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Abstract: Digital transformation in renewable energy enterprises offers critical opportunities for
China’s green orientation and sustainable growth. Based on a statistical data of Chinese A-share listed
renewable energy companies, we explore the effects of digital transformation on a company’s financial
performance and the mediating role of green technology innovation. The findings indicate that there is
a driving effect of digital transformation on renewable energy companies’ financial performance. Our
results remain valid after a series of robustness tests. Furthermore, a heterogeneous analysis indicates
that enhancing digital transformation only positively affects the financial performance of state-owned
firms and firms in the eastern area, and the driving effect of digital transformation is greater for
large firms. In addition, green technology innovation plays a complete mediating role in digital
transformation’s impact on renewable energy enterprises’ financial performance. Specifically, when
a renewable energy company has digital transformation, it has better green technology innovation
leading to better financial performance. Our results provide vital implications for promoting the
effectiveness of digital transformation in the development of renewable energy enterprises.

Keywords: digital transformation; financial performance; renewable energy enterprises; green
technology innovation; China

1. Introduction

As the digital economy expands, digitalization has become a significant global trend [1].
A rising number of enterprises have been embracing digital transformation (DT) with edge-
cutting technologies to respond to this trend [2]. DT, as a process of data collection, storage
and analysis using advanced digital technologies, has become a strategic selection for many
firms to improve productivity [3,4]. As a result of the deep adjustments in technology
and the market environment brought about by the advent of the digital economy, more
and more Chinese firms are turning to digital technologies to encourage organizational
optimization and speed up the pace of innovation in products and services, thus creating
new momentum for China’s economic expansion [1]. In 2021, there were over 1000 listed
enterprises with the digital economy as the primary sector, with listed digital companies
spanning almost all industries.

China’s rapid economic growth has brought about the challenges of energy deficiency
and environmental degradation. Enhancing the ecological environment has become essen-
tial to China’s economic growth strategy. Considering that the use of renewable energy
can alleviate these issues [5,6], an increasing number of domestic enterprises are moving
their attention to renewable energy and new energy [7]. Accelerating the growth of the
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renewable energy industry is a crucial part of the world’s energy structure transformation
and a critical path to achieving the global carbon neutrality target [8]. Moreover, industrial
innovation and technological progress based on renewable energy have become significant
drivers of global economic growth, and the focus of international competition will shift to
control the value chain of low-carbon technologies represented by renewable energy [9].
China is vigorously promoting the strategic adjustment of its energy structure, actively
developing renewable energy resources.

More importantly, listed renewable energy enterprises shoulder the critical mission of
driving general enterprises to increase production and generate income, optimizing the
energy structure and promoting the healthy development of the renewable energy industry.
Meanwhile, their financial performance level represents the reality and growth prospects
of the renewable energy industry. Consequently, digital technology should be integrated
into the entire development process of renewable energy companies to completely fulfill
their DT strategy and enhance corporate performance [10,11]. In 2022, China Energy
Administration has issued the “14th Five-Year Plan for Science and Technology Innovation
in the Energy Sector” and proposed to speed up the development of new energy and
digital energy, which fully recognizes the importance of digital technology in enhancing
the structural transformation of energy consumption. Thus, it is evident that it has become
a social consensus to accelerate renewable energy enterprises’ DT and to achieve digital
technology coverage of the renewable energy industry.

Although many Chinese firms are interested in DT, it is challenging to judge if it
will result in effective performance improvement and increase enterprise value.
Fitzgerald et al. [12] reported on the phenomenon of a digital technology paradox. Specif-
ically, managers recognize the benefits of DT adoption but are disappointed with the
effectiveness of digital technology for their firms. According to a Wipro Digital survey in
2017 in the US, half of the senior respondents believed that the DT process in their firms
was challenging and ultimately unsuccessful. Moreover, DT implementation is complicated
owing to the enormous costs, learning curve, and necessary changes [1]. In addition, the
renewable energy industry’s DT adoption has several areas for improvement in infrastruc-
ture, application services, and digital technologies [13,14], which results in a low level of
integration between the digital economy and the renewable energy sector.

Therefore, one fundamental question emerges: Does DT promote the financial perfor-
mance of China’s renewable energy companies in the new digital economy? If so, what are
the inherent transmission mechanisms for the effects of DT on renewable energy companies’
financial performance? The resolution of these issues is relevant to the effective promotion
of renewable energy companies’ DT and the development of relevant renewable energy
policies. Green technology innovation (GTI) mainly refers to innovation activities that aim
to enhance energy saving and emission reduction, reduce environmental pollution and
use renewable energy. Moreover, Green technology innovation, a new form of traditional
innovation from the perspective of ecological civilization, emphasizes the harmonization of
economic, social and ecological benefits, which is considered a critical force for sustainable
economic development [15]. In addition, DT is naturally embedded in the concept of
green development and can provide a strong internal driving force for green technology
innovation. Thus, does DT contribute to green technology innovation? Can DT improve
renewable energy enterprises’ financial performance by driving green technology innova-
tion? Nevertheless, studies on these issues are still rare. This study aims to explore the
influence of DT on a renewable energy enterprise’s financial performance in China. Further,
we focus on the mediating role of green technology innovation in DT affecting renewable
energy enterprises’ financial performance.

Using the textual analysis method, we measure the extent of a renewable energy
company’s DT based on its annual report. Then, we use a sample of China’s A-share
listed renewable energy enterprises for the period of 2009–2021 in our study. The findings
reveal that increased DT promotes a renewable energy company’s financial performance.
Different renewable energy enterprises in the sample have different responses to DT
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strategy, depending on ownership type, scale, and region. DT has a positive impact on
the financial performance of state-owned firms (SOF) and firms in the eastern area, and
the marginal effect of DT is greater for large firms. Furthermore, consistent with intuition,
green technology innovation plays a crucial mediating role in the process of DT promoting
renewable energy enterprises’ financial performance. Specifically, DT can significantly
improve green technology innovation, thereby contributing to improving a renewable
energy company’s financial performance. In addition, a series of robustness tests verify the
benchmark model’s findings, confirming that there is a positive correlation between DT
and renewable energy companies’ financial performance.

This research contributes to existing studies in the following ways. First, this paper
answers the research question that whether DT can contribute to the growth of renewable
energy companies. Most previous research focuses on the role of DT in a company’s
financial performance [16–19]. Moreover, some scholars have argued that DT may enhance
corporate performance by boosting operating efficiency, decreasing costs, and fostering
innovation [20–24]. However, these studies do not carry out targeted research on renewable
energy enterprises. We bring DT and renewable energy enterprises’ financial performance
into a unified analytical framework. By using textual analysis to measure firms’ DT level,
we can calculate to what degree DT has enabled renewable energy enterprises to make
more efforts in performance improvement. Overall, this is the first research to explore
the influence of DT on the renewable energy industry’s growth systematically adopting
firm-level data. Moreover, its pertinence and feasibility are more substantial than the
universal study of the relationship between DT and firm performance.

Second, this research helps understand whether DT affects renewable energy enter-
prises’ financial performance differently across firms’ ownership types, scales, and regions.
The differences in operation features between SOF and non-state-owned firms (NSOF), and
the regional heterogeneity in China have a vital influence on corporate performance [25–27].
Thereby, this paper contributes to the existing studies and gives insight into the influence of
DT on the development of renewable energy enterprises. Moreover, it provides important
lessons for developing differentiated DT policies to improve renewable energy enterprises’
financial performance.

Third, from the perspective of green technology innovation, this study endeavors
to analyze the transmission mechanisms for the impact of DT on a renewable energy
company’s financial performance. Previous research on DT has mainly examined its
direct impact on firm performance [28–30], lacking insight into the indirect pathways
through which DT affects enterprise performance. Green technology innovation is a core
factor influencing corporate performance improvement [31,32]. Thus, exploring whether
DT enhances renewable energy enterprises’ financial performance by promoting green
technology innovation is essential for understanding the inherent mechanisms underlying
the impact of DT on corporate performance.

The remainder of this research is organized as follows. Section 2 covers the related
literature and hypotheses. Section 3 describes the methodology and data. Section 4
summarizes and discusses the research results. Section 5 gives the conclusions and
policy implications.

2. Literature Review and Hypotheses Development
2.1. Literature Review

Academic circles are divided on the definition of DT. Fitzgerald et al. [12] defined it
as the use of digital technology for major business transformation, including promoting
user experience, streamlining operational models, and developing new business models.
Mergel et al. [33] interpreted it as a demand to maintain a high degree of market competi-
tiveness in the digital economy by offering goods and services online and offline utilizing
new technologies. Reis [34] described it as using new digital technologies to accomplish
critical business changes and improve users’ quality of life by delivering superior services.
Verhoef et al. [35] and Schallmo et al. [36] defined it as the use of digital technology to
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gather, cleanse, and analyze data to extract valuable business information, which may be
used to assess new digital business models and assist firms in creating corporate value and
enhancing performance. To summarize, DT may be summed up as “enterprise plus tech-
nology plus data”, which is characterized by efficiency improvement, model innovation,
and value creation. Furthermore, this description is in line with current research on DT [30].
In addition, through digital technology, DT fundamentally enhances the optimization and
innovation of production methods, organization and business models [23]. Firms use
DT to make strategic behavioral changes by weighing up their resources and external
environment, thus creating corporate value and achieving competitive improvements.

At present, there is little research on whether DT can increase corporate performance,
and the findings also differ. Some research has found that traditional digital technologies
have no significant effect on corporate performance [37]. Nevertheless, some scholars
argue that DT and corporate performance are positively correlated based on quantita-
tive and empirical research [28–30]. DT can analyze the personalized demands of users
and increase the breadth and depth of data analysis through new participants, enhanc-
ing the quality of goods and services and reshaping the value-creation mechanism of
stakeholders in the traditional business model [38]. Similarly, Lorenzo et al. [39] be-
lieved that DT could enhance enterprise innovation based on a sample of small US firms.
Llopis-Albert et al. [40] explored the effects of DT on corporate performance and stake-
holder satisfaction in the vehicle sector, revealing that a DT strategy resulted in increased
profitability and competitiveness. Ribeiro-Navarrete et al. [41] used training in digital
tools and social networks to quantify the extent of DT. Furthermore, they verified the
promoting effect of DT on financial performance in the service sector. In addition, some
scholars have pointed out that the greater the quality of DT, the greater the organization’s
productivity [16,41].

To summarize, the literature implies that DT improves an enterprise’s financial per-
formance. However, the evidence is unclear because of the non-comprehensive nature
of exploring an enterprise’s DT in the studies. Moreover, most evidence comes from
manufacturing or services, and the renewable energy industry is not emphasized. In
addition, in the field of sustainable theory, green technology innovation and technology
are essential factors influencing the green economy. Some research argues that DT can
drive a company’s technological innovation, which ignores the effects of DT on green
technology innovation. Meanwhile, it is still being determined whether DT has the function
of improving renewable energy enterprises’ financial performance by promoting green
technology innovation. Thus, there is still potential to investigate the influence of DT on
a renewable energy company’s financial performance and the mediating role of green
technology innovation.

2.2. Hypotheses Development

This research hypothesizes that if a renewable energy company has DT, its financial
performance is better than one without DT for three reasons. First, DT can effectively im-
prove a firm’s operational efficiency. The widespread use of digital technology can improve
production tools’ efficiency, significantly reducing maintenance and inventory costs and
increasing productivity. Moreover, if a company selects a DT strategy, it represents its
ambition to create corporate value by applying diverse digital technologies to its operations.
Moreover, a company’s goal of pursuing DT will be integrated into the corporate culture,
improving its motivation and competitiveness [42,43].

Second, DT can help an enterprise reduce operational costs. Using digital technologies
such as big data, cloud computing, and machine learning, an enterprise can collect and
analyze helpful information from R&D, raw material procurement, product manufacturing,
and product sales, thereby improving communication efficiency between the upstream
and downstream of the industrial chains and reducing production and management costs.
Furthermore, the advancement of digital technology may effectively address the issue of
information asymmetry, reducing firms’ costs of information collecting, product creation
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and contract fulfillment and enhancing their resource utilization efficiency [44,45]. In
addition, through DT, there is more effective communication between shareholders and
managers, managers and employees, contributing to cost savings for a firm.

Third, the applications of digital technologies and internet business models have
also given rise to a new form of sharing economy. The sharing of technology, equipment
and services among firms can lower the threshold for resource utilization and production
costs, effectively solving the shortage of production capital and improving the allocation
of production materials [46]. In addition, DT enables firms to access new information
and relationships, thus fostering innovation and market globalization [47]. Collectively,
a DT strategy promotes a company’s operational efficiency, cost savings and innovation.
Consequently, if a company has DT, its financial performance is higher than one without
DT. Thus, the first hypothesis is proposed as follows:

Hypothesis 1. DT has a positive impact on renewable energy enterprises’ financial performance.

DT can not only reduce the consumption of resources in the economy and society and
achieve energy-saving and environmental protection, but also break through the limitation
of time and space through the effective use of data and information, thus promoting the
optimization of resource use among different regions or organizations. Overall, green
development is integrated into the essence of DT, which can provide a strong internal
driving force for green technology innovation in renewable energy enterprises. First, DT
can optimize the allocation of internal and external resources, stimulate the innovation
potential of enterprises and provide an internal impetus for green innovation activities [21].
In fact, green innovation activities are complex and long-term, requiring enterprises to have
strong resource integration capabilities. Using digital technology can effectively reduce
the cost of information utilization, strengthen the collaboration between enterprises and
improve the allocation of resources, thus promoting the smooth implementation of green
innovation activities in enterprises [48]. In addition, not only does DT promote information
sharing and knowledge integration, but it can also refine new information and knowledge,
which helps to stimulate enterprise innovation and increase intellectual capital [49]. Second,
DT can enhance external oversight and mitigate conflicts over internal innovation activities.
Compared to traditional innovation, green technology innovation has a higher degree of
information opacity in the development and application of results, making it difficult for
company managers to monitor it effectively [50]. However, the widespread use of digital
technologies can help firms grasp the latest innovation data and visualize their innovation
activities in a timely manner, thus reducing their monitoring costs. Moreover, it reduces
conflicts between different levels within the company and promotes green technology
innovation. Third, the existing innovation models can be improved by DT. By building
digital platforms to achieve broader collaboration with multiple innovation actors, such
as external research institutions and consumers, firms can improve their integrated open
innovation model, stimulate their green technology innovation and have a positive effect
on the quality and quantity of innovation activities.

Green technology innovation, as an essential part of an enterprise’s sustainable growth
strategy, improves its ability to respond to the challenges of the natural environment and
achieve sustainable development, thus improving its competitiveness and corporate perfor-
mance [51]. First, green technology innovation can help firms gain more profits through
green technology [31,32]. Moreover, by producing green and innovative products to occupy
more green market share, firms can gain users’ trust to inspire green purchasing behavior,
improving their market competitiveness [52]. Second, if a firm has green technology inno-
vation, it can reduce its operating costs, thus improving firm performance. Chen et al. [53]
argued that through green technology innovation, firms not only enhanced the protection
of the natural environment but also reduced the economic penalties they endured because
of environmental pollution. Zhu et al. [54] demonstrated that firms used cutting-edge
green technologies to solve environmental pollution problems and reduced the costs of
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environmental pollution control. Dangelico and Pontrandolfo [55] founded that green
technology innovation could promote resource utilization efficiency and reduce operating
costs, thereby improving corporate performance. Third, green technology innovation
can bring differentiated competitive advantages to firms, thus improving their financial
performance. Chiou et al. [56] believed that green technology innovation, with originality
and difficulty of imitation, created barriers for potential competitors and improved a firm’s
economic efficiency. Phan and Baird [57] revealed that firms would accumulate a lot of
green technologies and knowledge in green technology innovation, improving their ability
to cope with environmental uncertainty and enhancing their environmental management
systems, which will promote their core competitiveness and sustainable improvement in
financial performance. The above discussion leads to the second hypothesis:

Hypothesis 2. DT can indirectly enhance renewable energy enterprises’ financial performance by
promoting green technology innovation.

3. Data, Variables and Methods
3.1. Data

This research surveys a panel data of Chinese A-share listed new energy vehicle
enterprises. The sample examination period is set to 2009–2021. The beginning of 2009 is
an attempt to eliminate the effects of the global financial crisis in 2008, which may hamper
an enterprise’s financial performance and its ambition to undertake DT. To effectively
evaluate the impact of DT on corporate performance, we delete enterprises as follows:
(1) ST and *ST listed enterprises; (2) enterprises with missing financial data. The final
sample has 793 firm-years. The financial data is collected from the CSMAR databases. In
addition, to overcome the effect of extreme values on the empirical results, we winsorize
the continuous variables at the 1% and 99% levels.

3.2. Variables
3.2.1. Explained Variables

The explained variable is enterprise performance. Accounting-based measures ROA
and ROE are chosen over market-based measures like Tobin’s Q. One possible reason is that
accounting-based measures are vulnerable to investor expectation and manager’s profits
manipulation [58]. Moreover, Hutchinson and Gul [59] argued that accounting-based
measures could better evaluate the management level of a firm. Therefore, we use ROA
(net income to total assets ratio in percent) and ROE (net income to shareholder equity in
percent) to represent a renewable energy company’s financial performance.

3.2.2. Explanatory Variable

The core explanatory variable is DT in the research. Verhoef et al. [35] pointed out
a company’s DT included digital technology application, business model innovation, and
digital strategy. The third component builds on the first two. Referring to Gal et al. [60], we
focus on the first two to calculate a company’s DT level.

This research uses the following steps to collect a company’s DT information. Firstly,
using Python software, we do textual analysis on the annual reports of renewable energy
companies to identify the keywords associated with DT. Specifically, we use a dictionary
of 49 and 42 keywords relevant to the underlying technology and practical application
for the textual analysis. Secondly, after identifying a renewable energy company’s annual
report with the keywords, we use Python to count the number of distinct different digital
technologies and business model innovations in a renewable energy company’s annual
report. Finally, the occurrences of each keyword are counted and summed to determine
the total number of occurrences in an annual report. Furthermore, the natural logarithm of
1 plus the total number of occurrences is used as a proxy variable for DT.
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3.2.3. Mediating Variable

The mediating variable is green technology innovation (GTI). This paper uses the
total number of green patent applications to evaluate a renewable energy company’s green
technology innovation level. Specifically, the number of green invention patent applications
and the number of green utility model patent applications are summed to get the total
number of green innovation patent applications. Moreover, the natural logarithm of 1 plus
the total number of green innovation patent applications is used to measure GTI.

3.2.4. Control Variables

This paper control six variables thought to influence firm performance, including
enterprise size (ES), revenue growth rate (RGR), asset liquidity (AL), equity multiplier (EM),
board independence (BI), and the ownership of the largest shareholder (LS). Specifically,
ES is measured as the natural logarithm of year-end total assets. AL is defined as current
assets divided by current liabilities. The ratio of total assets to shareholder equity is used
for measuring EM. BI is measured as the number of independent directors to board size
ratio in percent. OS is represented by the percentage ownership of the largest shareholder.
Table 1 presents the descriptive statistics.

Table 1. Descriptive statistics.

Variables Obs. Mean S.D. Min Max

ROA 793 0.0358 0.0402 −0.0282 0.4388
ROE 793 0.0910 0.0796 −0.0789 0.7833
DT 793 1.7197 1.0650 0.0000 3.2958
GTI 793 0.4815 0.7252 0.0000 3.9512
ES 793 22.4598 1.2812 17.7826 25.8970

RGR 793 0.1264 0.2058 −0.4682 2.1797
AL 793 0.5372 0.1354 0.1344 0.7643
EM 793 2.1952 1.2478 1.0164 6.1431
BI 793 31.4631 4.2617 27.2830 45.7928
LS 793 29.5367 9.6491 12.2845 67.2832

3.3. Econometric Methods

The benchmark model is Equation (1), where ROAit is return on assets, and ROEit is
return on equity. DTit is digital transformation. Xit is a series of control variables. µi and δt
are the individual and time fixed effects, respectively. εit is the error term.

ROAit(ROEit) = β0 + β1DTit + β2Xit + µi + δt + εit (1)

This research also explores whether green technology innovation has a mediating
role in the mechanism. Our mediating effect references Baron and Kenny [61]. Using the
stepwise regression method, we construct the following model:

GTIit = θ0 + θ1DTit + θ2Xit + µi + δt + εit (2)

ROAit(ROEit) = φ0 + φ1GTIit + φ2DTit + φ3Xit + µi + δt + εit (3)

where GTIit represents green technology innovation, namely the mediating variable. The
specific test steps are as follows: First, if β1 is significant, follow-up test is carried out.
Second, when β1 is significant, θ1, φ1, and φ2 are tested in three cases. If θ1, φ1, and φ2
are all significant, there is a partial mediating effect. If θ1 and φ1 are all significant, but
φ2 is not significant, a complete mediating effect can be considered. If either θ1 or φ1
is not significant, the bootstrap sampling method is used to test whether the mediating
effect exists.



Sustainability 2023, 15, 712 8 of 15

4. Results Analysis and Discussion
4.1. Baseline Findings and Robustness Tests

The benchmark regression findings are detailed in Table 2. The findings of Columns (1)
and (2) reveal that when only fixing the individual and time effects, DT has a significantly
positive effect on the renewable energy enterprises’ ROA and ROE, indicating that en-
hanced DT contributes to improving a renewable energy company’s financial performance.
In columns (3) and (4), the coefficients of DT remain positively significant at 1% after
adding all the control variables. In column (3), for instance, the coefficient of DT is 0.0442,
suggesting that a one percentage point increase in the level of DT increases a firm’s ROA by
0.0442 percentage points. Hypothesis 1 is verified.

Table 2. Benchmark results.

Variables
ROA ROE ROA ROE

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

DT 0.0540 ***
(4.21)

0.0708 ***
(5.88)

0.0442 ***
(4.64)

0.0648 ***
(4.77)

ES 0.0359 ***
(4.75)

0.0205 ***
(4.20)

RGR 0.0248 ***
(4.14)

0.0270 ***
(4.71)

AL 0.5312 ***
(3.07)

0.5385 ***
(4.11)

EM −0.1635 *
(−1.85)

−0.1147 *
(−1.70)

BI −0.0390
(−1.28)

−0.0785
(−1.54)

LS 0.0536 ***
(6.21)

0.0791 ***
(5.36)

_cons 3.8560 ***
(11.79)

2.5740***
(9.12)

−1.1987 ***
(−6.01)

−1.7394 ***
(−7.16)

IE YES YES YES YES
YE YES YES YES YES

Obs. 793 793 793 793
R2 0.2310 0.2136 0.2491 0.2270

Note: * p < 0.1, *** p < 0.01. T-statistics are in parentheses.

Control variables, if significant, carry the anticipated signs. For example, the coeffi-
cients of ES, RGR, AL and LS positively influence renewable energy enterprises’ financial
performance, illustrating that when a firm has a large scale, growing profitability, strong
assets liquidity and significant-top shareholder ownership, its financial performance will
be enhanced. With a negative coefficient, EM has passed the significance test, revealing
that a higher equity multiplier blocks renewable energy enterprises’ financial performance.

To determine the reliability of the benchmark model’s findings, we carry out a series
of robustness tests. First, the rapid spread of the COVID-19 pandemic in China in 2020
has had a phased impact on our economic and social development. To avoid the ongoing
effects of the COVID-19 pandemic, we eliminate the observations for 2020 and 2021 in the
regression analysis. Second, financial leverage (the ratio of total liabilities to total assets)
can directly affect a company’s profitability, and the age of a company may influence its
vitality and innovation to some extent. Therefore, this study adds the two variables to
the benchmark model to address endogeneity issues because of omitting variables. Third,
total factor productivity calculated by the LP method is used as an alternative indicator for
corporate performance. Specifically, we use the number of employees and net fixed assets
of a firm as labor and capital input variables, respectively, and a firm’s operating income
as the output variable. In addition, the intermediate input variable is the total of all costs
excluding depreciation and amortization. For brevity, the coefficients of control variables
are not reported hereafter. The findings of Columns (1)–(6) in Table 3 demonstrate that DT
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still significantly drives renewable energy enterprises’ financial performance, consistent
with the benchmark model’s results. Hypothesis 1 is again supported.

Table 3. Robustness tests.

Variables
Excluding the Observations

in 2020 and 2021 Adding Control Variables Alternative Indicator for
Corporate Performance

ROA ROE ROA ROE TFP

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

DT 0.0376 ***
(4.98)

0.0615 ***
(4.81)

0.0325 ***
(4.56)

0.0619 ***
(3.45)

0.0214 ***
(3.29)

_cons −3.0425 ***
(−9.785)

−3.6116 ***
(−11.05)

−2.7599 ***
(−6.25)

−3.3842 ***
(−8.69)

−2.1633 ***
(−8.10)

Control Variables YES YES YES YES YES
IE YES YES YES YES YES
YE YES YES YES YES YES

Obs. 671 671 793 793 793
R2 0.2585 0.2349 0.2756 0.2157 0.2557

Note: *** p < 0.01. T-statistics are in parentheses.

4.2. Heterogeneous Effects
4.2.1. Ownership Heterogeneity

In this section, to compare the magnitude of the effects of DT, the entire sample is
separated into two subsamples based on firms’ ownership: SOFs and NSOFs. The specific
findings are shown in Table 4. In Columns (1) and (2), we obtain findings consistent with
the benchmark regressions. The coefficients of DT are significantly positive, suggesting that
DT plays a driving role in the performance improvement of the state-owned renewable
energy firms. However, the findings of Columns (3) and (4) reveal an insignificant effect
of DT on the non-state-owned renewable energy firms’ financial performance. SOFs have
distinct advantages over NSOFs in terms of access to resources [62], allocation [63], and
government subsidies [64]. Moreover, SOFs have better access to valuable information on
government policies and financial subsidies than NSOFs. In addition, banks play a critical
role in financing a firm’s DT strategy. However, they are likely to discriminate against some
firms based on ownership type, allowing SOFs to use their natural advantages to drive DT.
Conversely, NSOFs find it challenging to benefit from external investment, which hinders
their DT progress.

Table 4. Heterogeneity analysis of ownership.

Variables
SOFs NSOFs

ROA ROE ROA ROE
(1) (2) (3) (4)

DT 0.0428 ***
(4.26)

0.0739 ***
(4.34)

0.0256
(1.54)

0.0571
(1.13)

_cons −3.7655 ***
(−9.62)

−2.4438 ***
(−6.11)

−2.3080 ***
(−7.15)

−2.1759 ***
(−5.15)

Control
Variables YES YES YES YES

IE YES YES YES YES
YE YES YES YES YES

Obs. 260 260 533 533
R2 0.2782 0.2973 0.1413 0.1286

Note: *** p < 0.01. T-statistics are in parentheses.

4.2.2. Scale Heterogeneity

To investigate the heterogeneity impact according to firm scale, this research divides
the whole sample into large and small firms according to firms’ total assets. The findings
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of Table 5 reveal that DT can effectively improve renewable energy enterprises’ financial
performance regardless of their scale differences. However, the driving effect of DT is
greater for large firms (weaker for small firms). This conclusion is in line with the fact that
small firms are more vulnerable to financial and technical obstacles when adopting DT.
Large firms are unlikely to encounter financial barriers in their DT. Meanwhile, they have
sufficient resources to build digital infrastructure and develop autonomous innovation
capabilities. In addition, large firms have a tremendous advantage in setting up digital
management systems and overcoming critical technical challenges, improving their core
competencies and building a sustainable competitive advantage by integrating internal and
external resources and enabling interactive innovation around data, business processes and
organizations. As a result, the contribution of DT to corporate performance is effectively
leveraged in large firms compared to small firms.

Table 5. Heterogeneity analysis of firm scale.

Variables
Above Mean Below Mean

ROA ROE ROA ROE
(1) (2) (3) (4)

DT 0.0404 ***
(4.87)

0.0711 ***
(5.22)

0.0359 **
(2.07)

0.0532 **
(2.13)

_cons −2.1637 ***
(−6.90)

−2.9384 ***
(−8.62)

−2.5007 ***
(−6.16)

−2.7951 ***
(−7.39)

Control
Variables YES YES YES YES

IE YES YES YES YES
YE YES YES YES YES

Obs. 312 312 481 481
R2 0.2917 0.2325 0.2439 0.2047

Note: ** p < 0.05. *** p < 0.01. T-statistics are in parentheses.

4.2.3. Regional Heterogeneity

To explore the heterogeneous influence of DT on renewable energy companies’ fi-
nancial performance among different parts, this paper separates the whole sample into
three subsamples according to firms’ location: the eastern, central, and western regions.
The findings of Columns (1) and (2) in Table 6 are consistent with the benchmark findings,
revealing that DT has a positive effect on corporate performance in the east. However, as
can be seen from Columns (3)–(6), DT has no significant impact on companies in the central
and western areas. A distinctive feature is the uneven development across regions due
to government policies, regional resource endowments, factor mobility, and the interplay
among these factors [65–68]. Overall, the eastern area is more developed than the central
and western regions, particularly in terms of infrastructure, technical innovation, and the
environment for innovation and industrial growth. Thus, renewable energy enterprises in
the eastern area are able to adopt DT to improve their financial performance. However, it is
challenging for renewable energy enterprises in the central and western regions to leverage
the performance-enhancing role of DT.

4.3. Mediating Effects

Table 7 presents the mediating effect model’s regression findings. In the above research,
we have demonstrated that DT can effectively improve renewable energy enterprises’ fi-
nancial performance. Column (1) reveals that the influence of DT on green technology
innovation is positive and significant, indicating that DT can effectively improve renewable
energy enterprises’ green technology innovation. Green technology innovation is also
shown to have a positive effect on the renewable energy enterprises’ ROA and ROE in
Columns (2) and (3). However, the estimated coefficients and significance of DT have
decreased and are insignificant, revealing that green technology innovation presents a com-
plete mediating effect. This further demonstrates that DT can drive the renewable energy
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enterprises’ financial performance through green technology innovation. As explained in
Hypothesis 2, DT can optimize the allocation of internal and external resources, strengthen
external oversight and reduce the renewable energy enterprises’ agency conflicts between
different levels, which provide lasting momentum for green technology innovation. Fur-
thermore, green technology innovation can help the renewable energy enterprises make
more profits, reduce operating costs and provide them with a differentiated competitive
advantage, thus improving their financial performance.

Table 6. Heterogeneity analysis of region.

Variables
Eastern Region Central Region Western Region

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

DT 0.0424 ***
(4.56)

0.0633 ***
(5.14)

0.0241
(1.55)

0.0432
(1.35)

0.0245
(1.49)

0.034
(1.22)

_cons −2.3190 ***
(−6.59)

−2.8526 ***
(−8.08)

−2.6935 ***
(−6.61)

−2.0890 ***
(−7.07)

−1.4802 ***
(−4.87)

−2.8521 ***
(−4.54)

Control
Variables YES YES YES YES YES YES

IE YES YES YES YES YES YES
YE YES YES YES YES YES YES

Obs. 553 553 169 169 91 91
R2 0.318 0.2947 0.1292 0.1569 0.134 0.1478

Note: *** p < 0.01. T-statistics are in parentheses.

Table 7. Mediating effects.

Variables GTI ROA ROE

(1) (2) (3)

DT 0.0561 ***
(4.14)

0.0364
(1.02)

0.0549
(1.18)

GTI 0.1275 ***
(3.65)

0.1851 ***
(5.18)

_cons −2.0335 ***
(−5.28)

−3.5440 ***
(−7.27)

−4.6186 ***
(−8.13)

Control Variables YES YES YES
IE YES YES YES
YE YES YES YES

Obs. 793 793 793
R2 0.2509 0.2808 0.2961

Note: *** p < 0.01. T-statistics are in parentheses.

5. Conclusions and Policy Implications

Using the panel data of Chinese listed renewable energy enterprises from 2008 to
2021, this research explores the influencing mechanisms of DT driving renewable energy
enterprises’ financial performance. The main contribution of this study is to construct
a detailed empirical framework to evaluate the relationship among DT, green technology
innovation and renewable energy enterprises’ financial performance, narrowing the gaps
of existing research. The results confirm that DT can effectively enhance a renewable
energy company’s financial performance. The findings are robust to excluding specific
samples, adding control variables and selecting alternative explained variable. Moreover,
the driving effect of DT on corporate performance is significant for SOFs and firms in
the eastern area, and is greater for large firms. We further find that green technology
innovation plays a complete mediating role in DT and business performance. Specifically,
DT can indirectly drive renewable energy enterprises’ financial performance through green
technology innovation.
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This study provides several crucial policy implications for better leveraging DT. First,
green innovation, as a way of corporate activity that integrates the two development con-
cepts of innovation and green, plays a crucial role in improving corporate performance.
Emphasis should be placed on the corporate governance role to promote the renewable
energy enterprises’ green technology innovation. On the one hand, the firms should
strengthen the equipment of digital hardware facilities and optimize the original manage-
ment model, improving the technical and management bases for DT. On the other hand,
the firms should improve their information disclosure mechanism and construct a digital
exchange ecosystem for cross-border sharing, thus reducing the degree of information
asymmetry within and outside the firms. Second, China’s renewable energy industry is
typically a policy-oriented industry. The government should formulate targeted prefer-
ential policies or action plans for DT and improve the green innovation policy system
to create a favorable environment to stimulate innovation, thus improving the expected
benefits of firms’ green innovation activities and achieving the goal of effectively enhancing
their motivation for green technology innovation. Moreover, we should guide the deep
integration of digital technology with firms in terms of green products, green processes, or-
ganization structures and management processes, promoting green technology innovation,
green transformation and performance enhancement in firms. The third is related to the
heterogeneous effects of DT. Depending on the sensitivity of firms to DT under various
conditions, including ownership, scale, and geographical location, we should adjust the
level of support for DT accordingly. For instance, government subsidies can be increased
in NSOFs and firms in the central and western regions. Moreover, financial institutions
should accurately assess the financial conditions of different types of enterprises to provide
personalized financial services and enhance the scientific allocation of resources, thereby
promoting the vitality of small enterprises and ensuring the stability of large enterprises.

This research has its potential limitations. First, the study sample only covers Chinese
A-share listed renewable energy companies. The domestic unlisted firms and firms that
are not listed in the A-share market are not explored in our analysis because of data
unavailability. Future research should consider more renewable energy firms to verify
the findings. Second, although this research empirically investigates the effects of DT
on renewable energy companies’ financial performance and the mediating role of green
technology innovation, there is a lack of deep discussion on the theoretical influencing
mechanisms that affect the relationship among DT, green technology innovation and
renewable energy enterprises’ financial performance. Thus, constructing a theoretical
model to describe the relationship would be innovative in future research. Third, this
research draws our findings from one single country. It might be desirable and meaningful
to investigate another emerging country.
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