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Abstract: The digital transformation of enterprises is a significant catalyst for achieving cleaner
production and directly affects a company’s carbon performance. This research elucidates the
theoretical logic and potential impact mechanisms of digital transformation in reducing corporate
carbon emissions. Second, using a panel data set of Chinese A-share listed companies from 2007 to
2020, this study quantitatively investigates the effect of corporate digital transformation on the carbon
emissions intensity of businesses. The empirical results indicate that corporate digital transformation
has a statistically significant negative effect on the carbon emissions intensity of Chinese firms. Several
robustness tests have validated this conclusion. The heterogeneity analysis reveals that state-owned
businesses, firms with high carbon intensity, and those with strong financing capacity would benefit
more from digital transformation in achieving the goal of reducing carbon emissions. Furthermore,
the impact of digital transformation on corporate carbon emission abatement is more prominent
in industries with limited technological input and high energy consumption. At the regional level,
digital transformation has a more significant impact on reducing carbon emissions in cities with
stringent environmental regulation, advanced marketization, and resource-based economies. The
transmission mechanism analysis confirms that improving corporate energy use efficiency, enhancing
financial performance, and fostering green innovation are crucial transmission mechanisms through
which digital transformation can help enterprises decrease their carbon emissions. These findings
assist companies in comprehending the role of digital transformation in lowering carbon emissions
and provide them with valuable insights.

Keywords: corporate digital transformation; carbon emissions intensity; transmission mechanism;
heterogeneity analysis

1. Introduction

As a major carbon emitter, China is taking bold steps towards conserving energy,
reducing emissions, and adjusting its economic structure, with the aim of reaching its
“carbon peak” and “carbon neutrality” targets by 2030 and 2060, respectively [1,2]. As the
micro-subject of the economy, enterprise low-carbon transformation is the key to achieving
the overall economy’s low-carbon transformation. In the process of achieving the goal of
“double carbon”, businesses in China are facing significant challenges in reducing their
carbon emissions. According to the “Carbon emission ranking of listed companies” in
China, in 2020, the carbon emissions of the 100 listed businesses in China participating in
the survey exceeded 4.4 billion tons, accounting for about 44.7% of the total CO2 emissions
in the whole country. Empowering enterprises to achieve low-carbon transition is not only
correlated with the survival of firms in the context of strict environmental policies, but is
also connected to the attainment of carbon neutrality for the whole country.

Enterprises often require technical support for low-carbon transformation. Recently,
with the advancement of digital technologies including big data, cloud computing, and
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blockchain [3,4], a growing number of enterprises have embraced the trend of digital econ-
omy and initiated digital transformation, utilizing emerging technologies. For one thing,
digital transformation has prominent digital spillover effects in terms of fostering corporate
innovation [5,6], optimizing organizational structures [7], and enhancing financial perfor-
mance [8]. In addition, digital technology, due to its distinctive role in monitoring enterprise
processes, operations, and energy consumption, has exerted a profound impact on corpo-
rate environmental performance [9]. According to the “2019 Global Digital Transformation
Income Report”, Schneider Electric and its global partners completed 230 projects, with
enterprises that deployed digital technology platforms achieving the maximum energy
savings of 85%, with an average reduction of 24% and a maximum CO2 footprint opti-
mization of 50%, with an average optimization of 20%. However, in the context of China’s
“dual carbon” strategy, further research is needed on whether digital transformation can
promote the reduction of carbon emissions by Chinese enterprises. Exploring this issue has
important theoretical and practical significance for China to explore low-carbon economic
transformation from a micro perspective.

Part of the research has begun on exploring the concept and evaluation of digital trans-
formation. In terms of the concept, digital transformation essentially falls within the scope
of the digital economy. Previous studies have proposed the term “digital economy” [10]
and provided definitions based on the description of digital economic phenomena [11], a
summarization of characteristics [12], and the decomposition of structure [13]. From an
industry perspective, industrial digital transformation refers to the part of the broad digital
economy where traditional industries increase output and enhance efficiency through the
adoption of digital technologies [14]. It involves leveraging advanced digital technologies,
empowering and extracting value from data, and digitally transforming and upgrading
all factors in the industrial chain (National Information Center, 2021). From an enterprise
perspective, most studies consider enterprise digital transformation to be a process that
involves the combination of information, computation, communication, and connectiv-
ity technologies to reconstruct products and services, business processes, organizational
structures, business models, and collaboration models, thereby helping companies create
and capture more value [15–17] In terms of evaluation, existing research has measured the
digitalization of industries from a macro-regional and industry-level perspective based on
the broad-scale digital economy [18]. This measurement is primarily carried out through
input–output analysis [19], and single or composite index evaluation methods [20]. At the
micro-level of enterprises, researchers have employed methods such as questionnaire sur-
veys [21], text analysis [22], and index evaluation based on the “input-output” theory [23]
to measure enterprise digital transformation.

Another part of the research field examines the economic effects of digital transfor-
mation. From macro perspectives, Choi and Hoon Yi [24] took the lead in discussing the
promotion influence of the popularization of Internet technology on economic growth. On
this basis, more and more scholars have further explored the positive impacts of digital
technologies and digital transformation on economic development and green economic
growth [25–27]. Additionally, digital transformation plays an effective role in international
trade. According to Freund and Weinhold [28], web hosts growth can lead to an increase in
export growth by reducing the search cost of export trade. Jiang and Jia [29] found that
digitalized service at a higher level can significantly improve digital service trade exports
across countries. As for its impacts on industrial chains, Liu and Pan [30] believed that the
application of artificial intelligence may improve the engagement of a country’s industry in
the global value chain by reducing trade costs, promoting technological innovation and
optimizing resource allocation. From a micro perspective, the impacts of digital trans-
formation on enterprises have attracted more and more attention from scholars. Shang
and Wu [31], Peng and Tao [32], etc., all found that digital transformation is conducive to
improving enterprises’ value. A study by Du and Jiang [33] also analyzed the facilitation
impacts between digital transformation and firm productivity, and showed which effect is,
relatively, stronger in downstream firms. Furthermore, digital transformation is also an im-
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portant factor in reducing firms’ costs, and in increasing operating revenue [34]. In addition
to enterprises’ performance, the corporate digital transformation also affects enterprises’
internal control [35], management efficiency [36], and capital market performance [37], and
further exerts influence on risk-taking [38]. There have also been studies focusing on the
effects of digitalization on technology innovation. Wen et al. [39] discussed the positive
effect of digital transformation in corporate innovative practices and indicated that digital-
ization is a vital driving force in corporate innovation investment. Digital transformation
can prompt both the incremental and radical innovation of enterprises [40].

There have also been studies starting to explore the environmental effects of digital
transformation. From a macro perspective, some studies have used urban data from China
and empirically found that big data [41] and artificial intelligence [42] significantly reduce
carbon emissions, while digital finance increases resident carbon emissions through con-
sumption and employment effects [43]. Another study discovered an inverted U-shaped
relationship between digitization and carbon emissions in China [44], where the digital
economy improves carbon emission performance through energy intensity, energy con-
sumption scale, and urban greening, exhibiting non-linear characteristics under different
conditions of energy consumption structure [45]. Research has indicated that digital energy
consumption and energy rebound are the main reasons for the non-linear impact of dig-
ital development and carbon emissions [46]. Additionally, based on national panel data
analysis, digital transformation reduces the carbon intensity of the transportation industry
through technological progress, internal structural upgrades, and energy consumption
improvements [47]. Industrial robots increase productivity, optimize factor structures,
promote technological innovation in production, and thus enhance energy efficiency and
reduce carbon intensity [48]. From a micro perspective, research has examined the emission
reduction effects of enterprise digital transformation on Chinese industrial enterprises
using imported digital products as a natural experiment. The empirical findings indicate
that enterprise digital transformation can significantly reduce pollution emissions [49]. The
findings reveal a significant inverted U-shaped non-linear relationship between digital
transformation and corporate environmental performance [50]. Moreover, Shang et al. [51]
measured the level of enterprise digital transformation through the textual analysis of
annual reports of A-share listed companies in the Shanghai and Shenzhen stock markets.
The study empirically concluded that enterprise digital transformation can significantly
reduce carbon emission intensity by enhancing technological innovation, internal control
capability, and environmental information disclosure. The impact of digital transforma-
tion is stronger for companies in regions with stronger intellectual property protection
and for capital-intensive enterprises, but there is no heterogeneity with respect to com-
pany type, environmental regulation intensity, and enterprise information infrastructure
construction [51].

In summary, while there is a significant body of literature closely related to this study,
there are still areas for further exploration: (1) Most works in the literature primarily
focus on the macro-level examination of the economic and environmental effects of digital
transformation, as well as the micro-level investigation of the economic effects of digital
transformation within enterprises. However, there is still a need to further supplement the
literature by investigating the environmental effects of enterprise digital transformation
from a micro-level perspective. (2) This study differs from the existing literature, specifically
from the research conducted by Shang et al. [51], in terms of the explored transmission
mechanisms, heterogeneity analysis, and selection of instrumental variables. Therefore,
there is scope for further research to elucidate the transmission mechanisms of digital
transformation, analyze heterogeneity effects, and carefully select instrumental variables to
enhance the robustness of the findings.

In view of this, the present study endeavors to utilize data from Chinese A-share listed
companies spanning the years 2007 to 2020. The study aims to explore the impact and
mechanisms of corporate digital transformation on carbon emissions from both theoretical
and empirical perspectives. The potential incremental contributions of this research can
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be outlined in the following three aspects: (1) This study further reveals the transmission
mechanisms of digital transformation on corporate carbon emissions by delving into energy
utilization efficiency, financial performance, and green innovation, thereby enhancing the
understanding of the interplay between the two phenomena. (2) This study systematically
elucidates the heterogeneous impacts of digital transformation on corporate carbon emis-
sions at the corporate level, considering attributes, carbon emission intensity, and financing
capacity; at the industry level, assessing technological input intensity and energy con-
sumption intensity; and at the regional level, considering urban environmental regulations,
degree of marketization, and resource endowment. This systemic analysis aims to provide
explanatory insights into the diverse effects of carbon reduction among different types of
companies, industries, and cities. (3) Differing from the instrument variable employed by
Shang et al. [51], this study employs the total word count of annual corporate reports as the
instrumental variable, aiming to address endogeneity issues in the model.

2. Theoretical Analysis and Hypothesis

Dissimilar to enterprise informatization transformation, corporate digital transfor-
mation involves the utilization of digital technologies (ABCD—Artificial Intelligence,
Blockchain, Cloud Computing, Big Data) [52,53] to reconstruct products and services, busi-
ness processes, organizational structures, business models, and collaborative approaches.
This process aims to assist enterprises in generating and acquiring greater value [15–17].
Throughout this journey, enterprises rely heavily on various digital technologies to reduce
costs, enhance operational efficiency, and boost competitiveness, thereby achieving energy
conservation and emission reduction [54].

According to traditional enterprise theory, the primary goal of firms is to maximize
profits and the value of shareholders [55]. However, modern corporate governance the-
ory and stakeholder theory suggest that enterprises should not only be responsible for
shareholders, but also take active steps to fulfill their responsibilities towards creditors,
the government, and the environment, in order to maximize the overall interests of stake-
holders [56]. Despite the strong externalities associated with environmental protection
practices and carbon emission reduction measures in enterprises, there is a significant lack
of motivation for firms to pursue such initiatives. On the one hand, excessive investment
in environmental protection would increase corporate expenditures, decrease corporate
profitability, and harm the interests of shareholders. On the other hand, enterprises may
encounter challenges such as resource limitations, technological constraints, informational
constraints, and a shortage of talent, resulting in high costs for reducing carbon emissions
and a limited capacity to carry out such measures. With the emergence of new digital
technologies, enterprises now have the opportunity to reverse this trend. By combining
digital technology with traditional production methods, enterprises can undergo digital
transformation and transform their operations, which will not only increase enterprise
value but also provide important support for cleaner production. Firstly, corporate digital
transformation may offer energy-saving and emission-reduction technologies [57], which
can positively impact their ability to reduce carbon emissions. Secondly, digital technology
applications can improve the allocation of production factors such as human and material
capital, and enhance internal control within enterprises [58], thereby reducing the cost
of reducing carbon emissions. Finally, digital transformation offers a convenient way for
enterprises to access production, technical, and market information, reducing the negative
effects of information asymmetry [59] and lowering transaction costs, thereby enhancing
corporate governance and improving carbon performance. Based on the aforementioned
analysis, we postulate the first research hypothesis.

Hypothesis 1 (H1). Digital transformation is beneficial for corporate carbon emissions reduction.

In addition to direct impacts, corporate digital transformation may influence carbon
emissions through various transmission mechanisms.
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One such mechanism is the improvement of energy use efficiency. Chen and Chen [60]
have found that there are significant differences in energy use efficiency among Chinese
enterprises due to the scale effect. Small- and medium-sized companies often struggle with
low energy efficiency due to outdated technology and equipment, but digital technolo-
gies can help improve their energy efficiency. From an energy consumption perspective,
digital technology, for one thing, provides a certain technical basis for the promotion of
R&D of clean energy, and is beneficial to the promotion and use of clean energy among
enterprises [61]. For another, digital technology enhances the substitution of cleaner energy
for traditional fossil energy [62], empowering the upgrading of the energy consumption
structure. From the perspective of energy supply and demand, digital technologies such
as cloud computing and big data can improve energy collection efficiency, digitize and
optimize energy supply, and enable the more accurate prediction of energy consumption
through data monitoring, thus improving energy use efficiency [63]. Additionally, the usage
of digital technology can also enhance the corporate monitoring of energy use processes,
leading to a more effective identification and correction of issues. In conclusion, corporate
digital transformation can enhance energy use efficiency, which has been shown to directly
reduce carbon emissions [64], enabling enterprises to achieve long-term clean produc-
tion. As such, it can be argued that improving energy utilization efficiency is a crucial
transmission mechanism for corporate digital transformation to reduce carbon emissions.

Second, the promotion effect on enterprises’ financial performance is an effective influ-
ence mechanism for digital transformation, helping to reduce corporate carbon emissions.
According to the theory of redundant resources, the improvement of corporate financial
performance can provide passive resources for corporations shouldering more social respon-
sibility [65]. Therefore, high-quality financial performance can provide more capital and
resources for enterprises to improve carbon performance. Meanwhile, according to natural
resources theory, the implementation of environmental strategy and management practice
depends on organizational resources and organizational capacity, while organizational
redundancy can provide disposable resources for the enhancement of corporate carbon
performance [66]. Therefore, the improvement of corporate financial performance plays
a fundamental role in CO2 abatement. Digital transformation can enhance a company’s
financial performance through several channels. Firstly, digital technology can effectively
integrate production factors, breaking down information silos between departments and
improving production management. Additionally, intelligent data analysis and data-driven
decision-making can refine production plans, resulting in improved production efficiency
and financial performance [67]. Thirdly, the application of digital networks also allows
companies to receive customer feedback and optimize production, ultimately improving
their financial performance [68]. In conclusion, digital transformation can positively impact
a company’s financial performance and, indirectly, reduce its carbon emissions.

The green innovation effect represents another transmission mechanism. Green tech-
nology innovation plays a crucial role in mitigating CO2 emissions [69]. Both innovations in
green technology at the production end and those in the treatment of pollution at end-use
contribute directly to reducing corporate carbon emissions [70]. The digital transformation
of enterprises provides a foundation for low-carbon and green technological innovation.
First of all, the implementation of digital technology accelerates the digitization, algorithmic
modeling, and streamlining of innovation processes, potentially significantly shortening the
R&D cycle for low-carbon technology [61]. Secondly, networking connectivity overcomes
the barriers to innovation within enterprises and breaks down the “information barrier”
to corporate green innovation, facilitating the exchange of innovation elements and en-
hancing the low-carbon spillover effects of green innovation. Finally, the use of embedded
intelligent devices allows enterprises to continuously monitor energy consumption and
pollutant emissions, improve information collection, and control carbon emissions [71].
Enterprise digital transformation can thus effectively help control carbon emissions through
facilitating green technology innovation.

Building upon the preceding analysis, we propose a second hypothesis:
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Hypothesis 2 (H2). The digital transformation of corporations can help to decrease corporate
carbon emissions by increasing energy usage efficiency, enhancing corporate financial performance,
and inducing the green innovation effect.

3. Research Methods
3.1. Econometric Model

In order to empirically test the carbon emissions reduction effect of corporate digital
transformation, based on above theoretical analysis, this study establishes the following
regression model:

CIit = α0 + α1Digit + ϕXit + µi + vt + εit (1)

where CIit represents the carbon emissions intensity of firm i in year t. Digit is the digital
transformation degree of firm i in year t. Xit denotes a set of control variables affecting
corporate carbon emission intensity. µi, vt, and εit indicate firm-fixed effects, year-fixed
effects, and the random error term, respectively.

3.2. Variables
3.2.1. Dependent Variable: Corporate Carbon Emissions Intensity (CI)

This study uses the ratio of carbon dioxide (CO2) emissions to the operating revenue of
listed companies to define CI, which has been adopted in the relevant literature [61]. At the
same time, the calculation scope of CO2 emissions of listed companies in this study includes
two categories: one is direct greenhouse gas emissions generated by emission sources
owned or controlled by the enterprise; the other type is indirect greenhouse gas emissions
generated by the consumption of externally purchased electricity and thermal energy.
The study manually compiles data on annual carbon emissions, fossil fuel consumption,
and electricity and heat usage from corporate social responsibility reports, sustainable
development reports, and environmental reports. Subsequently, these data are subjected to
computation in accordance with the methodology prescribed by the National Development
and Reform Commission and “IPCC Guidelines for National Greenhouse Gas Inventories”
(2006). This method of calculating CO2 emissions from listed companies has been adopted
in the relevant literature [72,73].

3.2.2. Core Independent Variable: Enterprise Digital Transformation (Digitalization)

The digital transformation of enterprises involves three aspects: transformation tech-
nology, scope, and results. Its essence lies in the driving and application of “ABCD” digital
technology, which has been confirmed by the relevant literature [74,75]. Therefore, we
evaluated enterprise digital transformation from two perspectives: “adoption of digital
technology” and “practical application of digital technology”. This approach to evaluating
enterprise digital transformation has been adopted in the relevant literature [37,54]. The
specific steps are as follows.

First, the characteristic words of digital transformation were identified, as shown in
Figure 1, based on the works of Wu et al. [37] and Li et al. [75]. Corporate digital transforma-
tion consists of two levels. At the first level, businesses focus on digital technology-driven
transformation to upgrade their existing technology systems. “ABCD” technologies, includ-
ing AI, blockchain, cloud computing, and big data, play a pivotal role in this process. This
level focuses on upgrading internal production and operation processes and digitalizing
management models and technologies. The second level of corporate digital transformation
involves moving from technology empowerment at the back end to market scenario appli-
cation at the front end, thus creating a new business growth engine. The “digital technology
adoption” is further divided into four mainstream technology directions (keywords 1–4),
while the “practical application of digital technology” focuses on specific digital business
scenario applications (keyword 5).
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Secondly, we gather annual reports of publicly listed companies using Python web
scraping functionality, and subsequently employ the Java PDFbox library to extract the
word frequencies associated with “digital technology adoption” and “practical application
of digital technology”. Thirdly, we aggregate the word frequencies for “digital technology
adoption” and “practical application of digital technology”, add 1 to the total frequency,
and then calculate the logarithm of this value. This calculated metric is used to quantify
the extent of enterprise digital transformation (Digitalization).

3.2.3. Control Variables

In accordance with a prior study by Long et al. [76] and Zhong et al. [77], this study
controls for several firm-level variables. These variables include: (1) Cash flow (Cashflow),
which is assessed as the ratio of net cash flow to corporate total assets, and is a reflection
of a firm’s financial viability. Higher cash flow provides more capital for investment in
environmental regulation and emissions reduction, potentially lowering carbon emissions.
(2) Asset-liability ratio (Leverage). It is calculated as the ratio of total liabilities to firms’
total assets, and can affect the financial support available for environmental protection
activities, thereby influencing carbon emission reduction. (3) Board size (Board). The board
is quantified as the natural logarithm of the number of firm directors, which can impact
decision-making efficiency, indirectly affecting operations and carbon performance. (4) CEO
duality (Dual), which is a binary variable indicating whether the CEO holds both the CEO
and chairman positions and can impact operational efficiency. (5) Equity concentration
(Top1). This is evaluated as the ratio of shares held by the largest shareholder to total shares,
and directly or indirectly affects enterprise operations and environmental performance.
(6) Listing age (Listage). Listage is measured as the natural logarithm of the years of listing,
which is related to the maturity, corporate value, and ESG performance of the firm, and may
impact carbon emissions control. (7) Corporate nature (SOE), which is a binary variable
implying whether the enterprise is state-controlled, and may weaken carbon emission
constraints in certain political contexts, negatively affecting carbon emission reduction.
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3.3. Data Source and Statistical Analysis

To investigate how corporate digital transformation contributes to carbon emissions
reduction, we selected data from Chinese A-share listed corporations between 2007 and
2020, resulting in a final sample of 25,311 observations from 3005 companies. Financial
companies, ST, and *ST companies were excluded. Finally, we obtained unbalanced panel
data from 3005 publicly listed companies for the years 2007 to 2020. Data pertaining to
corporate digital transformation were collected from annual reports, while other firm-level
and industry classification data were collected from the CSMAR database. Data at the
city level were acquired from the China Urban Statistical Yearbook (2008–2021) and the
China Environmental Statistical Yearbook (2008–2021). We matched the firm-level data,
industry-level data, and city-level data for further analysis.

Table 1 presents the descriptive statistics of the core variables.

Table 1. Descriptive statistics of variables.

Variable Mean S.D. Min P25 P50 P75 Max

CI 0.050 0.120 0.000 0.030 0.040 0.050 10.130
Digitalization 2.910 1.160 0.000 1.610 2.830 3.950 6.140

Cashflow 0.050 0.070 −0.220 0.010 0.050 0.090 0.280
Leverage 0.420 0.210 0.030 0.260 0.420 0.580 0.990

Board 2.140 0.200 1.610 1.950 2.200 2.200 2.710
Dual 0.260 0.440 0.000 0.000 0.000 1.000 1.000
Top1 0.360 0.150 0.080 0.240 0.340 0.460 0.760

Listage 1.980 0.920 0.000 1.390 2.200 2.770 3.370
SOE 0.390 0.490 0.000 0.000 0.000 1.000 1.000

4. Empirical Results and Analysis
4.1. Benchmark Regression Results

Table 2 summarizes the outcomes of a benchmark regression analysis that examines
how digital transformation impacts the intensity of corporate carbon emissions. The first
column displays the coefficient estimate for Digitalization without any control variables,
while columns (2) to (4) present the results obtained after incorporating control variables.
Our findings reveal that the estimated coefficient for Digitalization was consistently nega-
tive at a significance level of 5%, showing that corporate digital transformation can have
a substantial effect on curbing the intensity of carbon emissions. This empirical evidence
supports the validity of research hypothesis 1. This aligns with the findings of previous
research [51]. Overall, enterprise digital transformation involves the adoption of “ABCD”
digital technologies, leading to shifts in business operations, improved operational effi-
ciency, and reduced costs. This, in turn, serves as a catalyst for energy conservation and
emissions reduction. Furthermore, as posited in this study, enterprise digital transformation
holds the potential to curtail carbon emission intensity by enhancing energy utilization
efficiency, optimizing financial performance, and driving eco-friendly innovation. The
outcomes presented in Table 2 corroborate these assertions by providing empirical substan-
tiation for Hypothesis 2. From the regression outcomes in the fourth column of Table 2, it
can be inferred that variables such as Cashflow, Leverage, Board, and Dual do not yield
statistically significant impacts on corporate carbon emission intensity. However, Listage
demonstrates a noteworthy reduction in the carbon emission intensity of corporations. This
phenomenon might be attributed to the extended listing duration of companies, which
affords them greater opportunity to amass management expertise and industry-specific
knowledge. This, in turn, heightens their likelihood of comprehending and implementing
environmentally conscious technologies and practices, leading to diminished carbon emis-
sions. Additionally, corporations with prolonged listing periods often place an increased
emphasis on their brand image and social responsibility. Given the escalating societal
concern for environmental matters, such companies may adopt a more proactive stance
in reducing carbon emissions to uphold their favorable brand reputation. In contrast,
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state-owned enterprises (SOEs) exhibit a discernible elevation in corporate carbon emission
intensity. This trend could be attributed to the concentration of state-owned entities in
sectors characterized by higher inherent carbon emission intensity, including energy, heavy
industry, and infrastructure. Furthermore, the availability of governmental support often
facilitates a greater ease of access to funding for SOEs. This scenario may, however, result
in a relative lack of proactive investment in technological advancements and efficiency
enhancements, as compared to privately-owned enterprises.

Table 2. Benchmark regression results.

Dependent
Variable CI

(1) (2) (3) (4)

Digitalization −0.0029 ** −0.0028 ** −0.0030 ** −0.0027 **
(0.0012) (0.0012) (0.0013) (0.0013)

Cashflow −0.0149 −0.0153 −0.0112
(0.0139) (0.0142) (0.0142)

Leverage −0.0163 ** −0.0167 ** −0.0079
(0.0078) (0.0080) (0.0084)

Board −0.0091 −0.0114
(0.0080) (0.0080)

Dual −0.0007 −0.0011
(0.0029) (0.0029)

Top1 −0.0498 *** −0.0578 ***
(0.0137) (0.0139)

Listage −0.0106 ***
(0.0027)

SOE 0.0118 *
(0.0062)

Constant 0.0532 *** 0.0604 *** 0.0994 *** 0.1109 ***
(0.0040) (0.0052) (0.0191) (0.0196)

Year fixed effect Yes Yes Yes Yes
Firm fixed effect Yes Yes Yes Yes

N 25,311 25,311 24,900 24,900
R2 0.112 0.225 0.223 0.325

Notes: standard errors in parentheses. *, ** and *** represent significance at the levels of 10%, 5% and
1%, respectively.

4.2. Robustness Test

In order to further investigate the reliability of the estimation results of Equation (1),
we conducted the following robustness tests.

First, the two-stage least squares (IV-2SLS) method was adopted in this study to
address the potential endogeneity concern. The overall word count of the annual report
of the sample enterprises was chosen as an instrumental variable for two reasons. Firstly,
based on the frequency of certain keywords in the annual reports of listed companies, the
digital transformation index was calculated to measure the degree of corporate digital
transformation. This index was found to be strongly associated with the total word count in
the annual report. Secondly, the aggregate word quantity contained in the annual report was
an exogenous variable in the model and did not exert a direct causal impact on the intensity
of firms’ carbon emissions. The results of the estimation passed the over-identification test
at the 1% level of significance, and the Cragg–Donald Wald F value was greater than the
critical value of Stock–Yogo at the 10% level of significance (16.38), indicating the validity of
this instrument variable. The estimated coefficient of Digitalization in column (1), −0.0541,
was significant with the 5% level of significance, implying that, due to the presence of
endogenous problems, results in Table 2 underestimate the extent to which corporate digital
transformation has a restraining effect on the level of carbon emissions.
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Second, the independent variable was re-evaluated by conducting a text analysis and
substituting the key words with four dimensions: “application of digital technology”,
“Internet business model”, “intelligent manufacturing”, and “modern information sys-
tem”. Using the frequency of these key words in the annual reports of enterprises, a new
index of corporate digital transformation was constructed. The results of the estimation,
displayed in column 2 of Table 3, indicate that the coefficient of Digitalization2 remained
significantly negative, demonstrating the robustness of the conclusion that corporate digital
transformation positively impacts carbon emissions’ abatement.

Table 3. Robustness tests: 1.

Dependent Variable CI

IV-2SLS Digitalization is
re-measured Control for L.CI Industrial fixed- effect

is added

(1) (2) (3) (4)

Digitalization −0.0541 ** −0.0029 ** −0.0023 *
(0.0243) (0.0014) (0.0012)

Digitalization2 −0.0025 *
(0.0014)

L.CI −0.0970 ***
(0.0075)

Constant 0.0891 *** 0.1151 *** 0.0850 *** 0.0578 **
(0.0231) (0.0196) (0.0234) (0.0292)

Controls Yes Yes Yes Yes
Firm fixed effect Yes Yes Yes Yes
Year fixed effect Yes Yes Yes Yes

Industrial fixed effect No No No Yes
Kleibergen–Paap rk LM 41.176 ***
Cragg–Donald Wald F 63.922

N 24,580 24,900 21,761 25,311
R2 - 0.325 0.115 0.139

Notes: standard errors in parentheses. *, ** and *** represent significance at the levels of 10%, 5% and
1%, respectively.

Third, considering the continuity of carbon emissions of enterprises, the lag period of
carbon emissions was included as a variable in the control variables, and OLS estimation
was performed once again. Column (3) shows the estimated coefficient of Digitalization,
which reveals that even after controlling for the first-order lag of the dependent variable
and other control variables, the digital transformation of businesses continued to have a
significant inhibitory impact on carbon emission intensity.

Finally, in column (4) of Table 3, industry fixed-effects were further controlled for,
resulting in a three-dimensional fixed-effect model that takes into account individual,
industry, and year effects. The coefficient for the key explanatory variable as estimated by
the model was negative and significant at the 5% level, further confirming the reliability of
the benchmark regression results.

To further eliminate the potential influence of China’s ongoing environmental policies
on corporate carbon emission intensity, this study incorporated the low-carbon city pilot
policy (Policy_dt), carbon trading pilot policy (Policy_tjy), and energy-saving and emission
reduction fiscal policy (Policy_gf) into the baseline model for a re-regression. From the
regression results presented in Table 4, it can be inferred that even after accounting for the
impact of these three environmental policies, digital transformation continued to exhibit a
significant inhibitory effect on corporate carbon emission intensity.
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Table 4. Robustness tests: 2.

Dependent Variable CI

(1) (2) (3) (4)

Digitalization −0.0036 * −0.0034 * −0.0034 * −0.0033 *

(0.0019) (0.0019) (0.0019) (0.0019)

Policy_dt 0.0026 0.0049

(0.0047) (0.0047)

Policy_tjy −0.2838 *** −0.2827 ***

(0.0513) (0.0514)

Policy_gf −0.0113 * −0.0112 *

(0.0064) (0.0065)

Constant 0.1243 *** 0.2021 *** 0.1256 *** 0.2020 ***

(0.0286) (0.0318) (0.0286) (0.0318)

Controls Yes Yes Yes Yes

Firm fixed effect Yes Yes Yes Yes

Year fixed effect Yes Yes Yes Yes

N 16,936 16,936 16,936 16,936

R2 0.359 0.559 0.345 0.569
Notes: standard errors in parentheses. * and *** represent significance at the levels of 10% and 1%, respectively.

4.3. Heterogeneity Discussion
4.3.1. Corporate Heterogeneity

According to the principal–agent theory, enterprises with different natures of owner-
ship have different degrees of principal–agent relationship, and the business development
and innovation activities of enterprises are also affected by the principal–agent relation-
ship. Therefore, enterprises with different natures of ownership will have differences in
business performance, innovation ability, and environmental performance. According
to the theory of resource dependence, enterprises with different ownership modes have
different resources and abilities to obtain external resources, and this difference will be
extended to all aspects of enterprise management. In this section, we divide the samples
into state-owned enterprises (SOEs) and non-state-owned enterprises in accordance with
corporate ownership, to detect whether impacts of corporate digital transformation on
carbon emissions intensity are heterogeneous. The estimation results of columns (1) and (2)
in Table 5 display the impact of corporate digital transformation on the intensity of carbon
emissions as significantly negative for firms with state-owned ownership, but not signifi-
cantly for non-state-owned businesses. The possible reason is that, against the backdrop of
China’s digital economy advancement and pursuing the “dual-carbon” strategic goal, a
state-owned enterprise has the power to take the lead in realizing the digital transformation
and demonstrating a role for other enterprises. In addition, state-owned enterprises always
have more political connections and more advantages in the acquisition of digital tech-
nologies and financial support, so they can better play the part of digital transformation in
corporate carbon emissions reduction.
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Table 5. Corporate heterogeneity.

Dependent Variable CI

Heterogeneity Ownership Carbon intensity Financing ability
SOE Non-SOE High Low Strong Weak
(1) (2) (3) (4) (5) (6)

Digitalization −0.0064 ** −0.0009 −0.0062 ** 0.0003 ** −0.0037 ** −0.0010
(0.0026) (0.0014) (0.0027) (0.0001) (0.0018) (0.0020)

Constant 0.0824 ** 0.1484 *** 0.1999 *** 0.0333 *** 0.1476 *** 0.0804 **
(0.0390) (0.0225) (0.0412) (0.0019) (0.0260) (0.0359)

Controls Yes Yes Yes Yes Yes Yes
Firm fixed effect Yes Yes Yes Yes Yes Yes
Year fixed effect Yes Yes Yes Yes Yes Yes

N 9549 15,351 12,452 12,448 11,733 13,167
R2 0.459 0.545 0.659 0.249 0.625 0.354

Notes: standard errors in parentheses. ** and *** represent significance at the levels of 5% and 1%, respectively.

The effect of digital transformation on reducing carbon emissions may differ de-
pending on the carbon intensity of companies. After dividing the firm samples into two
groups based on the annual median of carbon emissions intensity, the regression results of
columns (3) and (4) in Table 4 show that, for high-carbon enterprises, digital transformation
has a noteworthy, positive effect on reducing carbon emissions, whereas for low-carbon
firms, corporate digital transformation exerts a reverse effect. This suggests that for high-
carbon enterprises, digital transformation is a crucial driving force for their low-carbon
development.

The financial capability of corporations is a significant limiting factor in their envi-
ronmental investment [78]. Using the annual median of the SA index, companies are
categorized into two groups to evaluate the different effect of corporate digital transfor-
mation on carbon emissions. Drawing from Hadlock and Pierce [79], a lower SA index
suggests a more severe financing constraint, indicating weaker financial ability. Results
from columns (5), (6) in Table 5 reveal the influence of corporate digital transformation on
carbon emissions for firms with strong and weak financing capability. The Digitalization
coefficient is negatively significant at a 5% level for corporations with strong financing
capability, but not significant for those with weaker financing capacity. This implies that
corporations with a strong financing capability have more resources to invest in digital tech-
nology and carbon emission control, providing financial support for digital transformation
in reducing carbon emissions.

4.3.2. Industry Heterogeneity

Different industries face varying market conditions and policies, leading to different
impacts of digital transformation on corporate carbon emissions intensity. This section
classifies industries and examines the effect of heterogeneity based on the technology input
intensity and energy consumption intensity of industries.

Using the “Classification of High-tech Industries (2017)” by the National Bureau of
Statistics, the samples were categorized into two groups: the high-tech group, and the
other group. The results in Table 6, columns (1) and (2), imply that in industries with low
technological intensity, digital transformation exerts a more significant effect on reducing
carbon emissions, as indicated by a significantly negative estimated coefficient. This
suggests that for enterprises with weaker technological bases, digital technology can have
a greater impact on improving their carbon performance.
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Table 6. Industry heterogeneity.

Dependent Variable CI

Heterogeneity Technology intensity Energy consumption intensity
High Low High Low

(1) (2) (3) (4)

Digitalization −0.0025 −0.0021 * −0.0082 * −0.0002
(0.0022) (0.0012) (0.0043) (0.0011)

Constant 0.0498 0.1313 *** 0.1629 *** 0.0686 ***
(0.0363) (0.0187) (0.0565) (0.0177)

Firm fixed effect Yes Yes Yes Yes
Year fixed effect Yes Yes Yes Yes

N 11,969 12,931 6800 18,100
R2 0.369 0.545 0.548 0.445

Notes: standard errors in parentheses. * and *** represent significance at the levels of 10%and 1%, respectively.

Regarding the energy consumption intensity of different industries, in accordance with
the “Letter on Clarifying Issues Related to the Implementation of the Policy of Reducing the
Cost of Electricity by Stages” issued by the National Development and Reform Commission,
industries were categorized into energy-intensive and non-energy-intensive industries.
Estimation results in Table 6, columns (3) and (4), indicate that digital transformation
exerts a significant negative impact on the carbon emissions intensity of businesses in
energy-intensive industries, but no significant effect in non-energy-intensive industries. It
is evident that digitalization in energy-intensive industries has the potential to yield greater
marginal benefits for carbon emission reduction.

4.3.3. Regional Heterogeneity

To examine the heterogeneity of the impact of digital transformation on corporate
carbon emissions across regions, we first categorized the samples into two groups based on
the median level of environmental regulation in the cities where the enterprises are located.
The proxy variable of environmental regulation was synthesized using the entropy method,
taking into account the local SO2 removal rate, the utilization rate of industrial solid waste,
and the industrial smoke removal rate. Different estimation results of the impact of digital
transformation on corporate carbon emissions intensity are presented in columns (1) and
(2) of Table 6. It was found that in cities with a high level of environmental regulation, the
coefficient of Digitalization was −0.0082, with a statistical significance at the 10% level,
while in the other sample group, the coefficient of Digitalization was not significant. This
confirms the importance of regional environmental regulation in determining the extent of
the reduction in corporate carbon emissions due to digital transformation.

Next, we categorized the cities further based on their marketization degree, which was
measured by the ratio of employees in individual and private enterprises to total employees.
This degree affects regional resource allocation and capital structure, and therefore the
correlation between digital transformation and the carbon footprint of corporations will
vary. Estimation results of this heterogeneity analysis are shown in columns (3) and (4)
of Table 7, showing that in cities with a high marketization degree, corporate digital
transformation has a notable impact on carbon emissions reduction, but this is not the case
in cities with a low degree of marketization. In regions with greater marketization, weaker
information barriers often facilitate enterprise access to digital technologies. Moreover,
higher levels of marketization correspond to greater emphasis on economic efficiency by
enterprises. Digital transformation can promote cost savings, enhance competitiveness, and
facilitate sustainability for businesses. Consequently, in highly marketized areas, businesses
tend to exhibit a relatively advanced stage of digital transformation, making it more likely
for them to achieve carbon reduction goals.
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Table 7. Regional heterogeneity.

Dependent Variable CI

Heterogeneity

Environmental
regulation degree

Degree of
marketization Resource-based city

High Low High Low Yes No
(1) (2) (3) (4) (5) (6)

Digitalization −0.0082 * −0.0006 −0.0070 * 0.0007 −0.0234 * 0.0003
(0.0048) (0.0010) (0.0041) (0.0049) (0.0136) (0.0014)

Constant 0.3115 ** 0.0592 ** 0.1687 * 0.2016 ** 0.2782 0.0721 **
(0.1345) (0.0246) (0.0870) (0.0787) (0.1741) (0.0316)

Firm fixed effect Yes Yes Yes Yes Yes Yes
Year fixed effect Yes Yes Yes Yes Yes Yes

N 11,449 5571 11,435 5585 2529 14,407
R2 0.149 0.229 0.558 0.748 0.109 0.558

Notes: standard errors in parentheses. * and ** represent significance at the levels of 10% and 5%, respectively.

Moreover, we investigated whether the influence of digital transformation on corpo-
rate carbon emissions intensity differs depending on whether cities are resource-based or
non-resource-based. The classification adheres to the guidelines outlined in the National
Plan for Sustainable Development of Resource-based Cities (2013–2020) established by the
State Council of China. The results of our analysis are presented in columns (5) and (6).
The findings indicate that digital transformation can lower corporate carbon emissions
in resource-based cities, whereas non-resource-based cities do not exhibit such an effect.
The development of resource-based cities often depends on the consumption of traditional
fossil fuels, resulting in relatively high carbon emissions intensity for their enterprises. The
digital transformation of these corporations can enhance energy efficiency and lead to more
significant carbon emissions reductions.

4.4. Transmission Mechanism Discussion

Building upon the foundation of Model (1), this study, drawing inspiration from
existing research [76], establishes a panel mediation model to examine three transmission
mechanisms of the impact of digital transformation on corporate carbon emission intensity.

Medit = β0 + β1Digit + ϕXit + µi + vt + εit (2)

CIit = δ0 + δ2Medit + ϕXit + µi + vt + εit (3)

where β1 represents the coefficient of the influence of digital transformation on the me-
diating mechanism variables, and δ2 signifies the coefficient of the impact of mediating
mechanism variables on corporate carbon emission intensity. When both β1 and δ2 are sta-
tistically significant, it indicates that digital transformation can influence corporate carbon
emission intensity through the mediating variables. The meanings and interpretations of
other variables and symbols remain consistent with Model (1). Our theoretical analysis
indicates that three possible transmission mechanisms may exist: improvement in energy
use efficiency, enhancement of financial performance, and promotion of green innovation.
We adopted the LP method, as described in research of Zhong and Ma [61], to compute
the total factor productivity of businesses as a proxy for energy use efficiency. Return on
assets (ROA) was adopted as the proxy variable for financial performance [80], and the
green innovation of enterprises was measured by the natural logarithm of the number of
green utility patents they had obtained independently [80].

Table 8 presents the empirical results of the mechanism test for the effect of corporate
digital transformation on carbon emissions intensity. Columns (1), (3), and (5) demonstrate
the influence of digitalization on the energy use efficiency of businesses, financial perfor-
mance, and green innovation, respectively. The estimated coefficient of Digitalization is
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significantly positive, implying that corporate digital transformation is beneficial to the im-
provement of corporate energy use efficiency, financial performance, and green technology
innovation. Columns (2), (4), and (6) demonstrate that improvements in energy use effi-
ciency, enhancement in financial performance, and green innovation all have significantly
inhibiting effects on the carbon emissions of businesses. In conclusion, the results of our
test indicate that energy use efficiency improvement, financial performance enhancement,
and green innovation promotion are three effective transmission mechanisms and that
digital transformation helps to reduce the intensity of corporate carbon emissions. This
provides evidence to support the validity of Hypothesis 2.

Table 8. Transmission mechanism test.

Dependent Variable Energy Use
Efficiency CI Financial

Performance CI Green
Innovation CI

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

Digitalization 0.0564 *** 0.0020 *** 0.0632 ***
(0.0045) (0.0005) (0.0061)

Energy use efficiency −0.0441 ***
(0.0160)

Financial performance −0.0505 *
(0.0277)

Green innovation −0.0046 ***
(0.0014)

Constant 6.9724 *** 0.4963 *** 0.0802 *** 0.1314 *** −0.1687 * 0.1119 ***
(0.0785) (0.1818) (0.0084) (0.0286) (0.0939) (0.0196)

Controls Yes Yes Yes Yes Yes Yes
Firm fixed effect Yes Yes Yes Yes Yes Yes
Year fixed effect Yes Yes Yes Yes Yes Yes

N 14,604 14,604 17,019 17,019 24,917 24,917
R2 0.412 0.179 0.205 0.389 0.210 0.389

Notes: standard errors in parentheses. * and *** represent significance at the levels of 10% and 1%, respectively.

4.5. Extended Analysis

The corporate digital transformation indicator is comprised of multiple dimensions,
as described in Figure 1 (Keywords 1–5). We performed a word frequency analysis of these
five dimensions in the annual reports of enterprises and evaluated their impact on corporate
carbon emissions reduction, respectively. Table 9 presents the results of this empirical study.
Our OLS estimation results, which control for the firm-level variables, indicate that digital
transformation in the “AI” and “digital business scenario application” dimensions have
the most significant effect on reducing corporate carbon emissions. Although applications
of big data, blockchain, and cloud computing have a negative impact on carbon emission
reduction, these effects were found to be insignificant.

The interpretation of the key words in Figure 1 reveals that AI-related keywords pri-
marily focus on advanced learning and intelligent analysis, while digital business scenario
applications center around intelligent devices, mobile payment, new business models,
digital financial technology, and intelligent financial services. This implies that, in the
current context of widespread corporate digital transformation in China, the widespread
adoption of AI technology and the implementation of new business models are crucial
drivers for reducing corporate carbon emissions. Meanwhile, to better contribute to im-
proved environmental performance, efforts also should be made to enhance the promotion
of big data, cloud computing, and blockchain technology.
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Table 9. Extended analysis: impacts at different dimensions.

Dependent Variable CI

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

AI −0.0044 **
(0.0022)

Bigdata −0.0017
(0.0019)

Blockchain −0.0090
(0.0117)

Cloud computing −0.0030
(0.0019)

Digital business
scenario application −0.0026 *

(0.0015)
Constant 0.1114 *** 0.1123 *** 0.1126 *** 0.1117 *** 0.1112 ***

(0.0196) (0.0196) (0.0196) (0.0196) (0.0196)
Controls Yes Yes Yes Yes Yes

Firm fixed effect Yes Yes Yes Yes Yes
Year fixed effect Yes Yes Yes Yes Yes

N 24,900 24,900 24,900 24,900 24,900
R2 0.395 0.387 0.387 0.389 0.378

Notes: standard errors in parentheses. *, ** and *** represent significance at the levels of 10%, 5% and
1%, respectively.

5. Conclusions and Implications
5.1. Conclusions

The role of digital transformation in achieving low-carbon development for enterprises
is becoming increasingly significant. However, as a major carbon emitter, the level of digital
transformation among Chinese enterprises remains relatively low. The influence of digital
transformation on the low-carbon development of Chinese enterprises still necessitates
further exploration. Investigating this issue can offer theoretical and empirical insights
from China’s experience for other countries globally, guiding them on leveraging digital
technologies to promote low-carbon economic transitions. In light of this, our study
combines theoretical analysis with empirical validation. Utilizing unbalanced panel data of
3005 listed companies from 2007 to 2020, we examined the impact of digital transformation
on corporate carbon emission intensity and its underlying mechanisms. The primary
findings of this research are as follows:

(1) Digital transformation has a significant effect in reducing corporate carbon emissions
intensity. The study employs the two-stage least squares (IV-2SLS) approach to ad-
dress endogeneity in the model. It also includes lagged variables of carbon emissions
as control variables and controls for industry fixed effects, ensuring the robustness of
the analysis.

(2) The reduction in carbon emissions intensity is more pronounced in state-owned en-
terprises, companies with higher initial carbon emissions intensity, and those with
strong financing capabilities. In industries characterized by low technological input
and high energy consumption, digital transformation leads to a greater decrease in
carbon emissions intensity. Additionally, the impact of digital transformation on car-
bon emissions is more significant in industries with strict environmental regulations,
higher levels of marketization, and resource-based cities.

(3) Digital transformation can achieve a reduction in corporate carbon emissions intensity
by improving energy efficiency, optimizing financial performance, and promoting
green innovation.
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(4) Further analysis reveals that only artificial intelligence, among the digital technologies
examined, significantly reduces corporate carbon emissions intensity. While big
data, blockchain, and cloud computing have a negative impact, the effects are not
statistically significant.

5.2. Policy Implications

Based on the research conclusions regarding the impact and mechanisms of digital
transformation on corporate carbon emission intensity, this study puts forth specific policy
recommendations aimed at promoting the reduction of carbon emission intensity through
digital transformation. These recommendations are formulated from both governmental
and corporate perspectives.

At the government level, interdepartmental collaboration and coordination should be
strengthened to create a collective effort in advancing digital transformation and carbon
emission reduction. Governmental economic measures, such as carbon emissions trading
systems, carbon taxes, and green financial support, can provide economic and financial
incentives to encourage enterprises to adopt digital transformation strategies for carbon
emission reduction. Establishing a Digital Transformation Technology Support Center
could offer enterprises digital tools, technical guidance, and training to aid in effectively
applying digital technologies to carbon reduction efforts. A data sharing platform should
be established to encourage companies to share carbon emission data and experiences in
digital transformation, thereby facilitating the spread of best practices and mutual learning.
Government support should be directed towards state-owned enterprises and those with
high carbon emission intensity to undergo digital transformation, while also enhancing
support for resource-dependent cities to promote the development of digital infrastructure.

At the enterprise level, companies should establish clear carbon reduction goals and
plans, integrating them into their strategic planning and operational decision-making pro-
cesses, and progressively promote digital transformation in a systematic and organized
manner. Active investment in and the adoption of technology solutions related to digital
transformation, such as artificial intelligence, the Internet of Things, and big data analytics,
can enhance energy utilization efficiency and lower carbon emissions. Fostering digital
thinking and environmental consciousness among employees can drive internal carbon
reduction initiatives. Increased investment in green innovation and sustainable develop-
ment can harness digital technology to develop green products and services, catering to
the market demand for sustainable offerings.

5.3. Limitations and Future Prospects

This study explores the impact of corporate digital transformation on reducing carbon
emissions from a linear perspective. However, it fails to consider the potential for increased
carbon emissions as a result of corporate digital transformation. Furthermore, the study
overlooks the possibility of spatial spillover effects resulting from enterprises’ digital
transformation. As such, our future research will concentrate on examining nonlinear as
well as spatial spillover effects of corporate digital transformation on corporate carbon
emissions, to provide more informed policy recommendations for companies pursuing
low-carbon transformation and digital development.
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