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Abstract: In the context of the rapid development of the global economy, promoting cor-
porate economic development while taking into account sustainable development has
gradually become the focus of attention of countries around the world. The ESG perfor-
mance reflects the differences in the assessment of enterprises’ sustainable development
potential by capital market information intermediaries. These differences affect the internal
governance and external financing of enterprises, thereby influencing corporate green
innovation. This research is based on 1500 Shanghai-Shenzhen A-share listed companies
in China from 2012 to 2022. Using green technology innovation quantity (GINUM) and
green technology innovation quality (GICIT) as the measures of corporate green innovation
capabilities, and by constructing a DiD model and a benchmark regression model, the
dynamic relationship between ESG performance and green innovation is explored. At
the same time, the mediation effect model is introduced to examine the impact of ESG
performance on corporate green innovation capabilities from three perspectives: financ-
ing constraints, management’s green development awareness, and employee innovation
efficiency. In addition, endogenous analysis methods and robustness test methods are
employed to further ensure the reliability of the research results. The research findings
show that ESG performance can significantly promote corporate green innovation capa-
bilities. Heterogeneity analysis reveals that ESG performance significantly enhances the
green technology innovation capabilities of enterprises, especially among non-state-owned
small and medium-sized enterprises (SMEs) and enterprises in the eastern region. The
regression coefficients for GINUM and GICIT are 0.019, 0.021, 0.084, and 0.086, respectively,
all of which are statistically significant at the 1% level. The mechanism analysis shows
that in terms of alleviating financing constraints, enhancing management’s green develop-
ment awareness, and improving employee innovation efficiency, the regression coefficients
of ESG performance for GINUM and GICIT are −1.559, −1.953, 0.018, 0.011, 0.427, and
0.495, respectively, indicating a certain promoting effect. The results of this study enrich
and expand the relevant research on the relationship between ESG and corporate green
innovation capabilities to a certain extent. This research is expected to provide some new
practical directions for promoting green innovation capabilities within the ESG framework.

Keywords: ESG performance; green technology innovation capability; GINUM; GICIT;
difference-in-differences model; mediation effect model
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1. Introduction
The excessive use of disposable plastic products and irrational waste disposal methods

in modern societies have led to a series of severe environmental crises. The escalation of
extreme weather occurrences has considerably affected human survival and production
operations [1,2]. The ratification of the Paris Climate Agreement in 2015 and the subsequent
increase in implementation procedures at COP26 demonstrated the collective determination
of countries to cope with the frequent occurrence of extreme weather events, to combat
global warming, and to advance the green development process of countries [3–5].

The demand for social responsibility stemming from sustainable development is
transforming the conventional notion of enterprise development, making the pursuit of
sustainable green development an unavoidable option for businesses in the contemporary
era. However, it is difficult for enterprises to find a balance between the implementation of
sustainable development strategies and economic benefits, so green technological innova-
tion is considered by stakeholders as an important strategy to solve this problem. In order
to achieve the goal of coordinated development of environment and economy, enterprises,
as the micro-body of economic operation, should actively carry out green innovation and
continuously reduce consumption and pollution to promote the green transformation of
enterprises, so as to realize the win-win situation of economic growth and environmental
protection. Green technological innovation is marked by extended cycles and substantial
investment, which do not yield significant short-term benefits for enterprises. Instead, it
necessitates sustained long-term investment, diminishing the enthusiasm and innovative
capacity of businesses. Therefore, exploring how to incentivize enterprises to promote
green technology and improve the efficiency of green innovation is valuable for realizing
the synergistic high-quality development of the economy and the environment.

Current research on the determinants of enterprises’ green innovation capacity pre-
dominantly emphasizes macro-level aspects such as environmental regulation and bilateral
investment, while micro-level factors like environmental protection investment and digital
transformation are minimally addressed. As a particularly important type of institutional
innovation, sustainability evaluation plays a great role in guiding enterprises to prac-
tice sustainability guidelines and realize green transformation to achieve high-quality
development [6]. In recent years, an increasing number of investors have incorporated
environmental, social responsibility, and corporate governance performance into their
analyses and evaluations of enterprises, as illustrated in Figure 1.
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In the sixth global institutional investor survey report released by Ernst & Young [7],
90% of the surveyed investors indicated that they would consider the performance of
enterprises in ESG when making investment decisions. As the mainstream sustainabil-
ity evaluation scale, ESG not only brings new ideas for enterprise management but also
provides a new path for sustainable investment. Consequently, it is crucial to elucidate
the influence mechanism and impact of ESG evaluation on enterprises’ capacity for green
technology innovation, to facilitate the green transformation and high-quality economic
development, and to achieve the objectives of the “dual-carbon” strategy. At this stage,
academics mainly study the impact of ESG performance on enterprises from the following
two aspects: ESG performance and financing constraints. Bai et al. [8] argue that good
ESG performance is conducive to enterprises alleviating financing constraints and provides
stakeholders with evaluation standards, thus more accurately assessing the enterprise’s
sustainable development ability. Long et al. [9] utilized the method of quantile regression
in evaluating the long-term prospects and resilience of companies and found that stake-
holders are attaching increasing importance to the connection between ESG performance
and green innovation. In addition, Korzeb et al. [10] argue that since the fulfillment of
ESG responsibilities is more in line with the expectations of stakeholders for enterprise
development at the current stage, enterprises with good ESG performance can obtain more
resources, thus alleviating enterprise liquidity pressure. Darnall et al. [11] contend that
enhanced ESG information disclosure by listed companies will bolster stakeholders’ trust
in the organization, thereby prompting increased resource investment. Maqsood et al. [12]
explored the impact of government regulations on executive compensation and corporate
ESG performance in the context of green innovation, as well as the relationship between
this compensation regulatory mechanism and the input and output of green innovation.
Ahmed et al. [13] explored the positive roles of green innovation, trade, and energy in pro-
moting green economic growth in South Asian countries. Kılıç and Kuzey [14] analyzed the
effect of corporate governance structure on ESG disclosure based on the GRI methodology
of 17 Turkish companies on the Istanbul Stock Exchange for the years 2013–2016. Zhang
et al. [15] used the fixed effects model to empirically analyze the relationship between ESG
performance and the green innovation capabilities of enterprises. The results show that
ESG performance has a promoting effect on the green technology innovation capabilities.
Previous studies by scholars usually centered around the connection between a solitary
variable and ESG performance. Moreover, their examinations of ESG and green innovation
were frequently conducted from a macro-level standpoint and were rather detached. In
contrast, this paper delves deeply into the relationship between ESG and green innovation
by integrating prior research findings. It undertakes analyses and verifications from di-
verse aspects, thereby offering valuable references for future research on the link between
the two.

As already mentioned, ESG stands for social responsibility and corporate governance.
In the environmental (E) dimension, enterprises with higher environmental awareness
often pursue low-carbon production to comply with regulations, especially under China’s
“carbon peak carbon neutral” goals. These firms actively engage in green innovation to
enhance efficiency and improve their corporate image, which often earns them government
support and resources, further encouraging green technology investments. Social respon-
sibility (S) contributes significantly, as companies that emphasize employee welfare and
development enhance their capacity for innovation. High-quality talent fosters knowledge
sharing, advancing green technology research and development (R&D) and achieving
sustainable development [16–18]. Companies committed to social responsibility also tend
to allocate resources more prudently to maximize green innovation efficiency. Effective
governance (G) aligns the interests of management and shareholders, thereby incentiviz-
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ing long-term, sustainable innovation efforts. Enterprises with robust risk management
can also sustain green innovation efforts despite uncertainties, thereby improving green
innovation efficiency.

Green technology initiatives are characterized by significant risk and frequently en-
counter substantial financial limitations owing to their extended timelines and elevated
expenses. ESG performance, by enhancing corporate transparency, mitigates information
asymmetry, thereby improving trust and financial support from investors and creditors.
Additionally, strong ESG performance can reduce operational and debt risks, broadening
financing channels and lowering costs, which accelerates green innovation investments [19].
Excellent ESG performance strengthens a company’s reputation, signaling a focus on long-
term growth over short-term gains. By improving financial transparency and attracting
stakeholder attention, ESG evaluation drives managers to prioritize green innovation in
strategic planning. This alignment ensures that companies address environmental and
social goals alongside economic benefits, fostering sustainable development and compet-
itive advantage. High ESG performance signals a commitment to social responsibility,
which builds trust among stakeholders and enhances the corporate reputation. In such
an environment, knowledge sharing and innovation are encouraged, and companies can
attract talented personnel, which in turn boosts overall innovation capacity. Moreover,
by establishing robust incentive structures, ESG-focused companies enhance innovation
motivation among employees [20], thereby sustaining advancements in green technology
and productivity improvements.

The main innovation points of this paper are as follows:

1. Focusing on the relationship between ESG and green innovation. Rather than sep-
arately exploring ESG performance or corporate green innovation ability like most
of the existing studies, this paper concentrates on the connection between them. By
comprehensively taking into account these two aspects, it presents a new viewpoint
for understanding the interaction mechanism in this area.

2. Analyzing the influence mechanism. This study systematically investigates and
verifies the influence mechanism of corporate ESG performance on green innovation
ability from three aspects: relieving financing constraints, enhancing management’s
awareness of green development, and increasing employee innovation efficiency. It
enriches the understanding of the driving factors of green innovation ability and the
impact of ESG performance.

3. Exploring the heterogeneous effects. This research explores the heterogeneous effects
of ESG on green innovation across different production activities, property rights
forms, enterprise sizes, and geographical regions. This provides a more detailed
reference for enterprises to formulate their personalized green innovation strategies
according to their own characteristics.

2. Materials and Methods
2.1. Sample Selection and Data Sources

This study examines the Chinese A-share listed companies that published ESG reports
from 2012 to 2022 to analyze the correlation between corporate ESG performance and
the efficiency of green technology innovation. This paper selects ESG ratings, financial
data, and corporate governance microdata of listed companies as the subjects of research,
based on comprehensive ESG performance indicators. In order to ensure the reliability
of the research results, the data were processed as follows: (1) listed companies in the
financial and insurance industries and companies with negative net assets were excluded;
(2) companies with missing values for the main variables were excluded; (3) all continuous
variables were trimmed at the 1% and 99% levels to avoid the influence of outliers. A total



Sustainability 2025, 17, 1085 5 of 33

of 932 valid observations for 1587 companies were finally obtained. Based on the CSI ESG
ratings database, we obtained the data on firms’ ESG performance, and the rest of the
financial data were obtained from the CSMAR database. The overall structure of the article
is shown in Figure 2 below:
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2.2. Definition of Variables
2.2.1. Explanatory Variable

As the explanatory variable, green technology innovation can be subdivided into two
dimensions: green technology innovation quantity and green technology innovation qual-
ity.

The quantification of green technology innovation entails summing the total of green
invention patents and green utility model patents filed by listed companies, thereafter
adding 1, and calculating the natural logarithm of this result. This indicator is calculated as:

GINUM = ln(NGIP + NGUMP + 1), (1)

where NGIP is the number of green invention patents and NGUMP is the number of green
utility model patents filed by listed companies. By thoroughly mining the patent data from
the China National Intellectual Property Administration (CNIPA) and cleaning, filtering,
and statistically analyzing it according to the green technology patent classification defined
by the World Intellectual Property Organization (WIPO), the green patent application data
of the listed companies were finally obtained.

The quality of green technology innovation was assessed by analyzing the citation
frequency of each green patent from the listed companies. These data reflect the patents’
influence, technical content, and market value [21]. Following manual sorting and match-
ing [22], we aggregated the citations of green patents filed by the listed companies in the
current year, added one, and subsequently included the citations of green patents filed by
these companies over the next two years:

GICIT = ln(NFCW2Y + 1), (2)

where GICIT refers to green technology innovation quality, FCW2Y refers to the sum of the
number of citations of green patents applied for by the listed companies in the subsequent
two years, and ln denotes natural logarithm. Given that green patents applied later in
the year receive fewer citations within the sample period, we implemented a time decay



Sustainability 2025, 17, 1085 6 of 33

weighting scheme that allocates greater weights to citations nearer to the application date,
thereby emphasizing the significance of recent citations in assessing innovation quality [23],
using green patent citation data from the China Research Data Service Platform (CNRDS).
Following manual sorting and matching, we compiled the citation counts for green patents
filed by the listed companies in the current year and the subsequent two years.

2.2.2. Core Explanatory Variable

In the field of corporate sustainability evaluation, the ESG performance score is used
as an important indicator of corporate sustainability. This paper uses the authoritative
Bloomberg ESG scoring data released earlier to evaluate the ESG performance of enterprises
and takes the evaluation results as the core explanatory variable. This rating system
covers the fulfillment of corporate environmental, social, and governance responsibilities
to different stakeholders and is therefore widely used in international studies. It provides
a comprehensive perspective to assess the overall performance of companies in terms of
sustainability. Nonetheless, there exists some discord regarding the present ESG rating
system. In order to enhance the robustness of the study, this paper also introduces the China
Securities Index (CSI) ESG rating data for testing [24]. The CSI ESG rating system comprises
nine grades: C, CC, CCC, B, BB, BBB, A, AA, and AAA, each assigned a value from 1 to 9 in
that order. This rating system is also able to reflect the performance of companies in terms
of ESG and forms an effective complement and validation with Bloomberg ESG score data.

2.2.3. Intermediary Variable

Management’s Green Development Perception (MEPA) is obtained by analyzing
the annual reports of listed firms that were meticulously analyzed using text analysis
methods to quantify indicators based on the frequency of keywords associated with green
development. Let the set of listed companies be S = {S1, S2, S3 . . . , Sn}, the set of
years be Y = {y1, y2, y3 . . . , ym}, the set of keywords related to green development be
K = {k1, k2, k3 . . . , kp

}
, and the set of keyword weights be W = {W1, W2, W3 . . . , Wp

}
.

For company Si in year yi, its MEPA index is calculated as:

MEPAij = ∑p
l=1 wl ×

nijl

∑ k ∈ Aij
, (3)

where nijl refers to the number of occurrences of keyword Kl in the annual report Aij of
company Si in year Yi.

Employee innovation efficiency (IE) is obtained by calculating the ratio of the total
number of applications for invention patents, utility model patents and design patents to
the number of employees of an enterprise was used as a proxy indicator. This indicator is
calculated as:

IE =
A + U + D

E
, (4)

where A is the number of applications for invention patents of an enterprise, U is the
number of applications for utility model patents, D is the number of applications for design
patents, and E is the number of employees of the enterprise.

2.2.4. Control Variable

To examine the influence of ESG performance on green technology innovation more
comprehensively, we also accounted for various firm characteristics that may impact green
technology innovation, as illustrated in Table 1. The data related to enterprise characteristics
are obtained from the CSMAR Database.
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Table 1. List of variables and their definitions.

Nature of the
Variable Title Abbreviation Variable Description

explanatory
variable

Number of green
technology innovations GINUM [25]

Measured by taking the sum of the number
of green invention patents and green utility
model patents filed by the listed companies,

adding 1, and then taking the natural
logarithm.

Quality of green
technology innovation GICIT [25]

The metric is derived by aggregating the
citation frequency of green patents from the
listed companies over the subsequent two
years, adding one, and then applying the

natural logarithm.

core explanatory
variable

Corporate ESG
performance ESG

Adopting Bloomberg ESG rating data,
covering the fulfillment of environmental,

social, and corporate governance
responsibilities of enterprises to different

stakeholders; at the same time, introducing
CSI ESG rating data for testing. The CSI

ESG rating system comprises nine grades:
C, CC, CCC, B, BB, BBB, A, AA, AAA, with
corresponding values ranging from 1 to 9,

respectively.

intermediary
variable

Management’s
perception of green

development
MEPA

Indicators constructed by analyzing the
annual reports of the listed companies

in-depth using the text analysis method and
counting the frequency of keywords related

to green environmental protection.

Employee Innovation
Efficiency IE

Using the ratio of the total number of
applications for inventions, utility models,

and design patents to the number of
employees of an enterprise as a proxy

indicator.

control variable

Business age Age Company age.

solvency Lev Measured by the ratio of the total liabilities
of the enterprise to the total assets.

Cash flow levels Cash Measured by the proportion of the
enterprise’s current assets to the total assets.

Annual fixed effects Year

Assessed by establishing a sequence of
annual dummy variables. In this paper, a

total of 11 dummy variables are taken from
2012 to 2022.

Industry’s fixed effect Industry
Measured by classifying enterprises

according to their industries and then
setting dummy variables.

Enterprise size Size Measured by taking the natural logarithm
of the total assets of the enterprise.

R&D investment Rd Measured by the ratio of enterprise R&D
investment to the total assets.

Board size Bd Measured by taking the natural logarithm
of the number of directors on the board.

Number of board
meetings Nm Measured using the natural logarithm of the

annual count of board meetings conducted.
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2.3. Modeling

This paper takes the behavior of enterprises participating in ESG rating as an event
shock and tests its promoting effect on enterprise green technological innovation. The
multi-period DiD model is constructed as follows:

GINUMi,t = α0 + α1ESGi,t + α2Xi,t + α3Controls + Yeart + Industryi + εi,t

GICITi,t = β0 + β1ESGi,t + β2Xi,t + β3Controls + Yeart + Industryi + εi,t
, (5)

where i stands for the listed companies in the sample, and t stands for the year. GINUM
and GICIT, respectively, denote the quantity and quality of enterprise green technology
innovation. ESGi,t represents the participation status of enterprise i in ESG rating in year
t. If the enterprise participates, then ESGi,t = 1; otherwise ESGi,t = 0. Xi,t represents a
series of control variables. Controls is a set of control variables. Although they are not
the core variables of this study, they will exert an influence on the dependent variables.
Year represents the year’s fixed effect, which is employed to capture the factors specific
to different years and not varying with individual enterprises. Industry represents the
industry’s fixed effect, which is used to control the inherent differences among different
industries. Parameter ε is the random error term, encompassing the impacts of all other
factors that are not explicitly incorporated into the model on the dependent variables.

3. Results
3.1. Descriptive Statistics

For the explained variables in Table 2, the mean of GINUM is 0.112, indicating that
the average level of the enterprise green technology innovation quantity-related index is
relatively low. The standard deviation is 0.289, showing that there are significant differences
among enterprises in terms of the green technology innovation quantity, and the data
distribution is relatively dispersed. The mean of GICIT is 0.117, suggesting that the
average level of the enterprise green technology innovation quality-related index is not
high. The standard deviation is 0.273, indicating that there are significant differences among
enterprises in terms of the green technology innovation quality, and the performance of
each enterprise varies. For the core explanatory variable, the mean of ESG is 0.120, reflecting
that the average participation degree or performance level of the sample enterprises in ESG
is relatively low. The standard deviation is 0.335, meaning that there are large differences in
the performance of enterprises in ESG, and the distribution is relatively discrete. Among the
control variables, the mean of Age is 0.734, indicating that the average “age” of the sample
enterprises is at a specific level. The standard deviation is 0.628, showing that there are
large differences among enterprises in terms of “age”. The mean of Lev is 0.428, indicating
that the average asset-liability ratio of the sample enterprises is at a medium level. The
standard deviation is 0.217, showing that there are certain differences among enterprises in
terms of the asset-liability ratio, but relatively small. The mean of cash is 0.042, reflecting
that the average cash flow status of the sample enterprises is relatively low. The standard
deviation is 0.065, indicating that the differences among enterprises in terms of cash flow
are relatively small. The mean of size is 22.138, indicating that the average scale of the
sample enterprises is at a specific magnitude. The standard deviation is 1.273, showing that
there are certain differences in the scale of enterprises. The mean of Rd is 1.932, indicating
that the average level of R&D investment of the sample enterprises is at a specific state. The
standard deviation is 0.524, showing that there are certain differences among enterprises in
terms of R&D investment, and the degree is moderate. The mean of Bd is 2.122, reflecting
the average situation of the board of directors of the sample enterprises. The standard
deviation is 0.189, indicating that the differences among enterprises in terms of the board
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of directors are relatively small. The mean of Nm is 0.337, indicating that the average
level of the sample enterprises in this index is relatively low. The standard deviation is
0.052, showing that the differences among enterprises in this aspect are small, and the
performance is relatively concentrated. Generally speaking, these descriptive statistical
results provide basic information for further analyzing the relationships among various
variables and their impacts on the explained variables and help to understand the basic
characteristics and distribution of the sample data.

Table 2. Descriptive statistics of the main variables.

Nature of the Variable Abbreviation Observations Mean Standard Deviation

explanatory variable GINUM 6489 0.112 0.289
GICIT 6489 0.117 0.273

core explanatory variable ESG 6489 0.120 0.335

control variable

Age 6489 0.734 0.628
Lev 6489 0.428 0.217

Cash 6489 0.042 0.065
Size 6489 22.138 1.273
Rd 6489 1.932 0.524
Bd 6489 2.122 0.189
Nm 6489 0.337 0.052

3.2. Benchmark Regression Results

Table 3 presents the results of the benchmark regression analysis on the impact of ESG
performance on green technology innovation. Regarding the quantity of green technology
innovation, the regression coefficient of ESG is positive at the 1% significance level, clearly
indicating a strong positive correlation between an enterprise’s ESG performance and
the quantity of green technology innovation. That is, the better the enterprise’s ESG
performance, the greater the quantity of its green technology innovation. Further exploring
the three constituent dimensions of ESG, the regression coefficients of environmental
information disclosure and social responsibility disclosure are both positive at the 1%
significance level, strongly proving their positive promoting effects on the quantity of green
technology innovation. However, the impact of corporate governance in this regard does
not reach a significant level.

Turning to the quality of green technology innovation, the ESG coefficient is signif-
icantly positive at the 1% level, demonstrating that an enterprise’s ESG score correlates
positively with the quality of its green technology innovation. It is worth noting that all
three ESG dimensions exhibit significant positive effects on the quality of green technol-
ogy innovation, with the marginal impact of the social responsibility dimension being
particularly prominent. The possible reasons for this are as follows: In the current ESG
evaluation system, the indicators of the social dimension cover a wider range of stake-
holder groups and have closer connections with the internal and external stakeholders.
The expectations and pressures of these stakeholders will have an important impact on
the enterprise’s decision-making and strategic direction, prompting enterprises to pay
more attention to social factors when carrying out green technology innovation, thereby
improving the innovation quality. Moreover, during the transition from traditional social
responsibility information disclosure to ESG information disclosure, numerous firms ex-
hibit flaws in the disclosure of environmental information, resulting in generally low scores.
Nonetheless, the indicators of the social dimension significantly coincide with traditional
social responsibility data, and the disclosure is rather comprehensive, serving as a crucial
factor in enhancing the ESG score. Thus, excellent social performance is more likely to
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garner stakeholder recognition and support, which is crucial for boosting green technology
innovation’s funding and other resources.

Table 3. Benchmark regression results.

Variables (1)
GINUM

(2)
GINUM

(3)
GINUM

(4)
GINUM

(5)
GICIT

(6)
GICIT

(7)
GICIT

(8)
GICIT

ESG 0.021 ***
(0.004)

0.028 ***
(0.004)

E 0.015 ***
(0.003)

0.017 ***
(0.003)

S 0.022 ***
(0.008)

0.024 ***
(0.009)

G 0.013
(0.008)

0.006 **
(0.003)

Size
0.372 *** 0.380 *** 0.373 *** 0.383 *** 0.363 *** 0.376 *** 0.384 *** 0.398 ***
(0.024) (0.024) (0.024) (0.024) (0.030) (0.030) (0.030) (0.031)

Lev
−0.192 −0.193 −0.194 −0.198 −0.255 ** −0.316 ** −0.301 ** −0.318 **
(0.120) (0.121) (0.120) (0.121) (0.123) (0.124) (0.124) (0.125)

Cash
0.121 0.129 0.129 0.108 0.312 ** 0.321 ** 0.322 ** 0.231 *

(0.118) (0.120) (0.118) (0.118) (0.124) (0.125) (0.125) (0.126)

Rd
6.746 *** 6.659 *** 6.761 *** 6.446 *** 5.674 *** 3.873 ** 6.009 *** 6.119 ***

(1.452) (1.457) (1.458) (1.452) (1.553) (1.552) (1.552) (1.555)

Bd
0.072 0.076 0.076 0.075 −0.072 −0.032 −0.061 −0.061

(0.091) (0.092) (0.092) (0.092) (0.112) (0.114) (0.114) (0.114)

Nm
0.068 0.068 0.072 0.072 0.071 0.072 0.075 0.077

(0.044) (0.044) (0.044) (0.044) (0.047) (0.047) (0.047) (0.047)
Year’s fixed effects control control control control control control control control

Industry’s fixed effect control control control control control control control control
observed value 6489 6489 6489 6489 6489 6489 6489 6489

R2 0.498 0.498 0.498 0.495 0.401 0.392 0.401 0.388

Note: *** p < 0.01, ** p < 0.05, * p < 0.1. Values in parentheses are cluster-robust standard errors, as in the
following tables.

At the same time, the regression results also reveal the impacts of other factors on green
technology innovation. The regression coefficient of firm size is positive and significant
in most cases, showing that larger enterprises may have more resources and advantages
in green technology innovation and perform better in both quantity and quality. The
regression coefficient of R&D intensity is positive and highly significant in all columns,
highlighting it as a key factor in promoting green technology innovation. Higher R&D
investment can directly improve the quantity and quality of green technology innovation.
The regression coefficient of the asset–liability ratio is negative and significant in some
cases in terms of the quality of green technology innovation, suggesting that a higher
asset–liability ratio may bring financial pressure to enterprises, thereby exerting a certain
inhibitory effect on the quality of green technology innovation. The regression coefficient
of cash holdings is positive and significant in some columns in terms of the quality of green
technology innovation, indicating that sufficient cash reserves help enterprises improve
the quality of green technology innovation, while the impact on the quantity of green
technology innovation is relatively small. The regression coefficients of the board size and
management shareholding ratio are small and not significant, indicating that these two
factors have no obvious impact on green technology innovation in the current model.

The year’s and the industry’s fixed effects are effectively controlled in all regressions,
which helps exclude the interference of factors such as macroeconomic environment, policy
and regulation changes, and inherent industry differences on green technology innovation,
making the research results more accurately reflect the impact of the enterprise’s own
characteristics on green technology innovation. Given the R2 value, the model can well
explain green technology innovation quantity and quality. In addition, the regression
results also show that enterprise size, R&D intensity, etc., have a significant positive impact
on enterprise green innovation.
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Figure 3 illustrates a forest plot of the regression results and a boxplot of variables
with mean markers. Figure 3a exhibits the distribution of the key variables involved in the
research. The median values of the overall ESG score and its three dimensions (environment
E, society S, and governance G) are all close to 0, suggesting that the ESG performance
of the majority of companies in the sample is at a median level. However, the outliers
in the environmental dimension are relatively prominent, indicating that a small number
of companies have outstanding performance in terms of environmental responsibility.
The median of enterprise size is greater than 0, and the distribution range is relatively
wide, signifying that the sample encompasses enterprises of various sizes. The median of
solvency is close to 0, indicating that the solvency level of most companies is relatively low.
The distributions of cash flow level and R&D investment reveal that some enterprises have
significant inputs in these aspects, especially in R&D investment, which is closely related
to the innovation ability of the enterprises.
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The forest plot in Figure 3b presents the regression coefficients of different variables
on the GINUM and GICIT of green technology innovation. The regression coefficients of
the overall ESG and its environmental and social dimensions are significantly positive,
demonstrating that these factors have a positive promoting effect on green technology
innovation. Particularly, the impact of the environmental dimension is especially significant,
and its regression coefficient is much higher than those of other dimensions, which is in
line with the promotion effect of ESG on corporate innovation in terms of environmental
responsibility as mentioned in the paper. The regression coefficient of enterprise size is also
significantly positive, suggesting that larger enterprises are more likely to make progress in
green technology innovation due to possessing more resources. The positive regression
coefficients of cash flow level and R&D investment further emphasize the importance of
sufficient funds and R&D investment in promoting green technology innovation.

Based on the comprehensive analysis of Figure 3, we can draw the conclusion that
ESG performance, especially in the environmental dimension, has a significant positive
impact on enhancing the green technology innovation ability of China’s A-share listed
companies. Enterprise size, cash flow level, and R&D investment are the key factors in
promoting green technology innovation. These findings emphasize that, in the pursuit of
economic advantages, firms must also prioritize the incorporation of environmental, social,
and governance elements to attain sustainable growth and enhance innovative capacity.
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3.3. Endogeneity Analysis

Endogeneity analysis is an important method used to address the complex causal
relationships among variables in economic research. In this study, when exploring the
relationship between corporate ESG performance and green technology innovation, endo-
geneity issues mainly stem from two aspects. On the one hand, there is a reverse causality
relationship. That is, the achievements of a company’s green technology innovation may
affect its ESG performance, and at the same time, the company’s ESG performance may also
promote green technology innovation. This two-way causal connection makes it difficult to
determine the true direction of influence between the two. On the other hand, there is the
problem of omitted variables. Even though a series of variables such as firm size, industry,
and R&D investment have been controlled in the benchmark regression, there may still
be some factors that have not been observed or included in the model. These omitted
variables may simultaneously affect ESG performance and green technology innovation,
thus interfering with the accuracy of the research results.

To solve these endogeneity problems, this study introduces the instrumental variables.
By searching for variables that are highly correlated with corporate ESG performance but
do not directly affect the decision-making of green technology innovation as instrumental
variables, the pure influence of ESG performance on green technology innovation can
be separated, so as to more accurately assess the causal relationship between the two,
ensure the reliability and validity of the research results, and provide a more convincing
basis for corporate strategic decision-making and policy formulation. Therefore, the social
responsibility index in the professional evaluation system of social responsibility reports of
the listed companies on ssrdata.com was selected. This index is evaluated by secondary
indicators such as the proportion of enterprise income tax in the total profit and the amount
of public welfare donations. From the perspective of correlation, the social responsibility
index is closely related to enterprise ESG performance. Enterprises that actively fulfill
their social responsibilities tend to prioritize ESG construction. From the perspective of
exogeneity, a single social responsibility indicator, such as public welfare donations, is
unlikely to directly affect the decision-making of green technology innovation. Although
green technology innovation reflects social responsibility, it has little correlation with public
welfare donations and the like.

Table 4 shows the estimation results of the two-stage instrumental variable method.
In the second stage, the ESG coefficient is significantly positive, indicating that ESG still
significantly promotes green technology innovation after considering endogeneity. The
Kleibergen–Paap rk LM statistic value of the instrumental variable identification test is
24.839, and the p-value is 0.000, which rejects the null hypothesis of non-identifiability and
proves that the instrumental variable is effective. The Kleibergen–Paap rk Wald F statistic
value of the weak instrumental variable test is 25.531, which is greater than the critical
value at the 10% significance level. This signifies that the instrumental variable is not
weak, can forecast ESG performance, and guarantees the reliability of the outcomes. The
benchmark regression results indicate that ESG performance greatly enhances enterprise
green technology innovation, offering a substantial foundation for both corporate practice
and related research.

Figure 4 presents the regression coefficients and their confidence intervals for the
impact of ESG performance on GINUM and GICIT. The regression coefficient for ESG on
GINUM is 0.55, with a relatively narrow confidence interval, indicating a significant positive
correlation between ESG performance and the number of green technology innovations.
This suggests that as ESG performance improves, there is a corresponding increase in the
quantity of green technology innovations within firms. The regression coefficient for GICIT
is 0.5, also showing a positive correlation, but with a wider confidence interval compared
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to GINUM. This implies that while the certainty of the impact is somewhat lower relative
to GINUM, the overall significance remains substantial.

Table 4. Endogeneity test results.

Variable (1)
GINUM

(2)
CICIT

ESG
0.573 *** 0.449 ***
(0.111) (0.087)

control variable control control
Year’s fixed effects control control

Industry’s fixed effect control control
observed value 6489 6489

R2 / /
Kleibergen–Paap rk LM 24.839

Kleibergen–Paap rk Wald F 25.531
Hensan J statistical p-value 0.000

Note: *** p < 0.01. Values in parentheses are cluster robust standard errors, as in the following tables.
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3.4. Parallel Trend Tests

In this study, the parallel trend test plays a crucial role in accurately revealing the
relationship between corporate ESG performance and green technology innovation. Since
methods such as the DiD model are used to explore the causal relationship, verifying the
parallel trend assumption is a core step in ensuring the reliability of the research results.

In accordance with the fundamental assumptions of the DiD estimation approach, no
significant disparities are supposed to exist between the control group and the treatment
group. Hence, prior to the policy shock, the trends of variation in the two groups of samples
should be identical. Based on this premise, this study employs the event study method to
discern the trends of change in both the control and treatment groups. The specific model
is presented as follows:

GINUMi,t = α0 + ∑3
−3 αmDm

i,t + α2Xi,t + α3Controls + Yeart + Industryi + εi,t

GICITi,t = β0 + ∑3
−3 βmDm

i,t + β2Xi,t + β3Controls + Yeart + Industryi + εi,t
, (6)

where Dm
i,t is a time dummy variable, indexing the trend changes in the sample from 3 years

before joining the ESG rating to 3 years after joining the ESG rating. The meanings of other
variables are the same as those in Equation (5). Before the implementation of the ESG
rating, the green technology innovation trends of the experimental group and the control
group should be basically similar. Only when this condition is met can the differences in
the innovation performance of the two groups of enterprises be reasonably attributed to the
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ESG rating; otherwise, it will interfere with the accurate assessment of the impact of ESG
performance. To this end, this study collected and integrated the data of the GINUM and
GICIT of the two groups of enterprises in multiple time periods before and after the ESG
rating, drew a time trend chart, and used statistical analysis techniques to quantitatively
test the data before the ESG rating, so as to verify the parallel trend assumption.

As shown in Figure 5, before the ESG rating, there are no significant differences in
either the quantity or the quality of green-technology innovation of enterprises in both the
experimental group and the control group, further supporting the parallel trend assumption
of the experimental group and the control group. Following the ESG rating, the coefficients
of the policy dummy variables depicted in Figure 5a,b exhibit an increasing trajectory and
progressively attain significance in the first and second years subsequent to the rating. This
indicates that the impact of ESG rating on corporate green-technology innovation has a lag
and presents a trend effect. The reasons are as follows. On the one hand, green-technology
innovation is characterized by large-scale upfront capital investment and unpredictable
risks, and enterprises need a certain period of time to accumulate for green-technology
innovation. Conversely, certain heavily polluting firms may exhibit path dependence in
technical innovation, necessitating considerable effort and expense to transition to green,
low-carbon technologies. Therefore, it can be considered that the DiD model in this paper
satisfies the parallel-trend assumption.
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3.5. Placebo Test

To ensure the accuracy of the robustness analysis, this paper conducts a placebo test
by randomly selecting one year from the sample period as the ESG rating year. Moreover,
in order to enhance the effectiveness of the placebo test, the above experimental process is
repeated 1000 times.

As shown in Figure 6, the estimated coefficients are basically around 0, and most of
them are not significant at the 10% level. At the same time, the actual estimated coefficients
are independent of the distribution of the simulated estimated coefficients, which effectively
excludes the influence of other unobservable factors on the empirical results.
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3.6. Robustness Tests
3.6.1. Variable Substitution and Poisson Regression

Initially, we modified the measurement of the dependent variable. We employed
the quantity of granted green patents (GINUM_2) to evaluate the quantity of green tech-
nological innovations and utilized the frequency with which green patents filed in the
current year were cited over the subsequent three years to assess the quality of green
technological innovations (CICIT_2). Based on the results shown in columns (1) to (2) in
Table 5, we found that the coefficient of ESG remains significantly positive. This indicates
that the performance of ESG exhibits a significant green technology innovation effect, both
in terms of the number of patents filed and the number of patents granted, thus verifying
the robustness of the regression results. Second, we replaced the core explanatory variables.
Given that ESG ratings were still in an exploratory stage, in order to avoid the divergence
of ESG ratings due to the differences between different rating agencies in terms of indicator
settings, institutional culture, etc., we adopted the CSI ESG ratings, which are widely recog-
nized in both the industry and academia, to replace the original Bloomberg ESG scores as
the core explanatory variables. From columns (3) to (4) of Table 5, we can see that the ESG
coefficients are still significantly positive, which further proves the robustness of the bench-
mark regression results. The findings from columns (5) to (6) of Table 5 demonstrate that
the ESG coefficient remains significantly positive, suggesting that our regression results are
unaffected by specific policies. Finally, we also performed a Poisson regression analysis to
further verify the robustness of the results [26]. When addressing the explanatory variables,
we applied the natural logarithm after adding 1, which may introduce estimation bias. The
results of columns (7) to (8) in Table 5 show that the coefficients of the core explanatory
variables are still significantly positive, which again proves that our baseline regression
conclusions are robust.

Table 5. Robustness test results.

Variable

Changes in the
Measurement of the
Dependent Variable

Replacement of Core
Explanatory Variables

Adjustment of
Sample Period

Poisson
Regression DiD Test

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
GINUM_2 CICIT_2 GINUM CICIT GINUM CICIT GINUM CICIT GINUM CICIT

ESG
0.014 *** 0.016 *** 0.016 *** 0.019

***
0.016

***
0.014

***
0.013

***
0.015

***
(0.004) (0.006) (0.004) (0.005) (0.001) (0.002) (0.003) (0.005)

ESG_2
0.083 *** 0.086 ***
(0.020) (0.021)
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Table 5. Cont.

Variable

Changes in the
Measurement of the
Dependent Variable

Replacement of Core
Explanatory Variables

Adjustment of
Sample Period

Poisson
Regression DiD Test

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
GINUM_2 CICIT_2 GINUM CICIT GINUM CICIT GINUM CICIT GINUM CICIT

control variable Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Year’s fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Industry’s fixed effect Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
observed value 6489 6489 6489 6489 5487 5487 6489 6489 6489 6489

R2 0.479 0.332 0.505 0.399 0.432 0.383 0.128 0.159 0.128 0.148

Note: *** p < 0.01. Values in parentheses are cluster-robust standard errors, as in the following tables.

3.6.2. PSM-DID Test

Although the DID method can effectively identify the impact of ESG performance
on corporate green innovation capabilities, there are still selection biases in practical op-
erations. The decision of a company to adopt ESG practices is not completely exogenous.
Companies that are already more innovative in green technology may be more inclined to
participate in ESG initiatives. This self-selection bias may exaggerate the positive impact of
ESG on green innovation. Secondly, data collection may be biased towards larger and more
well-known companies. Due to unique resource constraints and market positions, small
enterprises may have a different relationship between ESG and green innovation and may
be underrepresented. To address this issue, this paper uses the PSM-DID method for ro-
bustness testing. After 1:1 nearest neighbor matching, the distribution map of standardized
deviations of covariates shown in Figure 7 is obtained. It can be seen that there are large
deviations among the covariates before matching, and the standardized deviations of the
covariates significantly decrease and approach 0 after matching, indicating that the match-
ing significantly weakens the characteristic differences between the two groups of samples.
Therefore, it further examines the promoting effect of ESG performance on corporate green
technology innovation. Subsequently, this study performs a DID test on the samples with
the unmatched ones excluded. The specific outcomes are reported in columns (9) to (10) of
Table 5. It can be observed that the estimated coefficients are significantly positive, which is
in line with the conclusion of the benchmark regression, further validating the promoting
effect of participating in ESG rating on the green technology innovation of enterprises.
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3.7. Validation of Impact Mechanisms
3.7.1. Enterprise Financing Constraints

To explore how corporate ESG performance affects green technology innovation, we
introduced corporate FC as a key indicator. Based on the previous studies, we constructed
a specific financing constraint index using two exogenous variables, namely firm size (Size)
and firm age (Age) [27], which is calculated as:

FC = −0.737 × Size + 0.043 × Size2 − 0.04 × Age. (7)

To test whether ESG performance has an impact on corporate financing constraints,
we used the logarithm of the absolute value of the corporate financing constraint index as
a measure. In columns (1)–(3) of Table 6, we show the results of the test for the financing
constraint channel. First, the results in column (1) show that firms’ ESG performance has
a significant negative effect on financing constraints. To put it another way, the ability to
overcome financial limitations is directly proportional to the organization’s ESG score. Then,
the results in Column (2) and Column (3) further show that the coefficients of financing
constraints are −1.559 and −1.953, respectively, and both coefficients are significant at the
1% level. This implies that when the financing constraints of enterprises are alleviated, both
the quantity and quality of their green technological innovations are significantly enhanced.
Therefore, we can conclude that financing constraints are an important channel through
which ESG performance affects green technology innovation. Enhanced ESG performance
significantly amplifies both the quantity and quality of green technology innovation by
facilitating enterprises in surmounting their financial limits.

Table 6. Impact mechanism test.

Variable

Corporate Finance Constraints Management’s Perception
of Green Development

Innovative Efficiency
of Enterprise Employees

(1) (2) (3) (4) (5) (6) (7) (8) (9)
FC GINUM CICIT MEPA GINUM CICIT IE GINUM CICIT

ESG
−0.001 ** 0.068 * 0.013 *

(0.000) (0.037) (0.007)

FC
−1.559 *** −1.953 ***

(0.527) (0.602)

MEPA
0.018 *** 0.011
(0.006) (0.007)

IE
0.427 *** 0.495 ***
(0.013) (0.015)

control variable Yes Yes Yes Yes Yes Yes Yes Yes Yes
Year fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes

industry fixed effect Yes Yes Yes Yes Yes Yes Yes Yes Yes
observed value 8541 6489 6489 8541 6489 6489 8541 6489 6489

R2 0.353 0.507 0.401 0.109 0.507 0.397 0.383 0.702 0.631

Note: *** p < 0.01, ** p < 0.05, * p < 0.1. Values in parentheses are cluster-robust standard errors, as in the
following tables.

3.7.2. Management Perception of Green Development

Management’s awareness of green development reflects the understanding and aware-
ness of sustainable development and green practices by corporate managers, which deter-
mines the company’s actions in sustainable development. ESG evaluation, as an important
indicator for investors to assess a company’s development potential, may encourage man-
agement to engage in green innovation in order to enhance the company’s competitiveness
and social reputation, thereby promoting the company’s green transformation. This paper
uses text analysis to measure executive cognition. By conducting word frequency statistics
on relevant keywords in the annual reports of listed companies, a cognitive indicator for
corporate executives’ understanding of green environmental protection is constructed.
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In columns (4)–(6) of Table 6, we present the results of this channel’s test. Column (4)
shows that there is a clear positive correlation between management’s green development
awareness and the company’s ESG performance, while columns (5) and (6) show that the
improvement of management’s environmental awareness has a significant positive impact
on the quantity of green innovation but does not have a significant impact on the quality of
green innovation. This may be because improving the quality of green innovation requires
deeper technological breakthroughs and innovation, which not only involves complex
R&D processes and high technical difficulties but is also limited by the company’s R&D
capabilities and technical level. In addition, the short-term performance pressure faced by
management may lead them to prefer green innovation projects that can show results in
the short term, which are often of relatively low quality.

3.7.3. Innovative Efficiency of Enterprise Employees

The efficiency of innovation can be assessed by examining the relationship between
inputs and outputs, using either total-factor efficiency metrics or single-factor efficiency
metrics. Employee innovation efficiency is one of the critical factors driving green tech-
nological innovation in enterprises, and it is closely linked to the level of human capital
within the company. Strong ESG performance can effectively boost employees’ enthusiasm
for innovation and attract top talent, thereby enhancing the quality of human capital and
overall productivity. To verify the impact mechanism of employee innovation efficiency, we
have drawn on established research methods and employed the ratio of the total number of
patent applications (including invention patents, utility model patents, and design patents)
to the number of employees as a proxy for innovation efficiency, based on single-factor
efficiency measurement. In columns (7) to (9) of Table 6, we present the results of this
channel’s test. The results in column (7) indicate that a firm’s ESG performance significantly
increases employee innovation efficiency [28]. This may be because companies with good
ESG performance place greater emphasis on building corporate culture and creating a
positive work environment, which helps cultivate employees’ sense of mission and respon-
sibility. When employees identify with the company’s ESG goals and internalize them as
their own behavioral standards, they become more proactive in seeking innovation and
improvement. The impact of innovation efficiency on the output of innovation is supported
by the correlation evidence in the results of columns (8) and (9), showing that when a com-
pany’s innovation efficiency improves, its output of innovation also increases accordingly.
This confirms that effective resource utilization and management in the innovation process
can significantly enhance the quality and quantity of innovation outcomes.

In the process of enterprise green technology innovation, three mediating mecha-
nisms, namely financing constraints, management’s awareness of green development,
and employee innovation efficiency, are closely intertwined. The alleviation of financ-
ing constraints provides a financial foundation for enterprise green innovation, enabling
management to be more confident when planning green development strategies and in-
creasing resource investment in innovation. Management with a high level of awareness
not only actively seeks ways to improve financing but also enhances employee innovation
efficiency by creating an innovative culture and organizing training and ensures the high
efficiency of R&D through rational allocation of resources. Moreover, the improvement of
employee innovation efficiency can be transformed into practical achievements, enhancing
the competitiveness and reputation of the enterprise, attracting more investment, and in
turn further alleviating financing constraints.
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3.8. Heterogeneity Analysis
3.8.1. Analysis of the Heterogeneity of Firms’ Production Activities

Due to the diverse production activities of enterprises, there are significant differences
in their production efficiency, resource utilization, and innovation capabilities. This re-
sults in diverse difficulties and opportunities for them in market rivalry and sustainable
development [29,30]. To gain a deeper understanding of these differences, we specifically
examine the heterogeneous performance of production activities across different industries.
We classified 16 industries, including coal and mining, as extremely polluting based on
industry features and corporate instances, while others are designated as non-heavily
polluting industries. Since pollution emission behavior is closely related to environmen-
tal performance, we selected the environmental dimension of ESG for in-depth analysis,
as shown in columns (1)–(4) of Table 7. Compared to heavily polluting industries, the
performance of environmental disclosure has a more pronounced impact on the quantity
and quality of green technological innovations in non-heavily polluting industries. This
suggests that ESG, as a sustainable evaluation method, does not exert strong binding power
over all industries and thus requires further refinement. Although non-heavily polluting
industries have lower pollution levels, they still face scrutiny and demands from the public,
regulatory authorities, and the market, which may lead to a higher emphasis on environ-
mental disclosure. In contrast, heavily polluting industries often face larger investments
and longer payback periods in this area, resulting in lower enthusiasm. Furthermore,
such differences among industries will have far-reaching knock-on effects in the long-term
economic development and environmental governance process. In industries with minimal
pollution, the strong positive correlation between environmental disclosure and green tech-
nology innovation incentivizes enterprises to allocate resources towards green innovation
research and development, thereby attracting more investors and consumers who prioritize
environmental protection. This not only contributes to the sustainable development of the
enterprises themselves but also forms a good exemplary effect within the industry, driving
the entire industry to move towards higher green standards and further enhancing the
overall competitiveness and social image of the industry. For example, some emerging
environmental technology enterprises, by continuously improving the transparency and
quality of environmental disclosure and demonstrating their leading achievements in green
technology innovation, such as highly efficient solar conversion technology and advanced
waste classification and treatment technology, have obtained a large amount of invest-
ment and market share, promoting the vigorous development of the entire environmental
technology industry.

For heavily polluting industries, if they cannot effectively solve the current ESG dilem-
mas they face, they may fall into a vicious cycle. The low enthusiasm for ESG practices
leads to continuous backwardness in environmental performance, facing increasingly strict
regulatory penalties and public opinion pressure, which further increases the operating
costs and market risks of enterprises. From an economic perspective, this may affect the
profitability and long-term development prospects of enterprises and may even lead to
some enterprises being phased out of the market because they cannot adapt to the new
environmental requirements. Taking the steel industry as an example, if enterprises can-
not increase their investment in research and development of green smelting technology
and waste gas and wastewater emission reduction technology, with the continuous im-
provement of environmental standards, their production and operation will be extremely
restricted, and they will be at a disadvantage in international market competition.
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Table 7. Results of heterogeneity analysis.

Variant

Heavily
Polluting
Industries

Non-Heavily
Polluting
Industries

Nationalized
Business

Non-State
Enterprise Major Industry

Small or Medium
Size Enterprise

(SME)

Eastern
Enterprises

Central
Enterprises

Western
Enterprises

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18)
GINUM GICIT GINUM GICIT GINUM GICIT GINUM GICIT GINUM GICIT GINUM GICIT GINUM GICIT GINUM GICIT GINUM GICIT

E
0.004 0.007

* 0.009 *** 0.013 ***

(0.003) (0.004) (0.003) (0.003)

ESG
0.005 0.007 * 0.019 *** 0.021 *** 0.085 ** 0.089 *** 0.028 *** 0.011 ** 0.084 *** 0.086 *** 0.015 * 0.018 0.015

**
0.010

*
(0.004) (0.004) (0.007) (0.008) (0.045) (0.045 (0.004) (0.005) (0.009) (0.009) (0.009) (0.011) (0.006) (0.006)

control variable Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Year fixed

effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

industry fixed
effect Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

observed value 2573 2573 4983 4983 4275 4275 3215 3215 3446 3446 5214 5214 3859 3859 3379 3379 3798 3798
R2 0.443 0.336 0.528 0.412 0.538 0.452 0.479 0.395 0.826 0.793 0.796 0.674 0.735 0.683 0.802 0.757 0.816 0.742

Note: *** p < 0.01, ** p < 0.05, * p < 0.1. Values in parentheses are cluster-robust standard errors, as in the following tables.
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Therefore, in view of the current situation of heavily polluting industries, in addition
to the efforts of the government and industry associations, enterprises themselves also
need to change their views and recognize that green technology innovation is not just a cost
burden but a key opportunity for transformation, upgrading, and sustainable development.
Enterprises can enhance their green technology innovation capabilities by strengthening
the construction of internal R&D teams and carrying out industry-university-research
cooperation with universities and scientific research institutions. Financial institutions
should also provide preferential loans and green bonds to heavily polluting enterprises that
are actively undergoing green transformation to relieve financial pressure and reduce the
costs and risks of green technology innovation and jointly promote the green transformation
of heavily polluting industries to achieve coordinated economic and environmental benefits.

Industries with differing pollutant emission levels demonstrate considerable vari-
ability in the influence of ESG performance on green technological innovation. For the
heavily polluting industries, enhancing the binding force of ESG, improving the incentive
mechanism, and stimulating enterprises’ motivation for green technological innovation are
crucial challenges that need to be addressed.

3.8.2. Analysis of the Heterogeneity of Enterprise Property Rights

The nature of an enterprise’s ownership has a profound impact on its capacity and
performance in all aspects. As the strong backbone of the national economy, state-owned
enterprises (SOEs) carry not only economic functions but also political missions. Their
unique strategic position, macroeconomic regulation function, and close ties with the gov-
ernment not only expose them to stricter government regulation but also bring them policy
preferences and financial support. Nonetheless, SOEs experience more significant principal–
agent dilemmas, and management frequently hesitates to embrace innovation risks due to
promotion pressures and political factors [31]. In contrast, private enterprises are in a more
competitive position in the market. In order to stand out in the market, private enterprises
are more inclined to invest a lot of money in substantive R&D, focusing on improving
the “gold content” of innovation, rather than just pursuing the superficial prosperity of
innovation quantity. In order to investigate the differential impact of ESG performance
on green technology innovation of enterprises with different ownership characteristics,
we subdivided the total sample into two groups: SOEs and non-state-owned enterprises
(NSOEs). The results of the regression analysis are shown in columns (5)–(8) of Table 7. The
ESG regression coefficients for NSOEs are significantly positive regarding the quantity of
green technological innovation, indicating that ESG performance positively influences the
quantity of such innovation. Conversely, the ESG regression coefficients for NSOEs exhibit
higher values concerning the quality of green technological innovation, underscoring the
substantial role of ESG performance in enhancing the quality of green technology innova-
tion among NSOEs. On the whole, compared with SOEs, the ESG performance of NSOEs
has a more prominent incentive effect on their green technological innovation.

To enhance the role of ESG in advancing green technology innovation, SOEs must
intensify internal reforms, refine the decision-making process, and implement a more adapt-
able and efficient innovation management system. Market-oriented incentive mechanisms
can be introduced to encourage employees to actively participate in green technology
innovation. At the same time, cooperation with private enterprises and scientific research
institutions should be strengthened to make full use of external innovation resources and
improve the efficiency and quality of innovation. NSOEs possess benefits in innovative vi-
tality, yet they may be comparatively deficient in securing resources and policy support. The
government should improve relevant policies to provide a fair competition environment
and more support channels for NSOEs, such as subsidies for green technology research and
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development and tax preferences, to encourage NSOEs to continuously improve their green
technology innovation capabilities under the ESG framework and promote the common
development of enterprises with different ownership in green technology innovation.

3.8.3. Heterogeneity Analysis of Firm Size

Considering the significant differences in the inputs and outputs of enterprises of
different sizes, this paper adopts the natural logarithm of the total assets of an enterprise
as a measure of enterprise size and divides them based on the median of the sample
enterprises [32]. Firms that surpass the median size are classified as large organizations,
and those below the median are considered small and medium-sized enterprises. The
results of the grouping regression are shown in columns (9) to (12) of Table 7. The results
show that large firms contribute more significantly to the quantity and quality of green
technological innovations in terms of ESG performance compared to small and medium-
sized firms. This is mainly attributed to the following factors: First, large firms are more
comfortable investing in environmental, social, and governance-related improvements
due to their stronger resources and capital reserves. They have the ability to invest more
in the development and application of cleaner production technologies and to enforce
stricter environmental protection standards, thus contributing more effectively to the
improvement of new quality productivity. Secondly, large enterprises usually have stronger
brand influence and public attention and therefore pay more attention to maintaining
corporate image and responding to public opinion. In order to maintain a favorable
corporate image and reputation, large enterprises are more inclined to adopt positive ESG
practices, which further enhance their role in promoting green technological innovation.
Conversely, SMEs frequently encounter the dual limitations of resources and financing,
hindering their ability to execute extensive environmental enhancement initiatives or
meet diverse social obligations [33]. At the same time, they also need to cope with more
intense market competition and survival pressure and therefore focus more on controlling
operating costs, expanding market share, and satisfying customer needs in their daily
operations while placing ESG performance on the relative back burner, which to a certain
extent restricts their potential for green technological innovation and the impact of their
ESG performance. However, SMEs also have certain unique advantages and potentials.
Due to their superior flexibility and adaptability, they can swiftly respond and adjust
to market fluctuations and the demands of emerging green technologies. Some SMEs
focusing on niche fields may achieve breakthroughs in local green technology innovation
with their unique technical expertise and innovative thinking. For example, some small
environmental protection material enterprises have developed degradable materials with
special properties. Although their scale and influence are limited, they have provided new
ideas and directions for the development of green materials in the entire industry. For the
deficiencies of SMEs in ESG practice and green technology innovation, the government
and relevant institutions should provide more targeted support. In addition to the existing
policy support, specialized green technology innovation guidance centers can be established
to provide SMEs with services such as technical consultation, personnel training, and project
matchmaking. Financial institutions should also innovate financial products and service
models. For example, they can develop green micro-loans and green credit guarantee
mechanisms suitable for SMEs, lower the financing threshold and cost of SMEs, stimulate
the vitality of SMEs in green technology innovation, and promote enterprises of different
sizes to jointly promote the progress of green technology under the ESG framework.
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3.8.4. Analysis of Regional Heterogeneity of Enterprises

Due to the extensive terrain of China, cities in various regions exhibit considerable
disparities in resource distribution, economic advancement, and governmental policies.
This study investigates regional disparities in the influence of ESG performance on the
quantity and quality of green technological innovation by categorizing the sample firms
into three primary regions—eastern, central, and western—based on their geographic
locations. A regional heterogeneity analysis is conducted, with specific results presented in
columns (13) to (18) of Table 7. The regression results for the eastern region are illustrated
in columns (13) to (14) of Table 7. We found that the ESG regression coefficients exhibit a
positive significance level, indicating that ESG performance significantly enhances the new
quality productivity of eastern firms. Secondly, the regression results for the central region,
illustrated in columns (15) to (16) of Table 7, indicate that the ESG regression coefficients are
minimal. This suggests that ESG performance in this region does not significantly enhance
firms’ new-quality productivity. This may be attributed to the industrial structure in the
central region, which is predominantly centered on traditional or basic industries, resulting
in lower ESG factor requirements that affect firms’ motivation to engage in ESG practices.
Finally, the regression results for the western region, as shown in columns (17) to (18) of
Table 7, show that the ESG regression coefficients are lower than those in the east but much
larger than those in the center.

A further in-depth analysis shows that the eastern region has formed a favorable
ecosystem for green technology innovation with its developed economic and social infras-
tructure. There are numerous advanced scientific research institutions and universities,
providing enterprises with rich technological and talent resources. For example, in the
Yangtze River Delta and Pearl River Delta regions, many well-known universities and
research institutes closely cooperate with enterprises to carry out industry-university-
research joint projects, accelerating the transformation process of green technology from
theoretical research to practical applications. At the same time, strict environmental super-
vision and sound policy support prompt enterprises to actively invest in green technology
innovation, forming a powerful driving force for innovation. In such an environment,
the competition among enterprises is also more intense, further promoting the iterative
upgrading of green technology.

While the industrial framework in the central region, primarily consisting of classic
or foundational industries, currently exhibits no substantial impact of ESG on improving
the new-quality productivity of firms, it possesses enormous transformation potential.
With the advancement of the national strategy of the rise in the central region, the central
region is in a critical period of industrial structure adjustment. Traditional industries can
achieve green upgrading and transformation with the help of the ESG concept. For example,
firms such as those in the steel and chemical industries can improve their environmental
performance and innovation capabilities by introducing advanced energy conservation
and emission reduction technologies and circular economy models. The government can
increase policy guidance and financial support for the industrial transformation in the
central region, encourage enterprises to transform into green, high-end manufacturing and
emerging green industries, gradually increase the importance of ESG factors in enterprise
development, and stimulate the innovation vitality of enterprises.

The rich natural resources in the western region are originally an advantage for devel-
opment, but there are many challenges in the process of balancing resource development
and environmental protection. On the one hand, some enterprises rely too much on re-
source development and relatively lack investment in green technology innovation. On the
other hand, the relatively backward infrastructure construction and technological innova-
tion limit the promotion and application of green technology. In order to give full play to
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the enabling role of ESG performance, the western region should strengthen infrastructure
construction, especially in the fields of transportation, communication, and energy improve
regional connectivity and resource allocation efficiency. The government can also create
special funds for green industry development to attract external green technology and
investment, help local enterprises cooperate with developed eastern enterprises, introduce
advanced green technology and management experience, and promote green development
of local characteristic industries. For example, exploring the potential in fields such as new
energy development and ecological agriculture, gradually improving the ESG performance
and green technology innovation capabilities of enterprises, narrowing the gap with the
eastern region, and achieving sustainable development of the regional economy could
be mentioned.

4. Discussion
4.1. The Impact of ESG on Green Innovation of Chinese A-Share Companies

This study investigates the influence of ESG performance on green technology inno-
vation among China’s A-share listed companies. By analyzing data from 2012 to 2022,
the study explores the mechanisms through which ESG performance enhances green in-
novation capabilities. We demonstrated that ESG performance substantially improves
the green innovation capabilities of the Chinese A-share listed companies, elucidating
the direct and indirect mechanisms involved. The results correspond with the current
literature demonstrating that elevated ESG scores are associated with enhanced innovation,
particularly in sustainability-oriented technologies [34]. Our findings confirm that the envi-
ronmental, social, and governance dimensions of ESG facilitate green innovation through
various mechanisms, such as mitigating financing constraints, augmenting management’s
sustainability awareness, and enhancing employee innovation efficiency. The results are
explained in more detail for each aspect below.

From an environmental standpoint, firms with elevated ESG ratings typically exhibit
a robust commitment to diminishing carbon emissions and implementing sustainable
practices to adhere to regulatory standards, particularly in relation to China’s “carbon peak
carbon neutral” objectives [35]. This proactive approach not only conforms to governmental
expectations but also secures backing from regulatory agencies, facilitating companies’
access to essential resources for sustainable innovation. The study’s results align with previ-
ous research, demonstrating that environmentally responsible companies are more prone to
obtaining government support and public trust, both of which are essential for enhancing
green technological capabilities [36,37]. In the realm of social responsibility, organizations
that prioritize employee welfare and development are likely to cultivate a culture of in-
novation, as employees in such settings exhibit heightened motivation and collaboration.
The findings of this study underscore the significance of high-caliber talent and efficient
knowledge-sharing networks in fostering green innovation, corroborating earlier research
that indicates employee engagement and development are vital for sustainable innovation
initiatives [38]. The integration of corporate social responsibility with innovation efficiency
indicates that responsible companies are more inclined to implement long-term strategies
for sustainable development, reconciling environmental and economic objectives. The gov-
ernance aspect is essential for promoting green innovation by establishing a strong internal
framework that enhances transparency and aligns managerial objectives with shareholder
interests. By mitigating agency issues via robust governance practices, companies are more
adept at prioritizing sustainable and environmentally friendly innovations over immediate
profits [39]. Robust governance mechanisms ensure stability and reduce risks, allowing
firms to invest in long-term green technology initiatives that might otherwise be consid-
ered excessively uncertain or resource-intensive [6,40]. The study’s findings substantiate
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the assertion that firms with elevated ESG ratings typically exhibit enhanced governance
practices, which directly and indirectly facilitate green innovation results.

The study’s findings reveal diversity in the effects of ESG contingent upon specific
firm characteristics, with NSOEs being larger organizations. The corporations situated
in eastern regions exhibit more significant impacts. This indicates that the impact of
ESG is not consistent but rather contingent on the context, corroborating studies that
emphasize how firm-specific elements like ownership structure and geographical location
can influence ESG’s function in innovation [41,42]. NSOEs are motivated by the need to
sustain a competitive advantage, leading to a heightened dedication to ESG, whereas larger
corporations generally have the financial and managerial capabilities to execute effective
ESG strategies [43]. Conversely, enterprises in the economically advanced eastern region
enjoy superior infrastructure, stricter regulations, and enhanced market access, fostering a
more conducive atmosphere for ESG-oriented green innovation [44,45].

This work enriches the literature by integrating ESG characteristics into the analysis of
green innovation mechanisms and providing empirical evidence on the impact of ESG on
the promotion of corporate innovation [46–48]. These findings highlight the necessity for
companies to incorporate ESG principles into their strategic planning to attain sustainable
growth and for policymakers to advocate for transparent ESG practices to enhance firms’
innovation capacity [49–52]. Future research may need to investigate the enduring effects
of ESG practices on green innovation and assess the efficacy of governmental policies in
facilitating these initiatives across various industries and regions.

4.2. Suggestions for Enterprises to Improve ESG Performance and Green Innovation Capabilities

From the environmental aspect, enterprises must thoroughly examine their production
processes to precisely determine the connections between their operations and environmen-
tal impacts. By identifying energy-intensive or highly polluting stages, they can formulate
highly targeted green technology R&D plans. For instance, chemical firms can identify high-
carbon-emission stages in chemical reactions and subsequently allocate research resources
to develop new catalysts or optimize reaction conditions, therefore significantly dimin-
ishing carbon emissions. Moreover, it is extremely important for enterprises to actively
participate in establishing industry-wide green technology standards. This can enable them
to lead in innovation and guide the green development path of the whole industry, sig-
nificantly enhancing their innovation advantages and environmental performance. In the
area of resource management, enterprises should build a comprehensive life-cycle resource
management system. This requires ensuring efficient recycling of resources throughout
the process from raw material procurement to production and processing and then to
product recycling, reducing resource consumption and environmental burdens. In turn,
this brings new profit opportunities and innovative business models, ultimately enhanc-
ing the environmental dimension performance and innovation capabilities within the
ESG framework.

From the social dimension, enterprises need to set up a comprehensive employee
green innovation empowerment system. Besides traditional training methods, advanced
technologies like virtual reality can be used to create an immersive green innovation train-
ing environment. This enhanced approach can significantly improve the training effect.
In addition, establishing an employee green innovation project incubator is essential. The
incubator should provide all-round support, including funds, equipment, and guidance,
which can accelerate the transformation of innovative achievements into practical appli-
cations. In terms of community and stakeholder cooperation, enterprises should take the
initiative to form a green industry ecosystem alliance with multiple parties. By integrating
available resources and coordinating different demands, collaborative green innovation
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projects can be successfully launched. Through such cooperation, enterprises can enhance
their social influence and innovation capabilities and optimize the synergy between social
dimension performance and innovation within the ESG context.

From the governance dimension, the board of directors and management team need
to fundamentally restructure the decision-making architecture. ESG factors must be firmly
embedded in the core of the strategic decision-making model. To achieve this goal, ad-
vanced technologies such as big data and artificial intelligence can be used for ESG scenario
simulation and decision analysis. This can make decision-making more scientific. Also, a
multi-level ESG performance evaluation and supervision mechanism should be established.
This mechanism should cover the board of directors, the board of supervisors, internal audit
functions, and external third-party institutions to ensure the effective implementation of
the ESG strategy. At the same time, enterprises should comply with international advanced
standards and adopt technologies such as blockchain to ensure the authenticity, integrity,
and immutability of ESG information disclosure. Through these means, enterprises can en-
hance market trust, improve governance standards and innovation reputation, and promote
a positive interaction between ESG governance performance and innovation capabilities.

In summary, if enterprises proactively implement measures across environmental,
social, and governance dimensions and thoroughly integrate the ESG concept into all
facets of their operations, they will undoubtedly attain significant improvements in their
ESG performance and green innovation capabilities. This will not only help enterprises
achieve sustainable development and enhance their competitiveness in the global market
but also make important contributions to addressing global environmental challenges and
promoting the green transformation of the social economy. Enterprises will then gain an
advantageous position in future business development and achieve a win–win situation of
economic, environmental, and social benefits.

5. Conclusions
5.1. Findings

In the current business landscape, with the escalating global emphasis on sustainable
development and the burgeoning interest in ESG ratings, understanding the intricate
relationship between ESG and corporate green technology innovation has emerged as
a crucial area of research. This study undertakes a comprehensive exploration of how
ESG performance impacts the green technology innovation capabilities of the Chinese
A-share listed companies. Utilizing a panel dataset from 2012 to 2022 and applying several
econometric methods, we rigorously analyzed the direct impact of ESG performance, the
mediating processes involved, and the differential effects across various firm attributes.

Our empirical analysis yields several salient findings. Firstly, ESG performance is
unequivocally demonstrated to be a potent catalyst for green technology innovation within
the corporate realm. From the standpoint of financing constraints, strong ESG performance
facilitates enterprises in securing additional external financing avenues and reduces financ-
ing costs, mitigating capital shortages and allowing enterprises to allocate more resources
towards innovative endeavors, such as green technology research and development. The
financing constraint index constructed in this paper showed a significant negative correla-
tion with ESG performance. Improved ESG performance alleviates financial limitations,
hence fostering an increase in the number of green technological innovations. This reflects
the crucial bridging role of financial support in this process. In terms of management aware-
ness, enterprises with high ESG performance tend to prioritize the concept of sustainable
development. The management will actively promote the implementation of the green
development strategy and incorporate green innovation into the core decision-making
of the enterprise, thus motivating all departments to participate in green technology in-
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novation work collaboratively. For example, they will increase investment in the green
R&D team and formulate internal mechanisms to encourage innovation, all of which di-
rectly contribute to the improvement of the green technology innovation ability. From
the perspective of employee efficiency, enterprises with good ESG performance usually
have a more positive corporate culture and a favorable working environment. Employees
have a stronger sense of identity and belonging to the enterprise and are more willing
to devote more energy to innovation exploration. Moreover, enterprises also pay more
attention to the green development training of employees, which improves the efficiency of
employees in green technology innovation and finally helps to boost the overall level of
green technology innovation. The findings, supported by robustness checks by variable
replacement and validated by endogeneity tests using the instrumental variable approach,
indicate a statistically significant positive correlation. This implies that companies with
higher ESG scores are more likely to exhibit enhanced capabilities in both the quantity and
quality of their green technology innovation outputs.

Secondly, heterogeneity analysis uncovers a nuanced pattern. NSOEs manifest a more
pronounced responsiveness to ESG initiatives in terms of green innovation, suggesting that
they are better positioned to translate ESG imperatives into actionable innovation strategies.
Larger corporations, owing to their greater resource endowments and organizational
capabilities, also display a stronger propensity to leverage ESG for driving green innovation.
Geographically, firms located in China’s economically developed eastern region exhibit
a more substantial impact of ESG on their innovation activities, likely attributable to
the region’s favorable business environment, advanced technological infrastructure, and
heightened market competition.

Finally, there were numerous deficiencies in the research on the field of ESG and green
technology innovation in previous studies. However, this study has made improvements
from multiple aspects and has contributed positively. In terms of the correlation mecha-
nism, previous studies often analyzed the two aspects in isolation, while this study delved
deeper. For example, from the perspective of financing constraints, it empirically demon-
strated that there was a significant negative correlation between ESG performance and the
financing constraint index. It revealed that good ESG performance could alleviate financing
difficulties and thus promote the number of green technology innovation achievements,
clarifying the bridging role of financial support. Moreover, in terms of management aware-
ness, it pointed out that the management of enterprises with high ESG performance would
promote the implementation of green strategies and motivate departments to collaborate in
innovation to enhance innovation capabilities. From the perspective of employee efficiency,
it indicated that good ESG performance could create a favorable environment, strengthen
employees’ sense of identity, prompt them to invest in innovation, and enterprise training
could improve efficiency and help boost the overall level of innovation, thus making up for
the deficiencies in the research on the correlation mechanism. At the same time, in terms of
heterogeneity analysis, considering that existing literature often overlooked the impact of
various differences among enterprises on the relationship between the two aspects, this
study meticulously explored the differences in the performance of ESG’s impact on green
technology innovation under different circumstances such as the nature of production
activities, property rights, enterprise scale, and regions. For instance, non-heavy-polluting
industries, NSOEs, large enterprises, and enterprises in the eastern region each had their
own characteristics in terms of the impact of ESG on green technology innovation. This
provided a basis for formulating targeted strategies, enriched the research on enterprise
diversity, expanded the depth and breadth of the research, and changed the limitations of
previous homogeneous studies. This study used multi-dimensional indicators to measure
innovation capabilities, multiple data to verify ESG performance to ensure reliability, and
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advanced methods like the mediation effect model to clearly show that previous studies’
use of a single indicator to measure green technology innovation could not fully reflect
the real level. It provided a methodological reference for subsequent studies, optimized
the analytical means, and improved the previous imperfect situations in variable and
model construction.

Overall, through these innovative points, this study effectively filled the gaps in
existing literature, contributed to the continuous progress of ESG research from multiple
dimensions such as theoretical improvement, practical guidance, and methodological
optimization, and provided a reference plan for further exploration in the future.

5.2. Limitations

This study has indeed provided valuable insights into the relationship between ESG
performance and green technology innovation among the Chinese A-share listed companies.
However, it is essential to recognize that it comes with certain limitations that deserve a
more in-depth exploration.

The data utilized in this research is strictly limited to the Chinese A-share listed com-
panies. This narrow confinement in data sourcing significantly restricts the generalizability
of our findings to other regions or markets with distinct institutional frameworks, economic
structures, and cultural backgrounds. In the global context, different countries possess
their own unique regulatory landscapes and market characteristics, which can exert a
profound impact on the nature and magnitude of the ESG-green innovation nexus. For
instance, take some European countries as an example. In these regions, there are much
more stringent environmental regulations in place. Such regulations not only set higher
standards for companies in terms of emissions control, waste management, and resource
utilization but also create a strong external pressure that compels them to continuously
seek innovative ways to meet these requirements. At the same time, the public awareness
of sustainability is remarkably higher there. Consumers in these countries tend to have
a stronger preference for environmentally friendly products and services, which in turn
encourages companies to invest more in green technology innovation to cater to the market
demand and enhance their brand image. As a result, the impact of ESG on green innovation
in these European countries might manifest itself in a rather different manner compared
to the Chinese context. In China, although the importance of ESG and green innovation
has been increasingly emphasized in recent years, the specific economic development
stage, the regulatory focus, and the cultural perception towards environmental protection
and sustainable development are not exactly the same as those in European countries.
Therefore, basing our research solely on the Chinese A-share listed companies means that
our conclusions might not be able to fully capture the diverse situations and variations
that exist in other parts of the world, thereby limiting the broader applicability of our
research outcomes.

Our study primarily centered on three key channels through which ESG performance
affects green innovation, namely financing constraints, management’s green development
awareness, and employee innovation efficiency. While these channels are undoubtedly
significant and have provided a solid foundation for understanding part of the relationship
between ESG and green innovation, it is quite possible that other potential mediating
or moderating factors have been overlooked during the analysis process. For example,
industry competition intensity plays a crucial role in shaping the behavior and strategic
decisions of companies regarding green innovation. In a highly competitive industry,
companies are constantly vying for market share and striving to differentiate themselves
from their rivals. Green innovation can serve as a powerful tool for them to achieve this
goal. When facing intense competition, companies might be more inclined to allocate more
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resources to green technology research and development, hoping to introduce innovative
green products or services earlier than their competitors. This increased emphasis on green
innovation due to competitive pressure can interact with ESG performance in complex ways.
A company with better ESG performance might be able to leverage its good reputation and
social responsibility image to gain a competitive advantage in the market more easily, which
in turn could further motivate it to invest more in green innovation. On the other hand,
a weaker ESG performer might be forced to catch up by enhancing its green innovation
efforts to remain competitive.

Technological spillovers within the industry also have a significant impact on the
relationship between ESG and green innovation. In many industries, technological ad-
vancements and innovations are not confined to a single company. When one company
develops a new and effective green technology, it is likely that this technology will grad-
ually spread to other companies in the same industry through various channels such as
cooperation, imitation, or the movement of personnel. This spillover effect can accelerate
the overall pace of green innovation within the industry. For companies with better ESG
performance, they might be more proactive in absorbing and applying these spilled-over
technologies, integrating them with their own ESG strategies to further enhance their green
innovation capabilities. In contrast, those with poor ESG performance might struggle to
make full use of these opportunities due to limitations in their internal management or
resource allocation.

Moreover, specific government policies targeted at promoting green innovation cannot
be ignored. Governments around the world often implement a variety of policies to en-
courage companies to engage in green innovation, such as providing subsidies for research
and development in green technologies, offering tax incentives for companies that adopt
environmentally friendly production methods, or imposing regulatory mandates on certain
industries to meet specific environmental standards. These policies can have a direct impact
on how companies approach green innovation and how ESG performance translates into
actual innovation outcomes. For example, a company that receives substantial government
subsidies for green innovation might be able to overcome financial barriers more easily
and invest more in improving its ESG performance while simultaneously accelerating
its green innovation efforts. On the other hand, strict regulatory mandates might force
companies to prioritize green innovation regardless of their initial ESG standing. Ignoring
these factors may lead to an incomplete understanding of the complex dynamics at play in
the relationship between ESG and green innovation, potentially missing out on important
aspects that could further enrich and refine our analysis.

5.3. Future Research Avenues

To address the limitations and expand the frontiers of knowledge regarding the re-
lationship between ESG and green innovation from an international perspective, future
research should focus on several integrated aspects that together can offer a more compre-
hensive understanding of this complex area.

Firstly, sample diversification is crucial. Future studies should incorporate a wide
variety of companies from different countries and regions, including small and medium-
sized enterprises and those from emerging industries with a focus on sustainability. SMEs,
despite their resource constraints, can showcase innovative ways of integrating ESG prac-
tices into their operations and driving green innovation, perhaps through leveraging local
networks or targeting niche markets. Emerging industries such as green biotechnology,
eco-friendly construction materials, and renewable energy storage are at the forefront of
green innovation and possess unique ESG strategies that can reveal new insights into
the relationship between ESG and innovation. Complementing this, longitudinal stud-
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ies can track how companies’ ESG performance and green innovation evolve over time,
considering both internal factors like management shifts and corporate culture changes
and external elements like economic cycles, policy reforms, and technological trends. This
comprehensive perspective aids in forecasting how corporations will modify their green
innovation initiatives across various circumstances and guides policy development.

Secondly, exploring additional factors that influence the ESG-green innovation nexus
is essential. Social factors play a significant yet understudied role. For instance, community
engagement can not only provide companies with valuable local insights and resources
for green innovation but also enhance the social acceptance of their initiatives. Labor
policies that emphasize employee welfare, green skills development, and diversity and
inclusion can cultivate a more innovative workforce, thereby directly enhancing green
innovation. Financial market dynamics also matter. Analyzing financial instruments like
green bonds, sustainability-linked loans, and impact investing can show how they facilitate
or constrain companies’ green innovation efforts. The way companies utilize green bond
funds and the market’s response to these issuances, along with stock market reactions to
ESG announcements and innovation achievements, all influence corporate decision-making
regarding future green innovation. Moreover, delving deeper into the granular interactions
among specific ESG sub-components within companies, such as how environmental waste
management relates to energy efficiency and how social and governance aspects interact
to drive innovation, can help companies optimize their ESG strategies for better green
innovation outcomes.

The role of digitalization cannot be overlooked either. Digital platforms offer a means
for companies to disclose ESG data more transparently and standardly, enabling stake-
holders to make informed decisions. At the same time, data analytics tools can identify
key areas for green innovation, optimize resource allocation for green projects, and predict
sustainable technology trends. For example, using big data to analyze energy consumption
patterns can guide the development of energy-efficient technologies, thereby enhancing
green innovation. Cross-sector collaborations also hold great potential. Partnerships be-
tween technology and traditional manufacturing firms can combine technological expertise
with industrial knowledge to create smart and green manufacturing solutions. Collabora-
tions between energy providers and agricultural businesses can result in innovative ways of
using renewable energy in farming, like solar-powered irrigation systems or carbon-neutral
agricultural practices. Studying these collaborations can provide valuable models for other
companies and inspire more cross-industry cooperation to drive green innovation.

Finally, the development of standardized metrics and evaluation frameworks for ESG
and green innovation analysis is vital. The current lack of uniformity in measurement
makes it difficult to compare and benchmark companies across regions and industries.
Clear, consistent, and widely acknowledged criteria will enable accurate assessment of how
ESG methods foster green innovation, best practices, and evidence-based decision-making
for policymakers, investors, and business managers.

In summary, by focusing on these interconnected aspects in future research, a more
comprehensive and accurate understanding of the relationship between ESG and green
innovation can be achieved. This understanding is fundamental for promoting sustainable
development globally and will guide further research efforts in this significant area.
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