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Abstract

:

In today’s socio-economic context where environmental protection and sustainable development are equally important, how renewable energy enterprises can achieve sustainable development has become a topic of academic interest in recent years. This paper investigates the link between sustainable growth (SG) of renewable energy firms, resource endowment (RE), and environmental regulatory (ERs) issues through a fixed-effects model and a GMM model. Through empirical analysis, it was found that economical environmental regulations have the greatest positive impact on sustainable growth, followed by legal environmental regulations and supervised environmental regulations. Resource endowment is positively related to sustainable growth for non-state-owned renewable energy enterprises, but the negative impact on sustainable growth reflects the effect the of “resource curse”. In addition, resource endowment has a negative moderating effect on environmental regulations and sustainable growth. Thus, the most significant effect is on the relationship between economical environmental regulations and sustainable growth, followed by legal environmental regulations and supervised environmental regulations. Therefore, the flexible and concurrent application of multiple environmental policies is an important way to ensure effective regulations and promote sustainable business growth.
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1. Introduction


Energy is crucial to a country’s economy and people’s livelihoods since it is the material underpinning for human survival and development [1]. The majority of people have realized that excessive energy consumption and pollution from the production and use of chemical products will cause an environmental crisis, despite the rapid expansion of the renewable energy industry.



The need to strike a balance between energy corporations’ long-term expansion and environmental protection has become a pressing concern [2].



According to Ren et al. (2018), the environmental regulations discussed in this paper are related to those mandatory regulations issued by the government [3]. Environmental regulation (ER) is one of the policies initiated by the government to control and protect environmental resources [4]. Environmental regulation’s role has received a lot of academic attention. Telle and Larsson (2007) suggested that ER does not reduce industrial productivity [5], but Xie et al. (2017) argued that environmental regulation can boost enterprises’ industrial production competitiveness [6]. Wang, Y. et al. (2022) consider the diversity of the regulatory role of environmental regulations on the energy sector [7]. ERs have a favorable impact on sustainable growth up to a certain amount, but beyond that point, environmental regulation is detrimental to sustainable growth. Later, it was further suggested that environmental regulation has a facilitating effect on firms’ performance and sustainable growth [8]. In addition, ERs have a facilitating and then inhibiting effect on the green economy [9]. Further, a combination of policy subsidies and carbon taxes is an effective way to develop low-carbon environmental protection.



Sustainability is the ability to improve living standards within ecological tolerances. Elkington (1994) proposed the concept of a sustainability floor based on social, economic, and environmental perspectives, which is now widely recognized by the academic community [10]. Das et al. (2020) argue that the concept of achieving growth without compromising the prospects of the next generation is increasingly becoming a core concept in business philosophy [11]. Salzmann et al. (2005) and Engert et al. (2016) argue that the regulatory effect of ERs on the sustainability of a business or economy varies in effect in different situations [12,13]. There are three main relationships between ERs and SG: first, environmental regulation has a positive contribution to sustainable growth [14]; second, Curtis and Lee (2019) argue that environmental regulation has a reverse inhibitory effect on sustainable growth [15]. Third, Curtis and Lee (2019) argue that the link between environmental regulation and sustainable growth is considered to be a “hump-shaped” relationship that varies over time [15].



Without resources, no business can expand sustainably, and resource endowment is the most important aspect in promoting long-term success. Zhai and An (2020) discovered that human capital, financial capabilities, technical innovation, and government conduct have a significant positive impact on SG, based on survey data from 500 Chinese manufacturing enterprises in 2017 [16]. The factors of education, expertise, and the availability of local entrepreneurial capital, fluctuate along the stages of the entrepreneurial process [17]. It has been argued that resource endowment has a long-term positive effect; specifically, the opportunity cost since resource endowment has the impact of inhibition in the early stage, and when it waits for the later order, resource endowment starts to show its positive effect, thus favoring long-term growth. Wang, S et al. (2022) argue that countries and regions that are rich in natural resources tend to have poorer green economic growth [18]. Government subsidies are the main driver for the long-term growth of renewable energy firms (Yang et al., 2019) [19], and they have been an important policy tool to nurture and promote the renewable energy industry in China (Song et al., 2020) [20]. Peng and Liu (2018) argue that government subsidies have a moderating effect on firm development, with negative and then positive effects developing over time [4]. When businesses receive government subsidies, it signifies that the government has accepted their legal status, which allows them to obtain more resources [21]. According to Lu et al. (2020), finance and subsidy impacts can raise the export size, impacting the long-term viability of firms’ export expansion, and social capital plays an important role in fostering long-term growth, since high social capital firms are subjected to more lenient non-price lending requirements, resulting in lower bond interest rates [22].



With its large population and vast land area, China needs to import and use large amounts of energy in its development. The energy structure of China is dominated by traditional energy sources of fossil fuels, and the massive use of fossil fuels will certainly lead to a slew of significant environmental issues, including energy scarcity and pollution. Wu, L. et al. (2021) point out that energy endowment is a major factor in the growth of carbon emissions [23]. People’s tolerance for environmental pollution decreases as their money and living standards rise, and the strength of environmental regulation steadily rises, opening up prospects for renewable energy development. Wang, Q et al.’s (2022) research found that renewable energy gives a significant boost to the economy [24]. Renewable energy is crucial for modifying the energy structure, lowering greenhouse gas emissions, and fostering long-term growth. Renewable energy businesses have grown quickly in recent years as high-tech industries throughout the world. Increased R&D expenditure is required to strengthen technical innovation and promote long-term growth in order to expand quickly and profitably. Furthermore, a major portion of China’s renewable energy businesses are state-owned companies (SOEs), which have greater resources than private businesses. As a result, the research object for this study is renewable energy enterprises.



Do environmental regulations inhibit or promote sustainable company growth? How do different types of environmental regulatory regimes affect the sustainable growth of firms? With the increasing emphasis on resource endowment by firms, how does environmental regulation affect resource endowment and further contribute to firms’ sustainable growth? To address these questions, this paper will provide insights into the impact of environmental regulation and resource endowment on firms’ sustainable growth from the perspective of Chinese renewable energy firms and provide constructive suggestions for the government to develop more accurate environmental and energy policies.



The following are the main contributions: First, this is the first article that divides environmental regulation into three levels, including economic environmental regulation, legal environmental regulation, and supervisory environmental regulation. Second, for the first time, the impact of environmental regulation on the sustainable development of renewable energy firms is studied and specifically analyzed from the perspective of micro data of firms. Third, this paper is the first to study the relationship between environmental regulation and sustainable growth using resource endowment as a moderating variable. Fourth, this paper analyzes the ownership structure heterogeneity of the impact of resource endowment on sustainable growth, which helps to provide targeted policy recommendations for improving the sustainable growth of renewable energy firms with different ownership structures. Fifth, considering the accuracy and comprehensiveness of variable calculation, this paper uses a weighted algorithm to calculate environmental regulations and principal component analysis to calculate resource endowments.




2. Literature Review


2.1. Impact of Environmental Regulations (ERs) on Sustainable Growth (SG)


Environmental regulations (ERs) are a collection of features for government environmental policies aiming at reducing businesses’ influence on the natural environment and providing an atmosphere conducive to environmental innovation [25]. According to López-Gamero et al. (2010), ERs are a collection of environmental behaviors that are either mandatory or discretionary and are disseminated directly or indirectly by economic organizations or governments [26]. Pargal and Wheeler (1996) established the notion of informal ERs, arguing that in poor nations where institutional regulation is weak or non-existent, many communities have struck emission reduction agreements with local firms [27]. Informal regulation is the term for this occurrence. For command and control and market-based rules, Li and Ramanathan (2018) find a positive non-linear relationship between Environmental regulations (ERs) and Sustainable growth (SG). [28]. The informal ERs represented by environmentally related technology and education levels, according to Wang and Shao (2019), have a favorable and substantial influence on SG [29]. ERs have a statistically significant and positive connection with SG, according to Javeed et al. (2020a) [14]. Higher ERs intensity might drive manufacturing, resulting in a more concentrated economy with lower CO2 emissions, hence promoting SG [30]. Firms can increase staff quality at or beyond the ER threshold level, according to Song et al. (2018), for additional gains in SG [31]. Labor cost and ERs, according to Zheng et al. (2019), have a synergistic influence on company growth and structural adjustment [32]. Zhao et al. (2018) suggested that if appropriate ERs are used, then in a short period of time, ERs and financial returns can produce a win–win situation [33]. The effect of ERs on the link between technical innovation and SG is theoretically good, but not substantial, showing that there is still an “implementation gap” [34].



According to Ramanathan et al. (2017), depending on their resources and expertise, firms that adopt a more dynamic approach to reacting to ERs innovatively and taking a proactive approach to managing their environmental performance are generally better able to reap the SG [35]. Regulatory and supervisory actions based on actual market conditions, according to Xie et al. (2017), have a non-linear connection and can be favorably associated with “green” production [6]. Dasgupta et al. (2001) discovered a substantial positive correlation between the frequency of ER agency inspections and the SG [36]. According to Liu et al. (2018), ERs have a net negative effect on energy usage, which is advantageous for reducing energy pressures [4]. In China, the energy-saving impact of ERs is dynamic, with complicated outcomes arising from the “Green Paradox” and “compliance cost.” It has also been found that ERs help stimulate technological progress in manufacturing, which indirectly saves energy [37].



Based on Liu et al. (2018), this paper breaks down environmental regulations into three aspects: economic, legal, and supervision [4], and makes the following hypotheses about their relationship with sustainable growth (SG), respectively.



Hypothesis 1a (H1a).

Economic environmental regulation is conducive to sustainable growth.





Hypothesis 1b (H1b).

Legal environmental regulation is conducive to sustainable growth.





Hypothesis 1c (H1c).

Supervised environmental regulation is conducive to sustainable growth.






2.2. The Impact of Resource Endowment (RE) on Sustainable Growth (SG)


Resource endowment (RE), also known as factor endowment, relates to a country’s ownership of numerous production components such as labor, money, land, technology, and management. The concept of the “resource curse” was coined by Auty (1993), where the dependence on natural resources and its potentially detrimental relationship with economic growth is referred to as a “curse”. His research found that the world’s natural resource-rich countries were unable to use their environmental wealth to improve their economies, and he introduced the concept of the “resource curse”, and as a result, their economies grew at a slower rate than those without natural resources [38]. The evidence that RE negatively impacts SG remains compelling, especially in Chinese cities that produce fossil energy, and the direct influence of ERs on economic development exhibits an “N” curve connection, according to survey data [39]. However, there was some dissent to this widely held belief; Hilmawan and Clark (2019) found no evidence of a “resource curse” using yearly fixed effects and first-order difference regression analysis [40]. It is worth noting that even the most ardent proponents of the “resource curse” are not arguing that states with abundant natural resources would be better off without them [39].



Basic and diverse resources are the two types of enterprise resources [41]. Human resources, financial resources, material resources, technical resources, information resources, and other basic resources are required for company technological innovation operations. The heterogeneity of heterogeneous resources is expressed in the variability of the unique use value [42]. Enterprise culture, which transforms basic resources into diverse resources while encouraging technical innovation abilities, ensures the survival and development of businesses. Energy companies’ RE is unique, and their financial RE mostly consists of government subsidies and financing limits. The value contained in social interactions between individuals or groups is referred to as social capital, which may help spread knowledge, communicate information, and share resources, lower transaction costs, and enhance financial performance. The “relationship finance hypothesis,” presented by Chakravarty and Scott (1999), holds that social capital plays a crucial function in enhancing a company’s ability to raise funds [43].



Government subsidies are the most visible kind of social capital in the energy sector. The value of the government subsidy is derived from the company’s financial statements’ remarks. The value of government subsidy items is calculated using the amount from direct subsidies, tax refunds, and other things [44]. The subsidies granted by the government can help companies with customer service shortage of funds and are an important source of cash for companies [45]. Hu (2001) found no evidence of a link between government subsidies and increased productivity in subsidized firms in Chinese industries [46]. According to Yang et al. (2019), government subsidy policies have a positive moderating effect on investment in the renewable energy sector in China [47]. The contribution of government subsidies to renewable energy investment increases significantly when energy consumption intensity is high, but bank credit is more restrictive, and the degree of economic growth is below the threshold. Both cash subsidies and tax incentives can encourage renewable energy investment, with tax incentives having a greater impact. Overall, government subsidies are the main driver of renewable energy firms.



Another expression of RE in energy businesses is a financial limitation. Energy companies face three types of financial constraints: loan financing, equity financing, and internal financing. Short-term liabilities, according to Cutillas and Sánchez (2014), can prevent businesses from making unproductive investments [48]. Enterprises’ expansion initiatives are directly hampered by financial restrictions [37]. The most significant impediment to the development of SMEs is the absence of funding channels; high financing costs and lack of professional advice are the main obstacles to external financing [49]. Access to funding is a crucial growth restriction for SMEs, according to Beck and Demirguc-Kunt (2006), and financial and legal institutions play a key role in alleviating this limitation [50]. Ferris et al. (2017) found that social capital lowered the cost of equity borrowing using data from 1999 to 2012 [51]. Information asymmetry and the agency problem are reduced as a result of social relationships, lowering the cost of equity. Hypothesis 2 is offered based on the preceding discussion:



Hypothesis 2 (H2).

A positive relationship exists between resource endowment and long-term growth.






2.3. The Role of Resource Endowment (RE) in Mediating the Connection between Environmental Regulations (ERs) and Sustainable Growth (SG)


According to Yang and Song (2019), the link between ERs and the “resource curse” is inverted U-shaped, and the “resource curse” can only be broken when the ERs’ intensity passes the turning point [19]. In complete samples, ERs can also break the “resource curse” issue indirectly by increasing green technical innovation, reducing resource reliance, and speeding up enterprise development. Reducing financing constraints and implementing government subsidies are one of the main sources of RE for energy firms. Financial and tax assistance are the key way for SG of firms in nations with excellent renewable energy development [52,53]. RE has the potential to not only assist the long-term growth of energy businesses, but also to achieve the government’s environmental policy objectives. Environmental management and debt finance, according to Xu and Chen (2020), have a good association with firm sustainability [54]. When businesses have less social capital, such as government subsidies and limited funding, their growth is constrained to some extent. The impact of ERs on business SG will be readily apparent at this time. The better the RE, the less influenced by Ers it is, reducing the impact of Ers on the SG of businesses and promoting their long-term development.



In addition, this paper reviews in the literature review the findings of the effect of ERs on factors such as CO2 emissions, firm structure, and SG in different research contexts in different literature. Based on the results of existing studies, the hypotheses to be tested in this paper are presented:



Hypothesis 3a (H3a).

With the increased resource endowment, the impact of environmental regulation on sustainable growth will be weakened.





Hypothesis 3a (H3b).

With the decreased resource endowment, the impact of environmental regulation on sustainable growth will be strengthened.







3. Research Methodology


3.1. Modeling


The experimental analysis in this paper is based on the following theoretical framework, as shown in Figure 1.



First, the paper tests the effects of environmental regulations and resource endowments on sustainable growth using the following model:


  S  G  i t   =  α 0  +  α 1  E  R  i t   +  α 2  R  E  i t   +  α 3  C t r  l  i t   +  θ  i t    



(1)






  C t r  l  i t   = A  T  i t   + H H  I  i t   + F D  I  i t   + F  S  i t   + L E  V  i t   + P P  E  i t    



(2)







To measure the impact of environmental regulation on sustainable growth under the moderating effect of resource endowments, Equations (1) and (2) are further extended in this paper as follows.


  S  G  i t   =  β 0  +  β 1  R  E  i t   +  β 2     C t r l      i t   +  μ  i t    



(3)






  S  G  i t   =  γ 0  +  γ 1  E  R  i t   +  γ 2  R  E  i t   +  γ 3  E  R  i t   × R  E  i t   +  γ 4  C t r  l  i t   +  ε  i t    



(4)




where Equation (3) measures the effect of resource endowment per se on sustainable growth, and Equation (4) measures the effect of resource endowment on the relationship between environmental regulation and sustainable growth. Where i and t stand for listed businesses and time periods, respectively. The dependent variable SG stands for long-term growth. Environmental regulation is represented by ERs, resource endowment is represented by RE, and the moderating influence of resource endowment on environmental regulation and sustainable growth is represented by ER × RE. We have also added some important control variables represented by Ctrl, such as asset turnover (AT), the Herfindahl–Hirschman Index (HHI), foreign direct investment (FDI), firm size (FS), leverage (LEV), property, plant, and equipment (PPE), etc.



   α 0  ,     β 0    and    γ 0    are constant term.    α 1  ,    α 2  ,    α 3   ,    β 1  ,    β 2  ,    β 3    and    γ 1  ,    γ 2  ,    γ 3  ,    γ 4    are estimated coefficients of the independent variable, the moderator variable, and the cross multiplication of the independent variable and the moderator variable, respectively.    θ  i t    ,    μ  i t     and    ε  i t     represent the random disturbance terms. In this paper, the panel data model is used to estimate the coefficients.




3.2. Variables


3.2.1. Sustainable Growth (SG)


Sustainable growth (SG) is the result of a set of activities in the business process, including two dimensions: sustainable business growth potential, and sustainable business profitability. The capital approach to sustainable growth is known to be useful in explaining sustainable development.



This paper uses the sustainable growth rate as proposed by Javeed et al. (2020b) to measure SG [14].




3.2.2. Environmental Regulations (ERs)


Referring to Liu et al. (2018), environmental regulations are government-initiated environmental protection measures that are universally applicable to all businesses; this paper breaks down environmental regulations from three perspectives: economic, legal, and supervisory [4].








	(1)

	
Economical environmental regulation (ERA): ERA refers to the use of economic tools to reduce or eliminate negative external consequences produced by pollution and is a voluntary regulation. The ERA is represented in this article by the overall investment share of industrial added value in pollution control.




	(2)

	
Legal environmental regulation (ERB): ERB refers to a set of severe restrictions that limit the production and administration of businesses in order to safeguard the environment; this is a market-based regulation. If a company violates environmental regulations, the government can apply administrative fines. As an alternative indication of ERB, we use the number of administrative penalty cases involving the environment.




	(3)

	
Supervised environmental regulation (ERC): ERC refers to government departments’ oversight of environmental contamination, forcing businesses to enhance current equipment and technology in order to achieve cleaner output, and is command-and-control regulation. The number of environmental protection agencies at the end of each year is used as a proxy variable for ERC in this study.










3.2.3. Resource Endowment (RE)


In this paper, based on the studies of Xu et al. (2019) and Mtaturu (2020), the resource endowment of firms is divided into five areas based on the source of resources: government, and financing institutions such as banks, suppliers, customers, and other firms [55,56]. In addition, for the aspect quantitative analysis, this paper uses the data of government subsidy income, short-term loans, accounts payable, accounts receivable, and long-term equity investment of enterprises to represent the resource endowment of these five aspects respectively. Different basic index weights were assigned using the principal component analysis (PCA) approach, and the composite index RE was created.




3.2.4. Control Variables


Both the influence on RE and TIE should be considered while selecting control variables. AT, HHI, FDI, FS, LEV, and PPE are used as control variables in this study (Hille et al., 2020) [57]. The definitions of variables, statistical descriptions of the variables, and correlation analyses are shown in Table 1, Table 2 and Table 3, respectively.






4. Empirical Analysis


4.1. Data Source


The data for 91 renewable energy businesses were chosen for this study. The China Statistical Yearbook and the RESSET database provided data for ER (ERA, ERB, and ERC), while the CSMAR database provided data for RE and the WIND database provided data for SG. The CSMAR database was used to obtain data for the control variables. Interpolation was employed to supplement the data due to a lack of data for particular REs. All data were tested for stability to determine that they are stationary.




4.2. Fitting Results for Hypothesis 1


The results of the empirical calculations around Hypothesis 1 are shown in Table 4. The Hausman test values for models were 19.27, 18.98, and 21.32, respectively, at the 1% significance level, thus allowing the FE regression to be selected. Specifically, the FE regression for model 1 shows a coefficient value of 0.019 for the ERA term at the 1% significance level and a coefficient value of 0.273 for the ERA term at the 1% significance level in the GMM regression. In the regression results for model 2, the ERB term has a coefficient value of −0.3 at the 1% significance level in the FE regression and a coefficient value of 0.165 in the GMM regression. The coefficient value was 0.165. The coefficient of the ERC term in the FE regression of model 3 is 0.038 at the 1% level of significance, and in the GMM regression, the coefficient of the ERC term is 0.054 at the 1% level of significance. In summary, the results show that the economy, law, and supervision of environmental regulation all contribute to sustainable development, so Hypothesis 1 holds. Among, them ERA has the most significant contribution to SG compared to ERB and ERC.




4.3. Fitting Results for Hypothesis 2


The results of the empirical calculations around Hypothesis 2 are shown in Table 5. Overall, the Hausman test values for Models 1, 2, and 3 were 21.22, 20.19, and 18.99 at the 1% significance level, respectively, indicating that the FE regression could be chosen. Specifically, in Model 1, the RE term has a coefficient of 0.414 in the FE regression and 0.284 in the GMM regression at the 10% significance level, indicating that RE has a significant contribution to SG. The paper then divides RE into SOEs and non-SOEs, which are analyzed in Model 2 and Model 3, respectively. According to Model 2 for SOEs, RE has a coefficient of 0.389 in the FE regression and 0.179 in the GMM regression at the 10% significance level. According to the results of Model 3 for non-SOEs, the RE term has a coefficient of 0.402 in the FE regression and 0.277 in the GMM regression at the 10% significance level. In summary, the results can be that Hypothesis 2 holds and the contribution of resource endowment to RE firms is more significant in non-state-owned firms.




4.4. Fitting Results for Hypothesis 3


The results of the empirical calculations around Hypothesis 3 are shown in Table 6. This paper determines the effect of RE on the relationship between ER and SG by measuring the interaction term between ER and RE. Overall, the Hausman test values for Models 1, 2, and 3 were 28.08, 21.67, and 20.59, respectively, at the 1% significance level, allowing for the choice of FE regression. Specifically, in Model 1, the ERA × RE term has a coefficient of −0.016 for the FE regression and −0.31 for the GMM regression at the 5% level of significance. Model 2 shows that the ERB × RE term has a coefficient of −0.007 for the FE regression and −0.259 for the GMM regression at the 1% level of significance. Model 3 has the ERC × RE term at the 5% level of significance. In summary, Hypothesis 3 holds that RE is able to inhibit the facilitative effect between ER and SG, and RE has the most pronounced inhibitory effect on ERA and SG compared to ERB and ERC.




4.5. Robustness Test


To ensure that the empirical findings are accurate, this paper instead measures SG using ROE (Cao and Wang, 2017; Song and Wang, 2018) [58,59]. The association between ER, RE, and SG is then measured again and the test results are shown in Table 7. Models 1, 2, and 3 measured the relationship between ERA, ERB, ERC, and SG, respectively, and the results showed that the coefficients of the ERA, ERB, and ERC terms were 0.216, 0.224, and 0.219, respectively, at the 5% level of significance. The relationship between the interaction terms of the ER series variables and RE variables on SG was measured in Models 4, 5, and 6, respectively, and the results showed that at the 5% level of significance the coefficients of the ERA × RE, ER × RE, and ERC × RE terms are −0.298, −0.344, and −0.316, respectively. In summary, it can be seen that the results of the robustness tests are basically consistent with the previous empirical results and the empirical findings are stable and valid.





5. Conclusions and Policy Recommendations


This paper studied the relationships between environmental regulation, resource endowment, and sustainable growth by using a fixed-effects model and system GMM method, and the research sample is the panel data of new energy enterprises from 2010 to 2019. This paper focuses on the impact of environmental regulation on the sustainable growth of Chinese renewable energy enterprises, and introduced resource endowment to examine its moderating effects. After empirical analysis, we obtained the following conclusions: economical environmental regulations, legal environmental regulations, and supervised environmental regulations are positively associated with sustainable growth. Compared with legal environmental regulations and supervised environmental regulations, economic environmental regulations have the greatest impact on sustainable growth. The resource endowment is positively associated with sustainable growth, especially for non-state-owned renewable energy enterprises, and resource endowment plays a moderating role between environmental regulations and sustainable growth. Furthermore, resource endowment has the greatest moderating effect on the relationship between economical environmental regulations and sustainable growth. According to the above conclusion, we propose the following suggestions.



The first one is based on the effectiveness of economic environment regulations. Economic environmental regulations intuitively discourage the consumption of traditional energy sources and promote the development of renewable energy from an economic perspective. Governments can implement flexible and effective economic policies that take into account local conditions, such as increasing taxes on traditional energy sources while providing policy subsidies and tax incentives for renewable energy. By reducing the financial pressure on renewable energy companies, new energy innovations can be promoted to achieve sustainable growth.



Secondly, based on the effectiveness of legal environmental regulations. The use of traditional energy sources inevitably leads to the consumption of environmental resources and environmental pollution. For government policies, on the one hand, through the establishment of a sound legal environmental regulation system, the use of traditional energy sources and the treatment and discharge of pollution can be regulated in order to curb the consumption of natural resources and mitigate environmental pollution. On the other hand, legal environmental regulations are also conducive to the management of renewable energies, as they regulate the research and development and production of renewable energies and promote the sustainable growth of new energy enterprises.



Thirdly, based on the effectiveness of supervisory environmental regulations. Strict and effective regulation, based on sound laws and regulations, can ensure that legal provisions are implemented. For example, strict monitoring of energy consumption and the treatment and discharge of pollutants by energy companies can effectively force traditional energy companies to transform and promote technological progress in the field of new energy. Thus, strengthening supervisory environmental regulation is beneficial to the sustainable growth of renewable energy companies.



Fourth, based on the effectiveness of resource endowment. Environmental endowments are inherently conducive to sustainable growth, so governments should actively guide energy companies to develop and build local resources with local characteristics, and sufficient environmental resources to ensure sustainable growth. However, given the ‘resource curse’ effect, local energy development should not be overly dependent on the benefits of environmental endowments and should focus on the long-term benefits of renewable energy. In addition, as resource endowments have a negative impact on the influence of environmental regulations, as resource endowments increase, the role of environmental regulation in sustainable growth decreases. Therefore, government departments should be fully aware of the contradictions between resource endowments and environmental regulation, and the link between resource endowment and environmental regulation should be better coordinated. For example, for traditional energy sources, environmental regulations should be strengthened to avoid the “resource curse” brought about by overly strong resource endowments, while for renewable energy enterprises, resource endowments can be moderately strengthened through the creation of a favorable financing environment and research environment to promote sustainable growth. Whether starting from an environmental regulatory perspective or a resource endowment perspective, the final goal is to curb traditional energy sources and promote renewable energy development so as to achieve sustainable growth. The government should be fully aware that technological development is the basic driver of sustainable growth, reasonably integrating the local environmental and social resources, enhancing resource-use efficiency, and encouraging scientific and technological research and development so as to achieve sustainable growth.
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Figure 1. Conceptual framework. 
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Table 1. Variables and definitions.






Table 1. Variables and definitions.










	Variable
	Abbreviations
	Definition Description





	Dependent Variable
	
	



	Sustainable growth
	SG
	PM × (1 − D) × (1 + L)/(T − (PM × (1 − D) × (1 + L)))



	Independent Variables
	
	



	Economical environmental regulation
	ERA
	The ratio of environmental pollution treatment investment to the industrial added value



	Legal environmental regulation
	ERB
	The number of year-end administrative penalty cases on the environment



	Supervised environmental regulation
	ERC
	The number of year-end environmental protection agencies



	Resource endowment
	RE
	The principal component analysis



	Control Variables
	
	



	Asset turnover
	AT
	Ratio of total sales to total asset



	Herfindahl–Hirschman Index
	HHI
	The HHI of industry



	Foreign direct investment
	FDI
	Ratio between foreign direct investment and GDP



	Firm Size
	FS
	Natural logarithm of total assets



	Leverage
	LEV
	Ratio of total liabilities to total assets



	Property, Plant, and Equipment
	PPE
	Ratio of property, plant, and equipment to total sales
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Table 2. Descriptive statistics of variables.






Table 2. Descriptive statistics of variables.





	Variables
	Obs
	Mean
	Std. Dev.
	Min
	Max





	SG
	882
	0.056
	0.142
	−0.673
	0.491



	ERA
	882
	0.060
	0.047
	0.014
	0.246



	ERB
	882
	11.36
	1.098
	8.617
	13.61



	ERC
	882
	9.359
	0.689
	7.403
	10.22



	RE
	882
	10.62
	1.559
	7.199
	14.24



	AT
	882
	0.390
	0.238
	0.044
	1.462



	HHI
	882
	0.065
	0.008
	0.052
	0.076



	FDI
	882
	7.182
	1.373
	3.866
	9.864



	FS
	882
	22.78
	1.425
	20.19
	26.34



	LEV
	882
	0.563
	0.200
	0.051
	0.941



	PPE
	882
	21.77
	1.796
	15.86
	25.94










[image: Table] 





Table 3. Correlation analysis of variables.






Table 3. Correlation analysis of variables.



















	Variables
	SG
	ERA
	ERB
	ERC
	RE
	AT
	HHI
	FDI
	FS
	LEV
	PPE





	SG
	1
	
	
	
	
	
	
	
	
	
	



	ERA
	−0.015
	1
	
	
	
	
	
	
	
	
	



	ERB
	−0.003
	−0.338 ***
	1
	
	
	
	
	
	
	
	



	ERC
	0.011
	−0.229 ***
	0.251 ***
	1
	
	
	
	
	
	
	



	RE
	0.050
	0.095 ***
	0.004
	−0.300 ***
	1
	
	
	
	
	
	



	AT
	0.048
	−0.062 *
	−0.069 **
	0.074 **
	−0.125 ***
	1
	
	
	
	
	



	HHI
	0.022
	−0.020
	0.087 ***
	−0.075 **
	−0.119 ***
	0.181 ***
	1
	
	
	
	



	FDI
	−0.047
	−0.462 ***
	0.635 ***
	0.191 ***
	−0.088 ***
	−0.004
	0.297 ***
	1
	
	
	



	FS
	0.140 ***
	0.141 ***
	0.010
	−0.278 ***
	0.900 ***
	−0.257 ***
	0.206 ***
	0.150 ***
	1
	
	



	LEV
	0.175 ***
	0.165 ***
	0.203 ***
	−0.217 ***
	0.481 ***
	−0.022
	0.086 **
	0.362 ***
	0.413 ***
	1
	



	PPE
	0.098 ***
	0.166 ***
	0.095 ***
	−0.232 ***
	0.772 ***
	−0.206 ***
	0.163 ***
	0.238 ***
	0.882 ***
	0.472 ***
	1







Note: *** p < 0.01, ** p < 0.05, * p < 0.1.
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Table 4. Measurement results of the relationship between ER and SG.






Table 4. Measurement results of the relationship between ER and SG.





	
Variables

	
Model 1

	
Model 2

	
Model 3




	

	
FE

	
GMM

	
FE

	
GMM

	
FE

	
GMM






	
ERA

	
0.019 ***

	
0.273 ***

	

	

	

	




	
ERB

	

	

	
0.300 ***

	
0.165 ***

	

	




	
ERC

	

	

	

	

	
0.038 ***

	
0.054 ***




	
AT

	
0.120 **

	
0.092 *

	
0.120 **

	
−0.029 *

	
0.126 **

	
0.089 *




	
HHI

	
2.536

	
1.505

	
2.523

	
1.001

	
2.596

	
2.268




	
FDI

	
−0.011

	
−0.001

	
−0.010

	
−0.005

	
−0.013

	
−0.005




	
FS

	
0.057 ***

	
0.068 *

	
0.057 ***

	
−0.016

	
0.057 ***

	
0.040 *




	
LEV

	
−0.396 ***

	
−0.116

	
−0.396 ***

	
−0.379 ***

	
−0.388 ***

	
−0.222




	
PPE

	
−0.006

	
0.003 *

	
−0.005

	
0.004 *

	
−0.006

	
0.005 *




	
C

	
−1.048 *

	
−0.971 **

	
−1.018 *

	
−2.178

	
−1.381 **

	
1.211




	
R2

	
0.321

	

	
0.452

	

	
0.476

	




	
Hausman test

	
19.27 ***

	

	
18.98 ***

	

	
21.32 ***

	




	
Arellano–Bond test

	

	

	

	

	

	




	
AR (1)

	

	
0.051

	

	
0.036

	

	
0.027




	
AR (2)

	

	
0.427

	

	
0.432

	

	
0.733




	
Sargan test

	

	
0.913

	

	
0.907

	

	
0.946




	
Observations

	
790

	
790

	
790

	
790

	
790

	
790




	
Number of id

	
91

	
91

	
91

	
91

	
91

	
91








Note: *** p < 0.01, ** p < 0.05, * p < 0.1.
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Table 5. Measurement results of the relationship between RE and SG.






Table 5. Measurement results of the relationship between RE and SG.





	
Variables

	
Model 1

	
Model 2

	
Model 3




	
FE

	
GMM

	
FE

	
GMM

	
FE

	
GMM






	
RE

	
0.414 *

	
0.284 **

	
0.389 *

	
0.179 *

	
0.402 *

	
0.277 *




	
AT

	
0.679 **

	
1.021 **

	
1.089 ***

	
2.315 *

	
0.857 ***

	
2.299 **




	
HHI

	
0.024 *

	
0.126

	
0.026

	
0.187

	
0.029

	
0.154 *




	
FDI

	
−0.093

	
−0.105 *

	
−0.087

	
−0.127

	
−0.089 **

	
−0.166




	
FS

	
0.209 **

	
0.106 *

	
0.233

	
0.176

	
0.231

	
0.119 *




	
LEV

	
−0.325

	
−0.421

	
−0.450

	
−0.298 *

	
−0.312

	
−0.206 **




	
PPE

	
0.546 *

	
0.219

	
0.444 *

	
0.398

	
0.590 *

	
0.265




	
C

	
1.508 *

	
0.882

	
3.001 *

	
0.832

	
2.098 *

	
0.891




	
R2

	
0.545

	

	
0.547

	

	
0.550

	




	
Hausman test

	
21.22 ***

	

	
20.19 ***

	

	
18.99 ***

	




	
Arellano–Bond test

	

	

	

	

	

	




	
AR (1)

	

	
0.039

	

	
0.027

	

	
0.025




	
AR (2)

	

	
0.593

	

	
0.642

	

	
0.589




	
Sargan test

	

	
0.899

	

	
0.915

	

	
0.907




	
Observations

	
790

	
790

	
588

	
588

	
202

	
202




	
Number of id

	
91

	
91

	
66

	
66

	
25

	
25








Note: *** p < 0.01, ** p < 0.05, * p < 0.1.
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Table 6. Measurement results of the relationship between ER and SG with moderating effect of RE.
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Variables

	
Model 1

	
Model 2

	
Model 3




	
FE

	
GMM

	
FE

	
GMM

	
FE

	
GMM






	
ERA

	
0.011 **

	
0.065 **

	

	

	

	




	
ERB

	

	

	
0.005 **

	
0.072 **

	

	




	
ERC

	

	

	

	

	
0.037 ***

	
0.180 **




	
RE

	
0.020 **

	
0.021 ***

	
0.021 ***

	
0.062 ***

	
0.020 **

	
0.133 ***




	
ERA × RE

	
−0.016 **

	
−0.310 **

	

	

	

	




	
ERB × RE

	

	

	
−0.007 ***

	
−0.259 ***

	

	




	
ERC × RE

	

	

	

	

	
−0.012 **

	
−0.312 **




	
AT

	
0.126 **

	
0.532 ***

	
0.126 **

	
0.561 ***

	
0.126 **

	
0.641 ***




	
HHI

	
−4.152

	
−7.343

	
−3.967

	
−7.483

	
−3.823

	
−7.591




	
FDI

	
2.915

	
5.024

	
2.918

	
5.109

	
2.958 *

	
5.336 *




	
FS

	
0.076 ***

	
0.678 ***

	
0.076 ***

	
0.725 ***

	
0.074 ***

	
0.702 ***




	
LEV

	
−0.366 *

	
−6.368 *

	
−0.359 *

	
−5.319 *

	
−0.365 *

	
−6.160 *




	
PPE

	
−0.006 *

	
−3.517

	
−0.007

	
−2.980

	
−0.007

	
−3.874




	
C

	
−1.307 *

	
−4.271 *

	
−1.632 *

	
−5.295 **

	
−2.165 *

	
−4.553 *




	
R2

	
0.449

	

	
0.453

	

	
0.446

	




	
Hausman test

	
28.08 ***

	

	
21.67 ***

	

	
20.59 ***

	




	
Arellano–Bond test

	

	

	

	

	

	




	
AR (1)

	

	
0.060

	

	
0.051

	

	
0.059




	
AR (2)

	

	
0.588

	

	
0.546

	

	
0.607




	
Sargan test

	

	
0.919

	

	
0.923

	

	
0.904




	
Observations

	
882

	
882

	
882

	
882

	
882

	
882




	
Number of id

	
91

	
91

	
91

	
91

	
91

	
91








Note: *** p < 0.01, ** p < 0.05, * p < 0.1.
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Table 7. Robustness test.






Table 7. Robustness test.





	
Variables

	
Model 1

	
Model 2

	
Model 3

	
Model 4

	
Model 5

	
Model 6




	
GMM

	
GMM

	
GMM

	
GMM

	
GMM

	
GMM






	
ERA

	
0.216 ***

	

	

	
0.358 ***

	

	




	
ERB

	

	
0.224 ***

	

	

	
0.217 ***

	




	
ERC

	

	

	
0.219 **

	

	

	
0.311 ***




	
RE

	
0.258 **

	
0.299 **

	
0.287 **

	
0.375 **

	
0.402 ***

	
0.395 ***




	
ERA × RE

	

	

	

	
−0.298 **

	

	




	
ERB × RE

	

	

	

	

	
−0.344 **

	




	
ERC × RE

	

	

	

	

	

	
−0.316 **




	
AT

	
0.172 *

	
0.176 *

	
0.178 *

	
0.098

	
0.099

	
0.090




	
HHI

	
5.565

	
5.284

	
5.223 *

	
9.517

	
8.346 *

	
8.885 *




	
FDI

	
0.121

	
0.199 **

	
0.124 **

	
0.548

	
0.827

	
0.718




	
FS

	
0.049

	
0.048

	
0.0499 *

	
0.272 *

	
0.286 **

	
0.262 *




	
LEV

	
−1.746 *

	
−1.934 *

	
−1.689 **

	
−2.778 **

	
−2.899 **

	
−2.957 **




	
PPE

	
0.065

	
0.067

	
0.068 *

	
0.421

	
0.398 *

	
0.413




	
C

	
7.169 **

	
7.206 **

	
7.308 **

	
5.477 **

	
6.103 **

	
6.890 *




	
Arellano–Bond test

	

	

	

	

	

	




	
AR (1)

	
0.028

	
0.036

	
0.027

	
0.035

	
0.028

	
0.031




	
AR (2)

	
0.335

	
0.401

	
0.334

	
0.402

	
0.335

	
0.405




	
Sargan test

	
0.876

	
0.907

	
0.896

	
0.899

	
0.918

	
0.923




	
Observations

	
882

	
882

	
882

	
882

	
882

	
882




	
Number of id

	
91

	
91

	
91

	
91

	
91

	
91








Note: *** p < 0.01, ** p < 0.05, * p < 0.1.
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