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Abstract: Environmental, social, and governance (ESG) ratings are gaining momentum in China, but
their capacity to induce green innovation among heavy polluters remains to be proven. Based on
the green patent data from listed heavy-polluting enterprises in China from 2010 to 2020, this paper
empirically analyzes the mechanism of ESG ratings and their impact on green innovation using a
multi-temporal double-difference method. The findings indicate that ESG ratings effectively promote
green innovation in heavily polluting firms. The mechanism test reflects that ESG ratings can enhance
the enterprises’ green innovation capacities by alleviating their financing constraints and enhancing
their corporate risk-taking abilities. Further analysis reveals that the incentive effect of ESG ratings on
green innovation lies in considering both source control and end-of-pipe management by addressing
their environmental responsibilities and actively engaging in green innovation activities. This facilitative
effect is more significant in non-state-owned enterprises (NSOEs) and large-scale enterprises. Overall,
these insights provide empirical evidence to advance green innovation in heavy-polluting enterprises.

Keywords: environmental, social, and governance ratings; green innovation; financing constraints;
risk-taking; DID

1. Introduction

Green innovation represents the future of China’s economy. Combining the principles
of greenness and innovation, it is committed to maximizing the comprehensive benefits of
technology, resources, economy, and environment, serving as a core driving force and a
realistic requirement for regional high-quality development [1,2]. Heavy-polluting enter-
prises are central to green innovation, as their ability to achieve energy saving, emission
reduction, and green development determines the success of sustainable development
strategy in China. China’s existing environmental policies mostly adhere to Porter’s hy-
pothesis. It argues that well-designed environmental regulations can furnish enterprises
with information and incentives for technological innovation and lead to an “innovation
compensation effect” and “first-mover advantage” for enterprises in the long run [3]. How-
ever, the effect of environmental policies that have been in place for many years has not
been satisfactory [4], with ineffective law enforcement by local governments and even
collusion between the government and enterprises. These challenges have resulted in a
“softening” of environmental regulation. Consequently, China’s ecological and environ-
mental situation is still serious [5]. The relationship between coercive policies and green
innovation strategies demonstrates an inverted U-shape, where moderate coercive policies
can effectively promote the implementation of green innovation strategies by enterprises.
However, excessively high or low coercive policies may dissuade enterprises from adopting
green innovation strategies [6].

As a result, aiming at decreasing resource depletion and environmental pollution,
China has introduced the environmental, social, and governance (ESG) rating system
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as a market mechanism, which is not legally enforceable, to incentivize relevant enter-
prises to engage in green innovation activities and enhance their sustainable development
capabilities. ESG ratings, serving as a comprehensive assessment methodology that con-
siders environmental, social, and governance factors, have attracted widespread attention
from investors to evaluate the sustainable performance of companies from a more holistic
perspective [7]. Compared with the mandatory pressure of environmental regulations,
ESG ratings, as a third-party regulatory tool, exert normative pressure from the external
market in a “bottom-up” fashion, compelling companies to proactively initiate changes and
actively engage in green innovation activities [8]. Under the leadership of the “dual carbon”
goal, China’s ESG development has accelerated. According to the China Association of
Listed Companies, the number of ESG-related reports issued by A-share listed companies
increased from 371 in 2009 to 1738 by the end of June 2023, with the disclosure rate of
34%. Notably, the ESG disclosure rate of Sino-Securities 300 exceeds 90%. ESG, as an
important value driver for sustainable development, is increasingly acknowledged by both
real enterprises and investment institutions.

With the promotion of ESG, the positive impact of ESG ratings on corporate investment
efficiency, financial performance, corporate value, and stock market performance has been
demonstrated in research [9–13]. However, some scholars have raised concerns about
potential “greenwashing” behavior resulting from ESG ratings. They argue that conducting
environmental testing and establishing an ESG system may require substantial capital
investment and not yield short-term benefits. Therefore, companies have an incentive to
divert public opinion through “greenwashing” behavior to mislead the public and seize
undue advantages [14–16]. Lax regulatory penalties have also been the main reason for
the prevalence of “greenwashing” in recent years. China has not clarified the penalties for
“greenwashing” in the ESG field, resulting in a very low cost of non-compliance and further
exacerbating the “greenwashing” behavior among domestic companies [17]. Considering
the possible “greenwashing” behavior of heavy polluters, it remains to be explored whether
the ESG ratings really promote the green activities among them and effectively enhance
their green innovation capabilities.

In this research, the ESG rating is regarded as an exogenous market shock event.
Meanwhile, we adopt a multi-time-point difference in difference (DID) approach to explore
the impact of ESG ratings on the green innovation of listed heavily polluting enterprises in
China. The results reveal the following:

(1) The implementation of ESG ratings exerts a significant positive impact on listed
companies in heavily polluting industries, reflected in the increased number and
citation frequency of green patent applications. This quantitatively and qualitatively
confirms that the ESG ratings can effectively enhance the green innovation capabilities
of high-polluting enterprises. Moreover, this conclusion is further verified and con-
solidated through a series of robustness tests, including parallel trend tests, placebo
experiments, variable substitution, and adjustments during the regression.

(2) ESG ratings play a key role in reducing financing constraints and increasing risk-
taking, thereby promoting green innovation in high-polluting enterprises. Due to the
inherent uncertainty of innovation activities, enterprises should pay attention to stable
and continuous financial support. In addition, the acceptance of risk by management
and external stakeholders also determines the enterprise’s ability to engage in green
innovation activities. Therefore, ESG ratings, by alleviating financing constraints and
enhancing the risk-bearing capacity of internal and external stakeholders, facilitate
the progress of enterprises in green innovation.

(3) More obviously, ESG ratings significantly enhance the green innovation capabilities
of private and large enterprises. This difference may stem from the government credit
endorsements and broader financing channels of state-owned enterprises (SOEs) as
well as the direct participation of party organizations in major decisions. This, in turn,
limits the impact of ESG ratings on easing financing constraints and enhancing risk-
taking capabilities. In contrast, the ESG ratings demonstrate a limited effect on small
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and medium-sized enterprises because they often face resource scarcity and tend to
pursue certain development and survival rather than investing in risky innovation
projects that may yield returns. Furthermore, our research reveals that ESG ratings
not only promote the end-of-pipe governance in heavily polluting enterprises but
also strengthen source governance, thereby advancing environmental protection and
sustainable development practices throughout the governance chain.

The marginal contributions of this research are primarily reflected in the following aspects:
Firstly, previous research has focused more on the role of government regulation

and support as well as the impact of intrinsic corporate characteristics, with relatively
less discussion on market factors [18–22]. This research reveals, from the perspective of
market incentives, how ESG ratings function as effective market information transmission
mechanisms and significantly promote green innovation in listed companies in the heavily
polluting industries of China. For this purpose, a theoretical analysis framework is con-
structed, and strong empirical evidence is provided, offering new insights and references
for academics and policymakers.

Secondly, we expanded the scope of traditional credit market research by shifting
the focus from the information asymmetry among financing entities to the influence of
market incentive mechanisms [23,24]. With special attention to the market ESG rating,
this research analyzes how it acts as an information intermediary in the credit market to
transmit signals and mitigate information asymmetry. Furthermore, based on the role
of market incentive mechanisms, it alleviates corporate financing constraints, increases
stakeholders’ risk-bearing willingness, and stimulates corporate investment and outcomes
in green innovation, thus promoting sustainable development.

Lastly, our research is subjected to the following relevance and significance for stake-
holders. For government departments, “voluntary regulation” in the Chinese market, such
as ESG ratings, can provide effective, flexible, and dynamic incentives. This conclusion
yields theoretical and empirical support for the government to exert its role in market
coordination, facilitating the formulation of more precise and matching policies to market
development, thus promoting the long-term interests of enterprises. Moreover, our research
reveals the signaling effect of ESG ratings for enterprises. Specifically, the ESG ratings
help enterprises to convey their commitment to environmental and social responsibilities.
Furthermore, they provide investors and regulatory agencies with new means to assess
corporate value and risk, aiding them in making wiser investment and regulatory decisions.
Overall, this research highlights the importance of market incentive mechanisms in pro-
moting the green development of enterprises and enhancing the overall welfare of society,
thereby providing new insights and strategies for sustainable corporate development.

The subsequent content of this article is arranged as follows. The second part elabo-
rates on the institutional background of this research, develops theoretical derivations, and
proposes research hypotheses. The third part describes the data sources, empirical models,
and descriptive statistics adopted. The fourth part presents the main empirical results of
ESG ratings and green innovation in heavily polluting enterprises and then analyzes the
intrinsic mechanisms. The fifth section explores whether ESG ratings improve both source
control and end-of-pipe governance for green innovation and analyzes the heterogeneity in
the relationship between ESG ratings and green innovation in heavily polluting enterprises.
Subsequently, the sixth part summarizes and discusses the main findings of this research
and gives relevant policy recommendations.

2. Institutional Background, Theoretical Analysis, and Research Hypothesis
2.1. Institutional Background

In the historical context of China’s economic development, environmental issues have
consistently occupied a pivotal position. During the era of planned economy, industrial-
ization often came at the expense of the environment, leading to resource depletion and
environmental pollution, with insufficient awareness regarding environmental protection
among enterprises and citizens. Since the inception of the reform and opening-up policy
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in 1978, marking China’s transition from a planned to a market-oriented economy, environ-
mental policies have undergone a multi-stage evolution. Initially, environmental protection
primarily served the planned economy, relying heavily on mandatory regulations. Various
government laws and regulations were utilized to restrict market participants, aiming
to maintain market order and social stability. However, with the establishment of the
socialist market economy system, environmental regulatory policies have shifted from a
singular focus on “pollution prevention” to embracing the broader concept of “ecological
civilization”. This shift signifies a deeper understanding of environmental issues and
a commitment to pursuing sustainable development. In this evolutionary process, the
limitations of mandatory regulations gradually became apparent, especially in promoting
innovation and adapting to dynamic market conditions. Analyzing the evolution of China’s
environmental regulatory policies against the backdrop of market economy development
reveals a transition from reliance on mandatory regulation toward market-driven transfor-
mation. This highlights the evolving role of the government in environmental protection,
gradually shifting from direct intervention to leveraging market mechanisms and social
forces. Especially in the process of the dual carbon goals, carbon peaking, and carbon
neutrality, the importance of market participation has become increasingly prominent.

Market participants, including enterprises, third-party institutions, and citizens, have
been endowed with increased responsibilities and autonomy to innovate and adapt to
rapidly evolving market demands. This shift promotes innovation in environmental pro-
tection technologies and management approaches, enhances resource utilization efficiency,
and promotes the progression of a green economy. Concurrently, the introduction of market
mechanisms such as carbon trading and ESG ratings provides the possibility of achieving a
win-win outcome for environmental protection and economic development.

Overall, the evolution of China’s environmental initiatives represents a transition from
government-led to market-driven transformation, facilitating environmental protection and
establishing the groundwork for sustainable economic development. With the proposal
and implementation of the dual carbon goals, market participants will exert increasingly
pivotal effects, while the government will continue to play its role in policy formulation
and regulation to achieve the environmental protection goals.

China’s economic and institutional context provides this research with a unique
perspective and advantage. Firstly, with the active involvement and guidance of the gov-
ernment, the Chinese market exhibits distinct characteristics from those of other countries,
presenting a rich case study for examining the effectiveness of market tools under diverse
institutional frameworks. Secondly, the continuous development and improvement of the
Chinese market serve as a testing ground for exploring market incentive mechanisms, help-
ing to reveal the potential effects and trajectories of such mechanisms. These characteristics
render this research academically pioneering and forward-looking, while also ensuring the
rigor and practical applicability of the research results. Lastly, as the world’s second-largest
economy, China boasts a diversified industrial landscape and regional distribution, and the
breadth and diversity of company samples provide sufficient credibility and extensibility
for the research.

2.2. Theoretical Analysis and Research Hypothesis
2.2.1. ESG Ratings and Corporate Green Innovation

In China, with the increasing emphasis on the concept of green sustainable develop-
ment, heavy-polluting enterprises characterized by high energy consumption and pollution
are facing unprecedented challenges. Meanwhile, they have drawn significant attention
from the government and the public in various dimensions, such as environmental pro-
tection, social responsibility fulfillment, and governance. The emergence of ESG ratings
has rendered the environmental costs of these enterprises more transparent. Faced with
external pressure from public opinion and regulation, these enterprises are motivated
to seek green innovation to adapt to the constantly evolving external environment and
mitigate ESG risks. ESG ratings not only afford enterprises an opportunity to demonstrate
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their potential for green development but also exert a positive impact on green innova-
tion in terms of resource allocation optimization, governance structure enhancement, and
innovation in incentive mechanisms [25].

Firstly, ESG ratings rely on the information disclosed by companies concerning their
environmental protection and social responsibilities. They can reflect whether heavily
polluting enterprises are actively assuming responsibility and adhering to the principles
of sustainable development. Green innovation, as a risky and uncertain activity, needs
substantial sustained financial support in its initial stages. ESG ratings, through signaling,
guide the influx of investor funds by garnering policy support, such as tax incentives
and government grants, to generate a resource effect on green innovation and reduce the
financial burden on corporations [26]. Secondly, ESG ratings improve corporate infor-
mation transparency and effectively mitigate information asymmetry among corporate
stakeholders [27]. Based on the stakeholder theory, studies have scrutinized the factors
driving corporate “greenwashing” behavior and concluded that such behavior is complex
and usually involves interactions among multiple stakeholders. The lack of effective su-
pervision of management’s speculative actions, motivated by economic benefits and the
avoidance of regulatory penalties, is a primary driver behind the “greenwashing” of enter-
prises [28]. Therefore, promoting the effectiveness of supervision can partially inhibit the
“greenwashing” behavior of enterprises. As an important external governance mechanism
in the capital market, ESG ratings are issued by practitioners with professional knowledge
backgrounds, facilitating the identification of “greenwashing” behaviors of corporate man-
agers. The ESG ratings issued by them are closely scrutinized by the public and the media,
which reduces the cost of monitoring the management by external investors [29]. As a
result, strengthening external supervision can effectively curb managerial opportunism,
promoting management to allocate corporate resources, improve governance practices,
actively fulfill social responsibilities, and mitigate the risk of corporate “greenwashing” by
addressing agency problems and optimizing internal controls, thus exerting a governance
effect on green innovation [30]. Furthermore, in the context of promoting the development
of a green economy, innovation becomes an indispensable means for heavily polluting
enterprises to break through the limitations caused by high emissions and high pollution
and eliminate backward production capacity. ESG ratings, as a soft market regulatory tool,
exert an incentive effect on green innovation, motivating enterprises to proactively enhance
their production processes, ramp up research and development efforts in areas such as
green technology and green products, elevate the levels of green innovation, improve
the resource utilization efficiency, and achieve the long-term sustainable development of
enterprises. Finally, while the issue of greenwashing cannot be overlooked in ESG ratings,
it is particularly challenging within China’s heavily polluting industrial sectors due to
stringent legal and environmental regulations [31]. Such industries face significant barriers
and costs associated with greenwashing, making them susceptible to market backlash,
reputational harm, and reduced stakeholder support, ultimately impacting their perfor-
mance [32]. Thus, compared to greenwashing, ESG ratings are more likely to truly promote
substantial progress in green innovation for these enterprises. Based on the above analysis,
this research proposes the following research hypothesis:

Hypothesis 1. ESG ratings promote green innovation of heavily polluting companies.

2.2.2. ESG Ratings, Financing Constraints, and Green Innovation

The high-input and high-risk characteristics of green innovation activities require
enterprises to secure financial support from external sources [33]. With the growing societal
awareness of sustainable development and environmental protection, ESG ratings have
emerged as a crucial tool for enterprises to gain investors’ trust and financial support in the
financing market. Firstly, ESG ratings can improve the management level and transparency
of enterprises. Driven by ESG ratings, enterprises are compelled to comprehensively review
their environmental, social, and governance performance as well as continuously improve
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and enhance their management level. Additionally, ESG ratings require companies to
disclose relevant information and data to enhance their transparency and credibility. These
initiatives bolster the operational efficiency and management level of enterprises, reduce
their operational risks, and increase the trust of investors and financial institutions [34].
Consequently, they expand the financing possibilities for enterprises and increase the
availability of funds, thus protecting green innovation activities necessitating large capital
investment by enterprises. Secondly, good ESG ratings can help companies reduce financing
costs. Companies with good ESG ratings signal long-term value creation and can negotiate
more advantageous terms in the financing market, such as lower interest rates and longer
repayment terms. This reduces financing costs and releases more funds for corporate green
innovation activities. Therefore, this research proposes the following research hypothesis:

Hypothesis 2. ESG ratings facilitate green innovation in heavily polluting companies by alleviat-
ing corporate financing constraints.

2.2.3. ESG Ratings, Risk-Taking, and Green Innovation

The development of corporate green innovation activities requires enterprises to have
a high risk-taking capability. This is primarily attributed to the fact that green innovation
involves high risks and uncertainties that are difficult to assess and requires significant time
and human costs while encountering a variety of risks, such as technological difficulties
that cannot be broken through and difficulties in obtaining innovation results, or lagging
in innovation results [35]. The principal–agent dilemma in enterprises is also a critical
cause for insufficient risk-taking behavior. Owners prefer to achieve the long-term goal
of the enterprise through innovation and other activities. In contrast, managers are more
inclined to choose conventional projects with stable cash flows and lower risks to safeguard
their interests and reputation. External investors typically advocate for reduced risk-taking
behavior and invest in lower-risk and more prudent short-term projects for capital safety
and a quick return [36]. Various principal–agent conflicts arising from differing objectives
of the parties will further reduce corporate willingness to take risks and engage in high-risk
green innovation and other activities. ESG ratings can effectively alleviate information
asymmetry and principal–agent conflicts [37]. Firstly, ESG ratings represent the demand to
embed the concept of green development into all decisions of corporate strategic planning.
The pressure exerted by ESG ratings can constrain management behaviors and mitigate
possible short-sightedness. In addition, ESG ratings convey socially responsible information
that reflects the long-term orientation of enterprises toward sustainable development, thus
enhancing the willingness of external investors to take risks on green innovation activities
and to pay increased attention to corporate long-term development goals [38]. Based on
the above analysis, this research posits the following research hypothesis:

Hypothesis 3. ESG ratings facilitate green innovation in heavily polluting companies by enhancing
corporate risk-taking capability.

3. Study Design
3.1. Sample Selection and Data Sources

Chinese A-share listed companies operating in heavily polluting industries from 2010
to 2020 are selected as samples in this research. The final industry codes of B06, B07, B08,
and B09 are selected based on the “Management Catalog of Industry Classification for
Environmental Verification of Listed Companies” issued by the former Ministry of Environ-
mental Protection. After matching with the “Guidelines for Industry Classification of Listed
Companies (Revised in 2021)” issued by the China Securities Regulatory Commission, B6,
B7, B8, B9, B10, B11, C15, C17, C18, C19, C22, C25, C26, C27, C28, C29, C30, C31, C32,
and D44 are determined as the research samples of this research. Table 1 presents the
specific details of heavily polluting industries. The sample selection criteria are as follows:
(1) Listed companies with ST and ST* are excluded. “ST” stocks are designated for special
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treatment, and “*ST” represents a delisting risk warning. These companies face the risk of
delisting due to abnormal financial conditions or other issues. Most of them fail to apply
the going concern assumption, are not in accordance with normal accounting standards,
and are not comparable to normal companies. (2) Samples with serious missing data such
as green patent data and control variables are also excluded. Finally, 7530 valid sample
observations are obtained, covering all categories of heavy polluters. In this research, the
ESG rating data from Business Way Rong Green are from the WIND database, the green
patent data are from the State Intellectual Property Office, and the financial data are sourced
from the CSMAR database. To ensure the sample quality and mitigate the influence of
extreme values, continuous variables are winsorized at the 1st and 99th percentiles.

Table 1. Contents of the list of heavily polluting industries and sample attrition.

Primary
Industry Code Primary Industry Name Secondary

Industry Code Secondary Industry Name Obs. Cumulative
Percentage (%)

B Mining industry

B6 Coal mining and
washing industry 236 0.031

B7 Oil and natural gas
extraction industry 67 0.040

B8 Ferrous metal mining and
dressing industry 36 0.045

B9 Non-ferrous metal mining
and dressing industry 199 0.071

B10 Non-metallic mining and
dressing industry 4 0.072

B11 Mining specialized and
auxiliary activities 98 0.085

C Manufacturing industry

C15
Alcoholic beverages,

beverages, and refined tea
manufacturing industry

387 0.136

C17 Textile industry 256 0.170

C18 Textile clothing and
apparel industry 193 0.196

C19
Leather, fur, feather (and its

products) and
footwear industry

43 0.202

C22 Papermaking and paper
products industry 195 0.228

C25 Petroleum, coal, and other
fuel processing industry 122 0.244

C26
Chemical raw materials and

chemical products
manufacturing industry

1458 0.437

C27 Pharmaceutical
manufacturing industry 1537 0.642

C28 Chemical fiber
manufacturing industry 197 0.668

C29 Rubber and plastic
products industry 333 0.712

C30 Non-metallic mineral
products industry 591 0.790

C31 Ferrous metal smelting and
rolling processing industry 308 0.831

C32
Non-ferrous metal smelting

and rolling
processing industry

574 0.908

D
Electricity, heat, gas

production and
supply industry

D44
Electricity and heat

production and
supply industry

696 1.000



Sustainability 2024, 16, 2842 8 of 23

3.2. Modeling

To verify the impact of ESG ratings on the green innovation of heavy-polluting enter-
prises, model 1 is constructed using the multi-temporal double-difference method to test
hypothesis 1:

Greeni,t = α0 + α1ESG_DIDi,t + γControli,t + η + εi,t (1)

where the explanatory variable Greeni,t refers to the firm i’s green innovation in year t.
ESG_DIDi.t is the core explanatory variable ESG_DIDi,t = 1 if SynTao Green Finance
releases the ESG rating data for company i in year t. Otherwise, ESG_DIDi,t = 0. The
rating data released by SynTao Green Finance satisfy the need for double differencing at
multiple time points. After SynTao Green Finance releases the ESG rating for a certain
company in year t, the ESG rating data of this company will also be disclosed every
subsequent year. Controli,t denotes a series of control variables. η is firm- and year-fixed
effects. εi,t is a randomized perturbation term.

Meanwhile, to further examine the dynamic effect of ESG ratings on the impact of the
green innovation of heavy-polluting enterprises and to conduct a parallel trend test, the
following dynamic double-difference model is constructed by referring to the study of Sun
and Abraham [39]:

Greeni,t = χ + λ
precut
s [Di × I(T − TD < −3)]+

−2
∑

s=−3
λ

pre
s [Di × I(T − TD = s)]+

2
∑

s=0
λ

post
s [Di × I(T − TD = s)]+

λ
postcut
s [Di × I(T − TD > 2)] + Controli,t + η+ ε′i,t

(2)

where Di = 0 and Di = 1 represent enterprises in the control and experimental groups,
respectively; I(·) is a schematic function, and TD refers to the year of ESG ratings for
firm i. The relative time to the release of ESG rating data is utilized as a reference system
(T − TD = s). Model s = −1 serves as the base period to observe the impact of ESG rating
events. The remaining variables possess consistent meanings with those in model (1).
Herein, the coefficient λ is assigned in model (2), whose variation reflects the dynamic
impact that ESG ratings have on green innovation. If neither λ

precut
s nor λ

pre
s is significantly

non-zero, there is no great difference between the experimental and control groups before
the time of the ESG rating. Further, a significant non-zero λ

postcut
s and λ

post
s would indicate

a remarkable difference between the experimental and control groups after ESG rating
hindsight. Consequently, the multi-temporal double-difference model constructed in this
research satisfies the parallel trend test.

To further analyze the impact pathway (Z) of ESG ratings on green innovation in heav-
ily polluting enterprises, intermediary variables are selected for analysis in this research.
After data standardization, the following models are established [40]:

Zi,t = β0 + β1ESGi,t + β2Controli,t−1 + γi + µt + εi,t (3)

Greeni,t = β0 + β1ESGi,t + β2Zi,t + β3Controli,t−1 + γi + µt + εi,t (4)

Equation (2) represents the impact of a company’s external guarantees on the interme-
diary variables. The coefficient β2 in Equation (3) reflects the impact of the intermediary
variables on the company’s ESG performance after controlling for the influence of the
external guarantees.

3.3. Descriptions of Variables

The explanatory variables include the number of green patent applications and times
for the company’s green patents cited in the last five years. The most prevalent indicator for
measuring green innovation in enterprises in existing studies is the quantity of green patent
applications filed [41]. Based on this approach, this research adopts the measurement
method of Su et al. We construct the number of green patent applications and patent
citations as the explanatory variable [42].
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The core explanatory variable is ESG_DID. In this research, the core explanatory vari-
ables are constructed based on the ESG rating data issued by SynTao Green Finance. SynTao
Green Finance established the earliest ESG database for listed companies in China and
launched its self-developed ESG rating system in 2015. This system covers a broad spec-
trum of areas and integrates international standards and the current situation of China’s
environmental, social, and economic development. This system includes 14 ESG issues af-
fecting Chinese companies at the current stage, which makes it capable of comprehensively
assessing the ESG performance of companies with a high degree of authority. Following
the approach outlined in Zhou and Zhou [43], this research employs a dummy variable for
multi-period DID analysis based on the point in time of the publication of the ESG ratings
for the listed companies. In the experimental group, ESG_DIDi,t = 1, and the rating data
of the companies are published by SynTao Green Finance in the first year. In contrast, in the
control group, ESG_DIDi,t = 0, and the rating data are not published. Furthermore, during
the data screening, it was observed that if an enterprise became the subject of a Business Link
Green rating in a specific year, then Business Link Green would release the rating data of that
enterprise in subsequent years. Consequently, once a company is included in the experimental
group, it remains there and does not revert to the control group.

The mediation variables include financing constraints (KZ) and risk-taking (RISK). We
refer to the construction of the KZ index to measure the degree of financing constraints
of the guaranteed enterprises. Specifically, following the practice of Kaplan and Zingales,
we construct the KZ index using listed companies in China’s heavy pollution industries
as a sample to measure the degree of financing constraints. Specifically, we construct the
KZ index according to the following steps:

1. Classify the entire sample for each year by operating net cash flow/previous total
assets, cash dividends/previous total assets, cash holdings/previous total assets,
debt-to-asset ratio, and Tobin’s Q. If the operating net cash flow/previous total assets
are below the median, then KZ1 is 1, otherwise 0; if cash dividends/previous total
assets are below the median, then KZ2 is 1, otherwise 0; if cash holdings/previous
total assets are below the median, then KZ3 is 1, otherwise 0; if LEV is above the
median, then KZ3 is 1, otherwise 0; if Tobin’s Q is above the median, then KZ4 is 1,
otherwise 0.

2. Calculate the KZ index; let (KZ = KZ1 + KZ2 + KZ3 + KZ4).
3. Use ordered logistic regression to regress the KZ index as the dependent variable

against operating net cash flow/previous total assets, cash dividends/previous to-
tal assets, cash holdings/previous total assets, debt-to-asset ratio, and Tobin’s Q,
estimating the regression coefficients for each variable.

4. Using the estimated results of the above regression model, we can calculate the KZ
index of the financing constraints for each listed company. The larger the KZ index,
the higher the degree of financing constraints faced by the listed company.

We measure the level of risk-taking (RISK) by the volatility of corporate earnings. ROA
is the ratio of a company’s earnings before interest and taxes (EBIT) for the corresponding
year to the total assets at the end of that year. When calculating volatility, we first adjust
each year’s ROA for the company using the annual average value of the industry and then
calculate the standard deviation and range of the company’s ROA adjusted for the industry
during each observation period. The formula is as follows:

Adj_Roai,t =
EBITi,t

ASSETI,T
− 1

X∑X
k=1

EBITi,t

ASSETI,T
(5)

Risk1i,t =

√
1

T − 1∑T
t−1

(
Adj_Roai,t −

1
T ∑T

t−1 Adj_Roai,t)
2

(6)

Risk2i,t = Max(Adj_Roai,t )− Min(Adj_Roai,t ) (7)
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With reference to Wang et al. [44] and Gao and Liu [45], this research assigns a range of
other control variables that may affect the corporate green innovation, including the size of
the enterprise (Size), return on equity (Roe), gearing ratio (Lev), age of the enterprise at IPO
(Age), growth rate in revenue (Growth), capital intensity (Cai), employee labor productivity
(Psales), share of sole directors (Indep), and market power (Map). The definitions and
calculation methods for these variables are presented in Table 2, and their descriptive
statistics are shown in Table 3.

Table 2. Variable definition and calculation method.

Index Name Index Meaning Calculation Method

Fgreen Number of green patent
applications

Explanatory variables. The number of green patent applications filed by the
company in the current year.

SGreen Number of times the green
patent is cited

Explanatory variables. The number of times the company’s green patents have
been cited in the last five years.

ESG_DID Whether it has obtained an
ESG rating

Independent variable, in terms of the interaction result of the independent
variables “treat” and “time”. If SynTao Green Finance released the ESG rating
data for the company “i” in year “t”, the value of ESG_DID is 1; otherwise, it is
0. In this research, companies that obtained ESG rating data during the sample

period are enrolled in the experimental group, while other companies are
included in the control group.

Size Size of the enterprise Total assets at the end of the period taken as a natural logarithm.
Lev Gearing ratio Total liabilities/total assets.
Roe Return on equity Net profit of the firm/average net assets of the firm.
Age Age of the enterprise at IPO Age of listing of the firm plus one taken as a natural logarithm.

Growth Growth rate in revenue (operating income in current year—operating income in previous year) /
operating income in previous year

Cai Capital intensity Total assets/operating income.
Psales Employee labor productivity Operating income/total number of employees.

Indep Share of sole directors The ratio of the number of board directors to the number of
independent directors.

Map Market power Sales revenues/operating costs.
KZ Financing constraints See the previous text for the specific calculation method.

RISK Risk-taking Calculated according to models (5), (6), and (7).

Table 3. Descriptive statistics of variables.

Var Mean St.d Min Max

Fgreen 0.602 0.931 0 6.900
SGreen 2.591 1.461 0 9.598

ESG 0.143 0.350 0 1
Size 22.38 1.334 17.81 28.64
Roe 0.044 0.619 −45.74 1.117
Lev 0.416 0.200 0.053 0.887
Age 2.828 0.352 0.693 3.714

Growth 0.132 0.376 −0.680 2.020
Cai 13.04 1.029 4.835 18.51

Psales 13.87 0.786 9.845 18.83
Indep 0.371 0.051 0.333 0.571
Map 1.690 1.350 0.625 27.98

As displayed in Table 4, Fgreen exhibits the maximum and minimum values of 6.9 and
0, respectively, with a standard deviation of 0.931. This indicates a notable variability in the
number of patent applications among the sample companies, reflecting significant differ-
ences in their engagement in green innovation. The SGreen shows even greater volatility,
with values ranging from 0 to 6.598 and a standard deviation of 1.461. This emphasizes
the discrepancies in the number of citations of green innovation patents among the sample
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companies. The average value of the independent variable ESG_DID is 0.14, meaning that
approximately 14 out of every 100 companies in the sample have secured an ESG rating.
The maximum and minimum values of the Size are 28.64 and 17.81, respectively, showing a
standard deviation of 1.334. It signifies a wide distribution of company sizes in the sample,
enriching the diversity of scales for the analysis, thus facilitating the examination of behav-
ioral differences in green innovation among companies of varying sizes. In summary, these
characteristics of the sample data not only reveal the diversity of companies in terms of
green innovation but also provide an empirical basis for further exploring the relationship
between ESG ratings and green innovation. Moreover, the results of other control variables
are consistent with existing research, enhancing the reliability and universality of this study.

Table 4. Benchmark regression results.

(1) (2) (3) (4)
Fgreen SGreen Fgreen SGreen

ESG_DID
0.173 *** 0.194 *** 0.126 *** 0.132 **
(3.908) (3.623) (2.795) (2.539)

Size
0.254 *** 0.382 ***
(6.670) (8.756)

Roe
−0.006 0.020 **

(−0.877) (1.992)

Lev
−0.097 0.250 *

(−0.887) (1.945)

Age −0.038 0.318 *
(−0.481) (1.750)

Growth
−0.001 −0.020

(−0.039) (−0.762)

Cai
0.024 −0.027

(1.092) (−0.906)

Psales
−0.030 0.003

(−1.148) (0.085)

Indep 0.478 * −0.027
(1.720) (−0.084)

Map −0.024 * −0.095 ***
(−1.872) (−3.477)

_cons 0.262 *** 1.394 *** −5.013 *** −8.542 ***
(7.849) (31.671) (−5.226) (−5.537)

Firm Fe Yes Yes Yes Yes
Year Fe Yes Yes Yes Yes

N 7530 7530 7530 7530
Adj R2 0.573 0.605 0.633 0.690

Note: *, **, and *** indicate significance below the 10%, 5%, and 1% levels, respectively. The values in parentheses
show the T-statistics with robust standard errors adjusted for clustering at the firm level.

4. Empirical Results and Analysis
4.1. Baseline Regression Analysis

Table 2 reports the regression estimates for model (1), with all regressions control-
ling for firm- and year-fixed effects and using firm-level clustering robust standard er-
rors. The first two columns display the regression results without control variables.
Columns (3) and (4) are the regression results after including a range of control variables.
In these two columns, the coefficients on ESG_DID are 0.126 and 0.132, respectively, both
statistically significant at the 1% level. These results indicate that after receiving an ESG rat-
ing, heavily polluting companies witness a significant improvement in green innovation.
Specifically, there is a noticeable increase in the number of green patent applications and
the frequency of citations of these patents compared to before the rating and to companies
without a rating. Therefore, hypothesis H1 in this research is validated. This trend also
reflects the positive role of ESG ratings in encouraging companies to strengthen sustainable
development and environmental responsibility. Moreover, regarding the control variables,



Sustainability 2024, 16, 2842 12 of 23

the coefficients of Size are all significantly positive at the 1% level, indicating that larger
enterprises are better equipped to engage in green innovation, given its high-risk activity.
Conversely, the coefficient for Map is significantly negative, which may be due to some
heavily polluting industries still adopting high-profit, low-cost business models, which
often fall short of environmental standards. There is still room for improvement in shifting
toward more sustainable business practices.

4.2. Robustness Tests
4.2.1. Parallel Trend Tests and Dynamic Effect Analysis

The premise of adopting the multi-temporal DID model refers to that both the exper-
imental and the control groups exhibit parallel trends before the policy intervention. In
this research, model (2) is employed for the parallel trend test to examine the dynamic
impact of ESG ratings on the green innovation of heavy-polluting enterprises. The corre-
sponding results are illustrated in Figures 1 and 2. The dynamic effects of ESG ratings on
substantive and strategic green innovation are presented separately. It is observed that the
regression coefficient λ

pre
s is not statistically significant in the first three years before the

implementation of ESG ratings. It suggests that there is no discernible difference between
the experiment and control groups before the ratings. However, in the subsequent three
years after the implementation of ESG ratings, the green innovation of the experimental
group is substantially improved compared to the control group. The above results validate
the parallel trend hypothesis and reflect a sustained, long-term impact of ESG ratings on
the green innovation of heavy-polluting enterprises.
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4.2.2. Placebo Test

In this research, the methodology outlined by Alder et al. is adopted [46], and the
distribution of the sample data is combined by setting the number of random sampling ex-
periments to 500. As a result, pseudo-policy dummy variables for the placebo tests are gen-
erated, yielding the distribution of p-values and coefficients, as explicated in Figures 3 and 4.
During the randomization, the regression coefficients of substantive and strategic green
innovation are mainly clustered around 0, and the corresponding p-values are mostly
higher than 0.1. In contrast, the regression coefficients in the baseline regression results are
0.101 and 0.163, respectively, which are significantly different from the findings from the
placebo test. Therefore, the ESG ratings significantly promote green innovation due to the
impact of other random factors, and the conclusions obtained are robust.
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4.2.3. PSM-DID

Differences in characteristics such as Size between the samples in the experimental and
control groups may cause selectivity bias in the double-difference method. To address it,
this research further incorporates propensity score matching (PSM). This involves matching
selected control variables as covariates to identify a control group that closely resembles
the experimental group. The matched samples are then tested using the same method as
the baseline regression. The regression results in columns (1) and (2) of Table 4 indicate
that the regression coefficients of ESG ratings are 0.172 and 0.079, which are significant
at the 5% and 1% levels, respectively. These data signify that even after controlling for
possible selectivity bias, ESG ratings continue to significantly contribute to the quantity
and quality of green innovations of enterprises, which further validates the robustness of
the conclusions obtained above.
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4.2.4. Changing the Sample Interval

The rapid spread of the COVID-19 pandemic in 2020 posed significant challenges to
the survival and development of many companies, leading to multiple blows such as cash
flow shortages and supply chain disruptions. In this context, enterprises often experience a
slowdown or deferment in their innovative activities due to more uncertainties. To mitigate
the possible impact of the COVID-19 pandemic on the green innovation of enterprises,
this research excludes the samples from the special year of 2020 and reruns the regression
analysis. The regression results are outlined in Table 5. It demonstrates that the regression
coefficients of ESG_DID on Fgreen and SGreen are 0.124 and 0.147, respectively. It indicates
that the positive effect of ESG ratings on the quantity and quality of green innovations is
still significant, which is in line with the results of the benchmark regression.

Table 5. Robustness test results.

PSM-DID Changing Regression Intervals

Fgreen SGreen Fgreen SGreen

ESG_DID
0.172 ** 0.079 * 0.124 *** 0.147 ***
(2.297) (1.816) (2.708) (2.965)

Size
0.195 *** 0.363 *** 0.246 *** 0.339 ***
(3.702) (5.931) (6.420) (7.775)

Roe
0.041 0.147 ** −0.009 0.044

(0.956) (2.058) (−0.343) (1.439)

Lev
−0.020 0.487 ** −0.067 0.314 **

(−0.116) (2.474) (−0.575) (2.449)

Age 0.128 0.099 0.013 0.657
(0.854) (0.335) (0.089) (1.315)

Growth
−0.055 0.006 −0.009 −0.013

(−1.504) (0.140) (−0.352) (−0.473)

Cai
−0.003 0.013 0.023 −0.004

(−0.077) (0.263) (1.042) (−0.134)

Psales
0.011 −0.023 −0.037 −0.029

(0.294) (−0.425) (−1.302) (−0.797)

Indep 0.078 0.180 0.331 −0.091
(0.241) (0.387) (1.170) (−0.289)

Map −0.025 −0.050 −0.015 −0.082 ***
(−1.093) (−1.056) (−1.058) (−2.891)

_cons −5.248 ** −6.706 * −4.887 ** −12.299 **
(−2.541) (−1.804) (−2.517) (−2.027)

Firm Fe Yes Yes Yes Yes
Year Fe Yes Yes Yes Yes

N 5601 5601 6490 6490
Adj R2 0.660 0.722 0.634 0.741

Note: *, **, and *** indicate significance below the 10%, 5%, and 1% levels, respectively. The values in parentheses
show the T-statistics with robust standard errors adjusted for clustering at the firm level.

4.2.5. Substitution of Variables

Furthermore, the substitution of core explanatory variables is adopted in this research
to verify the robustness of the finding that ESG ratings can promote green innovation among
heavy-polluting enterprises. The Sino-Securities ESG rating data with comprehensive
indicators and wide coverage are selected. The core explanatory variable, HZESG, is
reconstructed and subjected to regression analysis by assigning values from one to nine
according to the nine levels of Sino-Securities ESG ratings. Larger values imply higher
ratings. The results, as given in columns (1) and (2) in Table 6, reveal that the regression
coefficients of HZESG on the quantity and quality of green innovations are 0.034 and 0.030,
respectively. These data are significant at the 5% and 1% levels, respectively, proving the
robustness of the findings above.
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Table 6. Results of robustness tests for replacement variables.

(1) (2) (3) (4) (5) (6)

Fgreen SGreen Fgreen SGreen Fgreen SGreen

HZESG
0.034 ** 0.030 *
(2.557) (1.901)

ESG_DID
0.173 *** 0.118 ** 0.138 *** 0.113 **
(3.831) (2.451) (2.823) (2.311)

Size
0.260 *** 0.387 *** 0.173 *** 0.289 *** 0.102 *** 0.228 ***
(6.950) (8.896) (4.315) (5.971) (2.603) (4.213)

Roe
−0.004 0.023 ** −0.017 ** 0.013 0.017 *** 0.001

(−0.575) (2.122) (−2.432) (1.266) (3.365) (0.087)

Lev
−0.048 0.292 ** 0.102 0.247 * 0.035 0.379 **

(−0.430) (2.260) (0.847) (1.746) (0.277) (2.370)

Age −0.057 0.284 0.016 0.309 ** 0.071 0.203 **
(−0.725) (1.608) (0.219) (2.458) (0.852) (2.384)

Growth
−0.005 −0.022 0.019 −0.006 −0.018 −0.012

(−0.219) (−0.862) (0.684) (−0.188) (−0.660) (−0.388)

Cai
0.035 −0.026 0.008 −0.010 0.034 0.017

(1.518) (−0.847) (0.305) (−0.309) (1.362) (0.502)

Psales
−0.040 0.000 −0.026 −0.029 −0.038 −0.084 **

(−1.477) (0.011) (−0.845) (−0.729) (−1.096) (−2.025)

Indep 0.366 0.065 0.274 0.377 0.383 0.496
(1.395) (0.199) (0.816) (1.140) (1.081) (1.415)

Map −0.017 −0.087 *** −0.011 −0.094 *** −0.010 −0.071 **
(−1.235) (−3.291) (−0.788) (−2.859) (−0.531) (−2.413)

_cons −4.559 *** −9.262 *** −3.336 *** −7.374 *** −2.703 * −4.572 ***
(−3.629) (−3.833) (−2.604) (−3.677) (−1.870) (−2.865)

Firm Fe Yes Yes Yes Yes Yes Yes
Year Fe Yes Yes Yes Yes Yes Yes

N 7530 7530 5842 5842 4819 4819
Adj R2 0.615 0.757 0.623 0.765 0.641 0.753

Note: *, **, and *** indicate significance below the 10%, 5%, and 1% levels, respectively. The values in parentheses
show the T-statistics with robust standard errors adjusted for clustering at the firm level.

Meanwhile, considering that the patent examination system in China requires time
for patents related to green innovation to progress from application to authorization and
eventually to practical application, there may be inherent lag. To address this, this research
conducts a robustness test by lagging the independent variable by one and two periods.
Columns (3) and (4) in Table 6 present the regression results with a one-period lag, while
columns (5) and (6) depict the results with a two-period lag. The findings demonstrate that
ESG ratings still exert a remarkable positive effect on green innovations. Specifically, the
regression coefficient of ESG ratings on the quantity of green innovations with a one-period
lag is 0.173, exceeding that of the baseline regression that uses green innovations in the
current period. Furthermore, it verifies that there may be a certain lag in green innovation
while affirming the persistent effect of ESG ratings on green innovation.

4.3. Analysis of the Path of Action
4.3.1. Financing Constraints

This research argues that as investors and financial institutions increasingly prioritize
corporate social responsibility and environmental sustainability, ESG ratings can alleviate
corporate financing constraints. This, in turn, enhances the availability of corporate financ-
ing funds and reduces the cost of corporate financing, thereby providing financial support
for corporate green innovation activities.

Table 7 reports the results of examining the financing constraint mechanism. In
column (1), the regression results of ESG ratings on the financial constraints reveal a
significantly negative coefficient, indicating that ESG ratings can alleviate the financing
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constraints. Columns (2) and (3) present the effect of financial constraints on the green
innovation of enterprises. The results suggest that the lower the financing constraints faced
by enterprises, the more green innovation will be carried out. The specific results pass the
significance test at the 1% and 10% levels, respectively, indicating that ESG ratings increase
the green innovations of enterprises by mitigating the financing constraints. As a result,
hypothesis 2 is validated.

Table 7. Results of the intermediation mechanism test for financing constraints.

(1) (2) (3)
KZ Fgreen SGreen

ESG_DID
−0.061 *** 0.135 *** 0.141 ***
(−14.513) (2.615) (2.714)

KZ
−1.636 *** −0.718 *
(−5.760) (−1.904)

Size
0.012 * 0.278 *** 0.399 ***
(1.958) (7.566) (9.310)

Roe
0.000 −0.004 0.022 **

(0.551) (−0.671) (2.046)

Lev
0.009 −0.054 0.273 **

(0.816) (−0.491) (2.113)

Age 0.008 −0.038 0.290
(0.828) (−0.487) (1.645)

Growth
0.004 ** 0.005 −0.017
(2.006) (0.201) (−0.678)

Cai
−0.003 0.026 −0.031

(−1.297) (1.192) (−0.983)

Psales
−0.002 −0.043 −0.001

(−0.778) (−1.622) (−0.019)

Indep −0.023 0.345 0.072
(−0.827) (1.358) (0.223)

Map 0.003 * −0.011 −0.084 ***
(1.650) (−0.811) (−3.235)

_cons 3.524 *** 1.285 −6.706 **
(22.146) (0.868) (−2.448)

Firm Fe Yes Yes Yes
Year Fe Yes Yes Yes

N 7167 7167 7167
Adj R2 0.870 0.672 0.790

Note: *, **, and *** indicate significance below the 10%, 5%, and 1% levels, respectively. The values in parentheses
show the T-statistics with robust standard errors adjusted for clustering at the firm level.

4.3.2. Risk-Taking

Herein, we draw on Langenmayr and Lester who utilized the R&D investment of enter-
prises as a percentage of operating revenue to gauge their investment in risky projects [47].
Table 8 outlines the test results of the risk-taking mechanism. Column (1) reveals that the
coefficient of ESG ratings is significantly positive, confirming the hypothesis that ESG rat-
ings can enhance corporate risk-taking capability. Columns (2) and (3) report the effects
of risk-taking capability on green innovations, respectively. The results indicate that the
stronger the risk-taking capability, the higher the number of the green innovations of
enterprises. Moreover, they reflect that ESG ratings are able to strengthen the willingness
of enterprises to take risks and create a better innovation environment, which in turn
promotes the development of their green innovation activities.
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Table 8. Results of the risk-taking intermediation mechanism test.

(1) (2) (3)
RISK Fgreen SGreen

ESG_DID
0.315 ** 0.171 ** 0.191 ***
(2.346) (2.383) (3.012)

RISK
0.006 ** 0.009 **
(2.225) (2.075)

Size
−0.215 0.288 *** 0.407 ***

(−1.516) (7.593) (9.462)

Roe
−0.011 −0.009 0.012 **

(−0.392) (−1.234) (2.563)

Lev
−0.184 −0.097 0.246 *

(−0.373) (−0.828) (1.863)

Age −0.061 −0.092 0.273
(−0.165) (−1.140) (1.512)

Growth
−0.061 −0.000 −0.021

(−0.578) (−0.011) (−0.779)

Cai
0.206 ** 0.041 * −0.023
(2.311) (1.700) (−0.720)

Psales
−0.546 *** −0.030 0.006
(−4.612) (−0.984) (0.139)

Indep 1.072 0.513 * 0.227
(1.121) (1.913) (0.677)

Map −0.295 −0.004 −0.079 ***
(−1.372) (−0.298) (−2.853)

_cons 13.714 ** −4.938 *** −9.468 ***
(2.494) (−3.963) (−3.890)

Firm Fe Yes Yes Yes
Year Fe Yes Yes Yes

N 6449 6449 6449
Adj R2 0.817 0.721 0.730

Note: *, **, and *** indicate significance below the 10%, 5%, and 1% levels, respectively. The values in parentheses
show the T-statistics with robust standard errors adjusted for clustering at the firm level.

5. Further Analysis
5.1. Green Innovation Targeting

In the practice of environmental governance, enterprises can implement environmen-
tal improvement behaviors through two main approaches: source control and end-of-pipe
management. Source control refers to fundamentally reducing pollutant emissions by
improving product technology or production processes. In contrast, end-of-pipe manage-
ment involves reducing the final emissions of pollutants through optimizing emission
treatment equipment. According to the means of pollution management, green innovation
is classified into two categories, source control innovation and end governance innovation,
in this research. Based on this, the green innovation target of heavy-polluting enterprises is
examined under the pressure of ESG rating, with the specific results displayed in Table 9.
In terms of the quantity of innovations, ESG ratings hold a significant position in promot-
ing both the end-of-pipe governance and source control innovations of heavy-polluting
enterprises. Notably, the positive impact on source control innovation is greater than that
of the end-of-pipe governance innovation. This observation proves to a certain extent
that ESG ratings actually motivate enterprises to fulfill their environmental governance
responsibilities in source control and end-of-pipe governance. Additionally, it signifies that
ESG ratings are not merely symbolic tools for heavy-polluting enterprises to “greenwash”
through symbolic behavior.
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Table 9. Impact of ESG ratings on green innovation targeting.

End-To-End Governance Source Control

Fgreen SGreen Fgreen SGreen

ESG_DID
0.095 *** 0.025 * 0.145 *** 0.066 **
(3.036) (1.840) (3.178) (2.362)

Size
0.072 *** 0.049 *** 0.221 *** 0.113 ***
(3.277) (4.207) (6.102) (4.400)

Roe
−0.013 * 0.007 ** 0.006 −0.004
(−1.866) (2.398) (1.303) (−0.847)

Lev
0.018 −0.137 *** −0.140 −0.276 ***

(0.288) (−3.252) (−1.376) (−3.353)

Age 0.068 −0.041 −0.059 −0.061
(1.315) (−0.873) (−0.671) (−1.211)

Growth
−0.002 0.000 −0.001 0.013

(−0.168) (0.006) (−0.067) (0.734)

Cai
0.010 −0.037 *** 0.022 −0.059 ***

(0.823) (−3.797) (1.074) (−3.303)

Psales
0.000 0.041 *** −0.031 0.062 ***

(0.028) (3.556) (−1.190) (2.819)

Indep 0.267 −0.064 0.380 −0.319
(1.478) (−0.673) (1.240) (−1.629)

Map −0.007 0.004 −0.028 ** −0.018
(−0.893) (0.541) (−2.384) (−1.030)

_cons −2.405 *** −0.063 −3.616 *** −0.777
(−3.125) (−0.099) (−2.724) (−0.892)

Firm Fe Yes Yes Yes Yes
Year Fe Yes Yes Yes Yes

N 2322 2322 3260 3260
Adj R2 0.710 0.729 0.662 0.690

Note: *, **, and *** indicate significance below the 10%, 5%, and 1% levels, respectively. The values in parentheses
show the T-statistics with robust standard errors adjusted for clustering at the firm level.

5.2. Heterogeneity Analysis
5.2.1. Heterogeneity of Property Rights

Different ownership attributes of enterprises may also lead to variations in the effects
of ESG ratings on corporate green innovation. Therefore, building upon the benchmark
model, the overall sample is categorized into state-owned enterprises and non-state-owned
enterprises according to the ownership nature. Group regressions are then conducted to
further examine whether there are heterogeneous effects of ESG ratings on green innovation
across different types of business entities. The results, as presented in Table 10, indicate that
ESG ratings exhibit a more pronounced promotion effect on green innovation in NSOEs
compared to that in NSOEs. This research argues that the relative inadequacy of ESG ratings
to incentivize green innovation in SOEs can be attributed to three main factors. Firstly, from
the perspective of resources, SOEs typically have a strong correlation with the government
and obvious advantages in obtaining resources and financial stability. Consequently, their
ability to alleviate financing constraints and enhance their risk-bearing capacity through
ESG ratings to promote green innovation is limited. Secondly, from the perspective of mar-
ket competition pressure, SOEs have a slightly weaker sense of competition and motivation
to innovate due to their special ownership nature and status as market subjects. In contrast,
NSOEs, in a strongly competitive market environment, must have keen responsiveness
to various policy events and actively seek transformation and upgrading through green
innovations to maintain their competitive advantages. Thirdly, from the perspective of
management systems, NSOEs usually possess more flexible management systems and
decision-making mechanisms, which are more capable of responding to market demand
faster and promoting green innovation. Therefore, the promotion effect of ESG ratings on
the green innovation of heavily polluting enterprises is stronger in NSOEs.
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Table 10. Results of property rights heterogeneity test.

Non-State State Non-State State

Fgreen Fgreen SGreen SGreen

ESG_DID
0.192 *** 0.007 0.317 *** 0.023
(2.965) (0.123) (4.250) (0.714)

Size
0.326 *** 0.258 *** 0.391 *** 0.386 ***
(4.658) (6.045) (5.599) (6.693)

Roe
−0.025 −0.003 0.012 0.023 *

(−0.781) (−0.867) (0.549) (1.754)

Lev
−0.130 −0.037 0.123 0.250

(−0.711) (−0.276) (0.571) (1.498)

Age −0.010 0.006 0.527 ** −0.090
(−0.087) (0.080) (2.431) (−0.527)

Growth
−0.035 0.029 −0.051 0.019

(−1.092) (0.940) (−1.409) (0.516)

Cai
−0.010 0.036 −0.045 −0.016

(−0.283) (1.285) (−0.997) (−0.396)

Psales
−0.010 −0.032 0.020 −0.004

(−0.212) (−1.068) (0.355) (−0.084)

Indep 0.490 0.332 −0.068 −0.021
(1.191) (0.903) (−0.140) (−0.053)

Map −0.092 * −0.011 −0.231 *** −0.074 ***
(−1.750) (−0.888) (−2.901) (−2.691)

_cons −6.162 *** −5.340 *** −14.149 *** −4.857 **
(−2.850) (−4.165) (−3.645) (−2.294)

Firm Fe Yes Yes Yes Yes
Year Fe Yes Yes Yes Yes

N 4414 3116 4414 3116
Adj R2 0.612 0.695 0.7 0.821

Note: *, **, and *** indicate significance below the 10%, 5%, and 1% levels, respectively. The values in parentheses
show the T-statistics with robust standard errors adjusted for clustering at the firm level.

5.2.2. Heterogeneity in Size

Considering that green innovation activities are characterized by longer cycles and greater
uncertainty in returns, enterprises engaging in such activities require strong financial capacity
and mastery of key technologies. Larger enterprises with advantages in terms of research and
development capacity and capital can promote the development of green innovation activities.
To delve deeper into the effect of ESG ratings on the heterogeneity of enterprises of different
sizes, this research adopts the approach outlined by Yu et al. [48]. The sample is divided into
two groups: large firms and small-medium enterprises (SMEs), according to the median of the
logarithmic value of the total assets for further testing. As presented in Table 11, ESG ratings
can significantly promote the green innovation of large enterprises, and the coefficients of the
impact on the green innovation of SMEs are positive but not significant.

Table 11. Results of firm size heterogeneity test.

Large Small-Medium Large Small-Medium

Fgreen SGreen Fgreen SGreen

ESG_DID
0.464 *** 0.106 0.119 ** 0.145
(9.739) (0.976) (2.080) (0.957)

Size
0.326 *** 0.233 *** 0.426 *** 0.558 ***
(4.206) (5.252) (5.556) (7.215)

Roe
−0.003 −0.045 ** −0.014 0.042

(−0.092) (−2.316) (−0.540) (1.151)

Lev
−0.058 −0.098 −0.051 0.359 **

(−0.274) (−0.662) (−0.231) (2.067)
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Table 11. Cont.

Large Small-Medium Large Small-Medium

Fgreen SGreen Fgreen SGreen

Age −0.073 0.011 0.282 0.359
(−0.680) (0.130) (1.563) (0.978)

Growth
−0.043 0.049 * −0.039 0.005

(−1.136) (1.819) (−1.019) (0.141)

Cai
0.005 0.001 −0.098 * 0.038

(0.121) (0.048) (−1.763) (0.906)

Psales
0.016 −0.058 * 0.071 0.006

(0.352) (−1.925) (1.258) (0.105)

Indep 0.768 * 0.288 0.438 −0.430
(1.884) (0.734) (0.955) (−0.970)

Map −0.040 −0.012 −0.105 *** −0.085 **
(−1.518) (−0.991) (−2.738) (−2.455)

_cons −6.032 *** −4.024 *** −10.745 *** −13.595 ***
(−2.722) (−3.009) (−3.274) (−3.398)

Firm Fe Yes Yes Yes Yes
Year Fe Yes Yes Yes Yes

N 3766 3764 3766 3764
Adj R2 0.754 0.528 0.882 0.793

Note: *, **, and *** indicate significance below the 10%, 5%, and 1% levels, respectively. The values in parentheses
show the T-statistics with robust standard errors adjusted for clustering at the firm level.

6. Conclusions and Policy Recommendations

ESG adheres to multiple value orientations, emphasizes the coordinated development
of the economy, environment, and society, and promotes enterprises from the single pursuit
of maximizing self-interest to maximizing social value. Therefore, it plays a pivotal role
for enterprises in achieving sustainable development. Based on the sample data of heavy-
polluting enterprises listed on the Shanghai and Shenzhen A-shares from 2010 to 2020, we
investigate the impact of ESG rating on the green innovation of these enterprises. The results
are summarized as follows: (1) Hypothesis 1 was confirmed: ESG ratings significantly foster
green innovation within enterprises in heavily polluting sectors. Subsequent robustness
tests reinforced this finding. While there are parallels with prior research [40,41], this study
uniquely addresses the oversight of heavy-polluting industries, thereby contributing novel
insights to the field. (2) Hypotheses 2 and 3 were substantiated, demonstrating that the
alleviation of financing constraints and the enhancement of risk-taking capabilities are
pivotal mechanisms through which ESG ratings encourage green innovation in enterprises
within heavily polluting industries. These conclusions draw primarily upon the concept
of information asymmetry and align with the perspectives and analytical framework
presented by Wu et al. [42]. (3) Moreover, our research suggests that ESG ratings do
not markedly enhance green innovations in SMEs and SOEs operating within heavily
polluting sectors. We propose that this may be due to small and medium-sized enterprises
placing a higher emphasis on survival and growth rather than on social and ecological
responsibilities. Furthermore, the intricate governance structures and resource allocations of
state-owned enterprises may dampen the efficacy of ESG ratings on their green innovation
initiatives. This stance is corroborated by a substantial body of literature and numerous
studies [49–51]. Drawing from the empirical findings, this research delineates the following
policy implications.

Firstly, there is a need to strengthen the role of ESG ratings in guiding and incentiviz-
ing green innovation. This can be achieved by promoting the integration of ESG concepts
into the strategic development plans of enterprises. Through the transmission mechanism
of ESG ratings, enterprises can be incentivized to increase their investment in low-carbon
technological progress and scientific and technological innovation. Simultaneously, they are
encouraged to strengthen the focus of supervision and crackdowns on possible “greenwash-
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ing” behaviors at the law and regulation levels, thereby curbing such deceptive behaviors.
Consideration should also be given to incorporating ESG principles into the assessment
criteria for SOEs. Additionally, the private economy can also leverage ESG to enhance
credit enhancement, thereby solving the financing difficulties and high financing costs,
ultimately comprehensively promoting the favor of social capital to the green industry.

Secondly, it is imperative to establish a mandatory ESG disclosure system. At present,
domestic ESG disclosure largely remains at a stage of encouragement and voluntary partic-
ipation. Consequently, consideration can be given to expanding the scope of enterprises
with mandatory disclosure, such as from large listed companies to SMEs or from key
industries (like finance, minerals, and electric power) to other industries. At the specific
institutional level, the introduction of a “non-disclosure is interpretation” rule could be
instrumental in actively promoting China’s ESG practice gradually toward standardization,
systematization, and localization.

Thirdly, it is recommended to actively create a favorable ESG external environment.
Government regulators should clear the obstacles to ESG disclosure such as a lack of
practical rules, insufficient motivation for disclosure, and difficulties in data integration.
Meanwhile, government regulators can give certain incentives to companies participating
in ESG. In particular, financial regulators can provide policy incentives to enterprises with
higher ESG ratings in IPO, refinancing, bond issuance, etc. Simultaneously, stringent
penalties should be imposed on enterprises that fail to disclose or provide false information
in accordance with the requirements. In this way, it may create a favorable environment for
the development of ESG investment.
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