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Amidst growing environmental challenges linked to coal dependence, fostering green innovation in new energy enterprises is vital for sustainable development in China. Although there have been studies on green innovation of new energy enterprises in recent years, few studies have been conducted from the perspective of ESG, whether informal environmental regulation represented by ESG can stimulate the green innovation of new energy enterprises is of great significance to China’s construction of a low-carbon and secure energy system. In this paper, from the perspective of informal environmental regulation, based on the ESG ratings of SynTao Green Finance’s first public new energy listed companies as an exogenous shock, and taking A-share new energy listed companies as a sample from 2010 to 2021, we empirically verified the effect and mechanism of ESG ratings on the green innovation of new energy companies in terms of the quantity and quality of green innovations by utilizing the Staggered Difference-in-difference (DID) model. The findings demonstrate that new energy enterprises’ green patent numbers and quality are greatly enhanced by ESG grading. However, there is clear heterogeneity in this green innovation effect, which is particularly visible in new energy firms with state-owned enterprise and greater enterprise scales and a higher level of digitization. The Mechanistic findings suggest that ESG ratings drive green innovation by alleviating financial constraints, reducing agency risk, and boosting R&D, thus providing empirical evidence for the development of a green innovation ecosystem in the new energy industry.
Keywords: new energy enterprises, ESG ratings, green innovation, non-environmental regulation, staggered difference-in-difference
1 INTRODUCTION
In recent years, environmental problems have gotten increasingly severe, economic threats from climate change have intensified, and energy transition and carbon emission reduction have established a global consensus (Abid, 2017). The energy transition is an important step in addressing these challenges (Zou et al., 2016). The new energy sector is widely considered the future development trend, with many countries and regions actively pursuing its development to obtain a competitive advantage (Caineng et al., 2021). China is actively engaged in promoting the optimization of its new energy structure, attaining significant headway in both the scale and velocity of its development (Jiang et al., 2020). However, China is still facing increasingly serious environmental pollution, and the ongoing expansion of its energy use results in an increasing dependence on fossil energy imports and new challenges to energy security (Wang and Liu, 2017). Energy resources rely mainly on fossil fuels such as coal, which has a great impact on the environment and ecology (Zhao et al., 2022). Therefore, energetically expanding new energy firms is the key to building a clean and low-carbon energy system in China. To ensure the long-term success of China’s new energy companies, the level of green innovation must be consistently improved (Shao and Chen, 2022). Only autonomous green innovation within firms can accelerate and lower the cost of China’s green economic transition, and alleviate the acute resource and environmental crises. Green innovation has the potential to lower production costs and ease production-related environmental pressures. And it can also lower resource consumption and directly lower pollution emissions (Xu et al., 2023). Therefore, one of the keys to promoting the development of new energy enterprises is to improve the level of green innovation in enterprises, and it is very important to study the ways of mechanisms to promote green innovation.
In light of this, building a secure, equitable, and ecologically sustainable energy system is crucial (Song et al., 2022). Drawing on international experience, to lessen environmental pollution, the Chinese government has put in place many environmental regulation measures (Li et al., 2022) and promote sustainable growth (Lee et al., 2017; Li et al., 2023). Currently, China mainly relies on “top-down” environmental regulatory tools. For example,, China has implemented low-carbon city pilot programs and carbon emissions market pilot programs (Karmaker et al., 2021; Zhang et al., 2022). To ensure compliance, some enterprises will increase their green investment (Liu et al., 2020). However, some scholars have pointed out the need to recognize its limitations (Chang et al., 2023). Owing to differences in planning for economic development between the central and local governments, it is difficult to implement specific policies, either insufficiently or “one-size-fits-all” over-execution, which is costly and inefficient, and it is difficult to accomplish the anticipated governance effects (Ming et al., 2014). Excessive environmental laws imposed by the government have been demonstrated to raise production expenses for companies (Murty and Kumar, 2003), decrease their overall factor productivity (Ming et al., 2014), and lower the international competitiveness of firms (Cole and Elliott, 2003). At the same time, local governments may form complicit relationships with polluting firms (Biswas et al., 2012). Therefore, to reduce the current constraints of environmental regulation, firms need to actively obtain non-environmentally regulated incentives and monitoring from external sources to promote green innovation. This will not only enhance the incentive of companies to actively implement green innovation but also help to play the role of market incentives and external monitoring mechanisms (Shen et al., 2023). So how can we help enterprises obtain non-environmental regulations from the outside to mitigate the negative impacts of a single governance model?
Informal environmental regulation plays an increasingly important role in environmental governance as public awareness of environmental protection increases, and has a “bottom-up” impact on environmental governance compared to formal environmental regulation that forces firms to implement green innovations (Zhao et al., 2022). Policymakers and responsible investors are increasingly focusing on the three factors of environment, society and governance (Deng et al., 2023). Governance (ESG) factors are getting more and more attention from policymakers and investors (Deng et al., 2023). ESG is one kind of informal environmental regulation. As a practical manual for sustainable growth, ESG interprets the idea of fusing corporate governance, social responsibility, and environmental preservation (Li et al., 2023). ESG information is one of the important contents of listed companies’ communication with investors. Enterprises with good ESG performance gain more support from stakeholders and have more advantages in promoting corporate green innovation. So, how do we give full play to the external incentive and supervision mechanisms of fresh energy companies to drive fresh energy companies to take the initiative to carry out green innovation, what role does the ESG rating play in it, and what is the mechanism of its role? The existing literature has rarely explored this issue. Therefore, in view of informal environmental policy, this paper studies the mechanism for the influence of ESG ratings on green innovation, which will help to provide feasible solutions for fresh energy companies, encourage green innovation in new energy firms and increase green growth rates.
The following are this paper’s marginal contributions: First, theoretically speaking, this study unifies the creation of green innovation technologies for new energy businesses with ESG ratings. It examines how new energy companies can use ESG ratings to enhance their internal and external information environments when government subsidies are no longer sufficient to support their internal innovation. It also connects these companies with the market, offers market-oriented governance with appropriate incentives for their green innovation, and coerces new energy companies to engage in green innovation through external supervision mechanisms and market incentives. The research in this paper not only provides theoretical references and policy insights for new energy enterprises to establish a market-oriented green development system, but also enriches the relevant literature on ESG research. Second, green innovation in new energy companies is mostly analyzed from the standpoint of regulation of the environment. This paper will start from the standpoint of non-environmental regulations, combined with the characteristics of new energy enterprises themselves, in-depth analysis of the direction of the influence of ESG on the green innovation ability of companies, the mechanism of the influence, and heterogeneity of the factors, which is conducive to clarifying the role of the mechanism of the impact of informal environmental regulation, and provide ideas for the optimization of green development policies. Green development policy to provide ideas. Third, in terms of empirical research, this paper employs a Staggered Difference-in-difference (DID) approach to investigate the influence of ESG on green innovation in new energy firms, which can effectively address the issue of endogeneity when compared to the direct use of ESG rating data. Finally, the conclusions of this paper are conducive to providing empirical experience for the construction of China’s ESG rating system, which can also provide theoretical support for China’s energy transition policy.
2 LITERATURE REVIEW AND RESEARCH HYPOTHESES
2.1 Literature review
2.1.1 Research on ESG ratings
The concept of ESG is a further interpretation of Corporate Social Responsibility (CSR), which not only enriches the content of CSR, but also conforms to today’s social development. The basic idea is to integrate social responsibility, corporate governance and environmental protection into a strategy focused on sustainable development (Tan and Zhu, 2022). With the growth of green sustainability, more and more enterprises began to make ESG disclosure, and a large number of scholars began to study ESG. current research on ESG ratings is from two reasons, on the hand, from the departure of ESG ratings itself, mainly to study the drivers affecting its development; on the other hand, to study the economic impacts of ESG ratings. From the viewpoint of drivers of ESG ratings, one is external factors such as government actions and market stakeholders; the second is internal factors mainly equity structure, corporate governance, and digitalization (Fang et al., 2023). It was found that there is a favorable association between environmental regulations and high-quality growth (as measured by ESG) among external factors (Wang and Wang, 2022). However, Meng et al. (2023) argued that there may be collusive behavior between the government and firms, resulting in pollution of the environment. In addition to government behavior, external institutions play a pivotal role in enhancing firms’ Environmental, Social, and Governance (ESG) ratings by augmenting scrutiny over their environmental investments (Jiang et al., 2022). Concerning internal factors, state-owned enterprises, compelled by national sustainable development policies, are obligated to adhere to ESG ratings. Furthermore, state-owned enterprises, in terms of ownership, exhibit a propensity for higher ESG ratings compared to their non-state-owned counterparts (Tsang et al., 2023). In terms of corporate governance, society’s trust in firms promotes ESG, with particularly female boards of directors facilitating this effect (Elmagrhi et al., 2019; Qiu et al., 2023). In addition, scholars have also found that digitalization can advance corporate ESG development, especially with big data and blockchain technology (Dou et al., 2023).
There have been more studies related to the economic impact of ESG in recent years, and the disagreement among scholars mainly focuses on whether corporate ESG is effective or not, with the majority of proponents and providing evidence on various aspects. For example,: from a risk management perspective, ESG enhances firms’ below-capacity to cope with stock market crashes and various other risks (Silva, 2022). Good ESG performance also generates moral capital, which has an insurance effect and reduces firm risk (Lins et al., 2017). Second, from the management perspective, ESG is beneficial in preventing management deception and improving company management level (He et al., 2022). At the level of corporate performance as well as economic value, ESG contributes to increasing company value and easing funding restrictions (Cheng et al., 2014; Albuquerque et al., 2019). Further research shows that firms that voluntarily disclose CSR have higher firm value (Bucaro et al., 2020). Even when companies reveal shortcomings in their CSR practices, practice shows that firms that choose to disclose exhibit higher market value in contrast to businesses that decide not to reveal (Blacconiere and Patten, 1994; Matsumura et al., 2014). At the same time, there are contrary voices that argue that a company’s ESG rating can have negative effects on the firm. First of all, managers will use corporate responsibility disclosure to manipulate the company’s reputation, and they will “greenwash” the company’s actual situation (Ingram and Frazier, 1980). Moreover, due to the information transfer effect, corporate management will use exploit ESG data to deflect investors’ attention. and disguise poor financial performance (Saini et al., 2023). Finally, the same company may experience ESG evaluation divergence due to the various data sources and models used by different rating agencies. This will negatively affect the demand for stocks; the more divergence in a company’s rating, the more volatile its stock returns will be and the more expensive external financing will be (Christensen et al., 2022).
2.1.2 Research on green innovation in enterprises
Green innovation is defined as new technologies developed to carry out environmentally friendly measures (Castellacci and Lie, 2017) such as preventing pollution (Ma et al., 2021), protecting the environment (Wang and Jiang, 2021), and saving energy consumption (Habiba et al., 2022). It can help enterprises reduce pollution emissions and facilitate internal technological innovation. It also increases the value of the enterprise while improving its overall productivity (Dangelico and Pontrandolfo, 2015). Given the growing environmental problems, it is urgent to promote corporate innovation (Flammer et al., 2021). Currently, research on the elements that influence green innovation is mainly categorized into internal and external aspects. In terms of internal corporate governance, existing studies mainly focus on ownership structure (Amore and Bennedsen, 2016) executive characteristics (He et al., 2021), and board characteristics (He and Jiang, 2019). Amore et al. (2013) discovered an association between the amount of corporate governance and the extent of green innovation in firms. Ineffective corporate governance practices were found to have adetrimental impact on green patents, leading to a simultaneous decrease in the quantity and quality of firms’ green innovations. Further research has found that executives with knowledge of green innovation obtain more reliable green information that is more likely to be translated into actual technology (Post et al., 2011). In addition, boards of directors with internationa experience encourage company’ green innovation and are positively associated with the quality of green innovation (Quan et al., 2021). Finally, from the absorptive capacity perspective, board capital was discovered to be positively associated with green innovation capacity (Yousaf et al., 2022). The external corporate governance aspect mainly includes government-led environmental regulation as well as stakeholder-led non-environmental regulation studies. Classical economic theory (Palmer et al., 1995) suggests that environmental regulations raise business operating expenses and hinder green innovation. Moreover, environmental regulation adversely affects energy-consuming firms (Zhang et al., 2022). Porter’s hypothesis suggests that suitable environmental regulations will motivate corporations to engage in green innovation activities (Porter and Van der Linde, 1995) and produce a certain degree of “innovation compensation” for firms. Further research has discovered that environmental regulation have an incentive effect on enterprises to engage in green innovation activities, resulting in a large increase in the quantity and quality of green innovations (Liu et al., 2022; Li et al., 2023). From the stakeholder level, existing studies have found that consumer pressure on firms can promote their green innovation (Zhang and Zhu, 2019). Stakeholders such as ESG-related shareholders and institutional investors have also been found to influence green innovation (Cotter and Najah, 2012). However, studies have shown that green innovation in different industries is impacted differently by ESG ratings, for example, ESG ratings promote the development of green technologies in manufacturing (Tan et al., 2024). ESG ratings in high-tech businesses have a stronger impact on encouraging corporate green innovation in comparison to non-high-tech sectors (Chen et al., 2023). By combing the impact of ESG ratings on green innovation in different industries, it is found that the efficiency of ESG as a non-environmental regulation on green innovation in different industries has not yet reached a consensus, and there is no exploration of this issue on new energy enterprises, which is a research gap, so exploring the ESG on green innovation in new energy enterprises is of great significance.
Energy companies, which are mainly resource-consuming, are more in need of strengthening endogenous green innovation technology, and China’s new energy enterprises are highly integrated, technologically demanding, and weak in risk-bearing ability (Løvdal and Neumann, 2011). China’s new energy industry has poor green innovation capacity. There are two main reasons for this through domestic scholars’ research: first, the internal R&D funds for new energy enterprises’ innovation are insufficient. Enterprises should ensure that there is sufficient funding within the company for green innovation (Hansen and Birkinshaw, 2007), but new energy companies face problems such as lack of internal funds and financing constraints due to high construction and operation costs (Manso, 2011). Secondly, the level and tendency of innovation is not high, and there is a gap with foreign advanced technology, some key equipment needs to be imported from foreign countries (Chemmanur et al., 2014), and the ability of innovation needs to be improved. In the past, researchers have proposed that new energy enterprises should depend on government assistance (Zhao et al., 2022), using government subsidies as the key policy. The influence of government assistance on green innovation was emphasized (Zeng et al., 2018), and it has been demonstrated that government subsidies can help with the problems of the new energy industry’s low R&D expenditure and low innovation efficiency, which supports the green innovation activities of the enterprises. However, Research suggests that government subsidies do not significantly increase the green innovation capacity of new energy enterprises. Even if they increase the quantity of green patents, they cannot ensure the quality of the inventions (Dang and Motohashi, 2015; Fisch et al., 2017). Moreover, some studies have found that subsidies set by the government, which are based on environmental regulations, have generated speculative behaviors of firms to expand production capacity instead of R&D and innovation. The study suggests that government-led environmental regulation in the utility of the new energy sector, while having some positive impacts, also has its limitations. In recent years, researchers have considered the factors that influence ESG ratings on new energy firms as non-environmental regulations. In the study of ESG and new energy enterprises, it is found that there are consistently higher return spillovers between new energy, ESG and green finance (Jiang et al., 2023). ESG ratings can enhance the financial results of new energy companies (Liu et al., 2022). The ESG and the stability of new energy firms is shaped by an inverted “U” (Anwer et al., 2023). In summary, the research on ESG ratings and green innovation is mainly a study of how external stakeholders influence green innovation through the signals conveyed by ESG ratings. In recent years, some studies have also investigated the influence of ESG ratings on green innovation in the context of industrial heterogeneity, and the findings differ by industry. However, exploring the influence of ESG ratings on green innovation of new energy enterprises is less, the existing research on ESG ratings and new energy enterprises associated primarily focuses on the connection between ESG on new energy companies in the internal financial performance, stability, and external green finance, and less literature on direct research on green innovation, and it is still unclear how new energy companies’ green innovations relate to their ESG ratings and there is a research gap.
In summary, existing studies on ESG ratings have focused on the drivers of ESG ratings as well as economic impacts. Corporate green innovation has centered on both internal and external concerns. Regarding internal governance, the ownership structure, executive characteristics, and board characteristics have emerged as influential factors driving green innovation. By examining these factors, scholars have gained insights into the mechanisms through which organizations foster and promote green innovation. Among the external factors, environmental regulation conducted by the government as well as non-environmental regulation conducted by market interests are examined. Nevertheless, research on how ESG ratings affect green innovation shows that different industries are in agreement on nothing, especially focusing less on heavily polluting energy companies. Researchers have only recently begun to examine the effect of ESG ratings on the innovation of new energy firms from an external, non-environmental regulatory perspective. To date, most studies have looked at how government environmental regulation affects the creative activities of these firms. However, studies rarely address the impact on green innovation and ignore whether there is speculation in the dynamics of ESG ratings driving green innovation. Given this, this paper examines the relationship between ESG ratings and green innovation in new energy companies from the perspective of informal environmental regulation. It accomplishes this by examining the potential impact and mechanism of ESG ratings on green innovation in new energy firms, as well as including both quantity and quality data into the analysis to better evaluate green innovation and prevent enterprise speculation. We use data from A-share listed businesses to carry out an empirical analysis of the relationship between ESG ratings and green innovation in new energy industries to better understand the influencing elements.
2.2 Theoretical analysis and research hypothesis
2.2.1 ESG rating and green innovation of new energy enterprises
New energy enterprises need to search and obtain external green innovation information and resources through different channels to reduce green R&D costs. Green innovation can be a forward-thinking strategy for companies to manage the ecological environment, which helps energy enterprises construct technological barriers, build core competitiveness, and carry out energy transformation (Wang et al., 2022). However, China’s new energy enterprises often encounter greater difficulties than other enterprises in attracting financing from the outside world, mainly due to two reasons: the first is that, due to the late start of China’s new energy companies, their poor innovation ability, and the lower transparency of the financial statements and the incomplete history of the credit record and other characteristics, which leads to the information asymmetry between the external investors of new energy enterprises. External investors are unwilling to bear higher investment risks, and new energy enterprises are vulnerable to credit discrimination in green innovation (Carpenter and Petersen, 2002). Secondly, new energy enterprises engaged in green innovation must concurrently consider the imperative of environmental preservation and the associated costs of mitigating environmental impacts. As these enterprises strive to reduce their environmental impacts, the costs associated with research and development tend to escalate, thereby diminishing their rate of return. Consequently, when external investors are confronted with heightened uncertainties regarding potential returns and associated risks, their inclination to invest in such enterprises diminishes (Doran and Ryan, 2012), Information asymmetry is created between external stakeholders and the enterprise. Under information asymmetry, external stakeholders are unable to effectively monitor the majority shareholders and the management of the enterprise and lack risk tolerance, which makes them more inclined to invest in short-cycle, low-risk conventional projects (Amore et al., 2013).
However, ESG ratings provide a channel for firms to obtain green innovation knowledge and information from external sources, reducing the constraints of information asymmetry on green innovation. Spence’s (1974) signaling theory explains the asymmetry of information. The signals sent by the company can help external stakeholders to assess the company’s quality, as ESG ratings and related information can improve the transparency of information in the capital market, and can more clearly demonstrate the real competitive advantages of firms (Kirmani and Rao, 2000). According to signaling theory, ESG ratings can be regarded as a positive signal that shapes the image of corporate social responsibility (Tamimi and Sebastianelli, 2017) and attracts more investors who uphold the concept of sustainable development (Dyck et al., 2019). This helps companies to finance green innovation and provides an incentive for new energy companies to undertake green innovation activities and increase the number of innovations they produce (Cheng et al., 2014). Positive ESG performance can also attract potential consumers, excellent talents, suppliers, and distributor that prefer the concept of sustainable development (Dai et al., 2021), and reduce some of the possible risks (Chen and Xie, 2022; He et al., 2023). Among other things, the excellent talents attracted, who bring green innovation expertise and key information (Shropshire, 2010), are conducive to new energy enterprises making high-quality green innovation strategic decisions, and can carry out substantial green innovations to raise the market worth and competitiveness of the business (Huang and Li, 2017), which in turn improves the quality of enterprise green innovation. ESG ratings can alleviate the problems caused by information asymmetry, send positive signals to the outside world through green information disclosure, break down information barriers with external stakeholders, and encourage new energy enterprises to take the initiative to implement the “quality and quantity” of green innovation.
Therefore, research hypothesis 1: ESG ratings can promote the “increase in quality and quantity” of corporate green innovation.
2.2.2 ESG ratings, financing constraints and green innovation of new energy enterprises
Many new energy companies encounter the difficult “valley of death” conundrum, in which they are hampered in their green innovation operations due to financial restrictions. The technical characteristics of new energy enterprises, such as high entry barriers, substantial capital requirements, long R&D cycles, and complex strategic dynamics, contribute to high investment risks. Consequently, these enterprises often experience situations where there are “inputs but no outputs” (Kong et al., 2021), exacerbating the problem of financing difficulties. In the new energy industry in china, traditional financing methods primarily include bank loans, listed financing, and government subsidies. However, non-state new energy companies encounter difficulties in obtaining bank loans due to “ownership discrimination” by commercial banks (Lu et al., 2012). The listing process is arduous, and due to the prolonged return on investment cycle associated with the strong technical attributes of new energy enterprises, many promising enterprises are rejected (Qi et al., 2017). Furthermore, the gap in government subsidies has been widening year after year, making the “financing difficulty” a vulnerability to the sustained and robust development of the new energy sector (Ouyang and Lin, 2014). Addressing the challenge of reducing financial restrictions for new energy organizations is crucial to promoting green innovation within these enterprises.
Corporate ESG advantages provide a feasible solution to this problem; first, ESG ratings are a business philosophy that pursues long-term value. From a credit perspective, firms with ESG rating advantages may disclose information more actively, expressing a strong ethical and social one-is image of the company, which boosts the company’s credibility (Kim and Li, 2021; Tan and Zhu, 2022), reduces the bank’s lending restriction on the firm, and prompts the bank to issue loans to the firms with high ESG ratings (Houston and Shan, 2022), reducing the financing cost of enterprises and contributing to a growth of green innovations. Meanwhile, in terms of external financing and government subsidies, companies with high ESG ratings not only attract more external investment for innovation but also compensate for the lack of internal R&D funding due to insufficient government subsidies (Zhang et al., 2023). Because green-conscious investors are more willing to pay a higher premium for companies with high ESG ratings, and thus high ESG ratings can reduce the cost of equity financing (Pástor et al., 2021), green-conscious investors are more vocal when participating in green innovation strategy decision making that favor the improvement of green innovation quality. Therefore, new energy companies with high ESG ratings can receive more external financial support, which is conducive to alleviating the financing constraints of enterprises.
Hypothesis 2:. ESG ratings can promote the “quality and quantity” of green innovation of new energy enterprises by alleviating financing limitations.
2.2.3 ESG ratings, agency risk and green innovation of new energy enterprises
Green innovation in new energy enterprises is a long-term investment that will raise short-term operating and governance costs. But, the separation of the two powers of modern enterprises has formed a series of principal-agent relationships, the interest orientation and pursuit of different goals between the owners and managers of the company cause the loss of interest is known as agency costs (Jensen and Meckling, 2019). Corporate managers are more concerned about their reputation and career risks (Faccio et al., 2016). They pay more attention to the current performance of the firm and abandon long-term projects with higher risks (He and Tian, 2013; Fang et al., 2014). This short-sighted behavior of the management will lead to lower investment efficiency, which will affect their future competitiveness (Wu et al., 2022).
ESG ratings can reduce the monitoring costs of shareholders, strengthen the shareholder monitoring mechanism (Miller, 2006), avoid management’s short-sighted behavior, and force the management to carry out green innovations to enhance the company’s sustainable development capability (Li et al., 2023). Meanwhile, the ESG performance of the company during the management’s tenure has been used as an important part of the management’s performance, and the performance is linked to the salary and compensation, excellent ESG ratings will increase the salary level of the managers, and managers tend to increase their risk-taking ability for their interests (Dunbar et al., 2020), to avoid the shortsightedness of the management, to carry out more long-term project investment that increase the number of green innovations. In addition, management not only pays more attention to green innovation issues, but also performs governance functions more actively out of the maintenance of personal reputation (Hambrick, 2007), it encourages businesses to invest in high-quality green innovation activities that increase corporate value and enhance the quality of corporate green innovation (Cucari et al., 2018). Therefore, enterprises with ESG ratings can help decrease management’s shortsightedness and encourage green innovation by management. to “increase the quantity and improve the quality".
Hypothesis 3:. ESG ratings can reduce agency risk and encourage the “quantity and quality” of green innovation in new energy companies.
2.2.4 ESG rating, R&D investment and green innovation of new energy enterprises
At present, different new energy enterprises in China have great differences in their R&D bases. The new energy industry has a high core technology threshold, and the competition among enterprises is more on technological innovation. R&D investment, especially green innovation investment, determines the innovation and application of enterprise technology. However, enterprise innovation is associated with considerable risk., long return on investment cycle, high sunk cost, etc., and the social benefit is often greater than the enterprise benefit, which will reduce incentives for firms to increase R&D investment (Arrow, 1972; Jones and Williams, 1998). The shortcomings of China’s new energy enterprises, which rely mainly on government subsidies, have also emerged. The government’s financial pressure is increasing, and the subsidy gap is expanding year by year, which makes it impossible to subsidize new energy enterprises sustainably (Li et al., 2018); some enterprises invest in low-technology threshold projects in order to obtain subsidies, and blindly expand their production and neglect R&D innovation (Lerner and Wulf, 2007). It is not advantageous to companies’ R&D investment, which weakens the intrinsic innovation motivation of new energy enterprises and prevents them from innovating green technologies.
ESG ratings can force new energy firms to increase their R&D investment. On the one hand, ESG disclosures can provide information on corporate R&D investments (Hamrouni et al., 2019), increase the transparency of information on corporate R&D activities (Raimo et al., 2021), which promotes the connection between corporations and relevant stakeholders (Wu et al., 2021), and it also helps address the problem of adverse choice (Yang et al., 2018; Kong, 2023). Thus, it motivates new energy companies to invest in innovation and increase the amount of green innovations. On the other hand, in order to obtain higher ESG ratings, enterprises will adopt cleaner production processes, reduce pollution emissions, and maintain good relationships with shareholders, employees, and consumers (Mallinet et al., 2013), and this series of activities will increase the pollution management and operation and management costs of enterprises. At this point, profit-maximizing firms will seek more green technologies to reduce costs and enhance the quality of green technologies by expanding R&D investment to meet their own development needs (Joshi and Hanssens, 2010). In general, under the cost constraints generated by ESG ratings, firms will expand their internal R&D investment for green innovation., and with the help of these green technologies, not only will they be able to reduce their pollutant emissions, but also improve their operational efficiency, which will increase the “quality and quantity” of their green innovations throughout the procedure.
Hypothesis 4:. ESG ratings can improve the “quality and quantity” of green innovation in new energy companies by raising R&D expenditure. This paper summarizes the specific impact mechanisms as shown in Figure 1.
[image: Figure 1]FIGURE 1 | Theoretical framework diagram
3 RESEARCH DESIGN
3.1 Selection of the research sample and data sources
This research uses data from Chinese A-share-listed new energy companies from 2000 to 2021 as samples and uses the multi-temporal double-difference approach to investigate the impact of ESG ratings on the “incremental quality improvement” of green innovation in enterprises. Screen out new energy enterprises in Wind. The main business of new energy enterprises includes five categories: photovoltaic power generation or photovoltaic product manufacturing, wind power generation or wind power product manufacturing, biomass power generation, lithium battery manufacturing, and new energy vehicles. To assure data accuracy, the samples are then inspected and processed as follows: (i) ST and *ST-type companies are excluded. (ii) research samples with missing primary data are excluded; (iii) financial categories and companies that contain financial business operations are excluded. Shrinking Continuous Variables at the 1% and 99% Deciles in Stata. The China Research Data Service Platform (CNRDD) provides corporate green innovation data, the WIND database provides ESG rating data, and the CSMAR database contains all other data.
3.2 Empirical models
In order to examine the influence of ESG ratings on the “quality and quantity” of corporate green innovation, this paper treats the ESG ratings of the first listing of SynTao Green Finance. as a quasi-natural experiment, and constructs the following model by utilizing the multi-temporal difference-in-differences (Staggered Difference-In-Differences) method:
[image: image]
where the explanatory variable [image: image] is the green innovation activity of firm i in year t and [image: image] is the core explanatory variable, If SynTao Green Finance publishes the rating data of firm i in year t, then [image: image] = 1, otherwise [image: image] = 0; [image: image] is the coefficient of interest in this paper, and if it is significantly positive it means that [image: image] is positively correlated with [image: image]; [image: image] is a set of control variables; [image: image] is an individual fixed effect; [image: image] is a time fixed effect; [image: image] is a random error term.
In order to further examine the dynamic effects of ESG ratings and conduct a parallel trend test, this paper refers to Chen et al. (2023) and constructs the following model:
[image: image]
Where [image: image] = 1 indicates that enterprise i is the treatment group, and [image: image] = 0 indicates that enterprise i is the control group; [image: image] is the schematic function, and [image: image] is the current period of ESG rating, and the relative time from the time of ESG rating release is the frame of reference (t - d = s), where s = −1 is the base period, and the rest of the variables have the same meaning as that of Eq. 1, so they will not be repeated. The coefficient of interest in this model is [image: image], whose change reflects the dynamic changes in the impact of ESG ratings on corporate green transformation. If the regression coefficients [image: image] and [image: image] are not significantly different from 0, and the regression coefficients [image: image] and [image: image] are significantly different from 0, then it indicates that the multi-temporal double-difference model constructed in this paper satisfies the parallel trend test.
3.3 Variable design
3.3.1 Explained variables
The explanatory variable green innovation measures the level of green innovation of the firm. The number of green innovations is measured according to the method of Lian et al. (2022). Quality of green innovation is measured according to Zhang et al. (2023). Considering that the amount of green patents, green utility patents and green invention patent applications are count variables, which may exist as 0 and affect the normal distribution of the dependent variable, to satisfy the assumptions of the linear regression and to improve the fitting effect and reliability of the model, this paper adds one to take the logarithm of the data.
3.3.2 Explanatory variables
The explanatory variable [image: image] denotes the ESG rating status of firms. In this paper, the core explanatory variables are constructed using SynTao Green Finance rating data. Referring to Card and Krueger (2000), if SynTao Green Finance publishes the rating data of firm i in the tth year, then it is the treatment group and [image: image] = 1. Otherwise, it is regarded as the control group [image: image] = 0.
3.3.3 Control variables
Drawing on previous research this paper also control influential factors that may affect firms’ green innovation, including firm’s size (Size); firm’s return on total assets (ROA); firm’s gearing (Lev); firm’s age at listing (Age); firm’s business revenue growth rate (Growth); and other factors such as the proportion of first shareholder’s shares (Top1), number of directors (Bs); and other factors that affect the level of firm’s green governance. this paper also controls for firm (Firm) and year (YEAR) fixed effects.
4 EMPIRICAL ANALYSIS
4.1 Descriptive analysis
Table 1 displays the model’s primary statistics and all of the variables have their original values. According to the table, the mean values of GreenPatent, GreenUtility, and GreenInvent are 7.936, 5.343, and 3.627. The mean value of ESG_DID is 0.104, indicating that there are in the control variables 10.4% of the sample enterprises have ESG ratings. Among the control variables, the mZean value of Age of the sample enterprises is 15.42, which show that the age of the sample enterprises is small; the maximum and minimum values of Size are 27.55 and 16.70 indicating that enterprises of different sizes are included in the sample; The sample businesses’ high gearing ratio is indicated by the mean value of Lew, which is 0.545; their smaller shareholding concentration is indicated by the mean value of Top1, which is 35.31; their better business performance is indicated by the mean value of ROA, which is 0.0360; and the remaining variables are all within reasonable ranges.
TABLE 1 | Descriptive statistics for key variables.
[image: Table 1]4.2 Benchmark regression
Table 2 displays the results for the effect of ESG ratings on the “incremental quality” of corporate green innovation. All regressions control for firm and year fixed effects. According to the results in columns (1), (3) and (5), the ESG_DID coefficients are 0.844, 0.458, and 0.691, respectively, and are significant at the 1% level through the significance test, showing that the increase in ESG rating of the company increases the amount of Green patents, the amount of Green innovations, and the amount of Green invent by 84.4%, 45.8%, and 69.1% respectively, which provides preliminary empirical evidence for the theoretical hypotheses of this paper. This also gives empirical support to the theoretical premises of this article. And after adding the control variables, the coefficients of ESG_DID from columns (2), (4) and (6) are 0.410, 0.646 and 0.523 respectively, which still pass the test, indicating that ESG ratings can encourage enterprises’ green innovations and significantly improve both in quantity and quality.
TABLE 2 | Return to baseline.
[image: Table 2]4.3 Robustness checks
4.3.1 Parallel trend test
The double-difference approach must fulfill the parallel trend test assumption, there should be no systematic differences between firms with and without green innovation before ESG policies are conducted. As a result, this research uses the parallel trend test approach proposed by Jacobson (Jacobson et al., 1993). In this study, we test the dynamic impact of ESG ratings on GreenPatent, GreenUtility and GreenInvent using model (2), and the findings are shown in Figure 2A. Before ESG rating, GreenPatent, GreenUtility, and GreenInvent do not have significant differences and satisfy the assumption of parallel trend; after ESG rating, GreenPatent, GreenUtility, and GreenInvent of the treatment group have a significant increase compared with the control group After the ESG rating, the GreenPatent, GreenUtility and GreenInvent of the treatment group increased significantly in comparison to the control group, demonstrating that the ESG rating plays a function in encouraging the “quality and quantity” of corporate green innovations.
[image: Figure 2]FIGURE 2 | Parallel trend test.
4.3.2 Placebo test
To determine if the effect of ESG ratings on the “quality and quantity” of corporate green innovation is due to chance, this research uses a placebo test. According to Cao and Chen (2022), we created “pseudo-policy dummy variables” by randomly choosing 500 times based on the distribution of ESG rating variables in the baseline regression, then re-regressed the estimation with the model (1) to assess the distribution of coefficients and p-values. As shown in Figure 3, the mean value of the regression coefficients of GreenPatent, GreenUtility, and GreenInvent on the “pseudo-policy dummy variables” is close to 0, and the majority of the p-values are above the 0.1 line and insignificant at the 10% level, indicating that the test was passed. The test was passed, suggesting that it is not by accident that ESG ratings have an impact on the “quality and quantity” of corporate green innovation.
[image: Figure 3]FIGURE 3 | Placebo test.
4.3.3 PSM—DID
Due to the fact that rating agencies may disclose information to companies with sufficient information, there may be sample selection issues. Therefore, to address this issue, propensity matching (PSM) is used to re match control groups and reduce selection bias in sample selection. Using K-nearest neighbor matching, after removing a few unmatched samples, the DID model was used for retesting, and the results are shown in columns (1), (2), and (3) of Table 3. The regression coefficients are 0.452, 0.329, and 0.251 respectively, and the results are all significant, indicating that there is no serious problem of sample selection bias, and the conclusions obtained were reliable.
TABLE 3 | PSM—DID test results.
[image: Table 3]4.3.4 Replacement variables
At present, in addition to the Business Gateway Green Index, the ESG rating data of CSI, Bloomberg, Wind and other companies are also widely used in the study. The CSI rating index is used to reconstruct the explanatory variables to further test the influence of ESG ratings on the “quality and quantity” of company green innovation. And given that the CSI ESG ratings system covers a large number of companies, it is more appropriate to directly utilize the CSI ratings data as the explanatory variables (Deng et al., 2023). Drawing on (Tan et al., 2024) the practice of assigning values from one to nine to the nine ESG ratings, with larger values indicating higher ratings. Table 4 shows, the regression coefficients of CSI ESGs are 0.049, 0.087, and 0.077, which are all significant at 1%, proving that the results are robust.
TABLE 4 | Robustness test results 1
[image: Table 4]4.3.5 Change the time interval
The COVID-19 outbreak in early 2020 severely impacted business performance, and the emergence of the epidemic had a strong negative impact on businesses. In the context of increased economic uncertainty and their own poor financial situation, firms will reduce their investments in long-term, capital-intensive green projects, thus reducing green innovation. To prevent the epidemic from affecting the “quality and quantity” of green innovation, this paper excludes the sample of firms in 2020 and examines the impact of ESG ratings again. Table 4 shows that even after eliminating the 2020 sample, the coefficient of ESG_DID remains significant, indicating that ESG ratings boost the “quality and quantity” of company green innovation, and the estimation results are robust.
4.3.6 Considering lag effect
In the benchmark regression, considering that innovation projects need time to accumulate, some innovation projects are faster or may be slower, and the impact of ESG on different projects is also different, based on which GreenPatent, GreenUtility, and GreenInvent in the t + first and t + second year are further verified. The regression findings are provided in Table 5, all significant at 1%, and the conclusion remains unchanged.
TABLE 5 | Robustness test results 2
[image: Table 5]5 HETEROGENEITY TEST
In order to make the analysis more in-depth, this paper further considers the impact of heterogeneity. As green innovation requires large-scale investments and longer investment cycles, it puts higher demands on the internal capital of enterprises (Li et al., 2021). When the internal capital is not enough to support the innovation project, and there is a serious constraint on external financing, the enterprise will have to postpone or abandon the innovation. If the firm’s external financing can be eased, it will incentivize innovative activities (Xu et al., 2020). Because a firm’s property attributes affect how difficult it is to finance a firm, do ESG ratings cause differences in green innovation among firms with different attributes? Since large firms have a larger scale of capital compared to small firms, does the ESG rating create a difference in the impact of large firms and small firms on firms’ green innovation? Meanwhile, with the context of sustainable development, digital transformation is key to realizing green development and solving the dilemma of system and efficiency “breakthrough”, digital transformation for cracking the financing constraints of enterprises to provide a new solution (Eller et al., 2020). Hence, this study analyzes the heterogeneity in terms of enterprise attributes and firm size (Dasilas, 2024) and whether or not they have undergone digital transformation.
5.1 Enterprise attributes
In this paper, according to the nature of the enterprise belongs to is divided into state-owned and non-state-owned. The difference between them were tested, and Table 6 shows that p = 0.000, indicating that the difference between the groups is significant, and the regression coefficient of state-owned enterprises is larger than that of non-state-owned enterprises, and the impact of ESG ratings on the green innovation of state-owned new energy enterprises in terms of “increasing quality and improving quantity” is more significant. On the one hand, the possible explanation may be that state-owned new energy enterprises are more likely to receive financial support from the government, but the government’s financial support for non-state-owned enterprises is less (Li et al., 2020; Wang et al., 2021). On the other hand, because new energy enterprises have more financial needs and higher risks, banks favor state-owned enterprises and have less trust in non-state-owned enterprises when making green credits (Yu et al., 2021). Therefore, ESG ratings have impact on the “quality and quantity” of green innovation in state enterprise than in non-state enterprise.
TABLE 6 | Results of the heterogeneity analysis of enterprise attributes.
[image: Table 6]5.2 Enterprise size
The logarithmic value of operating income is used to assess a company’s size. The smallest 50% of companies are small enterprises, whereas the largest 50% are large enterprises. Table 7 shows that among new energy companies, ESG ratings have a significant impact in large companies. There may be two reasons for this, in the first place, Chinese new energy firms lack core technologies, have higher innovation costs, and have a greater need for capital, which requires large amounts of R&D and operating costs. Large firms have significant cash, talents and technology reserves, stronger risk-bearing ability, and their enthusiasm for green innovation are higher, which can provide support for the application and maintenance of patents (Yao et al., 2021). Secondly, the new energy sector itself has a scale effect, when the scale of the enterprise is expanded, it can improve its operational efficiency, better utilize internal and external financial resources, pay more attention to the company’s own image, form a good interaction with ESG, attract external investors, and promote patent research and developme (Drempetict et al., 2020). Small-scale enterprises are in a disadvantageous position in terms of capital, talents and technology reserves, with a weaker ability to bear risks and higher financing costs, and even if they have a strong sense of green innovation (Asai, 2019), it is hard to invest, and small businesses hard to innovate green even with ESG ratings.
TABLE 7 | Results of the heterogeneity analysis of enterprise size.
[image: Table 7]5.3 Digital transformation
In the study of this paper, the measure of “the number or percentage of digitization-related keywords in the annual reports of enterprises” was used to collect data on the digital transformation of enterprises (Dou et al., 2023). As shown through Table 8, ESG ratings have a more significant influence on companies with digital transformation than companies without digital transformation. Possible explanations are that China’s new energy enterprises have been established for a relatively short period of time, and the lack of credit when financing, combined with the high risk, high investment and long payback period of green innovation, have exacerbated the difficulty of financing for new energy enterprises. Digital transformation can utilize blockchain, big data and other digital technologies to integrate scattered funds, build a credit platform, compensate for the shortfalls of the conventional financial model (Benitez et al., 2022), and supplement the funds of new energy companies; and the use of digital technology can increase the clarity of companies information, endorse the credibility of new energy companies, and lower the financing costs incurred by credit mismatch (Lu et al., 2021). The result also further shows that the information of new energy enterprises in digital transformation is more transparent and the disclosure content is more truthful, which has prompted the ESG rating to play a real role in helping new energy enterprises to “increase quality and quantity” of green innovation.
TABLE 8 | Results of the heterogeneity analysis of digital transformation.
[image: Table 8]6 ANALYSIS OF MECHANISMS
The above section has verified the contribution of ESG ratings to the “quality and quantity” of green innovation from companies, and this section reveals its mechanism from the perspectives of financing constraints, agency problem and innovation efficiency.
6.1 ESG ratings and financing constraints
Good ESG performance of enterprises helps to improve the finance channels, and can lower financing costs by issuing green bonds and green credit. Because of the high-risk and high-investment characteristics of new energy companies, necessitate that enterprises obtain a large amount of funds from outside sources to compensate for the research and development gap, ESG ratings can reduce the information asymmetry, attract more investors with green preferences to invest, alleviate the enterprise’s financing constraints. In this study, we cite Hadlock and Pierce (2010) and use the SA index to measure finance limitations. In addition, there are two types of corporate finance: equity finance and debt finance, the PEG model is used to calculate the cost of equity financing, and the cost of debt financing is calculated using the ratio of corporate interest expenses to total liabilities to assess the influence of ESG ratings on corporate financing limitations. The findings are displayed in Table 9 columns (1), (2), and (3). When the SA index and the cost of equity financing are used as the explanatory variables, the coefficients are significantly negative at the 1% level, while the cost of debt financing’s regression coefficient is not significant. It shows that ESG ratings can reduce the cost of equity financing. Therefore, it can be argued that ESG ratings can increase the “quality and quantity” of firms’ green innovation by reducing funding limitations, and hypothesis two is valid.
TABLE 9 | Mechanism analysis test results 1
[image: Table 9]6.2 ESG rating and agency risk
Due to the principal-agent problem between owners and managers of modern corporate enterprises, resulting in the short-sighted behavior of corporate managers, unwilling to take risks due to the long duration of the green innovation cycle and the relatively large business risks, so corporate managers often choose short-term and conservative revenue decisions, reduction of green innovation activities. However, ESG ratings can alleviate the principal-agent behavior of enterprises, avoid the short-sighted behavior of management to a certain extent, enhance their risk-bearing ability, and foster a favorable climate for enterprise green innovation. This paper also introduces two indicators to measure the degree of shortsightedness of corporate management:The ratio of current short-term investments in the enterprise to the enterprise’s total assets at the beginning of the period (Short), and the average monthly excess turnover rate of stocks that reflects the frequency of shareholders’ transactions (DTurn) (Le and Gregoriou, 2020; Xu et al., 2021). Regression coefficients of the ratio of short-term investment to total firm assets at the beginning of the period and stock turnover rate on ESG ratings are significantly negative, which suggests that ESG ratings reduce managerial myopia, according to the results of columns (4) and (5) on the mechanism test in Table 9. As a result, hypothesis three is valid: ESG ratings can increase green innovation “quality and quantity” in firms by lowering managers’ myopia.
6.3 ESG ratings and R&D investment
ESG rating improves the transparency of enterprises’ green innovation activities and prompts stakeholders to play a role in the monitoring mechanism. ESG rating reflects the risks of enterprises in time and passes them to stakeholders, who will directly play the role of monitoring and constraining or give enterprises strong public opinion pressure in order to safeguard their interests, this forces businesses to raise their R&D investment (Wang and Chu, 2024). This paper uses R&D expenditure and the ratio of R&D expenditure to operating revenue to measure R&D investment. The regression coefficients for the mechanism test in columns (6) and (7) of Table 9 are considerably positive, demonstrating that ESG ratings can significantly enhance firms’ R&D spending. As a result, it can be argued that ESG ratings increase the “quality and quantity” of green innovation by increasing R&D expenditure, and research hypothesis four is correct.
7 CONCLUSION AND INSIGHTS
With the evolution of the global notion of sustainable development, all sectors of society are emphasizing the importance of non-environmental regulation in company green innovation. In this study, we use the ESG ratings of newly listed energy companies disclosed by SynTao Green Finance as exogenous shocks. We used DID to validate the influence of ESG ratings on both the quantity as well as the quality of green innovation in new energy companies. This studies reaches the following essential conclusions: ESG ratings have a favorable effect on the green innovation of new energy firms, and boost both the quantity and quality of innovation, which remains significant after a series of stability tests. Mechanism studies suggest that ESG ratings improve the “quality and quantity” of green innovation in energy businesses by alleviating financing limitations, lowering agency risk, and raising R&D investments. Further heterogeneity studies in this paper show that ESG ratings promote green innovation more significantly in large-scale enterprises in terms of enterprise size. Compared with enterprises without digital transformation, enterprises with digital transformation have more transparent information. Therefore, increasing the authenticity of ESG ratings is more conducive to enterprise financing, thus promoting the “quality and quantity” of green innovation in new energy companies.
The conclusions of this article have significant policy consequences. As the growth of new energy companies in China has reached a stage of transition from government support to market dominance, the government should reduce its direct involvement in businesses and promote appropriate and effective non-environmental regulatory measures to incentivize and steer new energy firms in green innovation. To begin, from the government’s viewpoint, the firstly, it is needed to promote the development of an ESG system with Chinese characteristics, standardize the criteria for ESG ratings, and regulate the supervision of ESG rating disclosure and promote the concept of green innovation in enterprises, especially for non-state-owned enterprises, small-scale enterprises and non-digitally transformed enterprises, the ESG rating is more meaningful to their green innovation activities, and the government can invest more funds in these new energy enterprises. Secondly, it is necessary to assist the development of ESG by means of tax relief, credit preferences and other exit mechanisms, and carry out moderate but not excessive environmental regulation, support for non-State-owned enterprises in particular. Gradually reduce the intervention policy of direct government subsidies, and instead increase precise innovation subsidies to correct the externalities of innovation behavior. In addition, the government should take full advantage of the incentive effect of ESG on new energy enterprises to solve the problem of those who have difficulty in obtaining green credit due to information asymmetry, and to help new energy enterprises overcome their inability to carry out green innovation activities due to financial problems. Secondly, from an enterprises standpoint, new energy enterprises should improve ESG concepts and ESG practices, and carry out ESG concepts throughout the entire process of business operations, establish a good social image through ESG performance, gain the support of the market and stakeholders, and regard ESG ratings as a kind of “value investment”. In addition, enterprises can hire managers with ESG construction experience, give full play to their consulting function, cultivate the awareness of ESG construction among executives, and reduce the information asymmetry of enterprises by mitigating the shortsightedness of executives. In addition, a specialized ESG committee is set up to supervise executives’ investment of funds in substantive green innovation initiatives and to enhance the quality of corporate green innovation. And enterprises should increase the amount of internal R&D investment to create a favorable green innovation environment and promote green innovation in enterprises. Finally, based on the finding of heterogeneity strengthening ESG construction is combined with digitization to enhance the authenticity of information publication through big data, conduct multi-dimensional credit ratings of new energy enterprises, carry out potential risk assessment, and increase the credibility of corporate ESG ratings to attract external financing.
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Intangibility 4510 00390 00350 0 0364

Tang 4529 0941 00660 0407 1
Growth 4391 0335 0190 -2837 1023
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coefficient group

difference test

Note: The p-value of the coefficient group difference test was calculated using the Fisher combination test (sampling 1,000 times); Same as table 2.
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