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Abstract: The Environmental, Social, and Governance (ESG) Composite Rating denotes corporations’
capability for supporting sustainable development activities, social responsibility, and transparent
and ethical governance. It aims to inform investors and stakeholders about the company’s sustainabil-
ity and social responsibility risks. ESG has increasingly become an informal yet significant driving
force in promoting sustainable green innovation within the diversified co-governance environmental
management system. This paper examines the dynamic relationship between ESG performance and
sustainable green innovation practices in Chinese A-share listed companies from 2011 to 2022. The
results show a positive correlation between ESG performance and the level of corporate sustainable
green innovation. They also validate the moderating roles of informal external pressure and internal
development demands. While the moderating effect of public environmental concern (PEC) is not
significant, corporate digital transformation (CDT) significantly and positively moderates the relation-
ship between ESG performance and sustainable green innovation. These findings offer policymakers
and corporations a means to formulate a framework to shape the conduct of corporations to meet the
market’s green development needs and to establish instruments that promote green innovation.

Keywords: ESG; sustainable green innovation; public environmental concern (PEC); corporate digital
transformation (CDT)

1. Introduction

Global corporate management practices have undergone profound transformations
due to the challenges posed by climate change and the increasing environmental awareness
of stakeholders [1,2]. The Environmental, Social, and Governance (ESG) framework has
gradually become a core indicator for assessing corporate sustainability performance. From
the perspectives of resource-based theory and organizational learning theory, green innova-
tion has become a strategic requirement for companies to achieve sustainable development
and is crucial for long-term growth and adaptation in a dynamic environment [3]. Although
the ESG framework has become a mainstream standard for evaluating corporate social
responsibility and environmental performance, its role in driving corporate innovation
remains uncertain and highly debated. On the one hand, proponents argue that ESG
practices can enhance corporate innovation capabilities through resource integration and
reputation building [4]. By demonstrating their commitment to environmental and social
responsibility, investments in environmental responsibility (similar to ESG investments)
can effectively enhance a firm’s reputation and brand value, thereby gaining broader trust
from consumers and investors [4]. On the other hand, critics suggest that environmental in-
vestments may increase operational costs in the short term, thereby dampening innovation
motivation, especially in the absence of effective management and external support [5,6].
The existing literature has not yet fully explained this paradox, resulting in significant differ-
ences in expectations regarding the innovation benefits of ESG strategies when companies
implement them.

Current research generally holds that voluntary ESG disclosures provide compa-
nies with greater flexibility and operational feasibility [7]. First, ESG disclosures allow
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companies to determine the content and scope of the information based on their unique
business environment and strategic goals, thereby aligning environmental responsibility
more closely with their business objectives [8]. At the same time, ESG disclosures can
alleviate information asymmetry between investors and firms, enabling investors to better
understand ESG-related risks and mitigate adverse selection problems [7]. For example,
research conducted in EU countries shows that ESG disclosures significantly enhance a
company’s financing capability and play a key role in reducing uncertainty and failure
rates in risk assessments [9].

Compared with informal environmental regulations such as ESG, traditional envi-
ronmental regulations (e.g., emissions standards and pollution control laws) are designed
to enforce corporate compliance and prevent environmental degradation through strict
legal requirements [10,11]. However, these top-down, mandatory environmental man-
agement measures often face numerous challenges during implementation. First, China’s
vast territory and uneven economic development present significant challenges to the
implementation of formal environmental regulations, including local protectionism and
weak enforcement [12]. Second, the rigidity of formal environmental regulations hinders
their ability to adapt to rapidly changing market conditions and technological innovations,
lacking the necessary flexibility to address emerging environmental issues [11]. Moreover,
the economic burdens imposed on enterprises, such as investments in clean technology
and pollution control measures, can have a negative impact on their profitability [13].
Furthermore, setting fixed emission targets and allocating quotas to achieve reduction goals
may lead to “quota competition”, which can weaken the incentives for firms to innovate
and distort market competition [14]. Finally, formal environmental regulations may stifle
green innovation, as firms may only strive to meet the minimum legal requirements rather
than pursue higher environmental standards [7].

Given this context, many scholars have attempted to explore the relationship between ESG-
related variables and innovation-related variables. From the perspective of the stakeholder theory,
firms that effectively manage relationships with diverse stakeholders—including employees,
customers, communities, and regulators—are more likely to engage in innovation that is both
profitable and sustainable [3]. Additionally, the resource-based view asserts that companies with
unique ESG-related resources and capabilities are better positioned to develop innovative solutions
that offer a competitive edge [15]. In addition, empirical research has also explored the direct link
between them. For example, recent findings suggest that ESG practices can significantly impact
green innovation by alleviating financing constraints, aligning with stakeholder environmental
expectations, and strengthening organizational identity. These elements collectively enhance an
enterprise’s ability to pursue innovative, eco-friendly projects, underscoring ESG’s essential role
in advancing sustainable corporate practices.

However, despite the increasing attention given to the ESG-innovation relationship,
several research gaps remain. First, previous studies have primarily focused on the relation-
ship between ESG and innovation, with less attention given to sustainable green innovation,
which better reflects a company’s capacity and potential for sustainable green development.
Second, most relevant research concentrates on the direct relationship between the ESG
framework and green innovation [16], with limited research on the combined effects of
ESG practices, external pressures—like public environmental concern (PEC)—and internal
capabilities—like corporate digital transformation (CDT)—on sustainable green innovation.
Third, in empirical research conducted in China, PEC is still in the exploratory stage, and
the moderating effect of PEC on the relationship between ESG and sustainable green inno-
vation has not been adequately studied. Fourth, empirical studies from emerging markets
like China remain limited, even though these markets” ESG reporting and CDT are rapidly
developing, necessitating more empirical research to explore their impacts and mechanisms.
Finally, while the impact of ESG may vary across different regions and industries, there is a
lack of related research.

To address these gaps, this study aims to investigate how ESG performance affects
corporate sustainable green innovation. Specifically, this research seeks to examine the
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moderating roles of CDT and PEC in moderating the relationship between ESG performance
and sustainable green innovation. Furthermore, the study explores the heterogeneity of
this relationship across different industries and regions. The key research questions include:
(1) Can and how does ESG performance influence sustainable green innovation? (2) Do
CDT and PEC have moderating effects on the relationship between ESG performance and
sustainable green innovation? (3) Can and how do regional and industry characteristics
influence the relationship between ESG performance and sustainable green innovation?
This study is based on a sample of A-share listed companies in China from 2011 to 2022.

This research makes several theoretical and empirical contributions to the existing
literature on ESG, PEC, CDT, and sustainable green innovation. First, the findings offer
actionable insights for policymakers and business leaders to encourage transparent ESG
disclosures, integrate ESG principles into corporate strategies, and promotes green inno-
vation through financial incentives and regulatory frameworks, thereby fostering a more
sustainable and digitally enabled business environment. Second, the research highlights
the significant moderating role of CDT in the ESG-innovation relationship, emphasizing
the potential of advanced digital technologies to enhance ESG initiatives and drive green
innovation. Third, although the direct moderating effect of PEC was not significant, the
study provides insights into the evolving role of societal attention towards environmental
issues, suggesting future potential. Fourth, the study explores the heterogeneity of ESG’s
impact across regions and industries, revealing that this influence varies due to regional
differences and industrial endowments. Finally, the methodological rigor, including ro-
bustness checks with alternative variables and instrumental variable methods, ensures the
reliability and validity of the results.

2. Literature Review and Hypothesis Development
2.1. ESG Disclosure and Firms’ Sustainable Green Innovation

Developing a comprehensive ESG performance rating is crucial for advancing corpo-
rate sustainable green innovation. Sustainable green innovation refers to a corporation’s
continuous introduction of new products, services, or processes to adapt to market changes
and technological advancements, thereby maintaining its competitive edge and long-term
development [17]. A multinational study based on empirical data from China and Japan
indicates that while environmental disclosure in China can enhance corporate benefits and
sustainability over the long term, China’s emerging market still requires improvement in
terms of carbon emissions. There is a pressing need to implement more “voluntary green”
measures to boost green innovation capabilities [18].

Studies have shown that corporations with strong ESG performance often achieve
better innovation outcomes. ESG performance can stimulate market incentives and acceler-
ate investment in environmental aspects, such as the adoption of clean technologies and
circular economy models, which can expedite the output of green innovative products [2].
Furthermore, ESG performance encourages corporations to lead in green transformation
initiatives [19]. Public evaluation of corporate ESG implementation can enhance the trans-
parency of corporate disclosures, emphasize meeting stakeholder needs, and alleviate the
conflict of information asymmetry between corporations and stakeholders [20]. Activities
within the social dimension, such as improving the transparency of corporate behavior, can
enhance the corporation’s brand image and employee satisfaction, thereby increasing the
innovative drive within the corporation [21].

Effective ESG performance not only provides a solid foundation for firms” internal
governance structures to support green transformation, but it also acts as an external
stimulus that drives a firm’ s sustained green innovation efforts, thereby helping firms
secure long-term sustainable competitive advantages in highly competitive markets. On
the one hand, the enhancement of a firm’s comprehensive capabilities in Environmental,
Social Responsibility, and Governance (ESG) dimensions can create a more stable environ-
ment conducive to innovative activities [22]. The disclosure of ESG performance not only
reflects the firm’s commitment to these practices but also signals its proactive alignment
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with governmental and societal expectations for green and sustainable development [4,23].
However, if there is a lack of transparency in such disclosures, this may lead to information
asymmetry among stakeholders [24], resulting in incomplete contracting [25], which ulti-
mately triggers moral hazards and undermines the firm’s ability to engage in sustainable
innovation [2].

On the other hand, unlike traditional approaches to building competitive advantages
that rely on the monopolistic control of resources, the ESG strategy emphasizes inclusive
and sustainable development through green technology and product innovation, thereby
establishing a more resilient and long-term competitive position. A higher ESG rating can
not only enhance a firm’s reputation and attract greater interest from investors but also
facilitate access to green financing and other forms of capital, further promoting invest-
ments in green innovation projects [18]. With the effective allocation of these resources,
firms can develop more environmentally friendly products, thereby achieving their social
responsibility objectives while simultaneously enhancing market competitiveness and
expanding their market presence [20]. Based on these insights, this study proposes the
following hypothesis:

H1. ESG performance has a positive impact on Firms Sustainable Green Innovation.

2.2. Moderation Effect of Public Environmental Concern (PEC) and Corporate Digital
Transformation (CDT)

PEC influences corporate behavior and strategic planning. With society’s growing
attention to environmental issues, corporations must invest additional efforts and resources
to meet ecological requirements [16]. This heightened societal attention can amplify the
relationship between ESG and sustainable green innovation, as corporations seek to align
their operations with social expectations and demands. Corporations that proactively
respond to PEC might gain a competitive edge through eco-friendly products and pro-
cesses [26]. Moreover, PEC can prompt firms to invest more in R&D for sustainability,
fostering innovation that could not only address environmental challenges but also open
new market opportunities [27].

Previous studies have attempted to empirically analyze the relationships between PEC,
ESG performance, and corporate green innovation. The findings suggest that heightened
public concern for environmental issues significantly enhances corporate ESG performance,
particularly in large enterprises and in regions with a higher degree of marketization [28].
Additionally, based on a quasi-natural experiment of the PM 2.5 pollution surge in China
at the end of 2011, it was observed that, compared to non-heavily polluting firms, the prob-
ability of CEO turnover in heavily polluting firms significantly increased under heightened
PEC. To mitigate public pressure, these heavily polluting firms responded by increasing
green investments to demonstrate their commitment to environmental responsibilities and
to address external environmental demands [27]. However, although existing studies have
examined the independent effects of PEC on ESG performance and green innovation, there
remains a lack of comprehensive research exploring how PEC moderates the relationship
between ESG ratings and corporate green innovation. This research gap underscores the
need for further investigation into the moderating role of PEC in the ESG-green innovation
relationship to construct a more complete theoretical framework and provide empirical
support. This leads us to the next hypothesis:

H2. PEC positively moderates the relationship between ESG and corporate sustainable green innovation.

Sustainable green innovation requires the support of advanced digital technologies.
As digital technology rapidly evolves, CDT has become a powerful driver for sustainable
green innovation. Despite challenges such as technological barriers, adapting organiza-
tional culture, and data security issues, current research highlights the advantages of CDT
in enhancing the relationship between ESG and corporate sustainable green innovation [29].
Digital technologies enable corporations to improve ESG performance through better data
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collection, analysis, and reporting [30]. Tools such as big data analytics, the Internet of
Things (IoT), and artificial intelligence (AI) help firms identify risks and opportunities
related to sustainability, optimal resource usage, and the development of innovative so-
lutions to environmental and social challenges [30,31]. Additionally, these digital tools
enable firms to predict market trends and consumer demands more accurately, guiding
their innovative activities [31].

CDT also facilitates more effective stakeholder engagement, allowing corporations
to better understand and meet the expectations of customers, investors, and regulators
concerning ESG issues. Research indicates that corporations in regions with strong digital
capabilities tend to better manage green innovation from the source, maximizing the
elimination or minimization of pollutant emissions from the beginning of the process [32].
Therefore, corporations that successfully integrate digital technologies into their ESG
strategies may experience a stronger positive impact on their innovation outcomes [29].
Based on the above opinions, the study proposes the following hypothesis:

H3. CDT positively moderates the relationship between ESG performance and sustainable green innovation.

Building on above the proposed hypotheses, we present the theoretical research model
for this study in Figure 1.

Public environmental concern

(Moderating Variable)
ESG Performance H1 : » | Sustainable Green Inmovation
(Independent Variable) H3 (Dependent Variable)

Corporate digital transformation
(Moderating Variable)

Figure 1. Theoretical research model.

3. Research Methodology
3.1. Sample Selection and Data Sources

This study selected Shanghai and Shenzhen A-share listed companies (2011-2022) as
the research sample due to data limitations. To ensure the representativeness and rigor
of the sample, we selected only companies with normal listing status, excluding ST and
*ST companies to maintain stable operations and complete financial and ESG data while
removing firms with missing key variables to improve reliability. The 2011-2022 period
was chosen because 2011 marked a key turning point in China’s green development, with
the introduction of low-carbon city pilot policies and carbon trading programs. This time
frame best reflects corporate behavior in green innovation, ESG performance, and low-
carbon transformation, making it ideal for analyzing the relationship between ESG and
green innovation. Next, to ensure data accuracy, the sample was cleansed by applying
a 1% winsorization to all continuous variables. Consequently, a total of 19,637 firm-year
observations were obtained. The ESG index used in this paper was sourced from Huazheng,
while the remaining company-level financial data and industry-characteristic data were
derived from the CSMAR database and the WIND database.

3.2. Variable Selection
3.2.1. Independent Variable
The ESG Composite Rating (ESG_score) consolidates a company’s performance across

environmental, social, and governance dimensions to evaluate its overall sustainability
and ethical impact. Adopting the methodology of Li et al. [33], which has been widely
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acknowledged for its relevance in the Chinese context, this study employs the Huazheng
ESG rating system. The Huazheng system classifies corporate ESG performance into
nine levels, ranging from C to AAA, representing the lowest to the highest sustainability
scores [34,35]. These tiers are assigned numerical values from 1 (C) to 9 (AAA), with higher
values indicating superior ESG practices. To ensure the robustness of the results and their
generalizability across varying contexts, the Bloomberg ESG Index was also incorporated
for robustness testing [36].

3.2.2. Dependent Variable

Firms’ Sustainable Green Innovation (Innovation) refers to the continuous develop-
ment and implementation of environmentally friendly products, processes, or services that
contribute to sustainability and reduce ecological footprints [37]. Following the method-
ology of He et al. [36], this paper quantified the degree of Sustainable Green Innovation
by comparing the number of green patent applications between previous and subsequent
periods. Specifically, Firms’ Sustainable Green Innovation is gauged by the rate of se-
quential growth—the ratio of the aggregate number of patent applications between years
t — 1 and t to that of years t — 2 and t — 1. This rate is further multiplied by the total
patent applications accrued between years t — 1 and t to produce a quantifiable measure of
innovative persistence. The formula is shown as below.

Patent; 4 Patent;_q
Patent, 1 + Patent;_;

Innovation; = x (Patent; + Patent;_1) 1)

In this context, Innovation; represents the firm’s sustainable green innovation in year t,
while Patent;_p, Patent;_1, and Patent; denote the firm’s green innovation patent application
data for years t — 2, t — 1, and t, respectively. To enhance the validity of the conclusions, this
study conducted a robustness test following the approach of Fang and Hu [38]. It applied the
natural logarithm of the sum of green patent applications (patent).

3.2.3. Moderation Variables

PEC (Baidu_Index) measures societal attention towards environmental stewardship
and pollution remediation [39]. The internet, facilitated by its expansive reach, has become
an indispensable platform for public engagement, knowledge dissemination on environ-
mental governance, and social issue advocacy. Within this digital ecosystem, Baidu’s search
engine, which commands over a 70% market share in Mainland China [35], served as a
barometer for public interest. In this vein, following the data measurement protocols estab-
lished by Tao et al. [35], this study employed the Baidu Index, leveraging keyword search
data on “environmental pollution” and “haze”, to develop an index that encapsulates PEC
on an annual and regional scale for publicly listed companies.

CDT (DIGI_score) is significant for China’s high-quality development and acts as a
catalyst for the evolution and progression of conventional industries [40]. Following the
approaches used by Wu et al. and Zhao et al., this investigation quantifies CDT through
a frequency count of terminologies related to nine key dimensions: Al technology, big
data, cloud-based computing services, blockchain, implementation of digital technologies,
software, internet business models, smart manufacturing systems, and modern information
technology systems [40,41].

3.2.4. Control Variables

In line with the methodological frameworks adopted by Tang [34], as well as Wang
and Chu [32], this study controled for both macro-level and micro-level contingencies
to mitigate potential biases stemming from internal and external corporate forces. At
the macro level, the regional GDP (gdp) and the Herfindahl-Hirschman Index (hindex)
were introduced into the model to counterbalance any bias originating from disparities
in regional economic prosperity and industrial concentration [42]. At the micro level, this
investigation drew on the methods from Tan and Zhu [43] and Wu et al. [20], ensuring
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that intrinsic corporate attributes—such as Tobin’s Q (tpq), corporate age (age), equity
concentration (holder), and the number of directors (board)—were duly accounted for in
our analytical model. The codes corresponding to these variables are systematically laid
out in Table 1.

Table 1. Description of variables.

Item Variable Description
ESG_score ESG Composite Rating All listed companies were rated by ESG rating score
The year-over-year growth rate of (the total number of patent
Innovation Firms’ Sustainable Green Innovation applications between years t — 1 and t) compared to (the total

from years t — 2 to t — 1), multiplied by (the combined total of
patent applications for years t — 1 and t).

Baidu_Index Public Environmental Concern Baidu Search Index—Daily Average
DIGI_score Digital transformation Using text analysis and expert scoring methods to measure.
tpq Firm size Tobin’s Q.
age Firm age The logarithm of the total days since the firm was first listed.
holder Equity concentration The proportion of shares owned by the 5 largest shareholders.
board Number of directors The log-transformed count of board directors.
hindex Industry concentration Measurement based on the Herfindahl-Hirschman Index.
gdp GDP The log value of the provincial GDP.
Firm Firm control Firm-specific fixed effects are accounted.
Year Year control Time-specific fixed effects are accounted.

3.3. Empirical Model

To verify the influence of ESG performance ratings on firms’ sustainable green innova-
tion (model 2) and the moderating effects of PEC (model 3) and CDT (model 4), this study
employed the following model for exploration:

Innovation; ; = 39 + 31ESG_score;+ + 3,Controls; ; + w; YearFE + pyFirmFE + ¢;;  (2)

Innovation; = B + 31ESG_score;; + 3,Baidu_Index; ++p3Baidu_Index; x ESG_score;; 4+ 34Controls; ¢

-+ YearFE + pyFirmFE + € ¢ ®

Innovation; y = 39 + 31ESG_score; + + 3,DIGI_score; 14-33DIGI_score x ESG_score;; + 34Controls; ¢

+ w YearFE + yuyFirmFE + ¢ @

In the above formulas, i represents the listed firms, t denotes time, and € represents
the random error term. Innovation is the independent variable, while ESG_score is the
dependent variable. Baidu_Index and DIGI_score are the moderating variables, and
Controls denote the set of control variables.

4. Results
4.1. Descriptive Statistics Analysis

Table 2 presents the descriptive statistics of the variables used in this study. It can be
observed that the sustainable green innovation levels among the listed companies in China
vary significantly, ranging from a low score of 0 to a high of 15.931. This spread underscores
the heterogeneity in green innovation capacity across firms. The mean ESG_score stands
at 4.124, accompanied by a standard deviation of 1.163, highlighting a substantial diver-
sity in ESG performance across corporations and time, with many firms demonstrating
commendable ESG practices.

Regarding the moderating variables, the Baidu_Index has an average of 2.353 and a
standard deviation of 2.316, indicating varying levels of public environmental attention
among firms. Similarly, the DIGI_score shows a mean of 0.140 and a standard deviation of
0.347, reflecting differences in the level of CDT across firms.
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Table 2. Descriptive statistics.

Variable Obs Mean Std. Dev. Min Max
Innovation 19,637 0.010 0.127 0.000 15.931
ESG_score 19,637 4.124 1.163 0.000 7.750

Baidu_Index 19,637 2.353 2.316 0.000 12.740
DIGI_score 19,637 0.140 0.347 0.000 5.890
tpq 19,637 0.022 0.065 0.006 7.296

age 19,637 10.351 7.752 1.000 32.000
share 19,637 5.527 1.613 0.000 9.847
board 19,637 8.583 1.802 0.000 21.000
Hindex 19,637 0.205 0.186 0.000 1.000
gdp 19,637 1.073 0.029 0.946 1.164

Table 3 displays the Pearson correlation matrix. The correlation coefficient between
the ESG_score and Innovation is 0.151, which is statistically significant at the 1% level,
indicating a preliminary positive influence of ESG performance ratings on firms’ sustainable
green innovation. Additionally, the Baidu_Index and DIGI_score both positively associate
with the Innovation and ESG_score values, suggesting the effectiveness of the moderating
variables could be preliminarily confirmed. Also, the correlation coefficients for all other
variables are below the critical value of 0.6. Meanwhile, this study conducted a collinearity
test, and the results indicate a maximum value of 1.22 and a mean of 1.11, both well below
the critical threshold, suggesting no severe issues of multicollinearity in the model.

Table 3. Summary of correlation analysis.

Variable 1) 2) 3) 4) (5) (6) () 8 9) (10)
Innovation 1
ESG_score O;}El 1
Baidu_Index 0;254 0;2“:’3 1
DIGI_score 0;339 0;226 0;3;16 1
—-0.077 —-0.151 0.078 0.078
tpq *%% %34 *kk 22 1
—0.064 0.063 0.059 —0.031
age - 0'006 3% Hkk 2 k3% 1
0.021 0.137 0.043 —0.097 —0.121 -0.204
Share L2t k% Hkk L2t k3% Hokk 1
0.060 0.055 —0.057 —0.106 —0.137 0.104 0.090
board Ex Lt %% Ex Lt %% Ex 3 1
. —0.030 —0.059 0.023 0.032 0.013 —0.042 0.066 0.029
Hlndex s Lt EE T s * EE T Ex Lt 1
edp —0.050 0.016 —-0.173 —0229 0.032 —0.344 0.088 0.070 0.031 1

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

4.2. Regression Results and Analysis

Table 4 presents the regression results of the ESG Composite Rating (ESG_score) on
Firms’ Sustainable Green Innovation (Innovation). Column (1) provides the baseline regres-
sion without fixed effects. In column (2), firm-level and regional-level control variables are
included, while column (3) incorporates additional control variables and applies both firm
and year fixed effects. The results consistently show a positive and significant relationship
between ESG scores and innovation across all models, suggesting that higher ESG scores
are associated with enhanced sustainable green innovation.
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Table 4. Regression results of ESG Composite Rating (ESG_score) on Sustainable Green Innovation

(Innovation).
Variable (§)) ) 3)
Innovation Innovation Innovation
ESG_score 0.588 *** 0.545 *** 0.131 ***
(9.979) (9.229) (4.872)
tpq —0.041 *** 0.005
(—4.351) (0.672)
age —0.050 0.040
(—1.383) (0.783)
share —2.986 —5.175
(—0.297) (—1.260)
board 0.362 ** 0.077
(2.167) (1.145)
Hindex —0.143 —0.090
(—1.217) (—1.167)
gdp —2.957 *** 1.280
(—5.036) (1.593)
cons —0.200 ** 13.213 *** —6.588 *
(—2.524) (4.219) (—1.697)
N 19,637 19,637 19,637
adj. R-sq 0.023 0.031 0.667
Firm FE No No Yes
Year FE No No Yes

Note: * p < 0.1, ** p < 0.05, *** p < 0.01; t statistics in parentheses.

Specifically, in the baseline model (1), which does not control for any variables or
fixed effects, a one-unit increase in ESG_score is associated with a significant improvement
of 0.588 units in the level of corporate green innovation (t = 9.979, p < 0.01). This result
indicates that, in the initial analysis, higher ESG scores effectively promote corporate green
innovation. When firm-level and regional-level control variables are introduced in model
(2), the ESG coefficient slightly decreases to 0.545 (t = 9.229, p < 0.01), but still maintains a
significant positive impact. This finding suggests that, after accounting for firm-specific
characteristics (e.g., firm size) and external economic conditions (e.g., regional economic
development levels), the effect of ESG performance on corporate green innovation remains
significant and robust.

In model (3), after further incorporating firm and year fixed effects, the ESG coefficient
drops to 0.131 (t = 4.872, p < 0.01). Although the coefficient declines substantially, it still
retains a significant positive relationship. This reduction in the coefficient indicates that,
after controlling for firm-specific factors (e.g., corporate culture and internal management
practices) and temporal trends, the influence of ESG on corporate green innovation is
somewhat attenuated. This could be attributed to the fact that, with the inclusion of firm-
specific and time-related factors, part of the explanatory power is absorbed by these fixed
effects. Nevertheless, the ESG score’s positive effect remains, indicating that firms with
higher ESG scores continue to maintain an advantage in green innovation over the long
term. This stability may reflect firms’ sustained investments in long-term ESG strategies
and the growing emphasis placed on ESG performance by society and the market.

4.3. Robustness Test

The initial findings support Hypothesis 1. To confirm these results, we employed
several robustness checks. First, we replaced the independent variable ESG_score with the
Bloomberg ESG score (ESG_r) to ensure consistency across the rating methods. Additionally,
we substituted the dependent variable (Innovation) with the total number of green patent
applications (Patent), broadening the scope of the innovation indicators. Finally, we
applied instrumental variable methods using ‘broad ESG’ funds’ holdings and market
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value to address potential endogeneity. These checks aim to validate the robustness and
generalizability of the relationship between ESG and sustainable green innovation.

4.3.1. Alternative Independent Variable

To mitigate potential measurement discrepancies within the model, this study substi-
tuted the independent variables from the baseline regression with ESG ratings sourced from
Bloomberg [35,36]. This preference for Bloomberg’s ESG rating system is predicated on its
global recognition and broad-ranging applicability. Furthermore, the evolution of ESG metrics
in China aids corporations in forging a responsible and publicly esteemed social image. Thus,
Huazheng, as a Chinese company, might tend to exaggerate its ESG performance in its scoring
system [38]. Accordingly, the reevaluation of our research model utilizing Bloomberg’s ESG
rating technique serves as an indirect assessment of the robustness of our initial findings and
the validity of the proposed ESG rating score within our analysis.

As outlined in Table 5, the outcomes are in line with those from the baseline regression
featured in Table 4. Columns (1) through (3) consecutively delineate the univariate regres-
sion outcomes, the results with control variables, and the results with control variables
plus firm and year fixed effects. The results are consistent with the baseline regression
outcomes using Huazheng’s ESG scores as independent variables, with Innovation being
significantly positive at the 1% level (3 = 0.088, t = 7.059), thereby validating the robustness
of the conclusions of this paper.

Table 5. Regression results of the fixed-effects models with the alternative independent variable (ESG_r).

Variable 1) 2) 3)
Innovation Innovation Innovation
ESG_r 0.083 *** 0.088 *** 0.088 ***
(5.920) (5.373) (7.059)
tpq —0.060 *** —0.071 ***
(—6.257) (—7.354)
age —0.113 *** 0.016
(—3.004) (0.412)
share —4.639 7.116
(—0.449) (0.908)
board 0.324 * 0.445 ***
(1.852) (3.674)
Hindex —0.222 % —0.049
(—1.830) (—0.633)
gdp —3.096 *** 1.744
(—5.475) (1.326)
cons 0.494 *** 14.848 *** —9.983
(12.431) (4.919) (—1.597)
N 19,637 19,637 19,637
adj. R-sq 0.014 0.026 0.200
Firm FE No No Yes
Year FE No No Yes

Note: * p < 0.1, *** p < 0.01; t statistics in parentheses.

4.3.2. Alternative Dependent Variable

Drawing upon prior research methodologies [44,45], this study employed the total
number of green patent applications as an alternative variable for sustainable green inno-
vation. Table 6 illustrates that the correlation coefficient between ESG_score and patents
remains positive and significant at the 1% level, thereby reinforcing the robustness of the
central conclusions of this research.
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Table 6. Regression results of the fixed-effects models for the alternative dependent variable (patent).

Variable (W) 2) 3)
Patent Patent Patent
ESG_score 0.437 *** 0.404 *** 0.447 ***
(9.531) (8.829) (9.208)
tpq —0.032 *** —0.041 ***
(—4.820) (—5.616)
age —0.029 0.065 **
(—1.043) (2.159)
share 0.058 6.244
(0.008) (1.154)
board 0.266 ** 0.332 ***
(2.143) (3.662)
Hindex —0.071 —0.024
(—0.751) (—0.384)
gdp —1.873 *** 1.168
(—4.756) (1.240)
_cons —0.163 *** 8.183 *** —7.369
(—2.665) (3.894) (—1.647)
N 19,637 19,637 19,637
adj. R-sq 0.023 0.031 0.210
Firm FE No No Yes
Year FE No No Yes

Note: ** p < 0.05, *** p < 0.01; t statistics in parentheses.

4.3.3. Endogeneity Tests

The baseline results indicate that a high ESG Composite Rating can enhance capabili-
ties for sustainable green innovation. However, considering the potential issues of omitted
variables and sample selection bias that could lead to endogeneity [46], this study adopted
the instrumental variable method to conduct robustness checks.

Drawing from the previous literature [38], this study utilizes the emergence of
ESG-themed public funds in China as an exogenous shock. We employed the number of
“pan-ESG” funds holding a firm’s shares (FundN) and the market value of these holdings
(FundV) as instrumental variables for the ESG Composite Rating, using the two-stage
least squares (25LS) method for empirical analysis. The rationale for these instrumental
variables is twofold. First, ESG-themed public funds could influence corporate gover-
nance and positively affect their ESG performance [47], thereby meeting the relevance
criterion with the independent variable. Second, Xie and Lyu argue that the shareholding
information of “pan-ESG” funds, dictated by fund management corporations, is unlikely
to directly impact a firm’s green patent output [48]. Moreover, Fang and Hu assert that
corporate green innovation relies significantly on the scientific knowledge or engineering
expertise of participants in specific fields, which exceeds the general qualifications expected
of fund managers, ensuring the exclusivity of the shareholding information of “pan-ESG”
funds [38].

Table 7 displays the results of the instrumental variable regression. Column (1) con-
tains the first-stage regression outcomes, showing that the regression coefficients for the
instrumental variables FundN and FundV are significantly positive at the 1% level. This
indicates a strong positive relationship between the number of “pan-ESG” funds held
and their market value with ESG_score. Column (2) provides the second-stage regression
results, with the estimated coefficient for ESG_score being significantly positive. This sug-
gests that even after addressing endogeneity concerns, the ESG composite score continues
to support the firm’s sustainable green innovation, thus further confirming Hypothesis 1.
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Table 7. Results of the 2SLS regression by instrumental variable.
Variable (1) 2
ESG_Score Innovation
FundN 0.001 ***
(5.872)
FundV 0.002 ***
(4.889)
ESG_score 0.986 **
(2.243)
tpq —0.012 *** 0.014
(—4.251) (1.422)
age —0.080 *** 0.120
(—8.019) (1.536)
share 8.498 *** —12.070
(5.441) (—1.547)
board —0.007 0.029
(—0.293) (0.366)
Hindex —0.051 *** —0.027
(—2.748) (—0.386)
gdp 0.131 0.743
(0.663) (0.982)
Firm FE Yes Yes
Year FE Yes Yes
N 19,637 19,637
Kleibergen-Paap rk LM statistic 70.933 ***
Kleibergen—Paap Wald rk F statistic 46.656 ***
Hansen J statistic Chi-sq (1) p-val = 0.9862
Endogeneity test Chi-sq (1) p-val = 0.0086
F 46.656

Note: ** p < 0.05, *** p < 0.01; t statistics in parentheses; The Hansen ] statistic has a p-value of 0.9862, which is
greater than 0.1, indicating that the null hypothesis of the exclusion restriction can be accepted.

Furthermore, the regression model has conducted statistical tests to ensure the validity
of the two sets of instruments employed: First, the F-statistic of 46.656 in the first stage
regression surpasses the threshold of 10, indicating no weak instrument variable problem.
Second, the Kleibergen-Paap rk LM statistic significantly rejects the “under-identification of
instrumental variables” hypothesis at the 1% significance level. Additionally, the F-statistic
values for CD (F = 86.71) and KP (F = 46.66) exceed the critical value of 19.93 at the 10% level,
rejecting the null hypothesis of “weak identification of instrumental variables.” Moreover,
since the number of instruments in this study exceeds the number of endogenous variables,
over-identification tests, and endogeneity tests were conducted and passed, as evidenced
by a p-value of 0.9862 for the Hansen ] statistic and a p-value of 0.0086 for the endogeneity
test. These tests affirm that the instruments constructed for this study are reasonable.

5. Further Analysis: Heterogeneity Test and Moderation Effect Analysis
5.1. Heterogeneity Test

The empirical findings demonstrate that the ESG Composite Rating significantly
bolsters firm sustainable green innovation. Next, we will further discuss the heterogeneities
underlying this relationship to explore the impact of ESG ratings on sustainable green
innovation across various contexts. At the industry level, firms are categorized into heavily
polluting and non-heavily polluting enterprises. At the regional level, distinctions are
made based on different administrative divisions.

5.1.1. Heterogeneity Analysis on Firm Level

First, we categorized firms into heavily polluting and non-heavily polluting listed
companies. The corresponding industry codes cover B06, B07, B08, B09, B10, B11, B12,
C17, C18, C19, C22, C25, C26, C27, C28, C29, C31, C32, and D44. This categorization
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approach aligns with the “Guidelines on Environmental Information Disclosure of Listed
Companies,” which has been issued by the Ministry of Environmental Protection of the
People’s Republic of China, the 2012 version of CSRC industry classification standard and
scholarly interpretations of these provisions [49,50].

Columns (1) and (2) of Table 8 present the regression results for the categorization
of heavily polluting companies. The estimated coefficients of the ESG Composite Rating
are positively significant for both heavily polluting companies ( = 0.155, t = 5.365) and
non-heavily polluting companies (p = 0.101, t = 2.416). It is notable that the ESG Composite
Rating has a stronger impact on improving the sustainable green innovation capabilities
of heavily polluting companies. This firm-level heterogeneity could be attributed to the
increased public scrutiny and stricter governmental regulations that heavily polluting firms
encounter in their market activities. Enhanced corporate ESG performance and improved
sustainable green innovation outputs can help them establish a more favorable market
image, as well as gain greater recognition and market opportunities [23]. Therefore, the
findings indicate that the influence of ESG on a firm’s sustainable green innovation varies
according to industry endowments.

Table 8. Heterogeneity tests.

Based on Industry Based on Region
Non-Pollution  Key Pollution Northeast Eastern Central Western
1@ (2) 3) 4) (5) (6)
Innovation Innovation Innovation Innovation Innovation Innovation
ESG_score 0.101 ** 0.155 *** 0.146 ** 0.111 *** 0.133 ** 0.152 ***
(2.416) (5.365) (2.128) (3.555) (2.323) (2.870)
tpq 0.029 *** —0.002 0.015 0.002 0.019 0.001
(3.146) (—0.260) (0.621) (0.301) (1.562) (0.093)
age —0.167 *** 0.105 *** —0.405 *** 0.022 0.045 0.234 ***
(—2.825) (2.989) (—3.764) (0.595) (0.649) (2.890)
share 0.875 —6.277 8.135 —8.483 ** —0.724 0.403
(0.134) (—1.592) (0.562) (—2.021) (—0.093) (0.050)
board 0.039 0.038 0.315* 0.040 0.189 —0.008
(0.398) (0.633) (1.668) (0.600) (1.636) (—0.054)
Hindex 0.048 —0.106 ** —-0.371 —0.103 * 0.008 0.010
(0.323) (—2.031) (—1.437) (—1.804) (0.048) (0.106)
gdp —1.526 2.338 *** —3.085* 2.555 *** 0.824 —0.198
(—1.547) (3.524) (—1.705) (2.787) (0.682) (—0.136)
_cons 7.767 * —10.565 *** 14.672 * —11.247 *** —3.959 0.626
(1.677) (—3.393) (1.736) (—2.615) (—0.697) (0.093)
N 5384 13,939 1007 12,955 3021 2737
adj. R-sq 0.613 0.688 0.584 0.672 0.680 0.651
Firm FE Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes

Note: * p < 0.1, ** p < 0.05, *** p < 0.01; t statistics in parentheses.

5.1.2. Heterogeneity Analysis on Regional Level

Considering China’s large territorial area and the imbalance in economic development,
this paper categorized the samples into different regions. The division method follows
the “Division Method of the Eastern, Western, Central, and Northeastern Regions” by
the National Bureau of Statistics of China. Based on the socio-economic development
conditions of different regions in China, it divided up a total of four regions.

As illustrated in columns (3)—(6) of Table 8, the regression results based on regional
divisions reveal that the ESG Composite Rating has a significantly positive coefficient across
the Northeast region (3 = 0.146), Western region (3 = 0.152), Eastern region (3 = 0.133), and
Central region (f = 0.111). This demonstrates that the ESG Composite Rating significantly
enhances the green innovation of the listed companies across all four regions. However,
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the data suggest that the levels of significance in the Northeast and Central regions are
comparatively lower, with a 5% significance level.

This regional heterogeneity might be attributed to, first, the relative underdevelop-
ment of listed companies in the Northeast and Central regions, which mostly belongs
to the primary and secondary industries. Second, the sample size of the specific listed
companies in these regions is relatively small, with only 1007 and 3021 companies, respec-
tively, constituting a minor fraction of the total sample. These findings highlight that the
influence of ESG implementation on a firm’s sustainable green innovation is subject to
regional disparities.

5.2. Moderation Effect Analysis
5.2.1. Informal External Pressure Moderation: Public Environmental Concern (PEC)

This paper attempts to verify the moderating role of PEC. On the one hand, focusing on
the moderating effect of informal external pressures can mitigate the adverse impacts of for-
mal environmental pressures [12,13]. Specifically, it can alleviate “attention misallocation”
caused by governmental formal pressures and the excessive emphasis on local economic
development driven by the “growth-only theory”, which could subsequently deteriorate
ESG performance and innovation outcomes [34]. On the other hand, the moderating effect
of informal external pressures from stakeholders and the public can assist enterprises in
establishing a positive social image [4,23,35]. PEC, manifested through discussions on social
media, news media reports, and advocacy by social groups, can encourage firms to modify
their behavior, attitudes, or decisions to align with public expectations or societal values.
This could also potentially create reputational capital for investors, meaning that corpora-
tions with high ESG scores tend towards higher ethical standards and greater managerial
self-discipline, which may enhance the role of the moderating effect of external pressures
induced by social responsibility participation [51,52]. This paper therefore suggests that
PEC will positively moderate the relationship between the ESG Composite Rating and firm
sustainable green innovation.

This study investigated the moderating effect of PEC by adding the interaction term
(Baidu_Index x ESG_score). Column (1) of Table 9 presents the regression results, showing
that although the coefficient for PEC is positive in the relationship between ESG and
innovation, it has not yet achieved a significant moderating role. This could be due to
several reasons. First, an examination of the sample data shows that the PEC values for
most firms are concentrated around 5, indicating a relatively narrow distribution of the
moderating variable across the sample. This narrow variation may result in insufficient
differentiation across firms or time periods, thereby weakening its moderating effect on
the ESG—green innovation relationship. As a result, the high concentration of PEC values
could potentially explain the lack of significance in its moderating effect. Second, the
relationship between PEC and corporate innovation might be mediated by other factors,
such as government policies, market incentives, or technological capabilities [53]. As a
result, the direct moderating effect of PEC on the ESG-innovation link might be diluted.
Third, as the ESG Composite Rating is a relatively new concept, public awareness may
not yet have reached the threshold necessary to significantly impact innovation outputs.
According to Lyu et al.’s Threshold Effect research into PEC [54], the significant effect of
sustainable green innovation only becomes evident when PEC reaches a certain level. They
suggest that the potential of PEC to enhance the relationship between ESG and sustainable
green innovation is not fully realized until there is a higher degree of public awareness [54].
Therefore, while PEC may influence corporate ESG practices, its direct moderating effect
on innovation may not be substantial currently.
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Table 9. Results of the moderating effects.

Variable 1) )
Innovation Innovation
ESG_score 0.132 *** 0.119 ***
(5.594) (5.102)
Baidu_Index —0.005
(—0.194)
Baidu_Index x ESG_score 0.032
(1.529)
DIGI_score 0.039 ***
(5.194)
DIGI_score x ESG_score 0.057 ***
(3.543)
tpq 0.005 0.005
(0.937) (0. 966)
age 0.036 0.028
(1.244) (0.982)
share —4.956 —5.697 *
(—1.522) (—1.224)
board 0.073 0.056
(1.422) (1.081)
Hindex —0.091 * —0.091 *
(—1.945) (—1.941)
gdp 1.224 ** 1.179 **
(2.266) (2.182)
_cons —b5.165 ** —4.869 *
(—2.037) (—1.920)
N 19,637 19,637
adj. R-sq 0.667 0.668
Firm FE Yes Yes
Year FE Yes Yes

Note: * p < 0.1, ** p < 0.05, *** p < 0.01; t statistics in parentheses.

5.2.2. Internal Development Moderation: Corporate Digital Transformation (CDT)

As enterprises increasingly deepen their CDT at the market level, they also adjust their
behaviors according to market dynamics, providing corresponding value to investors [4,23].
Based on signaling theory, the drive for corporate green innovation benefits from a deepening
level of digitalization, and the extent of CDT can also contribute positively to the corporation in
terms of market competition, deepening the impact of ESG performance [20]. Wu et al. [2] also
suggest that in intensifying market competition, enterprises with advanced digitalization levels
tend to a more advantageous position and can seize the opportunities of CDT to further drive
green innovation, thereby gaining a competitive edge. This paper thus suggests that CDT may
positively moderate the relationship between the ESG Composite Rating and firm sustainable
green innovation.

This paper, referencing the method of Zhao et al., constructed a CDT index (DIGI_score)
for listed companies using the text analysis method and created an interaction term
(DIGI_score x ESG_score) [40]. As displayed in Column (2) of Table 9, the regression
results reveal that the coefficient of the CDT index with the ESG Composite Rating is
significantly positive at the 1% level, confirming the positive moderating effect of CDT.

To further examine the moderating effect of CDT on the relationship between ESG
disclosure and firms’ sustainable innovation capabilities, this study analyzed the changes
in the slope under varying levels of digital transformation intensity. The results, depicted
in a slope chart, illustrate the differential predictive effect of ESG disclosure on sustain-
able innovation across high and low levels of digital transformation. To further clarify
the significance of the moderating effect, this study conducted a simple slope test to ana-
lyze the predictive effect of ESG_score on innovation at different levels of CDT. Figure 2
shows that when DIGI_score is in the high group (one standard deviation above the mean)
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(Bsimple = 0.120, p = 0.008), the effect is significantly higher compared to the low group
(one standard deviation below the mean) (Bsimple = 0.118, p = 0.007). Therefore, CDT, as a
pivotal organizational capability, significantly strengthens the positive impact of ESG dis-
closure on sustainable innovation outputs. Specifically, in firms exhibiting advanced digital
transformation, ESG disclosure is more effectively aligned with digital technology applica-
tions, thus facilitating greater investments in green technologies and the development of
sustainable innovation strategies.

Low ESG_score High ESG_score
1
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= _..-m —4.86835703
5 L
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Figure 2. Simple slope plot for Moderation Effect.

6. Conclusions and Implications
6.1. Conclusions

Given the growing interest in ESG ratings in recent years and the academic tendency to
correlate them with financial performance [18], exploring the relationship between ESG and
corporate sustainable green innovation is of great significance [37,44]. This study examines
the evolving relationship between ESG ratings and enterprises’ capacity for sustainable
green innovation, along with the moderating effects of PEC and CDT. Using panel data
from A-share listed companies from 2011 to 2022, we empirically examined the nexus
between ESG performance and sustainable green innovation. To verify the reliability of
our baseline results and address heterogeneity, we conducted key variable substitutions,
endogeneity checks, and examined heterogeneity effects.

The key findings based on the analysis are as follows: (1) The ESG framework significantly
fosters green innovation at the corporate level, with robustness of results confirmed through
variable substitution methods. Moreover, the study passes endogeneity tests using the instru-
mental variable method. (2) In terms of heterogeneous effects, the impact of the ESG framework
on sustainable green innovation varies across different regions and industrial contexts. To be
specific, at the regional level, our analysis found less significance in the Northeast and Central
regions due to lower industrial development and smaller sample sizes. At the firm level, heavily
polluting corporations pay more attention to ESG ratings and their impact on green innovation
due to heightened scrutiny from the government and stakeholders on sustainability and social
responsibility, which could potentially affect their long-term benefits, such as brand image
and investment opportunities. (3) Regarding moderating effects, the study considered both
informal external pressures and internal development needs. In this context, informal external
pressures refer specifically to PEC, which encompasses societal awareness and expectations
regarding environmental sustainability, while internal development needs refer to CDT, which
reflects a company’s strategic focus on integrating digital technologies to improve operational
efficiency, innovation capacity, and long-term competitiveness. The findings indicate that the
moderating effect of PEC on the relationship between ESG and sustainable green innovation is
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not significant. This may be attributed to the nascent stage of ESG as a concept in China, which
requires greater public awareness, or a potential threshold effect where PEC has not yet reached
a critical level of influence [53].

6.2. Implications

Drawing from the empirical findings, this study provides constructive insights and
policy implications for both policymakers and businesses. For policymakers, first, it is
essential to promote sustainable green innovation by encouraging firms to adopt positive
ESG behaviors. Governments can achieve this by employing financial instruments and
incentives that support investments in green technologies and sustainable practices, such
as green bonds, subsidies, and grants.

Second, a unified ESG rating system is necessary to help corporations and investors
develop more consistent strategies for promoting green innovation. This is because different
rating agencies vary in their coverage of ESG dimensions, measurement methods, and
weighting systems, which may result in discrepancies in rating outcomes [55,56]. For
example, Moody’s ESG, S&P Global, and MSCI all use the three main dimensions, but their
specific evaluation metrics vary, as do their emphases on different dimensions, leading
to divergent ratings for the same company [56,57]. This variation makes it difficult for
stakeholders to accurately compare corporate ESG performance, potentially raising doubts
about the ratings. To minimize the impact of these differences on the results, we employed
the ESG rating methods from both a Chinese agency and an American one. The former
focuses on the ESG performance of Chinese domestic companies, while the latter adheres
to global standards. Although the coefficients differ, overall, the positive effect of ESG
on sustainable green innovation remains significant and robust in our analysis. This
demonstrates that our conclusions are relatively reliable and persuasive.

Lastly, the engagement of the public in ESG evaluations and environmental issues is
crucial [53]. Given that PEC was not significant in this study, policymakers can indirectly
encourage companies to adopt more responsible practices by raising public awareness
of the importance of environmental issues and ESG initiatives. This can be achieved
through public campaigns, educational programs, and measures that promote corporate
transparency. By strengthening the role of public oversight and encouraging consumers
and investors to prefer companies with strong ESG commitments, policymakers can create
market-driven incentives for businesses to adopt more sustainable practices. This increased
public awareness will accelerate the regulatory tipping point, as companies may proactively
adjust their practices to meet public expectations before facing stricter regulations [54].

For businesses, it is vital for corporate leaders to integrate ESG frameworks into
their strategic development planning and operational practices, recognizing the long-term
value that ESG alignment can bring. On the one hand, corporations should recognize the
significant role of CDT, leveraging it as a key driver to enhance their ESG performance,
utilizing digital tools for better data management, increased transparency, and improved
stakeholder interaction. On the other hand, corporations should consider combining ESG
and green innovation as a joint strategy, correctly identifying and exploiting the impetus
that ESG ratings can provide for sustainable green innovation, adjusting strategies to meet
evolving social expectations, encouraging more ESG practices, and reducing potential
reputational risks.

6.3. Limitations

First, the study’s findings are based on Chinese A-share listed companies, which
may limit their generalizability to other countries or markets with different regulatory,
economic, and cultural contexts. Future research could expand the scope by incorporat-
ing data from various countries to validate and enhance the applicability of the results.
Specifically, new studies could conduct cross-country comparisons to explore whether the
relationship remains robust across different regulatory environments, cultural norms, and
levels of economic development. For example, investigating how ESG initiatives differ
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between developed economies and emerging markets could reveal the diverse impacts
of ESG on innovation in various regions. Furthermore, future research could focus on
how international ESG standards and frameworks, such as the United Nations Sustainable
Development Goals (SDGs), shape corporate behavior and promote green innovation glob-
ally. By examining these factors, researchers can identify global best practices, uncover the
diverse mechanisms driving the ESG-green innovation relationship, and contribute to the
development of unified ESG evaluation standards.

Second, this study focused on the moderating roles of PEC and CDT. However, other
potential moderators, such as government policies, industry-specific regulations, and market
conditions, were not considered. Future research could examine these factors to provide a more
holistic understanding of the dynamics between ESG and sustainable green innovation.
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