrial sector to improve its technology [60]. Thus, it positively influences the green development. Specifically, for every 1 unit increase in environmental regulation intensity, the energy intensity eni increases by 9.869. Moreover, the energy intensity eni increases by 1 unit, resulting in an increase in CO2 emissions of 1.398. Energy intensity refers to the amount of energy consumed by the unit of economic output (or physical quantity, service volume). Energy efficiency is the ratio of the effective output of an economy to the input of energy [61]. It usually refers to the problem of the economic benefits of per unit energy, i.e., energy efficiency. Therefore, the higher the energy economy efficiency, the lower the energy intensity is. Technological innovations effectively increase energy efficiency [62], reduce energy intensity and thus reduce CO2 emissions.





6. Conclusions and Policy Implications


6.1. Conclusions


Based on the panel data of 28 provinces in China from 2000 to 2014, this paper studies the impact of environmental regulations on CO2 emissions in the IS industry. The empirical results above show that environmental regulations significantly affect the CO2 emissions, and there is a typical inverted-U relationship between environmental regulations and CO2 emissions of the IS industry in China. Additionally, the finding is robust when we use different independent variable and dependent variables. We also found environmental regulations primarily reduce CO2 emissions through synergy effect and technological innovation effect. On the one hand, environmental regulations aimed at reducing haze pollution emissions not only reduce pollutant emissions, but also reduce CO2 emissions. On the other hand, environmental regulations further promote the upgrading of technologies in the IS industry through the promotion of innovation, and effectively suppress CO2 emissions in the IS industry. In addition, environmental regulations have varying effects on CO2 emissions due to regional heterogeneity and regulation intensity differences. From the perspective of heterogeneity, we have two findings based on results of three regions (eastern, central and western region) and three samples (first to third sub-sample). Firstly, environmental regulations have regional heterogeneity, which has a significant impact on the eastern region, while insignificant in other regions. Secondly, the impact of environmental regulations on CO2 emissions depends on regulatory intensities and economic development levels. High-intensity environmental regulations affect the CO2 emissions in an inverted-U shape, while the impact of low-intensity environmental regulations is a U shape. These findings are of great significance for accurately assessing the environmental regulation effect and promoting CO2 emission reduction in the IS industry.




6.2. Policy Implications


With respect to the above conclusions, this paper proposes the following policy recommendations for the IS industry:



(1) The government could formulate policies for pollution emissions from the IS industry and indirectly suppress CO2 emissions by controlling its pollution emissions. For example, in order to reduce the large amount of pollution emissions caused by steel production, the IS companies could respond to the structural reforms of the supply-side highlighted in China and control the output of the IS industry from the supply side of steel production. This requires the IS companies to implement the “de-capacity, de-stocking, deleveraging, cost reduction and improving underdeveloped areas” policy, and eliminate the excess capacity of the IS industry from the supply side to decrease pollution emissions. According to the data of Institute of Science of National Institute of Statistics, the steel production capacity of China reached 133.759 million tons by the end of 2012, while steel capacity utilization rate was only 72%, significantly lower than normal. Continued growth in production in the IS industry will lead to further increases in energy consumption, pollution emissions and CO2 emissions. In addition, various air pollutants such as SO2, NOx, CO and other particulate pollutants and particulate matter such as PM10 or PM2.5 are emitted during the steel production process, causing serious air pollution [63]. The “de-capacity” policy proposed by the country can effectively alleviate the overcapacity in the industry. According to the National Bureau of Statistics of China, the traditional industries are actually executing de-capacity policy. Moreover, the growth rate of the IS industry has declined. In the first three quarters of 2015, crude steel production fell by 2.1%. As a result, the reduction in steel production has led to a reduction in pollutants emitted into the air. Hence, it is conducive to the reduction of CO2 emissions.



(2) The IS industry could improve its energy efficiency and transform its energy structure. Firstly, the Chinese government could increase the relative price of energy to a certain extent so as to reduce energy intensity [64], that is, improving energy efficiency. For example, it is possible to continue to tighten the differential electricity price policy in the IS industry, increase the tariff increase standard for the eliminated and restricted IS enterprises, further promote the transformation of energy-saving and consumption-reducing technologies for IS enterprises, and improve the overall technical level and competitiveness of IS enterprises. Enterprises could introduce advanced technologies to improve production efficiency and energy efficiency. As we know, technological advancement could improve the energy efficiency and production efficiency of enterprises, and help enterprises gradually achieve the goal of CO2 emissions reduction [65]. Secondly, in the production process in the industry, it is possible to consider replacing fossil energy with clean energy, and converting coal into gas for production. The Chinese “Thirteenth Five-Year Plan” identifies the clean and efficient use of coal as a major project, reflecting the importance of energy structure adjustment. It shows that more than 80% of CO2 emissions come from the burning of fossil fuels such as coal and natural gas [66]. In 2015, the total energy consumption of China was about 3.4 billion tons of standard coal, of which oil production was equivalent to more than 200 million tons of standard coal, and natural gas production was equivalent to more than 100 million tons of standard coal. This means Chinese total oil and natural gas production is equivalent to more than 300 million tons of standard coal. As a result, other energy sources are still difficult to replace coal in the short run. However, the industry could further adjust its energy structure such as building coal-fired power plants as less as possible and replacing coal-fired boilers with natural gas boilers or other energy-saving boilers. At the same time, the industry would still need to vigorously develop new energy sources and promote the efficient use of clean energy.



(3) The IS industry could set a reasonable carbon tax, maintain reasonable environmental regulation intensity, effectively implement various environmental policies, and control the CO2 emissions of the industry. Promoting green innovation through carbon pricing and further reducing CO2 emissions are basic drivers of climate change policy [38]. However, if the carbon tax is unreasonable, in the long run, the cost of enterprises is greater than the cost of short-term excessive energy consumption, resulting in an increase in CO2 emissions caused by environmental regulation policies. As well, a reasonable mandatory carbon tax will help reduce CO2 emissions [67]. In addition, if there is a significant time lag between policy announcement and implementation, enterprises may consume a lot of energy and emit more CO2 [45]. Therefore, the government could formulate a reasonable and realistic carbon tax policy, and force the IS industry to upgrade its technical level and reduce CO2 emissions from a cost perspective. In addition, as can be seen from the results of this paper, low-intensity environmental regulations can be applied to the IS industry in the initial stage, but high-intensity environmental regulations must be applied in the long run. Moreover, according to the economic development level of each region, the appropriate environmental regulation intensity shall be selected according to local conditions.



(4) The IS industry should focus on the development of the eastern, western and central regions of the industry. From a macro perspective, the central government shall further regulate the IS industry, and guide it from a diversified distribution to a collective and integrated approach to reduce CO2 emissions. Although the IS industry in the eastern region has shifted to the west, the market share in the central region has also rebounded. Overall, the eastern region is still the main source of IS production. The government could continue to promote the reduction and consolidation of the IS industry in the eastern region, comprehensively improve the quality of environmental protection and steel products, thereby reducing CO2 emissions [68]. For the western region, the government could take into account various conditions such as market demand, transportation, environmental capacity and resource and energy support. Meanwhile, it could promote capacity transfer in other regions in accordance with capacity replacement requirements, and develop the IS industry with high quality and cleanliness. In addition, the government could rationally allocate foreign direct investment according to local conditions, not only supporting the eastern and central regions, but also supporting remote areas in the western region to attract foreign investments and effectively use foreign investments. Since the impact of environmental regulations on CO2 emissions in the central region is insignificant, the government could limit the regional market capacity and resource energy support, and gradually withdraw from the uncompetitive enterprises through regulation and control, and guide the IS industry to concentrate on the market and resources. Thereby, through macro-control to strengthen independent innovation in the IS industry, the overall level of innovation in this industry in the central region can be improved and low-carbon economic development can be achieved [69].
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Figure 1. Trends of CO2 Emissions and Environmental Regulations in the IS industry in 28 Provinces of China from 2000 to 2014. 
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Figure 2. Trends in environmental regulation intensity for the whole sample, eastern, central and western regions from 2000 to 2014. 
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Table 1. Descriptive statistics of data from 28 provinces in China from 2000 to 2014.
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	Variable
	Definition
	Unit
	Mean
	Std. dev.
	Min
	Max





	CO2
	Per capita CO2 emissions
	Tce/person
	421.628
	300.289
	8.773
	3050.612



	ers
	The primary item of environmental regulation
	100
	47.771
	37.500
	2.5
	280.4



	erssq
	The quadratic term of environmental regulation
	100
	36.850
	0.794
	0.1
	786.2



	pm2d5
	Smog emissions (PM2.5)
	m3
	39.693
	15.472
	9.173
	84.5



	eni
	Energy intensity
	Tce/104 CNY
	9.933
	5.577
	0.45
	42.092



	pop
	Labor population
	104 persons
	11.032
	10.582
	0.74
	61.95



	cap
	Capital stock
	108 CNY
	302.516
	338.793
	8.120
	1782.106



	ecgcons
	Economic growth
	104CNY/person
	10.961
	4.861
	3.472
	36.321



	ens2
	Energy structure
	%
	31.895
	13.311
	1.387
	65.03



	ind
	Industrialization
	%
	728.889
	1045.816
	138.855
	6573.081



	urb
	Urbanization
	%
	47.359
	15.409
	13.885
	89.607



	ins
	Industrial structure
	%
	124.663
	29.284
	27.334
	200.16



	fdi
	Trade openness
	%
	34.126
	43.315
	3.573
	179.988







Notes: (1) The values of variables are all deflated based on the year 2000; (2) The sample size is 420.


media/file4.png
co2

200 400 600 800

0

Subsample of the central region from 2000 to 2014

°
s &
L [ J
°e PO ° °
L. "
®
‘0 .8€' ° ° °
@ o°
L Y Qe °
) e e e
°
1 2
ers
|O co2 Fitted values

co2

200 400 600 800 1000

0

Subsample of the western region from 2000 to 2014

e,

| ® co2 Fitted values






nav.xhtml


  sustainability-12-01038


  
    		
      sustainability-12-01038
    


  




  





media/file3.png
co?2

200 400 600 800 1000

0

All sample of 28 provinces from 2000 to 2014

co?2

200 400 600 800 1000

0

Subsample of the eastern region from 2000 to 2014






media/file0.png





media/file5.jpg
2000 2005 2010 2015
year

—4— Mean_east ers —=&— Mean_central_ers
—a— Mean_west_ers —4— Mean_whole_ers






media/file6.png
2005

2010
year

—A—— Mean_east_ers
—a&— Mean_west_ers

—A&—— Mean_central_ers
—A&— Mean_whole_ers

2015





media/file1.jpg
A samplo o 28 provnes o 2000 0 2014

‘Subsampeof th a