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Abstract

Green manufacturing is an important path for accelerating the green transformation of
the industrial development model. “Green Factories” certification serves as an innovative
approach to voluntary environmental regulation, designed to guide firms toward optimal
decision making in green manufacturing. Can the voluntary environmental regulation
policy be effective, particularly in the absence of a mandatory, strictly environmental, social,
and governance (ESG) framework environment? Utilizing the “Green Factories” certifica-
tion pilot policy released by the Ministry of Industry and Information Technology (MIIT)
in 2016 as a quasi-natural experiment, this study employs the staggered difference-in-
differences (DID) model to estimate the impacts of the voluntary environmental regulation
policy on corporate ESG performance. Using a panel dataset of 2585 Chinese A-share listed
enterprises from the industrial sector spanning 2012 to 2021, the results show that the
“Green Factories” certification pilot policy significantly improves corporate ESG perfor-
mance, and the results remain consistent after robustness tests. The mechanism analysis
reveals that the influencing channel mainly works through green technology innovation,
total factor productivity (TFP), and digital transformation. Heterogeneity tests further
indicate that the green manufacturing pilot policy has a stronger effect on larger, heavily
polluting, private enterprises that receive greater investor attention. This study provides
empirical evidence at the micro level on the determinants of corporate ESG performance
and voluntary environmental regulation policy evaluation, offering practical insights for
promoting green manufacturing engineering development.

Keywords: “Green Factories” certification pilot policy; ESG performance; voluntary
environmental regulation

1. Introduction

In recent years, the increasing frequency and intensity of extreme weather, severe
natural resource constraints, environmental degradation, and continuous changes in cli-
mate risks have caused widespread concern in society. Countries worldwide are seeking
a circular and low-carbon green development path. Subsequently, substantial emphasis
has been placed on evaluating enterprises from a sustainability-oriented perspective, with
environmental, social, and governance (ESG) performance serving as a core measurement
dimension [1]. Consequently, a rapidly growing number of enterprise policymakers are
setting and pursuing corporate ESG performance targets [2]. As the world’s greatest
manufacturing country, the Chinese government places significant emphasis on address-
ing climate change and actively explores ecological priority and a green and low-carbon
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development road. Therefore, exploring how enterprises can activate the ESG activi-
ties and accelerate overall green transformation in China holds substantial practical and
academic significance.

Environmental regulation serves as a crucial tool for boosting corporate ESG perfor-
mance and has emerged as an increasingly prominent trend in sustainable development.
Three forms of environmental regulation exist [3]: market-incentive regulation (MIR),
voluntary environmental regulation, and command—control regulation (CCR). A rapidly
growing body of literature has offered empirical evidence regarding the impacts of MIR
and CCR environmental regulation policies in China, such as green financial reforms or
green credit policies [4], energy-saving and carbon emission reduction policies [5], and
the Environmental Protection Tax Law [6]. Consequently, CCR and MIR environmental
regulations have long prevailed in the majority of environmental governance practices
and academic research on the topic. However, CCR or MIR tools are based on a rigid
“top-down” approach to governance, which is administratively costly, less flexible, and
less effective than expected in environmental governance [7]. Academics and governments
worldwide are starting to pay attention to voluntary environmental behaviors as public
awareness of sustainable development grows [8,9]. In the environmental governance field,
there is insufficient practical implementation of voluntary environmental regulation, and
the related research is still in its initial stage. Therefore, exploring the role and effect
of participation in voluntary environmental regulations on corporate ESG performance
is needed.

In 2016, the Ministry of Industry and Information Technology (MIIT) established
green manufacturing system governance, including the “Green Factories” certification pilot
policy. In 2017, the first official batch of certifications was launched. The “Green Factories”
certification pilot follows a framework combining self-assessment by enterprises and
independent evaluation by third-party institutions. Within China’s institutional context,
this certification—as the first comprehensive environmental standard system designed
from the perspective of enterprises” entire production lifecycle—represents an innovative
form of voluntary environmental regulation. The “Green Factories” certification pilot policy
is a large-scale experiment involving thousands of green factories covering many provinces
and enterprises across China and has been implemented in batches with good continuity.
Therefore, the conclusions from this large sample policy experiment are credible. Scholars
have yet to fully examine whether the “Green Factories” certification pilot program exerts
an impact on the ESG performance of manufacturing enterprises, nor have they fully
explored what underlying influencing mechanisms exist in policy implementation.

Using this unique policy experiment against the background of Chinese green manu-
facturing system development, this study selected a sample of 2585 Chinese manufacturing
listed enterprises spanning 2012 to 2021. We employed a staggered difference-in-differences
(DID) model to analyze whether and how the “Green Factories” certification pilot policy
influences corporate ESG performance from a micro perspective. The results indicate that
participation in the “Green Factories” certification pilot significantly improves enterprises’
ESG performance. Enterprises’ green technology innovation, total factor productivity (TFP),
and digital transformation play mediating roles between the “Green Factories” certification
pilot policy and ESG performance. Heterogeneity analysis indicates that larger enterprises
and those receiving greater investor attention achieve higher ESG performance from the
“Green Factories” certification pilot policy. After a battery of robustness tests, the empirical
findings remain consistent and reliable.

This study offers several potential contributions. First, it expands academic research
regarding the effects of voluntary environmental regulation policies. Research has focused
on how CCR and MIR policy tools affect the ESG performance of enterprises [10,11]. Only
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a few scholars have discussed how voluntary environmental regulations affect corporate
ESG-related issues based on the 1ISO14001 environmental certification tool [12]. The “Green
Factories” certification and 15014001 certification have similarities; both rely on highly
specialized environmental technical standards and third-party evaluations. However,
the ISO14001 certification standards focus only on the environmental management pro-
cess, whereas the “Green Factories” certification pilot policy standards cover enterprises’
whole production life cycle, including energy input, product manufacturing, and emission
processes, making it a more comprehensive tool. This paper discusses the importance
of China’s “Green Factories” certification pilot policy for ESG performance for the first
time. Second, examining the connection between the certification pilot program and ESG
performance helps advance research into the critical determinant factors of the corporate
ESG literature, particularly those that have not received much attention. Furthermore, the
results provide valuable evidence to help policymakers gain insights into the significant
association between ESG performance and China’s “Green Factories” certification pilot pol-
icy, the influencing channels, and the heterogeneous effects, which will in turn support the
continued rollout of green manufacturing policies and dissemination of best management
practices around the world.

The paper is organized into seven sections. Section 2 offers a review of the relevant lit-
erature, alongside an overview of the background information on the green manufacturing
system and the “Green Factories” certification pilot policy. We develop the hypotheses in
Section 3. Section 4 outlines the data sampling procedures and methodologies employed.
The regression results and subsequent discussions are presented in Sections 5 and 6, while
Section 7 contains the conclusions and policy recommendations for the future.

2. Literature Review
2.1. Determinants of ESG Performance

The ESG concept has sparked a hot discussion within both industry and
academia [13,14]. A large body of research has explored factors affecting ESG performance,
focusing on internal corporate governance perspectives, such as enterprise ownership [15],
the composition and diversification of the board [16], and manager characteristics [17].
According to Liu et al. [18], mixed ownership reform significantly improved comprehen-
sive ESG performance. Sun et al. [15] reported that family ownership and control can
significantly improve corporate ESG scores. Wong [16] provided evidence that female
representation on a committee can achieve better ESG performance. Welch and Yoon [17]
claimed that highly skilled managers allocate resources to ESG activities to increase share-
holder value. Other studies have focused primarily on external determinants, such as
investor and investment efficiency [19,20], digital finance [21], and stock markets [22].
For example, Yin et al. [23] revealed that stock market openings boost ESG performance.
Furthermore, other factors that affect ESG performance include the nature of the nation [24]
and the risks of climate change [25]. Overall, research has been carried out to investigate
the variables affecting ESG performance across many countries and regions based on dif-
ferent scopes, especially from an internal perspective [11]; therefore, further studies on
determinants of ESG performance from an external perspective are needed.

2.2. Environmental Regulation Policies and Corporate ESG Performance

As an outside governance tool, environmental regulations have been proven to in-
fluence corporate social responsibility (CSR) or ESG practices. The extant literature has
analyzed the links based on two principal theoretical frameworks. On the one hand, based
on neoclassical economic theory [26], environmental policies, as an outside regulatory
pressure, increase an organization’s workload and cause a shift in resource usage from
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“standard production” to “pollution manufacturing.” The growing production and pollu-
tion expenses adversely affect corporate competitiveness, hindering corporate ESG (or CSR)
activities. For example, ESG performance is negatively impacted by policy risks related to
carbon management [27]. Furthermore, Yan et al. [28] found that environmental tax law
negatively impacted enterprises’ green productivity. On the other hand, according to Porter
and van der Linde [29], reasonably sound environmental regulation helps enterprises
reallocate resources internally and innovate more technologically, which enhances ESG (or
CSR) practices. Moreover, the environmental regulation also lessens the adverse financial
effects on enterprises’ businesses.

The Chinese government has implemented some CCR and MER policies to address
environmental issues in the country, as environmental concerns and China’s economic
standing have grown significantly. These policies include the Energy Conservation Law
(2007), the Adjustment of Subsidies for Energy-Efficient Vehicles Notice (2011), the Low-
Carbon City Pilot Policy (2012), and the Green Finance Reform and Innovation Pilot
Zone (2017). Consequently, an evolving area of policy effect research within the Chinese
context, encompassing green financial policy [30], energy and carbon-related policy [31],
the environmental tax legislation [6], and other environmental regulation policies [32], has
grown rapidly. For example, Ma et al. [4] found that green credit policy in China positively
affects corporate ESG performance. Wan et al. [11] explored how a pilot policy for a
low-carbon city in China helped companies adopt ESG practices. Zeng et al. [32] showed
that establishing free trade zones in China can considerably improve ESG performance.
These empirical results all align with the theoretical views put forward by Porter and
van der Linde [29].

However, compared to the CCR and MER policies, policies of voluntary environmental
regulation received less attention. Concerning the links between voluntary environmental
regulations and ESG performance, most scholars have centered their attention on the
economic impacts of ISO14001 certification [7,8,33]. The “Green Factories” certification pilot
policy, a voluntary regulatory tool with Chinese characteristics, has not yet attracted much
attention. Overall, the extant literature in the publication has not reached an agreement to
links between voluntary environmental regulation policies and ESG performance across
disparate datasets, methodologies, and policy scopes.

Current research has examined the links between CCR or MER environmental regula-
tion policies and ESG performance. However, the question of how voluntary environmental
regulation policies, like the “Green Factories” certification pilot program, affect corporate
ESG performance has garnered insufficient attention. Moreover, thorough analysis of the
potential benefits that the “Green Factories” certification pilot program may bring to ESG
performance is still lacking. To address these gaps, this study investigates the effects of
the “Green Factories” certification pilot program on corporate ESG performance and the
channels that influence it by using a panel dataset of 2585 Chinese companies from 2012 to
2021 for the first time. The findings of this study provide a theoretical foundation for ESG
performance management and voluntary environmental regulation initiatives, offering
valuable insights for corporate and government decision makers.

3. Policy Background and Research Hypotheses
3.1. The “Green Factories” Certification Pilot Policy in China

“Made in China 2025” introduced the fundamental idea of a green manufacturing
system for the first time. In 2016, the notification for establishing the green manufacturing
system in China was formally released by the MIIT. As one of the green manufacturing
policies, the “Green Factories” certification pilot program was formally introduced in 2017.
The goal is to transform factories into green factories and position them as leaders in inter-
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national competition, thus serving as demonstration benchmarks for green transformation
and upgrading.

Specifically, based on product life cycle management, the General Rules of Green
Factories Evaluation document was issued. This document proposes a thorough evaluation
system covering 26 indicators at the second level, and 7 indicators at the first level. The
indicators at the first level consist of general requirements, infrastructure, management
system, energy and resource inputs, products, environmental emissions, and performance.
The whole certification process is as follows: First, when the evaluation indicators of the
energy utilization rate and pollutant emission level are better than the industry average
level, the enterprise can voluntarily apply for an evaluation report from a third-party
institution. Second, after the application, the local regulatory authorities evaluate, confirm,
and recommend a roster of “Green Factories” to the competent department of the MIIT.
Third, the responsible MIIT department approves and releases the final list of “Green
Factories”. Fourth, after obtaining “Green Factories” certification, the state and local
government provide them with exceptional support funds and access to relevant green
credit preferences, thus supporting the sustainable development of the certified enterprises.
To continuously promote supervision, the MIIT will regularly review the relevant indicators
of certified enterprises every three years. If the related indicators of an enterprise previously
certified as a “Green Factory” no longer meet the assessment requirements, the enterprise
will be delisted by the MIIT. The MIIT requires such enterprises not re-apply for certification
within three years.

From 2017 to 2021, 2738 national “Green Factories” enterprises were released in
six batches comprising 201, 208, 391, 602, 719, and 662, with the number increasing annually.
Many of the national “Green Factories” are part of the same listed parent company, and at
most, 19 “Green Factories” are controlled by the same parent company.

3.2. Research Hypotheses
3.2.1. Basic Hypothesis

Corporate ESG performance could enhance the “Green Factories” certification pilot
program. First, pressure from environmental regulations will make enterprises aware of
society’s current green and sustainable development orientations. High standards and
comprehensiveness characterize the application requirements for the “Green Factories”
certification. On the one hand, the prerequisite for obtaining the “Green Factories” certifi-
cation is that enterprises must ensure the completion of basic green production processes
and end-of-pipe pollution technology reforms. These internal reforms increase corpora-
tions’ efforts toward green behavior and actively engage them in green transformation.
By adopting more advanced and applicable cleaner production process technologies and
equipment, companies can save energy, reduce some costs related to environmental regu-
lation penalties, and enhance their overall competitive ability, all of which support more
effective ESG practices. On the other hand, the “Green Factories” certification program is
a voluntary environmental regulation, and the pressure it places on enterprises is more
intrinsic, such that enterprises voluntarily carry out ESG practices. This avoids the conse-
quences of excessive legitimacy pressure and excludes the possibility of ‘green-washing’
and other opportunistic motives. Second, enterprises certified as Green Factories send
signals to external potential investors (e.g., stakeholders, regulators, potential suppliers of
funds) that they are consciously fulfilling their social responsibilities. This helps alleviate
the asymmetry in environmental information between the certified enterprises and external
investors and leads to more positive responses in terms of financing and government
subsidies [12]. As the scale of outside investor attention increases, more financial resources
enter the “Green Factories” system, further motivating enterprises to engage in continuous
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ESG behaviors [23]. Third, “Green Factories” are subject to continuous monitoring and
receive greater attention from the MIIT and other environmental protection departments.
Moreover, “Green Factories” are also required to demonstrate their managerial experiences
to their peers. The higher cost of compliance ensures that enterprises marked as “Green
Factories” are inherently more motivated to enhance their environmental performance over
time, enhancing their ESG performance. In light of the analysis above, this paper puts
forward the following hypothesis:

H1. The implementation of the “Green Factories” certification pilot policy has a positive impact on
corporate ESG performance.

3.2.2. Mechanism Hypothesis

The “Green Factories” certification pilot policy can influence an enterprise’s ESG
performance through three plausible channels: green technology innovation, TFP, and
digital transformation.

Green technology innovation effect: Previous studies have proven the positive links
between environmental regulations and green technology innovation based on different
samples, sectors, and policies [34]. The “Green Factories” certification program is essential
for encouraging green innovation in enterprises. Drawing on Porter’s hypothesis, green
technology innovation enables firms to achieve an environmental and financial win-win,
aligning with the core requirements of ESG practices. For example, to qualify for the
“Green Factories” certification pilot program, enterprises need to devote themselves to
upgrading their overall green R&D capabilities, including energy conservation techniques
and sophisticated water reclamation methods. Moreover, the “Green Factories” certification
pilot policy requires enterprises to consider environmental factors at the product design
stage and to develop green products. Product innovation caters to market needs for
eco-friendly goods, spurring enterprises to attain product performance via technological
innovation [35]. As such, their ESG practice efficiency will be enhanced to some degree.
Furthermore, in this process, voluntary environmental regulatory measures tend to align
with Porter’s hypothesis in their effects, exerting positive impacts on enterprises across the
board. We therefore present Hypothesis 2:

H2. The “Green Factories” certification pilot policy enhances corporate ESG performance by
facilitating green technology innovation.

Total factor productivity effect: First, enterprises are expected to reallocate their pro-
duction resources and optimize production management across the whole production life
cycle after introducing the “Green Factories” certification pilot program. The certification
program requires enterprises to focus on optimizing production planning, processing, and
the recycling rate of resources. During this process, enterprises can significantly reduce the
consumption of resources per unit of output, demonstrating their commitment to corpo-
rate ESG practices. Therefore, as an environmental regulation, ESG performance can be
improved through the “Green Factories” certification pilot policy’s positive impact on total
factor productivity [36-39]. Second, enterprises certified as “Green Factories” are usually
seen as having a high level of green awareness and responsibility. This positive image helps
boost TFP of enterprises and then can open up wider future market space and longer-term
development prospects, which in turn aids in advancing ESG performance. Therefore, we
hypothesize the following:

H3. The “Green Factories” certification pilot policy improves corporate ESG performance by
promoting total factor productivity.
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Digital transformation effect: First, as a voluntary environmental regulatory measure,
the “Green Factories” designation incentivizes certified enterprises to enhance their green
information disclosure to government agencies, industry peers, and the general public,
which leads to the upgrading of digital systems. The advanced digital system improves
the efficiency of information utilization by structuring and standardizing data coding and
output, thereby improving ESG information disclosure based on information processing
theory [40]. For example, under the “Green Factories” initiative, corporate digital up-
grading allows for more transparent green data sharing with value chain partners [41].
Second, digital transformation helps enterprises improve their workforce and attract talent
for innovation. For example, the use of digital technology and equipment can replace
low-skilled labor and repetitive work. Implementing a green office system helps enter-
prises optimize their human resource allocation while demonstrating their commitment to
the social dimension of ESG performance. Supported by digital tools, digital upgrading
has further enhanced the service performance, eco-friendly low-carbon manufacturing,
brand image, and external reputation of “Green Factories”, thereby enhancing overall ESG
performance. Consequently, Hypothesis 4 is presented as follows:

H4. The “Green Factories” certification pilot policy improves corporate ESG performance through
digital transformation.

4. Research Design
4.1. Sample Selection and Data Sources

Considering that manufacturing production units are the targets of the “Green Fac-
tories” certification pilot policy, this study initially selected A-share listed manufacturing
firms in China from 2012 to 2021 as its target samples. We further screened and processed
the samples using the following steps: (1) firms labeled with ST (special treatment) and *ST
(delisting warning) were deleted; (2) observations with a missing value (e.g., lacking ESG
data or other required data either before or after implementing the “Green Factories” certi-
fication pilot policy) were removed; (3) the influence of extreme outliers was eliminated,
and at the 1% level, all continuous variables were winsorized. Following the data filtration
process, the final sample dataset included 2585 firms and 17,422 valid observations from
2012 to 2021. Among these, 837 observations comprised the treatment group, and the
other 16,585 observations comprised the “Green Factories” certification list, constituting
the control group.

ESG performance data for the sample companies were sourced from the WIND
database. The CSMAR database provided all historical firm-level financial variable data.
The “Green Factories” list was manually obtained from the MIIT’s official website.

4.2. Variable Definitions
4.2.1. Dependent Variable

ESG, which indicates corporate ESG performance, is the dependent variable. This
study adopted ESG ratings from China’s Huazheng Rating Agency [11]. This agency
conducts a comprehensive assessment of ESG ratings based on publicly available data
and CSR reports in China, which are regularly updated quarterly and cover more listed
companies. ESG ratings include 9 grades from AAA to C, with AAA representing the
highest rating and C representing the lowest. In this study, we quantified the ESG ratings
assigned to companies into corresponding numerical grades: 1is C, 2 is CC, 3 is CCC,
4is B,5is BB, 6is BBB, 7 is A, 8 is AA, and 9 is AAA. The higher the figure, the stronger a
company’s ESG performance.
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4.2.2. Independent Variables

GFactory is the core independent variable for whether an enterprise has the “Green
Factories” certification. Six batches of green factories were launched at different times from
2017 to 2021. Based on the “Green Factories” demonstration lists released by the MIIT
within this period, if a listed enterprise received a “Green Factories” certification in year t,
in year t and subsequent years, the GFactory variable is valued at 1. Otherwise, it equals 0.
The original data were manually obtained from the MIIT’s official website.

4.2.3. Control Variables

Drawing on previous theoretical and empirical studies [30,42,43], other variables that
impact corporate ESG performance should be considered. Variables (1)-(5) are control
variables representing the general financial characteristics of enterprises. (1) Leverage (Lev)
is calculated as the average annual total liabilities divided by the average annual total assets.
The inclusion of leverage is based on capital structure and corporate sustainability theories:
high-leverage firms may cut ESG-related investments (e.g., environmental protection) due
to debt repayment pressure, while creditors’ risk management demands could also push
for better ESG performance, so this variable controls for capital structure interference.
(2) Return on assets (Roa) is calculated by dividing the net profit for a company by its total
assets. (3) Liquid represents the liquidity ratio. A firm’s liquidity level reflects its ability to
allocate short-term resources, as sufficient cash flow can provide necessary financial support
for ESG initiatives, including environmental technology transformation and governance
optimization. Meanwhile, liquidity constraints may limit such investments. Therefore,
this variable is included to isolate the potential impact of resource availability on ESG
performance. (4) Growth of a company (Growth), indicates the company’s revenue growth
rate. (5) Cashflow is calculated using the beginning of the year’s total assets divided by the
net cash flows from activities. Variables (6)—(9) are control variables representing corporate
governance characteristics. (6) Ownership concentration (Top1) is the ratio of the largest
shareholder. (7) Big Four Auditor (Big4) indicates whether an enterprise is audited by a Big
Four audit agency. (8) Loss indicates whether there is a loss in the current year. (9) Female
represents the proportion of women in senior management. Data for all aforementioned
control variables was sourced from the CSMAR database.

4.3. DID Model for Exploring the Impact of “Green Factories” Certification Pilot Policy

Following the approach by Bertrand and Mullainathan (2004) [44], using the DID
methodology, this research examines the potential impact of the “Green Factories” cer-
tification pilot policy on firms” ESG performance. Two groups were divided from the
original sample: the treatment group consisted of companies or their holding subsidiaries
in the “Green Factories” list announced by the MIIT, and the control group included the
companies that not on the list. Considering that the “Green Factories” certification pi-
lot policy was implemented in different batches, we applied a staggered DID model as
follows (1):

ESG;y = Bo + B1GFactory;  + acontrols;; + A; + s + ;¢ (1)

ESG;; stands for the ESG performance of a firm, t denotes the year, and i represents
the firm. GFactory;; represents a dummy variable that indicates whether firm i was in
the MIIT-announced “Green Factories” list in year t; the coefficient 3, calculates how the
corporate ESG performance is affected by the “Green Factories” certification pilot program;
Controls; ¢ are control variables. A; controls the firm fixed effect, p1; controls the year fixed
effect. € is a random error term. This study used Statal4.0 software to test the models.
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5. Analysis of Empirical Results
5.1. Descriptive Statistics

The descriptive statistical results are displayed in Table 1. The ESG rating maximum
value is 6, and the minimum value is 1.250. The average value of the ESG variable is 4.060,
indicating that the average performance of sample companies is around the B grade level.
The greatest value is 6, the minimum value is 1.250, and the standard deviation is 1.029.
Therefore, the overall ESG performance of China’s industrial sector remains relatively
weak, with substantial room for enhancement. The Gfactory variable has an average value
of 0.048. Therefore, 4.80% of the sample companies are on the “Green Factories” list. The
control variables, such as Leverage, ROA, Top1, and Growth, have descriptive statistics
that fall within a respectable range and align with the results of previous studies.

Table 1. Descriptive statistics of the study variables.

Variables N Mean Std Min Max Data Source
ESG 17,422 4.060 1.029 1.250 6 WIND database
Gfactory 17,422 0.048 0.214 0 1 Manually obtained from MIIT’s official website
Lev 17,422 3.578 2.926 1.075 18.750 CSMAR database
Roa 17,422 0.043 0.065 —0.219 0.228 CSMAR database
Liquid 17,422 2.553 2.499 0.389 16.540 CSMAR database
Cashflow 17,422 0.051 0.065 —0.137 0.238 CSMAR database
Growth 17,422 0.170 0.377 —0.481 2.355 CSMAR database
Loss 17,422 0.109 0.312 0 1 CSMAR database
Female 17,422 18.720 10.880 0 47.620 CSMAR database
Topl 17,422 33.270 13.970 8.927 71.310 CSMAR database
Big4 17,422 0.050 0.216 0 1 CSMAR database

5.2. Baseline Regression

Table 2 displays the estimated baseline findings of Model (1). The regression results in
Column (1) exclude controls for year fixed effects or firm fixed effects. It is evident that the
Gfactory coefficient equals 0.308 and is significant at the 1% level. In Column 2, control vari-
ables were included in the model. The Gfactory coefficient is still significant at the 1% level,
and the coefficient is 0.306. Compared to the results in Column (1), the results in Column
(2) are almost unchanged. Therefore, the business ESG performance was greatly enhanced
by adopting the “Green Factories” certification pilot policy, supporting Hypothesis 1. In
general, companies that received the “Green Factories” certification showed an increase in
ESG performance of approximately 30.6% compared to enterprises that did not obtain the
certification, reflecting the impact of the “Green Factories” certification pilot program.

Table 2. Baseline estimation results.

Variables E(Sl)G E(SZ;E
Gfactory 0.308 *** 0.306 ***
(5.64) (5.77)
Controls No Yes
Constant 4.203 *** 3.857 ***
(200.65) (51.62)
Firm fixed effect No Yes
Year fixed effect No Yes
Observations 17,422 17,422
Adjusted R-squared 0.019 0.033

Notes: Significance at the 1% levels is indicated by the symbols ***. Standard errors are shown by the values
in parentheses.
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5.3. Robustness Tests
5.3.1. Parallel Trend Test

The parallel trend hypothesis is crucial for testing the validity of the DID model. Before
introducing the “Green Factories” certification pilot policy, the trend in ESG performance
over time was constant between the treatment and control groups. Therefore, following
Beck et al. [45] and Liu et al. [46], we designated the year before the implementation of the
“Green Factories” certification pilot policy as the benchmark, and Model (2) was formulated:

4
ESG;y = Bo + Z BxGFactory; ; + acontrols; + Aj + pup + €4 2)
k=-6

where k is the release year of the “Green Factories” certification pilot program, with values
from —6 to 4; the coefficient (3, represents the annual policy treatment effect from 2010 to
2020, which reflects whether a discernible difference in the treatment and control groups’
ESG performance exists. The other variables have the same definitions as in Model (1).

In Figure 1, the 95% confidence interval is represented by the solid line perpendicular
to the horizontal axis. The broken line depicts the estimated coefficients year by year. To
avoid the problem of covariance, data from the year before implementation of the “Green
Factories” certification pilot program was omitted before plotting changes in the parallel
trend. The results indicate that prior to the policy effect, all predictions were under 0 and
not significant. The predictions were significant and show an increasing trend following
the policy’s implementation. Therefore, the DID study design satisfies the precondition.

0.6

0.4
!

0.2

Policy effects

-0.2

T T ; T T T T
pre 3 pre 2 current post_1 post_2 post_3 post_4
Before and after the policy

Figure 1. Parallel trend test results.

5.3.2. PSM-DID

A robustness test was performed by matching the explained variables and the core
explanatory variables through the propensity score matching method (PSM-DID) to elimi-
nate the systematic differences in volatility trends across sample enterprises. Considering
quantitative disparities in the treatment and control groups, samples were matched us-
ing the one-to-four nearest-neighbor, radius, and kernel matching methods. Table 3 in
Columns (1)-(6) show the PSM-DID regression findings. The coefficients of Gfactory indi-
cate that the “Green Factories” certification pilot program boosts Chinese manufacturing
firms’ performance, confirming the stability of the baseline regression analysis.
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Table 3. PSM-DID regression results.
Variables 1) . 2) . 3) ) .(4) (5) .(6)
1:4 Nearest-Neighbor Matching Radius Matching Kernel Matching
ESG ESG ESG ESG ESG ESG
Gfactory 0.246 *** 0.240 *** 0.308 *** 0.307 *** 0.306 *** 0.305 ***
(3.31) (3.34) (5.65) (5.78) (5.60) (5.74)
Constant 4,127 *** 3.628 *** 4.204 *** 3.858 *** 4,199 *** 3.848 ***
(65.38) (19.36) (200.49) (51.62) (197.50) (51.07)
Controls No Yes No Yes No Yes
Firm fixed effect Yes Yes Yes Yes Yes Yes
Year fixed effect Yes Yes Yes Yes Yes Yes
Observations 3796 3796 17,415 17,415 17,186 17,186
Adjusted R-squared 0.021 0.038 0.019 0.033 0.018 0.032

Notes: Significance at the 1% levels is indicated by the symbols ***. Standard errors are shown by the values
in parentheses.

5.3.3. Placebo Test

First, the placebo test was used to randomly allocate sample firms to treatment groups.
Then, regression analyses were performed on the test subjects and repeated 500 times.
Figure 2 shows that the estimated values of the Gfactory coefficient follow a normal
distribution, all clustering around 0. The actual coefficients diverge from the coefficient
distribution shown in the figure. This indicates that it is unlikely that our estimate was
obtained by chance.

20.0
15.09

10.0

Density

5.0

0.0

Estimator

Figure 2. Results of placebo test.

Second, the placebo test was conducted by replacing the explained variables using the
measurement methods for the ESG variable. Specifically, two approaches were adopted. In
the first approach, the quarterly median ESG rating (ESG_Q) from the Huazheng Rating
Agency, was used to represent the annual values of corporate ESG performance. The
regression results from this robustness test are reported in Column (2) of Table 4 and are in
line with the baseline regression results in Column (1). However, the Huazheng ESG ratings
may involve a certain degree of subjectivity and inconsistent corporate disclosure practices,
which could introduce measurement bias. To mitigate this issue and verify the robustness
of our estimates, we conducted a second approach by replacing the original Huazheng
ESG rating with the ESG_R indicator from the CNRDS (China National Research Data
Service Platform) database. The CNRDS database is a widely recognized and frequently
used alternative indicator in relevant ESG academic research. The regression results from
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this robustness test are reported in Column (3) of Table 4, indicating consistency with our
baseline model results.

Table 4. Robustness regression results.

el @ (3) (€Y (5) 6

Variables ESG  ESGQ ESG R ESG ESG ESG
Gfactory 0.306 *** 0.340 *** 1.392 *** 0.305 *** 0.304 *** 0.305 ***
(5.77) (6.05) (2.82) (5.60) (5.74) (5.76)
3.857 *** 3.864 *** 23867 *** 3,634 *** 3.267 *** 3.363 ***
Constant
(51.62) (49.43) (39.06) (5.65) (5.08) (39.15)
Control variables Yes Yes Yes Yes Yes Yes
Firm fixed effect Yes Yes Yes Yes Yes Yes
Year fixed effect Yes Yes Yes Yes Yes Yes
City fixed effect No No No No Yes Yes
Province fixed effect No No No Yes No Yes
Observations 17,422 17,422 17,422 17,422 17,422 17,422
Adjusted R-squared 0.033 0.031 0.141 0.023 0.038 0.048

Notes: Significance at the 1% levels is indicated by the symbols ***. Standard errors are shown by the values
in parentheses.

5.3.4. Additional Fixed Effects

Considering potential confounding effects due to differences among development
levels and population densities, province and city fixed effects were introduced into the
baseline model. The data in columns (4)—-(6) of Table 4 show that, at the 1% significance level,
the implementation of the “Green Factories” certification pilot program greatly improves
ESG performance. Our results are reliable.

5.3.5. Heterogeneous Treatment Effects

Considering that the “Green Factories” certification pilot program was implemented
gradually, under the framework of staggered DID, sample enterprises were grouped into
different comparison combinations based on the timing of their inclusion in the pilot policy.
These combinations can mainly be divided into three types. The first type takes enterprises
that have never been included in the “Green Factories” certification program as the control
group (Never treated); The second type takes enterprises that were included later in the
“Green Factories” certification program as the control group (Later C). The third type takes
enterprises that were included earlier in the “Green Factories” certification program as
the control group (Earlier C). Among these, the control group in the third combination
have actually received policy treatment, which may cause bias in the estimation results.
Therefore, we used the decomposition method proposed by Goodman-Bacon (2021) [47] to
decompose the effect contributions of different control groups and eliminate the interference
caused by heterogeneous treatment effects [47]. The results are shown in Table 5. It can be
clearly seen from the decomposition results that the positive effect of the “Green Factories”
certification pilot policy on ESG performance mainly comes from the effect contributions of
the first and second types. In contrast, the effect contribution of the third type is extremely
low, with only 0.80% weight. This result indicates that the estimation results in this study
are less affected by the bias of heterogeneous treatment effects.

Table 5. Goodman-Bacon decomposition results.

Treatment Group Control Group Weight (%) Average Treatment Effect
T Never treated 96.9 0.313
Earlier T Later C 1.7 0.190

Later T Earlier C 0.8 0.039
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5.4. Mechanism Analysis

The present study investigated the potential impact of green technology innova-
tion (GPatent), total factor productivity (TFP), and digital transformation on the rela-
tionships between “Green Factories” certification pilot policy and ESG performance. To
test the influencing mechanism, following the work of [23,46], mediating effect models
were formulated:

M;; = Bo + B2GFactory; ; + acontrols;; + A; + ps + €4 3)

ESG;; = Bo + BsGFactory;; + OM; ; + acontrols; y + A; 4 pr + € 4)

where Mij,t represents the mechanism variables, including GPatent, TFP, and DTI, respec-
tively. To measure Gpatent variable, we calculated the logarithm of 1 plus their green patent
application volume. Drawing on Levinsohn and Petrin (2003) [48], the linear programming
(LP) method was used to calculate the TFP of enterprises. The extent of a company’s digital
transformation was quantified using the digital transformation index (DTI), and the data
came from the CSMAR database. The digital transformation index is based on six core
dimensions, including strategic leadership, technology-driven innovation, organizational
empowerment, environmental support, digital achievements, and digital application. Its
data are derived from multi-type public documents of listed companies, including annual
reports, fund-raising announcements, and qualification certification notices. The other
variables in Models (3) and (4) have the same definitions as in Model (1).

The detailed test procedure was as follows: Firstly, the benchmark Model (1) exam-
ined the relationships between the “Green Factories” certification pilot policy and corpo-
rate ESG performance. Subsequently, the M;; variable was entered into the benchmark
Model (1) as the explained variable, and Model (3) is formulated. The objective was to
ascertain the significance of coefficient (3,. Ultimately, the M;  variable was entered into the
benchmark model as the explanatory variable to construct Model (4), where the focus is on
the significance of 33 and 0. If the coefficient 3, and 0 remain significant after adding the
variables, as confirmed by the Sobel test and bootstrapping results, this indicates partial
mediation. A reduction in the magnitude of (33, combined with a significant indirect effect,
is key evidence for partial mediation, while complete mediation is only inferred when (33
becomes non-significant and the indirect effect remains significant.

Columns (3) and (4) in Table 6 shows the regression results when using Gpatent as
the mechanism variable. In Model (1), the Gfactory coefficient is significantly positive.
Meanwhile, the Gpatent coefficient in Model (4) is also significantly positive, with a re-
duced magnitude, indicating that green innovation plays a partial mediating role in this
relationship. Therefore, research Hypothesis 2 is confirmed. The TFP effect was reported
in Columns (3) and (4). At the 1% level, the coefficient of the mechanism variable TFP is
significant and positive, proving a partial mediation effect. Thus, Hypothesis 3 is verified.
Meanwhile, as can be seen in Columns (5) and (6), the estimated coefficient of mechanism
variable DTT in Model (5) is significant and positive. Therefore, it is evident that DTI also
plays a partial mediating role in the positive link between the “Green Factories” certification
pilot policy and corporate ESG performance. This is because enterprises are encouraged
to perform digital transformation to support the enforcement of green manufacturing
policy, such as establishing industrial internet platforms and green energy management
platforms. This highly promotes energy savings, emission reduction, and governance man-
agement, thereby promoting corporate ESG practices. In conclusion, the “Green Factories”
certification pilot policy primarily boosts corporate ESG performance by driving green
technological innovation, advancing TFP, and strengthening digital transformation.
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Table 6. Mechanism analysis results.

Variable 1) 2) 3) 4) (5) (6)
GI ESG TFP-LP ESG DTI ESG
DID 0.105 ** 0.298 *** 0.041 * 0.297 *** 1.071 *** 0.295 ***
(2.10) (5.61) (1.73) (5.65) (3.67) (5.56)
GI 0.075 ***
(6.80)
TFP 0.232 ***
(7.55)
DTI 0.010 ***
(5.08)
Control variables Yes Yes Yes Yes Yes Yes
Constant 0.555 *** 3.815 ** 7,976 *** 2.009 *** 33.216 *** 3,513 ***
(8.16) (51.00)  (162.59) (7.84) (68.74) (34.64)
Firm fixed effect Yes Yes Yes Yes Yes Yes
Year fixed effect Yes Yes Yes Yes Yes Yes
Observations 17,422 17,422 17,422 17,422 17,422 17,422
Adjusted 0.157 0.0396 0.438 0.0456 0.300 0.0369
R-squared
Sobel Test 0.005 *** (Z = 6.090) 0.010 *** (Z = 9.530) 0.001 *** (Z = 6.56)
Bootstrap CI (95%) (0.132, 0.158) (0.136, 0.164) (0.008, 0.011)

Notes: Significance at the 10%, 5%, and 1% levels is indicated by the symbols *, **, and ***, respectively. Standard
errors are shown by the values in parentheses.

5.5. Heterogeneity Analysis
5.5.1. Enterprise Scale Heterogeneity

To provide a more comprehensive and insightful analysis of the heterogeneity of
firm size, this section discusses the heterogeneous effects of different size dimensions,
including total assets (reflecting asset scale), market capitalization (reflecting market
value and growth expectations), and employee count (reflecting operational scale).
The sample was separated into large-scale and small-scale enterprises based on their
median values of total assets, median values of total employees, and median values
of market capitalization. The estimated scale heterogeneity results can be found in
Table 7. As shown in Columns (1)—(4), the estimated coefficient of the variable Gfactory
is positive and significant at the 1% level in the large-scale enterprise group, indicating
that the “Green Factories” certification pilot program can improve ESG performance
in enterprises with large total assets and human resources. However, for small-scale
enterprises, the estimated Gfactory coefficient is insignificant. Therefore, enterprises
with small total assets and human resources show little sensitivity in ESG performance
when facing the “Green Factories” certification pilot program. Columns (5) and (6)
report the heterogeneity effect of market capitalization, indicating a higher positive
coefficient for the group of firms with higher market capitalization compared to those
with lower market capitalization. This is because large-scale enterprises have more
abundant human, financial, and information resources than smaller enterprises, which
can further ensure better implementation of the “Green Factories” certification pilot
program, thus further improving the ESG practices of enterprises. Meanwhile, the level
of market capitalization does not alter the environmental constraints or optimization
potential imposed by green certification.
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Table 7. Scale heterogeneity test results.

(W)

(2)

(3)

4)

(5)

(6)

Large-Scale

Small-Scale

Large-Scale

Small-Scale

Large-Scale
Enterprise Group

Small-Scale

Enterprise Group

Group Entergri;? Group Entergri;? Group En]:ergrisel Group Ent:erEprise1 Group by Market by Market
y Size y S1ze y kmployee y Bmployee Capitalization Capitalization
Variable name ESG ESG ESG ESG ESG ESG
Gfactory 0.292 *** 0.133 0.338 *** 0.112 0.285 *** 0.258 ***
(4.38) (1.38) (5.44) (1.06) (4.16) (3.19)
Control Variables Yes Yes Yes Yes Yes Yes
Constant 3.878 *** 3.761 *** 3.762 *** 3.934 #** 3.895 *** 3.700 ***
(32.63) (34.59) (33.33) (34.30) (37.16) (31.19)
Firm fixed effect Yes Yes Yes Yes Yes Yes
Year fixed effect Yes Yes Yes Yes Yes Yes
Observations 7759 9663 8712 8710 10,338 7084
Adjusted R-squared 0.030 0.054 0.037 0.054 0.022 0.077

Notes: Significance at 1% levels is indicated by the symbols ***. Standard errors are shown by the values
in parentheses.

5.5.2. Investor Attention Heterogeneity

According to resource-based theory, a good relationship between a company and
external investors can effectively enhance the company’s ability to obtain resources and
is an important factor influencing corporate ESG activities. In the study by Yin et al. [23],
the Baidu index, which directly reflects the frequency with which keywords are searched,
was used to measure investor attention to Chinese companies. The Baidu index is calcu-
lated by adding 1 to the total search values of terms, such as the listed company’s stock
code, its acronym, and its complete name. The sample was split into high-attention and
low-attention companies based on the median Baidu index. The estimated regression
results for the sub-samples are shown in Columns (3) and (4) of Table 8. The Gfactory
variable’s coefficient is positive and significant at the 1% level. This indicates that the ESG
performance of firms with high investor attention is more sensitive to the “Green Factories”
certification pilot program. In other words, the “Green Factories” certification pilot policy
can considerably increase ESG performance in a higher-investor-attention environment.
This is probably because firms with higher investor attention face more intensive infor-
mation collection and analysis from outside investors, analysts, and media. When such
firms obtain “Green Factories” certification, investor attention can quickly disseminate this
certification information to the market, reducing the information gap between the firm
and external stakeholders, which motivates the firm to further adopt more proactive ESG
practices and brings a lower cost of capital strength. With more accessible and cheaper
capital, the firm has greater financial capacity to enhance their ESG performance, thereby
amplifying the positive effect between the “Green Factories” certification program and
ESG performance.

Table 8. Investor attention, industry, and ownership heterogeneity tests results.

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

Group High Investor Low Investor Heavily Non-Heavily SOEs PEs
Attention Group  Attention Group  Polluting Group  Polluting Group
Variable name ESG ESG ESG ESG ESG ESG
Gfactory 0.336 *** 0.243 *** 0.285 *** 0.258 *** 0.182* 0.362 ***
(3.69) (3.84) (4.16) (3.19) (1.86) (5.66)
Control Variables Yes Yes Yes Yes Yes Yes
Constant 3.759 *** 3.875 *** 3.895 *** 3.700 *** 4.042 *** 3.985 ***
(29.06) (42.45) (37.16) (31.19) (35.02) (40.25)
Firm fixed effect Yes Yes Yes Yes Yes Yes

Year fixed effect Yes Yes Yes Yes Yes Yes
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Table 8. Cont.
(1) ) (3) @) (5) (6)
High Investor Low Investor Heavily Non-Heavily

Group Attention Group  Attention Group  Polluting Group  Polluting Group SOEs PEs
Observations 5514 11,908 10,338 7084 5043 12,058
Adjusted 0.037 0.042 0.022 0.077 0.049 0.058

R-squared

Notes: Significance at 10% and 1% levels is indicated by the symbols * and ***. Standard errors are shown by the
values in parentheses.

5.5.3. Industry Heterogeneity

Considering that different industries face distinct environmental regulatory pressures
and resource endowments, we classified sample firms into two sub-groups based on the
“Guidelines for Environmental Protection Classification Management of Industrial Enter-
prises” issued by China’s Ministry of Ecology and Environment, namely heavily polluting
and non-heavily polluting industries. Heavily polluting industries include those with
high energy consumption, high emissions, and strict environmental supervision, such as
the energy, chemicals, metallurgy, and manufacturing sectors. The heterogeneity results
presented in Columns (1) and (2) of Table 8 indicate that the positive effect of the “Green Fac-
tories” certification policy on ESG performance is significantly stronger in high-pollution
industries. This is probably because highly polluting firms face greater external regulatory
constraints and public pressure to improve their environmental performance. Therefore,
obtaining “Green Factories” certification not only helps them meet environmental compli-
ance standards but also enhances their green reputation, thereby motivating more intensive
ESG practices. In contrast, non-highly polluting firms have lower baseline environmental
improvement needs, so the policy’s marginal effect on their overall ESG performance is
relatively weaker.

5.5.4. Ownership Heterogeneity

Ownership structure shapes firms’ strategic priorities, resource access, and account-
ability to stakeholders. We divided sample firms into a state-owned enterprise (SOE)
group and a private enterprise (PE) group. The heterogeneity results are shown in
Columns (5)—(6) of Table 8, indicating that the “Green Factories” certification policy exerts
a significantly positive impact on the ESG performance of both state-owned enterprises
and private enterprises. However, the regression coefficient for the PE group is higher
than that for SOEs. This is probably because private enterprises face stronger market
competition, which fosters greater inner motivation for ESG performance improvement,
and their relatively weaker initial ESG foundation results in a more pronounced marginal
enhancement effect from the “Green Factories” certification. In contrast, SOEs, subject
to stricter policy compliance requirements and boasting a more solid ESG foundation,
view “Green Factories” certification more as a standardized validation of their exist-
ing compliance systems, leading to relatively limited incremental improvement space in
ESG performance.

6. Discussion

The above findings indicate that the “Green Factories” certification pilot policy con-
siderably boosts the ESG performance of Chinese industrial firms by stimulating total
factor productivity, green technology innovation, and digital transformation. Our re-
sults reveal the intrinsic link between environmental regulation policy and corporate ESG
performance, addressing a gap in existing research that has focused on the functions of
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command-based regulation and market-incentive regulation while ignoring voluntary
environmental regulation.

Our findings are consistent with those of previous studies arguing a positive link
between environmental regulations and corporate ESG performance, with particular ref-
erence to the links between market-incentive environmental regulations and corporate
ESG performance outcomes [4,11,30,32]. Moreover, our mechanism evidence confirms the
results of Du et al. [49], who reported that environmental regulation tools could stimulate
corporate green technology innovation, and further confirmed the rationality of the Porter
hypothesis. Conversely, our results also correspond to the conclusions put forward by
Al et al. [36] and Chen et al. [38], who demonstrated that market-incentive environmental
regulations can enhance the TFP of enterprises. The findings also echo the opinion that
environmental regulations significantly benefit digital transformation [50]. Therefore, a
possible explanation could be that the incremental benefits of a manufacturing enterprise
marked as a “Green Factory” will be greater than the incremental costs of complying with
the application requirements. Once marked as a “Green Factory,” the company will actively
increase its green-related inputs after weighing the pros and cons. Specifically, the certified
enterprises can benefit from a range of financial incentives, including national policy sup-
port, provincial and municipal incentive funds, and preferential interest rate loans from
financial institutions. Therefore, the “Green Factories” benchmark also facilitates greater
access to financing channels, reduces financing costs, and is more likely to secure favor-
able terms from green credit funds, largely alleviating enterprises’ financing constraints.
Moreover, the national “carbon neutrality” goal in China encourages the development
and transformation of enterprises. In this context, the progress of technology and the
growth of corporate profits will prompt some enterprises to shift their attention to pursuing
environmental effects. In this process, profit-seeking companies will increasingly transition
to green practices.

However, an alternative explanation of our results could be driven by selection bias,
where firms with pre-existing higher ESG performance are more likely to pursue and obtain
“Green Factories” certification, rather than the certification itself driving ESG performance.
For example, firms with stronger ESG performance often have already established envi-
ronmental management systems (e.g., ISO 14001 certification), allocated more resources to
sustainability initiatives (e.g., green R&D budgets), or built a reputation for responsible
operations. These attributes could make it easier for them to meet the strict criteria of the
“Green Factories” certification policy (e.g., energy efficiency thresholds, waste reduction
targets). Second, firms with a high ESG rating may view “Green Factories” certification
as a “signal amplification tool”. In this case, certification becomes a consequence of prior
ESG strength, rather than a driver of subsequent ESG improvements. To address this
reverse causality concern, our study incorporates multiple design features that enhance
causal identification, such as the parallel trend test, placebo simulations, and heteroge-
neous treatment effects. Despite these mitigation strategies, residual reverse causality
cannot be fully eliminated. Therefore, future research should address this problem using
instrumental variables (e.g., differences in regional-level “Green Factories” certification
promotion policies) that are exogenous to firm-level ESG performance to further strengthen
causal identification.

Moreover, the findings are based on data from only publicly listed companies, which
may restrict the generalizability of the results to small- and medium-sized enterprises
(SMEs). Therefore, case studies of SMEs that have been included in the “Green Factories”
certification program can be conducted to explore the specific challenges they face in
translating policy participation into ESG improvements and to identify targeted policy
support measures. These follow-up studies will complement our current conclusions
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and provide a more comprehensive understanding of the policy’s overall effect across
different enterprise scales. Additionally, further extension of the approach could be used
to compare the efficiency of CCR, MR, and voluntary regulations on ESG performance
to propose more suitable targeted environmental regulatory tools for enterprises with
different characteristics in terms of their effectiveness.

7. Conclusions and Policy Implications

This study took a sample of 2585 A-share listed manufacturing enterprises and used
the implementation of a voluntary environmental regulation policy as a quasi-natural
experiment to test the enhancement effect of the “Green Factories” certification pilot policy
on corporate ESG performance. This study reported that (1) the “Green Factories” certifi-
cation pilot policy significantly improves enterprises’ ESG performance, and results still
held after robustness tests were performed; (2) enterprises’ green innovation, TFP, and
digital transformation are important pathways and (3) the heterogeneity analysis revealed
that the “Green Factories” certification pilot program generates more pronounced ESG
performance improvements for enterprises with specific characteristics: larger firm size,
private ownership, heavily polluting industry affiliation, and higher investor attention.
The conclusions of this article provide vital support for the development of voluntary
environmental rules.

This study has the following policy implications. First, China’s environmental policy
system is gradually transitioning from a command-and-control type to a market-incentive
type. In this process, a voluntary environmental regulatory tool represented by the “Green
Factories” certification pilot policy has proven to be an effective complementary strategy
and a method to improve overall corporate ESG performance. The overarching framework
of environmental regulation devised by government departments should prioritize volun-
tary environmental regulatory tools to encourage more enterprises to increase their environ-
mental awareness, focus on green transformation, and carry out more effective voluntary
ESG practices. Second, enterprises should accelerate the application of green technologies,
develop green productivity, and promote digital transformation. Specifically, enterprises
that obtain “Green Factories” certification should introduce advanced and applicable green
technologies in a timely manner into real-life productive forces. To further increase the
improvement effect of the green manufacturing policy on ESG practices, the Chinese
government can provide more financial subsidies and preferential tax policies for green
factories to implement digital transformation, helping to reduce the costs of transformation
and the risks to enterprises. In addition, enterprises should adopt different strategies when
implementing green manufacturing policies. Considering that large enterprises can take
advantage of their resources and financial strengths, it is reasonable that large enterprises
focus more on innovating leading industry green technologies, thus further improving their
ESG performance. Small enterprises ought to concentrate on specific market niches based
on their actual circumstances, choose appropriate green technologies and equipment in line
with their green offerings, and steadily advance green factory development. In addition,
small enterprises may explore collaborations with large firms or industry associations to
share green and digital technologies and resources, lower transformation costs, and pursue
win-win cooperation, thereby enhancing their ESG performance gradually. Drawing on
the findings of this study, enterprises with weak investor attention should strengthen ESG
disclosure and maintain close communication with investors to increase transparency. For
example, such enterprises can use green factories as an important part of their brand image
to increase brand value and market competitiveness. Third, considering the absence of a
mandatory ESG disclosure requirement in China [50], it is recommended that government
departments enforce more voluntary ESG regulation policies to encourage enterprises to
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disclose ESG information, thereby improving the overall quality of ESG performance across
multiple dimensions. In particular, enterprises can proactively align their ESG disclosure
framework and rating system with mainstream international ESG rating standards to adapt
to the evolving regulatory landscape and market expectations, thereby transforming from
a passive to an active stance and enhancing ESG performance.
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