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In line with the Sustainable Development Goals (SDGs) proposed by the United
Nations and the general direction of global green and low-carbon
transformation, China has formulated a dual-carbon target. It aims to peak
carbon dioxide emissions by 2030 and strive for carbon neutrality by 2060.
Therefore, carbon emission intensity (CEI) has gradually become a research
focus. This study investigates the effect of ESG performance on CEI, and
explores the moderating effect of climate policy uncertainty (CPU) and the
digital economy (DE) on ESG performance and CEI. Provincial-level data in
China from 2011 to 2020 was used under the panel data analysis method. The
analysis reveals that ESG performance significantly alleviates CEI. In addition, CPU
weakens the efficiency of ESG initiatives in decreasing CEI due to regulatory
unpredictability, while the digital economy’s expansion, although innovative, may
exacerbate CEI in regions dependent on fossil fuels. The study contributes to the
literature by highlighting the need for integrated policies that harmonize digital
growth with sustainability goals. Additionally, it underscores the significance of
considering CPU and DE as critical moderating factors in ESG-CEI dynamics,
offering insights for policymakers aiming to balance technological advancement
with environmental responsibility.
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1 Introduction

In the global pursuit of sustainable development, the role of Environmental, Social, and
Governance (ESG) performance has become increasingly critical (Keeley et al., 2022; Li
et al., 2024), especially in the context of mitigating climate change and promoting
sustainable communities as outlined in the United Nations Sustainable Development
Goals (SDGs), specifically SDG 11. SDG 11 aims to make cities and human settlements
inclusive, safe, resilient, and sustainable, underscoring the importance of reducing carbon
emissions and enhancing the quality of life through responsible governance and
environmental stewardship (Akuraju et al., 2020). The actions of China, the largest
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carbon emitter, are crucial for the success of climate change
mitigation in light of the globalization of the world’s economy.
Despite the significant progress China has made in reducing carbon
emission intensity (CEI), there is a growing urgency for absolute
reductions (James and Menzies, 2022). To attain the cohesion of
continuous economic advancement and reduction in carbon
emissions, China, as a developing nation deems it an inherent
necessity to achieve SDG 11 (Liu et al., 2024).

Despite the growing emphasis on ESG performance as a driver
of low-carbon development, critical gaps remain in understanding
the mechanisms through which ESG initiatives influence CEI across
varying policy and technological landscapes (Su and Xue, 2023).
ESG advocates green development concepts such as environmental
protection, social responsibility and scientific governance, in line
with current low-carbon development goals. Previous studies have
shown that high ESG performance is conducive to promoting firm
green transformation and upgrading, thus contributing to low-
carbon development (Chen G. et al., 2022; Persakis, 2023). On
the one hand, external capital markets prioritize the environmental
performance of listed firms and are more inclined to invest in firms
with long-term growth potential. To prevent losing access to
resources due to weak ESG performance, management will
proactively adopt green production practices to decrease CEI
(Kong et al., 2024). On the other hand, as the public promotes
eco-friendly and sustainable consumption, consumers are
increasingly interested in purchasing products that are
environmentally friendly and recyclable (Shu and Tan, 2023).
Firms that excel in ESG performance are more likely to succeed
in market competition, motivating them to implement eco-friendly
initiatives and offer sustainable products and services, ultimately
leading to a decline in CEI (Ren et al., 2024; Guo et al., 2023).

Figure 1 illustrates the average trends in ESG scores and CEI at the
provincial level from 2011 to 2020, showing a steady improvement
in ESG performance accompanied by declining CEI. Over time, ESG
performance demonstrates a consistent upward trajectory, whereas
CEI displays a contrary direction.

ESG performance serves as a comprehensive measure of
corporate responsibility, encompassing environmental protection,
social equity, and robust governance practices. These factors are
crucial in the fight against climate change, particularly in reducing
carbon emissions, which are a significant contributor to global
warming (Zakari et al., 2022; Christensen et al., 2021). However,
the effectiveness of ESG initiatives in achieving lower carbon
emissions is not uniform across all regions and is influenced by
various external factors. Two key moderating factors that have
garnered attention in recent years are the climate policy
uncertainty (CPU) and digital economy (DE) (Zhong et al.,
2022). CPU, which arises from inconsistent government
regulations, shifting international agreements, and economic
fluctuations, poses significant challenges to the successful
implementation of ESG strategies (Ma et al., 2023a). When
different regions face uncertainty in climate policies, their ability
to invest in long-term sustainable practices may be compromised,
leading to a potential increase in carbon emissions despite strong
ESG performance (Dubash, 2020). Conversely, DE driven by the
rapid advancement of digital technologies and data analytics, offers
new opportunities for regional to innovate and optimize resource
use, potentially enhancing the impact of ESG practices on carbon
reduction (Wang and Shao, 2023). Digital technologies can improve
efficiency, reduce waste, and enable more transparent and
accountable governance, all of which are vital for achieving the
targets set by SDG 11. By exploring the interactive dynamics among
ESG performance, CPU, and DE, this study provides new insights
into how digitalization and policy environments influence corporate
sustainability efforts. This study makes a novel contribution by
bridging these research gaps and examining the moderating roles of
CPU and DE in the relationship between ESG performance and CEI.
The findings offer theoretical and practical contributions by

FIGURE 1
ESG scores and CEI in China.1

1 The author calculated it based on Bloomberg ESG scores (https://www.

bloombergchina.com/solution/sustainable-finance/) and the China

Statistical Yearbook (https://www.mee.gov.cn/hjzl/sthjzk/sthjtjnb/).
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extending the understanding of ESG’s role in carbon reduction and
by demonstrating how leveraging digital technologies while
managing policy risks can accelerate low-carbon transitions.
These insights are critical for policymakers and business leaders
aiming to design effective strategies that align with SDG 11 and
broader climate goals.

This study contributes to the understanding of how
digitalization and policy environments interact with corporate
sustainability efforts, particularly in the context of China’s
regional disparities. The research evaluates the ESG score of
listed companies to obtain the provincial ESG index, and
investigate the impact of ESG performance on regional CEI. On
this basis, the role of CPU and DE in the relationship between ESG
performance and CEI is further investigated. Using provincial-level
data from China, this research constructs an ESG index based on the
performance of listed companies, evaluates its impact on regional
CEI, and investigates how CPU and DE shape this
relationship. Unlike prior studies, this research is among the first
to integrate CPU and DE as moderating factors, addressing the dual
challenges of policy uncertainty and technological innovation in the
low-carbon transition. The findings will provide valuable insights for
policymakers and business leaders, helping them design strategies
that leverage the digital economy while managing policy risks to
achieve the carbon reduction goals essential for sustainable
communities.

2 Literature review

2.1 ESG and CEI

Regional development plays a crucial role in attaining the dual-
carbon objective, and China’s accomplishment of reaching the
highest level of carbon emissions will contribute to advancing
sustainable development, aligning with the United Nation
proposed SDG11. ESG performance, a novel assessment tool for
measuring enterprise development, covers three key dimensions:
environment, social responsibility, and governance. It complies well
with the principles of environmentally friendly and sustainable
development worldwide and serves as an effective means to
achieve China’s goals for green development. As the concept of
ESG has gained popularity, it has been widely investigated,
implemented, and advocated in several fields, attracting the
attention of scholars worldwide. They focus on ESG and globally
responsible institutional investment (Matos, 2020; Avramov et al.,
2022), the impact of ESG scores on the measurement of corporate
sustainability performance (Chen H. et al., 2023), and the
importance and role decision-making process of ESG factors in
finance (Ziolo et al., 2019). Regarding the relationship between ESG
performance and regional CEI, few scholars have studied it (Li T. T.
et al., 2021).

By examining the fundamental principles of Sustainable
Development Theory and Economic Externalities Theory, this
exploratory approach can assist in addressing the issue of
environmental pollution and ESG performance amid rapid
regional economic growth. The United Nations Summit on
Sustainable Development took place in New York in 2015.
During the summit, member states officially accepted 17 SDGs,

aiming to move towards sustainable development over the next
15 years by comprehensively addressing the social, economic,
and environmental aspects of development in a coordinated
manner. Sustainable Development Theory has had a profound
impact on ESG (Chen H.-M. et al., 2022). In the context of
carbon neutrality, greater demands have been placed on
reconciling economic development and carbon emissions, and
Sustainable Development Theory has been extended to develop a
framework for an inclusive ‘environment-society-governance’
relationship. Dual-carbon targets are essential for achieving
sustainable development. China is currently in a new phase of
constructing its ecological civilization, with every region engaged
towards achieving a harmonious balance between reducing
pollution and reducing carbon emissions (Luo and Tang,
2022). The dual-carbon initiative is a significant strategic
choice made by China, driven by its responsibility to advance
the establishment of a global community and the essential need
to achieve sustainable development.

Economic Externalities Theory provides valuable insights into
the concept of ESG. Firstly, as public resources, ecological and
environmental issues necessitate government intervention
through administrative or market mechanisms. Second, to ensure
the completeness of the information given, ESG reports should
include both positive and negative externality actions of an
enterprise. Finally, for ESG reports to fully and accurately
disclose carbon emissions data, it is a prerequisite that the spatial
extent of environmental externalities is clearly defined (Edmans,
2023). The increase in carbon emissions has evolved into a matter of
global concern in terms of governance, since the issue of carbon
emissions has become widely recognized and acknowledged by
countries in the ongoing discussion, leading to worldwide efforts
towards environmental sustainability (Azam et al., 2022). The
carbon emission reduction activities, formulated based on the
concept of economic externalities, serves as a method of
governance (Persakis, 2023). An effective technique currently
being implemented is a governance mechanism that operates
from the bottom-up and is devoted to ESG principles in
responsible investing. This mechanism has the potential to
strengthen the advancement of a low-carbon economy.

Existing research suggests that strong ESG performance implies
that firms are aware of sustainability, are actively engaged in
practical actions at the ESG level and are achieving fruitful
benefits at this stage (Qian and Liu, 2024). Firms, as major
participants in the economic market, play a main part in low-
carbon development. In terms of the environment, enterprises will
aim to decrease waste emissions, specifically nitrogen oxides and
greenhouse gases, in order to enhance their ESG performance (Shu
and Tan, 2023). This action will result in a reduction of their own
carbon emissions, which will subsequently impact the carbon
emissions of the surrounding area. An important prerequisite for
reducing emissions is energy conservation, and firms need to
enhance energy efficiency, diminish energy consumption and
cultivate cleaner energy sources. This will facilitate its own
transition to environmentally friendly and low-carbon practices,
enhance green technology advancements, and thus decrease the
corporate carbon emissions (Kong et al., 2024). Socially, ESG ratings
can enhance employee satisfaction and empower employees to
actively fulfil their social responsibilities as employees, resulting
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in increased economic benefits for firms (Li and Xu, 2024). This, in
turn, can provide financial support for energy-saving and emission-
reduction initiatives and impact the carbon emissions of the region.
In terms of governance, firms should integrate energy saving and
emission reduction in business operations as well as all aspects of
management (Persakis, 2023), strengthen the compliance
management of suppliers in the supply chain, and achieve co-
operation with supply chain firms to reduce emissions, thus
influencing the regional carbon emission situation. In summary,
enhanced ESG performance leads to decreased carbon emissions
across all three levels, establishing the basis for carbon reduction and
sustainable progress in the firm’s operating region. Thus, the
subsequent hypothesis is established.

H1: ESG performance of firms in the region dampens regional CEI.

2.2 The moderating effect of CPU on ESG
and CEI

Climate change is a worldwide problem that concerns the entire
international community. Climate change has grown increasingly
noticeable in recent years, as seen by the frequent occurrence of
extreme weather events. Severe weather anomalies serve as factors
that exacerbate threats, promoting us to prioritize low-carbon
transition and sustainable development. Under the advocacy of
the SDGs, it has become a mainstream in the world today for
countries to join hands to address climate change and jointly
promote green and low-carbon development. The CPU exposes
carbon risks that are inherent to the climate. Climate policy
primarily aims to address carbon emissions, and its main focus
should be assisting organizations in identifying strategies to decrease
their carbon emissions (He et al., 2024). Despite the public’s
acknowledgement of the significance of climate policy in a low-
carbon economy and sustainable development, there is a scarcity of
literature on CEI and CPU in current research. Furthermore, this
study is the initial one to suggest the CPU as a moderator on the
association between ESG and CEI.

Weather problems and climate policies are deeply involved in
the formation of low-carbon markets, directly affecting the current
state of traditional business and the prospects for green markets.
Moreover, increasing concern of global warming is closely
connected to the ambiguity caused by drastic climate measures
(Ma et al., 2023a). Based on Efficient Market Theory, when facing an
increase in CPU, business operators and investors will maintain
rational choices to avoid the impact of climate policy risks.
Consequently, corporate managers are expected to modify their
portfolio strategies, leading businesses to enhance their industrial
structure, increase the efficiency of green resource utilization (Ren
et al., 2023), and decrease their own carbon emissions, thereby
affecting the regional CEI. In this process, the CPU will realize a
moderating influence on firm ESG performance and the regional
CEI. In particular, the presence of uncertain climate policies has an
impact on the interest and attitude of investors towards green
markets when there is a growth in CPU, which leads corporate
managers to place more emphasis on the utilization of green and
clean energy (Adams et al., 2020). Driving operational decisions for
firms and their supply chains in terms of R&D investment, energy

allocation, and green technology innovation (Liang et al., 2022).
Development trend will promote an increase in the government’s
attempts to regulate the environment, thereby compelling firms to
enhance the beneficial impact of the transition towards
environmental practices. It will relieve pressure of environment
and contribute significantly to the region’s carbon reduction
activities and the achievement of sustainable development.

To summarize, climate policies are suggested as a means to
mitigate the hazards associated with climate change. The CPU is a
primary contributor to greenhouse gas emissions and acts an
indispensable role in improving corporate energy efficiency and
promoting green transformation (Ren et al., 2022). Additionally, it
serves as an essential bridge in aligning corporate ESG with regional
CEI. Studying the impact of CPU on the relationship between ESG
and CEI helps enterprises and regions to successfully complete the
green development goals of low-carbon transition and carbon
neutrality. Therefore, the second hypothesis is proposed.

H2: CPU plays a significant moderating role between ESG and CEI.

2.3 The moderating effect of DE on ESG
and CEI

The digital economy, which encompasses digital infrastructure,
digital industry development, and digital financial inclusion, plays a
critical role in shaping economic and environmental outcomes.
Digital infrastructure includes essential technologies such as
broadband networks, which facilitate connectivity and access to
digital services (Barrett et al., 2023; Di Vaio et al., 2022). Digital
industry development focuses on the growth of sectors driven by
digital technologies, such as e-commerce and fintech (Afjal et al.,
2023). Digital financial inclusion refers to the accessibility of
financial services through digital platforms, enabling broader
economic participation, particularly in underserved regions
(Berry et al., 2018; Johri et al., 2024). These components of the
DE significantly influence the relationship between ESG
performance and CEI, as they drive both innovation and energy
consumption, impacting sustainability outcomes (Sun et al., 2023;
Kong et al., 2024). Additionally, DE characterized by digital
infrastructure, industry development, and financial inclusion,
significantly influences environmental outcomes, particularly
within Sustainable Development Theory (Yi et al., 2022). This
theory, emphasizing balanced growth, social equity and
environmental protection, provides a framework to understand
the effect of the digital economy on ESG performance and CEI.

On one hand, DE drives innovation and efficiency, potentially
reducing CEI through improved resource management and energy
optimization (Gu et al., 2023; Kishor et al., 2024). Digital tools like
smart grids and Internet of Things (IOT) devices enable companies
to operate more sustainably, aligning with Sustainable Development
Theory. However, the expansion of digital infrastructure often leads
to increased energy demand, exacerbating carbon emissions,
especially in regions relying on fossil fuels (Gu et al., 2023). This
paradox is concerning in areas where digital growth outpaces green
energy adoption, leading to misalignment between digital expansion
and sustainability (Liu et al., 2024). Digital transformation is
beneficial for improving the transparency and sharing of
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enterprise information. On the one hand, it increases external
legitimacy pressure, makes it easier to attract media supervision
and analyst attention, and increases social supervision power (Chen
et al., 2020). Conversely, reducing the level of information
asymmetry can help alleviate financing constraints and improve
the ESG performance. Additionally, pertinent research indicate that
digital transformation can encourage companies to disclose their
ESG practices by improving green technology innovation and
enhancing the efficiency of decision-making and operational
management (Kwilinski et al., 2023; Wang et al., 2023; Guo
et al., 2023; Cheng et al., 2024). While digitalization supports
sustainability, its benefits depend on renewable energy adoption
and sustainable practices. In advanced digital economies without
corresponding green energy, digital growth could increase
emissions, influence the ESG governance goals (Barrett et al.,
2023; Liu et al., 2024). Hence, the third hypothesis is proposed.

H3: DE plays a significant moderating role between ESG and CEI.
Figure 2 describes the framework of the study.

3 Methodology

3.1 Sample and data sources

This study investigates the correlation between ESG and CEI.
Additionally, it assesses the impact of CPU and DE on this
relationship, hence emphasizing the significance of CPU and DE in
enhancing CEI. The research focuses on Chinese provinces and is
conducted as follows: (1) Provinces with significant missing data are
excluded; (2) missing variables are addressed using the interpolation
method. Finally, the data from 30 provinces in China from 2011 to
2020was selected as the study sample. Because there is a lack of data for
Tibet, Taiwan, Hong Kong, and Macau, these regions were excluded
from the empirical analysis, resulting in a total of 300 observations. In

2011, China initiated the process of investigating and creating a carbon
trading market. This event signified the initiation of regional aviators
and the creation of a structure for a nationwide carbon market in
China. Therefore, the study period begins in 2011 and ends in 2020 to
eliminate the influence of the pandemic period. Considering the
development of the ESG and DE assessment systems and CPU,
selecting the sample from all provinces in China, which ensured
that the data were representative.

The study computed the overall ESG scores of listed businesses
in each province as reported by Bloomberg (https://www.
bloombergchina.com/solution/sustainable-finance/). Bloomberg,
an internationally renowned and esteemed provider of financial
information, ensures the accuracy and credibility of the data. The
CEI related indicators are obtained from the China Environmental
Statistics Yearbook (https://www.mee.gov.cn/hjzl/sthjzk/sthjtjnb/)
and the China Energy Statistics Yearbook (https://www.shujuku.
org/china-energy-statistical-yearbook.html). China’s provincial
CPU index is provided by Figshare Dataset (https://figshare.com/).
The data for DE indicators are taken from the Digital Finance
Research Centre of Peking University (https://idf.pku.edu.cn/yjcg/
zsbg/index.htm), as well as the China Industrial Statistical
Yearbook (https://www.shujuku.org/china-industry-statistical-
yearbook.html) and China Statistical Yearbook (https://www.stats.
gov.cn/sj/ndsj/) from previous years. Data on the control variables
were obtained from the National Statistical Office database (https://
data.stats.gov.cn/index.htm). Data were collected and processed using
mainly SPSS software and EXCEL. Model regression analyses were
conducted through Stata software.

3.2 Variables

3.2.1 Dependent variable
To develop a transparent and thorough methodology for

evaluating carbon neutrality, the CEI was identified as a

FIGURE 2
Research framework.
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representative indicator in this study. The United Nations-supported
“Getting to Zero” initiative has been joined by more than 4,500 non-
governmental participants from 92 economies around the world,
working together to obtain the target of halving carbon emissions
by 2030 (Chen G. et al., 2022). China, along with other countries, has
established a definitive objective of achieving peak carbon emissions
by 2030 and carbon neutrality by 2060 (Cheng et al., 2018;Wang et al.,
2020). The Chinese government proposes to strengthen the
governance of CEI to better utilise the economic, social and
ecological benefits of energy conservation and carbon reduction,
which will lay a solid foundation for achieving the goal of carbon
neutrality. It emphasizes the essential value of conducting research on
CEI. CEI serves as the principal indicator linking the greenhouse gas
emissions generated by economic activities. By measuring the
quantity of carbon emitted per unit of product or economic value,
this approach evaluates both carbon efficiency and the integration of
environmental and economic factors (Li Y. et al., 2021). The
integration shows the extensive advantages it offers in evaluating
low-carbon development, precisely reflecting the advancements made
by different regions in attaining their dual-carbon objectives (Dopp,
2016). Therefore, CEI is a dependable and transparent approach that
adheres to international standards and best practices for evaluating
carbon neutrality.

Drawing on the measurement method of Zhang et al. (2017), the
study adopts the IPCC emission factor method to calculate the total
carbon emissions from regional energy consumption in each province.
Additionally, CEI is determined by dividing the total carbon emissions
by the GDP of each province in the same year (Xiong et al., 2016).
Specifically, the computation of the CEI involves three primary stages.
First, the scope of carbon accounting is established. Regional carbon
accounting borders can be categorized in numerous ways based on
different criteria. The World Resources Institute initially offered the
concept of preventing double counting by defining the boundaries of
emission sources in its guidelines for creating business greenhouse gas
emission inventories. The boundary definition of carbon accounting in
this study draws on this idea and can be divided into three main areas:
Scope 1 refers to all direct emissions within a city’s jurisdiction,
including mainly greenhouse gas emissions from energy activities
within cities and towns, industrial processes, agriculture, land-use
change and forestry, and waste disposal activities; Scope
2 encompasses the energy-related emissions that occur outside of
metropolitan regions, including primarily emissions from purchased
secondary energy sources; Scope 3 covers other indirect emissions
caused by activities within the town that occur outside the
jurisdiction but are not covered by Scope 2. Secondly, the total
carbon emissions are estimated. The total carbon emissions are
calculated by summing the carbon emissions within the three ranges,
as defined by the carbon accounting scope in the first step. Finally, the
carbon intensity per unit of GDP is computed by dividing the total
carbon emissions of each Chinese province by its GDP. This indicator
reflects the carbon efficiency of economic activity by utilizing GDP data.
Specific formulas for the CEI are shown in Equation 1:

CEIi,t � ∑t
i

SCO1i,t + SCO2i,t + SCO3i,t( )/GDPi,t (1)

where CEIi,t denotes the carbon emission intensity of the i-th
province in year t. SCO1i,t、 SCO2i,t、 SCO3i,t denote the

carbon emissions of scope 1, 2, and 3, respectively, for the i-th
province in year t. GDPi,t symbolizes the gross domestic product of
the i-th province in year t.

This study acquired empirical CEI data for 30 Chinese provinces
spanning from 2011 to 2020 through the process of these
computations. The aforementioned approach aligns with the
principle of sustainable development and can accurately evaluate
the effectiveness of each province in both reducing carbon emissions
and achieving GDP growth. Therefore, it offers concrete evidence
and a scientific foundation for regions in the process of achieving
their dual-carbon goals.

3.2.2 Independent variable
Within the framework of sustainable development, ESG has

progressively garnered public scrutiny. ESG provides a tangible
expression of the emerging development idea in the capital market,
with a significant and far-reaching influence on the management
and functioning of businesses (Tarmuji et al., 2016). ESG advocates
the adoption of environmentally friendly development principles,
including protecting the environment, fulfilling social
responsibilities, and implementing scientific governance, which
are in line with the requirements of the current low-carbon
development goals. ESG ratings have been shown to be an
important measure of corporate ESG performance (Conen and
Hartmann, 2019). Rating agencies evaluate a firm’s performance
with regards to its environmental impact, social responsibility, and
corporate governance by examining disclosed information and
third-party data through qualitative and quantitative methods
(Vannoni and Ciotti, 2020). ESG ratings for firms were
collected from Bloomberg for this research. The Bloomberg
ESG Disclosure Score is a rating system launched by Bloomberg
to assess the extent of ESG disclosure by publicly traded firms
worldwide. The score is calculated based on a firm’s publicly
accessible documents, such as annual reports and sustainability
reports, evaluating the company’s level of transparency and
comprehensiveness in reporting. Figure 3 demonstrates the ESG
assessment indicator system.

The research goes further by investigating the relationship
between the ESG scores of businesses in different provinces and
the CEI of those specific regions. The overall ESG performance score
for each province is calculated by averaging the ESG scores of all the
companies operating in that province, in line with the aims of this
study, which draws on Xie’s (2024) research. This rating enables
provinces to understand the strengths and room for improvement of
their listed firms in terms of ESG disclosure, and thereby enhance
their disclosure policies. The specific calculations are demonstrated
in Equation 2:

ESGit � ∑ni
1

ESGkt
⎛⎝ ⎞⎠/ni (2)

where ESGit represents the average ESG level of the i-th province in
year t, ni shows the number of publicly listed firms in the i-th
province, and kt denotes the ESG score of the k-th firm in year t.

3.2.3 Moderating variables
The study employed CPU and DE counts as moderating

variables to evaluate their impact on the association between
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ESG performance and CEI. In 2020, China has proposed the
ambitious aim of achieving carbon peaking and carbon neutrality
by 2030 in response to the escalating issue of climate change (Li
T. T. et al., 2021). Specific goals have been established to promote
the dual-carbon purpose and engage in the worldwide
management of climate change (Lee and Cho, 2023). Given
the externality of the climate problem, governments tend to
put in place climate policies to guide the allocation of
resources to internalise the cost of the externality. However,
climate policy is also characterised by significant uncertainty,
as the timing, intensity and details of policies are difficult to fully
anticipate by micro agents.

Lee et al. (2022) have observed a significant increase in China’s
CPU in recent years. It implies that although China’s existing

climate policy has yielded certain favourable outcomes, the
frequent changes in policy also create a degree of uncertainty
regarding carbon emissions and corporate performance. Given
the importance of the topic of climate change and sustainable
development, the study introduces the CPU into the research
framework of ESG performance and CEI, which is crucial for
further exploration. Examining the level of uncertainty around
climate policies is equally substantial to analysing the policies
themselves. The study adopts the algorithm of Ma et al. (2023a),
whose study calculates the CPU index for each province by
constructing the MacBERT model.

DE has emerged as the primary driving force behind a fresh
wave of technological revolution and industrial transformation. At
the recent 2024 Global Digital Economy Conference, the Chinese

FIGURE 3
ESG assessment indicator system (Bloomberg).

TABLE 1 Indicator system for the digital economy.

First-level indicator Second-level indicators Third-level indicators Indicator properties

Level of digital economy development Digital infrastructures Number of domains Positive

Number of IPv4 web sites Positive

Number of Internet broadband access ports Positive

Mobile phone penetration rate Positive

Length of fibre-optic cable per unit area Positive

Digital industry development Number of information technology enterprises Positive

Websites per 100 enterprises Positive

Share of enterprises with e-commerce trading activities Positive

E-commerce sales Positive

Software business income Positive

Digital inclusive finance Breadth of coverage index Positive

Depth of use index Positive

Digitisation level index Positive
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government aims to capitalize on the potential of DE to advance
regional green development. This endeavour holds immense
importance in driving China’s economic and social progress,
fostering a harmonious coexistence between humans and
nature, and achieving comprehensive green transformation,
which holds immense practical importance. It highlights the
significance of examining the digital economy in economic
activities.

The research uses the entropy method to assess the degree of DE
advancement in each province. The assessment based on three
dimensions are shown in Table 1.

3.2.4 Control variables
To guarantee the accuracy and effectivity of model estimation

outcomes, this research incorporates four additional variables to
analyse the impact on the link between CEI and ESG: labour force
level, social consumption level, foreign direct investment, and
openness level.

Labour force level (LAB): With the rapid aging of the
population, China’s labour market is experiencing significant
transformations in the current economic landscape (Zhu et al.,
2021). Structural imbalances between labour supply and demand
are increasingly evident, leading to potential repercussions on
economic activities and the ecological environment. This study
employs the logarithmic measure to quantify the number of
individuals employed in each province.

Social Consumption Level (CON): This indicator reflects the
aggregate quantity of consumer products provided to the population
and society through different channels of commodity distribution by
various industries (Wang et al., 2019). It is a crucial metric that
measures the level of economic prosperity. Hence, the ratio of gross
social consumption goods to GDP is utilized.

Foreign Direct Investment (FDI): As to the International
Monetary Fund (IMF), FDI is when an investor from one
country invests funds in another country for production or
operation purposes, while also having a certain degree of control
over the operation. Studies have shown that FDI can have significant
long-term and short-term effects on carbon emissions (Shao, 2018).
This study expresses the ratio of total FDI to GDP.

Degree of openness (OPN): Increased regional participation
enables the integration of modern foreign technology and
development ideals, hence promoting international collaboration

in the field of the green economy. Azam et al. (2022) showed that
trade openness has an impact on carbon intensity. This dimension is
represented by the ratio of total exports and imports of
goods to GDP.

3.2.5 Variable summary
The variable descriptions are shown in the Table 2.

3.3 Model design

This study investigates how ESG performance and CEI are
related in Chinese provinces through a two-way fixed effects
panel regression model. As shown in Equation 3, the model
explains the effects of geographic location and temporal variation
by creating province and year fixed effects. The two-way stationary
model provides a more precise estimation of the mechanism by
which ESG influences CEI.

The study delves deeper into the moderating effect of CPU and
DE on the relationship between ESG and CEI. By introducing an
interaction term between CPU and DE with ESG, respectively, this
study explores how CPU and DE affect the interrelationship
between ESG and CEI. Thus, Equations 4 and 5 provide models
that demonstrate this moderating effect. It takes into account time-
series dependence and data heterogeneity, and emphasises the
moderating role of CPU and DE. It offers new perspectives to
advance research on CEI and ESG.

CEIi,t � α0 + α1ESGi,t + CVi,t + θt + μi + εi,t (3)
CEIi,t � β0 + β1ESGi,t + β2CPUi,t + β3ESGi,t pCPUi,t + CVi,t + θt + μi

+ εi,t
(4)

CEIi,t � γ0 + γ1ESGi,t + γ2DEi,t + γ3ESGi,t pDEi,t + CVi,t + θt + μi

+ εi,t
(5)

where CEIi,t shows the carbon emission intensity of province i in year t.
ESGi,t indicates the aggregate ESG performance of province i in that
year. CVi,t includes labour force level, social consumption level, foreign
direct investment and degree of openness. Province-fixed effects μi and
year-fixed effects θt are involved. εi,t denotes the error term.

TABLE 2 Variable summary.

Definition Description Abbreviations

Dependent variable Carbon emission intensity Carbon emissions per unit of GDP CEI

Independent variable ESG performance Provincial ESG Composite Score ESG

Moderating variables Climate policy uncertainty Provincial CPU index CPU

Digital economy Comprehensive indicator calculation DE

Control variables Labour levels The logarithm of the number of employed persons in each province or region LAB

Social consumption level The ratio of total consumer goods to GDP CON

Foreign direct investment The ratio of total FDI to GDP FDI

Degree of openness The ratio of total imports and exports of goods to GDP OPN
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4 Empirical results

4.1 Descriptive statistics and
correlation analysis

The outcomes of the descriptive statistics can be seen from Table 3.
A total of 300 sets of data are included in the analysis. The variables CEI
and ESG demonstrate a higher standard deviation in comparison to the
other variables. This implies there is a substantial gap in numbers
between ESG performance and CEI within the 30 provinces.

Table 4 presents the correlation coefficient between variables. It
appears that there is no significant multicollinearity, considering the
correlation coefficient between the key variable is below 0.7.
Furthermore, the research hypothesis H1 is supported by a
notable negative correlation between ESG performance and CEI
(r = −0.302, p < 0.01).

Table 5 reflects Variance Inflation Factor (VIF) values for the
key variables. It is evident that the VIF value of all variables is below
5 and the average value of that points to 1.66, reflecting the absence
of significant problems related to multicollinearity.

4.2 Regression results and analysis

4.2.1 Baseline model regression
Table 6 demonstrates the regression outcomes. It can be obviously

perceived from Table 6 that in the column (1) without control variables,
ESG exerts a significant negative impact on CEI (β = −0.172, p < 0.01).
Column (2) displays the regression findings with control variables,
revealing that the notable negative effect remains evident
(β = −0.172, p < 0.01). Likewise, it can be observed from column (3)
that the ESG lagged by one period has a notable adverse effect on CEI
(β = −0.139, p < 0.01). All of the results above verify hypothesis H1 and
indicate a causal connection between ESG performance and CEI.

The relationship between CEI and ESG performance has significant
economic implications. It not only reflects the performance of

TABLE 3 Descriptive statistics.

Variable Obs Mean Std. Dev Min Max

CEI 300 2.070255 2.013018 0.379189 14.16632

ESG 300 20.13661 2.152051 11.4325 25.2256

CPU 300 2.111117 0.492379 0.890638 3.513459

DE 300 0.131407 0.10316 0.01698 0.5977947

LAB 300 7.610199 0.765856 5.631212 8.859221

CON 300 0.380861 0.068308 0.221959 0.538418

FDI 300 0.019259 0.015008 0.0001 0.0795938

OPN 300 0.266479 0.296292 0.007572 1.548163

TABLE 4 Correlations matrix.

CEI ESG CPU DE LAB CON FDI OPN

CEI 1.000

ESG −0.320*** 1.000

CPU −0.173*** 0.290*** 1.000

DE −0.302*** 0.334*** 0.309*** 1.000

LAB −0.605*** 0.241*** 0.118** 0.348*** 1.000

CON −0.130** 0.273*** 0.108* 0.355*** 0.415*** 1.000

FDI −0.054 −0.079 −0.065 0.238*** 0.117** 0.111* 1.000

OPN −0.101* 0.092 0.029 0.666*** 0.073 0.199*** 0.451*** 1.000

TABLE 5 VIF test results.

Variables VIF 1/VIF

ESG 1.26 0.792740

CPU 1.22 0.819087

DE 2.69 0.371571

LAB 1.38 0.724427

CON 1.32 0.759712

FDI 1.32 0.759610

OPN 2.42 0.412670

Mean VIF 1.66

Frontiers in Environmental Science frontiersin.org09

Li et al. 10.3389/fenvs.2024.1526681

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2024.1526681


enterprises in addressing environmental challenges and fulfilling social
responsibilities, but also has a profound impact on the sustainable
development of the economy. Therefore, enterprises and governments
should attach great importance to CEI and ESG performance, and take
active measures to promote economic development towards a greener
and more sustainable direction.

4.2.2 Moderating model regression
This study delves deeper into how CPU and DE could moderate

the connection between ESG performance and CEI, as illustrated
in Table 7.

By combining Table 6, it is apparent that both moderation
models provide equivalent regression outcomes. More precisely, the
research findings are additionally confirmed by the inverse
relationship between ESG and CEI (β = −0.316, p < 0.01;
β = −0.229, p < 0.01). The moderating model extends the
baseline model by incorporating interaction terms between ESG
and CPU in the first column, and between ESG and DE in the
column (2) of Table 7. Thereunder, they respectively study whether
CPU and DE affect the relationship between ESG performance and
CEI, along with the direction of their impact.

TABLE 6 Baseline regression results.

(1) (2) (3)

CEI CEI CEI

ESG −0.172*** (0.017) −0.172***
(0.018)

L.ESG −0.139***
(0.017)

LAB −2.074***
(0.320)

−1.876***
(0.306)

CON −1.731***
(0.656)

−1.581** (0.624)

FDI −5.808*
(3.264)

−5.266* (3.201)

OPN 0.414
(0.312)

0.815** (0.327)

Cons 5.526*** (0.492) 21.970***
(2.515)

19.567*** (2.390)

Year FE Yes Yes Yes

Province FE Yes Yes Yes

Obs 300 300 270

R2 0.262 0.401 0.358

Note: The standard errors in parentheses. ***p < 0.01, **p < 0.05, *p < 0.1.

It also applies to the following tables.

TABLE 7 Moderating effect results.

(1) (2)

CEI CEI

ESG −0.316*** (0.060) −0.229*** (0.025)

CPU −1.510*** (0.542)

ESG*CPU 0.071*** (0.027)

DE −15.180*** (3.774)

ESG*DE 0.690*** (0.165)

LAB −2.061*** (0.324) −2.173*** (0.326)

CON −1.350** (0.667) −1.052 (0.670)

FDI −4.818 (3.238) −5.902* (3.177)

OPN 0.393 (0.311) 0.728** (0.369)

Cons 24.760*** (2.722) 23.656*** (2.592)

Year FE Yes Yes

Province FE Yes Yes

Obs 300 300

R2 0.418 0.440

FIGURE 4
(A) Regulation effect diagram of CPU. (B) Regulation effect
diagram of DE.

Frontiers in Environmental Science frontiersin.org10

Li et al. 10.3389/fenvs.2024.1526681

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2024.1526681


The research results presented in Table 7 reveal two significant
interaction terms (ESG*CPU: β = 0.071, p < 0.01; ESG*DE:
β = 0.690, p < 0.01), in sharp contrast to the coefficient
direction of ESG performance. The finding suggests that both
the CPU and DE are involved in mitigating the influence of ESG
performance on CEI, with empirical findings supporting
hypotheses H2 and H3. To effectively illustrate the regulatory
impact, this study draws two graphs depicting the regulatory effect.
As shown in Figure 4, the reduction in CPU leads to an elevation in
the slope of ESG and CEI, indicating that CPU hinders the inverse
correlation between ESG and CEI. CPU, as an external pressure,
drives high carbon emission industries to undergo structural
adjustment and transformation and upgrading. Enterprises that
cannot effectively respond to policy changes and reduce carbon
emissions may gradually be eliminated by the market, while
emerging industries and enterprises with lower carbon
emissions and good ESG performance will gain more
development opportunities, thereby promoting the entire
industrial structure to develop towards low-carbon,
environmentally friendly, and sustainable directions. Thus, it is
inferred that hypothesis H2 receives additional confirmation.
Similarly, Figure 4 reflects that reducing DE compared to cities
with a higher DE development index will increase the slope of both
ESG and CEI. The regulatory effect of DE indicates that high
carbon emission industries are recommended to be transformed
and upgraded through digital technology, such as using big data
analysis to optimize production processes and utilizing artificial
intelligence to achieve precise energy management. This results in
lower energy usage and reduced carbon emissions, promoting a
shift in industrial restructuring towards a more efficient and low-
carbon direction, ultimately enhancing overall ESG performance.
Thus providing further support for hypothesis H3.

4.3 Robustness test results

The subsequent robustness test employs two techniques. Taking
into account the potential time delay effect of ESG on CEI, the initial
robustness study includes integrating CEI data with a lag of one
period. Table 8 examines the direct impact of ESG performance on
CEI and the moderating effects of CPU and DE. Firstly, the column
(1) tests the robustness of the effect of ESG on L. CEI. The results
suggest a strong negative relationship between ESG performance
and levels of L. CEI (β = −0.618, p < 0.01), providing support for
hypothesis H1. Furthermore, the second column of Table 8
illustrates the modifiable functionality of CPU. A statistically
significant coefficient of interaction between ESG and CPU (β =
0.069, p < 0.05) is clearly visible. This discovery, contrasted with ESG
performance (β = −0.311, p < 0.01), implies that the CPU mitigates
the effect of ESG on CEI by acting as a negative regulator in the link
between ESG and L. CEI. Similarly,the presence of interaction
between ESG and DE is also indicated by a significant coefficient
(β = 0.773, p < 0.01) in column (3). And ESG performance and L.
CEI remain negative correlations. This implies that the existence of
DE mitigates the influence of ESG performance on CEI. The results
align closely with the findings presented in Tables 6, 7, indicating
that assumptions H2 and H3 have successfully passed the test for
robustness.

The adjustment of energy structure (ES) aims to decrease the
need for and usage of fossil energy resources, diminish the
proportion of coal-generated power, and actively promote the
growth of new energy and renewable energy sources.
Optimizing the energy structure is a crucial element in
guaranteeing energy security and attaining carbon peak
neutrality. Accordingly, the second approach to enhance
resilience in this research is the incorporation of ES as a
control variable, as depicted in Table 9. The regression

TABLE 8 Robustness test results (One-period lagged CEI).

(1) (2) (3)

L.CEI L.CEI L.CEI

ESG −0.168*** (0.023) −0.311*** (0.072) −0.237*** (0.034)

CPU −1.457** (0.647)

ESG*CPU 0.069** (0.031)

DE −17.882*** (4.521)

ESG*DE 0.773*** (0.196)

LAB −1.705*** (0.336) −1.705*** (0.344) −1.747*** (0.344)

CON −2.049*** (0.707) −1.827*** (0.714) −1.302* (0.714)

FDI −2.441 (3.645) −1.805 (3.620) −3.120 (3.542)

OPN 0.765** (0.373) 0.729* (0.373) 0.935** (0.423)

Cons 19.137*** (2.663) 22.028*** (3.020) 20.801*** (2.784)

Year FE Yes Yes Yes

Province FE Yes Yes Yes

Obs 270 270 270

R2 0.330 0.344 0.372

TABLE 9 Robustness test results (Add ES as a control variable).

CE CE CE

ESG −0.171*** (0.019) −0.316*** (0.060) −0.230*** (0.025)

CPU −1.511*** (0.542)

ESG*CPU 0.071*** (0.027)

DE −15.259*** (3.810)

ESG*DE 0.693*** (0.166)

LAB −2.044*** (0.355) −2.032*** (0.359) −2.211*** (0.358)

CON −1.746*** (0.658) −1.365** (0.669) −1.040 (0.675)

FDI −5.687* (3.292) −4.691 (3.266) −5.976* (3.213)

OPN 0.430 (0.319) 0.410 (0.318) 0.714* (0.379)

ES −2.584 (8.829) −2.714 (8.787) 1.425 (8.801)

Cons 21.817*** (2.689) 24.628*** (2.874) 23.911*** (2.748)

Year FE Yes Yes Yes

Province FE Yes Yes Yes

Obs 300 300 300

R2 0.401 0.418 0.441
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results of both the baseline model and the moderating model
coincide with the original regression. Following the
aforementioned investigation, the conclusions of the current
study remained steadfast, therefore showcasing the enhanced
reliability of the study’s findings.

4.4 Regional heterogeneity analysis

China has a vast territory, spanning the eastern, central and western
regions. Regional heterogeneity in the impact of ESG performance on
CEI stem from variations in resource endowment, maturity of market
mechanism, and environmental policies across different regions. The
research categorizes the 30 provinces within study into three sampling
combinations, following the criteria set by the National Bureau of
Statistics, which correspond to the three economic zones of Chinese
eastern, central and western regions. The ESG performance and CEI by
region are displayed in Figures 5A, B.

The regression results in the baseline model in Table 10
reveal how regional ESG performance affects CEI. The data
clearly demonstrates that ESG have a substantial inhibitory
impact on CEI in all three regions. Furthermore, the
significance level of this effect is statistically significant at the
1% level. The suppressive impact was most pronounced in
the eastern region (β = −0.272, p < 0.01). This may be traced
to the eastern region’s dominant economic position, high market
activity and substantial number of listed firms, which exacerbate
the marginal impact of ESG performance on regional low-carbon
activities.

Table 11 indicates notable geographic variations in how regional
CPU and DE influenced the relationship between ESG performance
and CEI. Specifically, regarding ESG’s interaction with the CPU, the
central region is not significant. Nevertheless, the eastern and
western regions had a substantial association at the 1% and 5%
significance levels, respectively. CPU are utilized in both eastern
region and western region to effectively mitigate the influence of

FIGURE 5
(A) ESG performance in different regions of China. (B) CEI in different regions of China.
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ESG performance on CEI. The variations in the significance of the
results perceived among regions can be ascribed to the diverse
approaches adopted by climate policies in each region,
highlighting distinct effectiveness of these regulations in
various places.

Added to that, the relevance of ESG and DE interaction terms
additionally reveals heterogeneity throughout various geographic
areas. The eastern and central regions exhibited a moderation effect
of DE at significance levels of 1% and 5%, respectively. However, the
effect of DE regulation in western region is not considerable. This
disparity may arise due to the abundance of natural resources and
the prevalence of energy-focused sectors in the western region, along
with the relatively underdeveloped digital economy and slower
overall rate of development compared to the eastern and
central regions.

5 Discussion

This study provides important insights into the direct
relationship between ESG performance and CEI, with a particular
insight on the moderating effects of CPU and DE.

This study affirms that ESG performance strongly hinders CEI.
This discovery is in line with the increasing amount of literature that
highlights the importance of accountability in encouraging
sustainable behaviours and lessening environmental damage.
Companies that prioritize ESG factors tend to adopt more
efficient technologies and practices, thereby lowering their carbon
footprint. The study confirms that ESG performance has a
significant inhibitory effect on CEI, aligning with the Sustainable
Development Theory, which posits that sustainable practices can be
a source of core competitive advantage (Ziolo et al., 2019). Firms

TABLE 10 Regional heterogeneity analysis results (baseline model).

Chinese eastern region CEI Chinese central region CEI Chinese western region CEI

ESG −0.272*** (0.040) −0.077*** (0.018) −0.130*** (0.032)

LAB −3.036*** (0.604) −0.698** (0.301) −1.109** (0.490)

CON −1.956 (1.567) −1.031** (0.527) −3.177** (1.284)

FDI −12.097*** (4.448) −19.894*** (5.673) 8.374 (12.785)

OPN −0.355 (0.427) 1.531 (1.260) −0.149 (1.513)

Cons 32.418*** (4.876) 9.252*** (2.477) 14.202*** (3.568)

Year FE Yes Yes Yes

Province FE Yes Yes Yes

Obs 110 80 110

R2 0.487 0.391 0.390

TABLE 11 Regional heterogeneity analysis results (moderating model).

Chinese eastern region CEI Chinese western region CEI Chinese central region

ESG −0.625*** (0.115) −0.490*** (0.058) 0.071 (0.077) −0.035 (0.050) −0.289* (0.165) −0.119*** (0.046)

CPU −3.850*** (1.137) 1.540** (0.655) −1.027 (1.520)

ESG*CPU 0.185*** (0.055) −0.074** (0.033) 0.045 (0.074)

DE −26.772*** (6.094) 2.062 (9.460) −37.744** (15.351)

ESG*DE 1.233*** (0.268) −0.277 (0.451) 1.395** (0.655)

LAB −2.980*** (0.673) −2.562*** (0.355) −0.709*** (0.135) −0.803*** (0.137) −0.664** (0.263) −1.165** (0.495)

CON −1.250 (1.506) 1.015 (1.695) −0.265 (0.784) 0.770 (0.814) 0.015 (1.649) −0.853 (1.474)

FDI −9.026** (4.275) −20.401*** (4.748) −16.495*** (5.876) −10.377 (7.204) −12.967 (15.732) −1.430 (13.588)

OPN −0.171 (0.424) −0.093 (0.449) 2.774* (1.479) 1.976 (1.770) 0.326 (1.793) −0.312 (1.473)

Cons 38.878*** (5.616) 32.398*** (2.998) 5.768*** (1.859) 8.606*** (1.523) 13.366*** (3.517) 14.316*** (3.721)

Year FE Yes Yes Yes Yes Yes Yes

Province FE Yes Yes Yes Yes Yes Yes

Obs 110 110 80 80 110 110

R2 0.542 0.600 0.240 0.406 0.295 0.437
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focusing on ESG are more likely to adopt cleaner technologies and
practices that minimize their environmental footprint. The
approach not only reduces emissions but also enhances resilience
against regulatory risks, lining up with global sustainability goals
like the SDGs.

Consequentially, research indicates that provinces with strong
ESG performance are better positioned to attract investment, as
investors increasingly seek to support environmentally responsible
performance (Ong et al., 2019). The investment trend creates a
positive feedback loop, where ESG-focused companies can access
capital more easily, further enabling them to invest in green
technologies and sustainable practices (Kong et al., 2024). The
alignment of ESG practices with environmental stewardship
reflects a broader shift in the corporate world toward integrating
sustainability into core operations, driven by both regulatory
pressures and market demand. These findings imply that firms
with higher ESG scores typically have lower carbon intensities,
reinforcing the importance of integrating ESG into SDG
strategies for both environmental and economic benefits
(Persakis, 2023).

Moreover, the moderating effect of CPU weakens the impact of
ESG on CEI, indicating that inconsistent or unpredictable climate
policies can undermine the effectiveness of ESG initiatives.
Uncertainty in climate policy creates a challenging environment
for regions, which may hesitate to invest in long-term sustainability
measures due to doubts about future regulations or support (Ma
et al., 2023b). The uncertainty often drives short-term decision-
making, prioritizing immediate economic benefits over
environmental concerns, thereby exacerbating carbon emission
intensity. When climate policy is uncertain, managers and
decision makers may adopt a “wait-and-see” approach, delaying
investments in green technologies and practices that would
otherwise reduce their carbon footprint (Dubash, 2020). The
behaviour is particularly prevalent in industries with high
exposure to regulatory changes, where the costs of compliance
are substantial and long-term investments are risky without clear
policy direction (Sarfraz et al., 2022). Therefore, the potential
benefits of ESG strategies in mitigating environmental impact are
not fully realized, and CEI may remain high or even increase. In
essence, the effectiveness of ESG initiatives in reducing CEI is
significantly influenced by the stability and clarity of climate
policies. Without consistent and predictable regulations, the full
potential of ESG practices in driving sustainable outcomes is
compromised, highlighting the need for more coherent and
supportive policy frameworks to achieve meaningful
reductions in CEI.

The study also reveals that the development of DE weakens the
relationship between ESG performance and CEI. While DE is
associated with innovation and efficiency, it also has the potential
to increase energy consumption and carbon emissions, particularly
in regions where fossil fuels dominate the energy mix. The
expansion of digital infrastructure can lead to increased
electricity demand, which, if not met by renewable sources,
exacerbates carbon emissions. Moreover, the rapid pace of
digitalization often surpasses the implementation of green
technologies, creating a disparity between digital growth and
environmental sustainability (Li and Wang, 2022). This gap is
further widened by the fact that digital innovations frequently

prioritize economic gains over environmental considerations,
especially in markets where regulatory frameworks are weak or
non-existent. As a result, while DE drives economic growth and
efficiency, it may inadvertently contribute to environmental
degradation if not accompanied by strong ESG commitments and
supportive policies that ensure sustainable energy use (Li Y. et al.,
2021; Chen S. et al., 2023). To mitigate these effects, it is crucial to
integrate sustainability into DE by promoting energy-efficient
technologies and encouraging the use of renewable energy
sources in digital infrastructure development (Dong et al., 2022).
Furthermore, policymakers need to ensure that digitalization efforts
are aligned with environmental goals, to reduce the potential
negative impact on CEI.

Based on the regional heterogeneity results, ESG performance
shows a significant negative impact on CEI. The findings suggest
that province with higher ESG scores is generally more effective at
reducing their carbon footprint, regardless of regional differences.
The interaction term between ESG and CPU is significant in the
eastern and western region, indicating that CPU weakens the
positive impact of ESG on CEI. In regions where CPU is high,
the effectiveness of ESG initiatives is diminished, likely due to the
unpredictable regulatory environment, which deters long-term
sustainability investments. The lack of sensitivity to climate
policy in the western region due to its rich natural resources and
less industrial impact. The eastern region’s advanced economy and
higher levels of industrialization mean that businesses here are more
exposed to regulatory risks, causing them to be more cautious about
investing in ESG practices. This caution can result in a reduced
impact of ESG efforts on carbon emission reduction, as firms may
prioritize immediate economic stability over environmental
considerations.

DE also demonstrates a significant moderating effect,
particularly in the eastern and central regions. The interaction
terms for ESG and DE in these regions display that while the DE
could foster innovation (Lyu et al., 2023), it may also lead to
increased CEI if not accompanied by a shift towards renewable
energy sources. The eastern region, in particular, shows a significant
positive interaction between ESG and DE, suggesting that digital
advancements might temporarily exacerbate carbon emissions if not
managed sustainably (Chen H. et al., 2023). The central region
shows a strong positive interaction between DE and carbon
emissions, indicating that digitalization might have a more
detrimental impact on CEI here compared to other regions. This
could be due to a less developed renewable energy infrastructure or
higher dependence on traditional energy sources (Zhong
et al., 2022).

In conclusion, while ESG performance plays a crucial role in
reducing CEI, its effectiveness is moderated by external factors
such as CPU and DE. These findings highlight the need for
coherent and stable climate policies that can provide the
necessary support for ESG initiatives. Furthermore, as the
digital economy continues to grow, there is a need for policies
that ensure this growth is aligned with sustainability goals. In
addition, the results underline the importance of tailoring ESG
performance and sustainability strategies to regional contexts,
considering the varying impacts of CPU and DE on CEI.
Policymakers should aim to reduce regulatory uncertainty and
ensure that the growth of DE are still prevalent. Integrating ESG
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principles into DE and ensuring that digital advancements
contribute to rather than detract from sustainability efforts is
vital for accomplishing SDG 11.

6 Conclusion and implication

In summary, the study confirms that ESG performance has a
significant inhibitory effect on CEI. This finding aligns with the
growing body of literature that emphasizes the role of firm
responsibility in promoting sustainable practices and reducing
environmental harm. It makes a significant theoretical contribution
by reinforcing the Sustainable Development Theory, suggesting that
ESG performance acts as a valuable sustainable resource that enhances
a regions long-term competitive advantage through sustainability
practices. By confirming the inhibitory effect of ESG on CEI, the
study provides empirical evidence supporting the idea that managers
and decisionmakers with strong ESG performance are better equipped
to manage environmental risks and match global sustainability goals.
The finding contributes to the broader discourse on corporate
responsibility and environmental stewardship by highlighting the
importance of integrating ESG factors into SDG strategies.
Practically, the study offers actionable insights for policymakers and
business leaders. It emphasizes the need for clear and consistent
climate policies to enhance the effectiveness of ESG initiatives in
reducing CEI.

The findings related to the interaction between ESG performance
and CPU, particularly in the eastern region and western region, have
significant implications for achieving the SDG 11, which focuses on
sustainable cities and communities. As urban areas in the eastern
region are often more industrialized and economically developed, the
reduced effectiveness of ESG initiatives due to policy uncertainty
poses a challenge to creating sustainable, resilient communities.
Ensuring consistent and supportive climate policies is crucial for
fostering urban environments that fit SDG 11, promoting
sustainability and reducing environmental impacts in these regions.

In addition, this study highlights the significant moderating
effect of CPU on the relationship between ESG performance and
CEI. The findings suggest that inconsistent or unpredictable climate
policies can undermine the effectiveness of ESG initiatives, leading
firms to prioritize short-term economic gains over long-term
environmental sustainability. This behaviour increases CEI,
posing challenges for achieving sustainable development goals.
Practically, the study underscores the need for stable and
predictable climate policies to maximize the effectiveness of ESG
initiatives in reducing CEI. Policymakers should focus on creating a
stable regulatory environment that encourages long-term
sustainability investments. For businesses, the findings highlight
the importance of resilience and adaptability in ESG strategies,
particularly in contexts of policy uncertainty. The study enriches
the literature by revealing how external factors, like climate policy
uncertainty, can disrupt the positive impacts of ESG efforts. This
finding broadens the understanding of the conditions under which
ESG initiatives are most effective, adding nuance to the relationship
between corporate responsibility and environmental outcomes.

This study also finds that DE can weaken the relationship
between ESG performance and CEI. Although digitalization
drives innovation and efficiency, it can also increase energy

consumption, especially in regions dependent on fossil fuels. The
rapid growth of digital infrastructure may lead to higher electricity
demand and outpace the adoption of green technologies, creating a
disparity between digital expansion and environmental
sustainability. The study expands the existing literature by
examining the complex interplay between DE development and
ESG effectiveness in reducing CEI. It introduces a critical perspective
on how technological advancement, while beneficial in many ways,
can also exacerbate environmental challenges if not managed
alongside sustainable practices. The findings highlight the
importance of integrating renewable energy sources into digital
infrastructure planning to mitigate the potential negative
environmental impacts. Policymakers and businesses should
consider the environmental trade-offs of digital expansion and
ensure that digital growth is aligned with sustainability goals.

Furthermore, the study emphasizes the significance of aligning DE
growth with sustainable practices to prevent the unintended
environmental consequences of rapid digitalization. These insights
are critical for designing strategies that balance economic growth with
environmental sustainability, thereby contributing to the achievement
of SDGs, particularly SDG11. The study is limited by its exclusive focus
on mainland China, which restricts the generalizability of the findings
to other regions with different regulatory environments, economic
structures, and levels of digital economy development. The unique
socio-economic and policy context in China may result in outcomes
that differ from those in other countries, especially where climate
policies and digital infrastructure are at different stages of
development. Therefore, future studies should consider cross-
country comparisons to better understand the global applicability of
the findings. Additionally, further research could explore the role of
digitalization in ESG strategies across diverse sectors, as well as the
impact of emerging technologies such as AI and blockchain on both
ESG practices and environmental outcomes. Future research could also
investigate how ESG initiatives interact with local-level policy
frameworks in different economic contexts and analyze the broader
implications of digitalization on corporate sustainability efforts.
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