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The rapid growth of the renewable energy industry provides essential opportunities
for China to achieve the goal of carbon peaking and carbon neutrality. A rising
number of renewable energy companies are positively embracing digital
transformation in the digital age. However, the relationship between digital
transformation and the performance of renewable energy companies remains
unclear. To fill this gap, leveraging the latest advances in textual analysis, we
quantify the extent of a renewable energy enterprise’s digital transformation.
Meanwhile, based on fixed effect model and mediating effect model, we
investigate the influence of digital transformation on firm performance using a
panel data of Chinese A-share listed renewable energy companies. The results
indicate that digital transformation enhances a renewable energy enterprise’s
performance. Further, the promotion effect of digital transformation is greater
among state-owned enterprises and large firms and is only helpful for firms in
the eastern area. Moreover, we document that when a renewable energy enterprise
adopts digital transformation, it has higher operating efficiency, lower cost, and
better innovation success resulting in better performance. This research elucidates
the role of digital transformation in forwarding the development of renewable energy
companies and bears significant policy implications.
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1 Introduction

China, the world’s second largest economy, has experienced phenomenal economic growth
over the last four decades. Nevertheless, this growth has come at the cost of massive factor
inputs and high energy consumption, leading to increasing environmental pollution and a
worsening energy crisis (Jalil and Feridun, 2011; Lin and Moubarak M, 2014). China’s energy
consumption increased from 489.5 million tons of standard coal in 1981 to 5.24 billion tons in
2021 (China Bureau of Statistics, 2022). Furthermore, with a score of 28.4 in the 2022 World
Environmental Performance Index, China ranks 160th among 180 countries and regions (Yale
Center for Environmental Law& Policy and Center for International Earth Science Information
Network, 2022). In addition, China’s CO2 emissions reached 10.523 billion tons, ranking first in
the world (China Bureau of Statistics, 2022). Accordingly, China is facing not only a severe
conflict between energy supply and demand but also environmental degradation and national
security issues (Ji and Zhang, 2019; Ren et al., 2021). Promoting the energy structure transition
and achieving energy conservation and emission reduction are now essential to China’s
sustainable development strategy (Hao et al., 2018).
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In 2020, China has announced to the world the goal of achieving
carbon peaking by 2030 and carbon neutrality by 2060, which has been
included in the overall construction of an ecological civilization. By
changing the coal-based energy structure, advancing the energy
transition and promoting the widespread use of renewable energy,
the promise of energy conservation and emission reduction will be
easy to achieve. Accelerating the growth of 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 (Sheikh,
2010; Park et al., 2014; Shrestha, 2022). 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
(Ostergaard, 2022). China is vigorously promoting the strategic
adjustment of its energy structure, actively developing renewable
energy resources such as wind, solar, and hydro, and accelerating
the cultivation of modern energy industries. In 2021, the total amount
of renewable energy utilized in China reached 750 million tons of
standard coal, accounting for 14.2% of total primary energy
consumption (China Power Construction Group, 2022). The
renewable energy industry’s rapid growth can contribute to
constructing a clean, low-carbon, safe and efficient energy system
in China.

As the leader of the renewable energy industry, listed companies
have a critical mission to drive general enterprises to increase
production and generate income, increase investment in renewable
energy and enhance the healthy growth of the renewable energy
industry. Meanwhile, their performance level represents the reality
and growth prospects of the renewable energy industry. Considering
the renewable energy industry’s strategic importance and
development limitations, researchers have also performed an in-
depth study on its driving forces, such as innovation,
infrastructure, and economic and social factors (Gabriel et al.,
2016; Wang et al., 2020; Accenture, 2021). Because of the deep
technological and market adjustments brought about by the advent
of the digital economy, more and more Chinese firms are adopting
advanced digital technologies to encourage organizational
optimization and accelerate innovation in products and services,
thus creating new dynamics for China’s economic expansion
(Wang et al., 2020). As digital technologies continue to be
integrated into services and products, digital transformation (DT)
has emerged as a major trend, attracting the interest of scholars and
practitioners (Ritter and Pedersen, 2020). The existing literature refers
to digital transformation as the use of digital technologies in
production, innovation, or digital planning to provide economic
benefits for a company (Singh et al., 2021; Verhoef et al., 2021). In
China, digital transformation has become a strategic option for firms
to create sustainable competitive strength and enhance corporate
performance (Shrestha, 2022). In 2021, there were over 1,000 listed
enterprises with the digital economy as the primary sector, with listed
digital companies spanning almost all industries (China Listed
Companies Association, 2022). An important survey believes that a
tipping point will be reached if the share of renewable energy reaches
20%–30%. At this point, the model of relying on investment in core
and ancillary elements to drive industry growth is at an unsustainable
inflection point, requiring a breakthrough to the digital scene for
sustained transformation (Accenture, 2021). Accordingly, digital
technology should be integrated into the entire development

process of renewable energy companies to completely fulfill their
digital transformation strategy, thus enhancing renewable energy
companies’ performance (Gabriel et al., 2016).

Local governments in China have been updating and enhancing
their policies to provide sufficient support for renewable energy firms’
digital transformation. However, at the micro level, the majority of
these transformations are only superficial, with a digital
transformation strategy not penetrating enough to the system and
business levels. Thus, it is unclear whether it would provide
satisfactory returns to firms and increase enterprise value. In 2021,
only 16% of firms were able to leverage digital transformation to
achieve some economic benefits (Moretti and Biancardi, 2020).
Moreover, theoretical studies have different views on this issue.
Some scholars have demonstrated the significant impact of digital
transformation on corporate performance (Nwankpa and Datta, 2017;
Buttice et al., 2020; Andriushchenko el al, 2021; Shah et al., 2021;
Taques et al., 2021). Specifically, through theoretical and empirical
research, some scholars have argued that digital transformation may
enhance corporate performance by boosting operating efficiency,
decreasing costs, fostering innovation, and utilizing the internet of
things (Yoo and Boland, 2012; Kaur and Sood, 2017; Galindo-Martín
et al., 2019; Horvath and Rabetino, 2019; Ode and Ayavoo, 2020). In
addition, several studies have discussed the effectiveness of digital
transformation in driving corporate benefits, productivity, and market
competitiveness (Bharadwaj, 2013; Nambisan, 2017; Kraus et al.,
2021). Conversely, it has been suggested in the literature that
digital transformation inhibits the improvement of corporate
performance (Nwankpa and Datta, 2017; Buttice el al, 2020; Shah
et al., 2021). Nevertheless, there are few studies on how digital
transformation influences the performance of renewable energy
companies. Consequently, one critical issue arises: has digital
transformation contributed to the performance of Chinese
renewable energy companies in the new digital economy?

The goal of this research is to examine the effects of a renewable
energy enterprise’s digital transformation on the performance. We
conduct a textual analysis of a renewable energy enterprise’s annual
report and use this information to quantify the extent of its digital
transformation. Then, we use Chinese A-share listed renewable energy
firms as the research sample in our analysis. China is a developing
market, and the economic consequences of Chinese renewable energy
companies’ digital transformation practices provide valuable insights
for other developing markets undergoing similar digital
transformation strategies. Our results reveal that digital
transformation adds to the improvement of renewable energy
companies’ performance. The findings are robust to alternative
explained variables (return on assets (ROA) or return on equity
(ROE)). Different firms in the whole sample respond differently to
digital transformation strategy, depending on ownership, scale, and
location. Specifically, digital transformation has given an incredible
boost to the performance of state-owned enterprises (SOEs) and large
firms, whereas this boost is only significant for firms in the eastern
region. Furthermore, in line with predictions, we find that when a
renewable energy enterprise undergoes digital transformation, it has
great operational efficiency, reduced costs, and enhanced innovation
resulting in higher performance.

We make three contributions. First, this research presents a fresh
perspective for investigating the correlation between digital
transformation and renewable energy companies’ performance.
Digital transformation is based on a new generation of digital
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technologies, with connectivity as a foundation, value unlocking as a
goal, and data empowerment as a primary line of action, and has a
catalytic effect on the improvement of enterprise performance (Zhai
et al., 2022). The textual analysis method is used to search, identify,
match and aggregate the keywords of a firm’s digital transformation
adoption, providing a useful reference for evaluating a renewable
energy enterprise’s digital transformation. Thus, using firm-level data,
we explore the influence of digital transformation on a renewable
energy firm’s ROA and ROE based on textual analysis. More
importantly, our research on the crucial impact of digital
transformation on renewable energy companies’ performance is
more relevant and feasible than universal corporate performance
research.

Second, this study helps understand whether digital
transformation affects renewable energy companies’ performance
differently across ownership types, regions, and scales. Differences
in the operating characteristics of SOEs and private-owned enterprises
(POEs), differences in the competitive environment and investment
strategies of large and small firms, and the heterogeneity of China’s
regional growth have crucial implications for corporate performance
(Child and Tse, Int. Bus. Stud, 2001, 32, 5–21; Clarysse et al., Res. Pol,
2009, 38 (10), 1,517–1,533; Haider, J. Int. Financ. Mark. Inst. Money,
2018, 53, 76–93). This paper extends the existing literature to reveal
the correlation between digital transformation and renewable energy
companies’ performance.

Third, from the perspectives of operating efficiency, cost, and
innovation, our study is dedicated to investigating the transmission
mechanisms of digital transformation affecting a renewable energy
firm’s performance. The findings can provide insights for government
policies to promote the digital transformation of renewable energy
firms, thereby promoting corporate performance and achieving the
healthy growth of the renewable energy sector.

The rest of the research is organized as follows: Section 2 reviews
the relevant literature and develops our hypotheses. Section 3
documents the data and research design. Section 4 provides the
empirical results and discussion. Section 5 is the conclusions and
policy implications.

2 Literature review and hypotheses
development

2.1 Literature review

There is no consensus on the definition of digital transformation
in academic circles (Peng and Tao, 2022). These definitions highlight
the different characteristics of digital transformation (Vial, 2019).
Agarwal et al. (2010) described it as an information technology
application and its advantages and effects. Fitzgerald et al. (2014)
defined it as using digital technologies to achieve significant business
advancements, including optimizing operational processes, improving
customer experience or developing new business models. Piccinini
et al. (2015) andMajchrzak et al. (2016) described it in a similar way to
Fitzgerald et al. (2014). Reis and Amorim (2018) stated that digital
transformation was the use of digital technologies to achieve the
business transformation, thus improving life quality of users. Matt
et al. (2015) stated that strategic change was at the heart of digital
transformation. Mergel et al. (2019) defined it as the requirement to be
more competitive in the internet era by delivering goods and services

online and offline using new technologies. Galindo-Martín et al.
(2019) described it as using more digital technologies to improve a
firm’s operational efficiency. In this research, we follow the digital
transformation definition of Fitzgerald et al. (2014) and argue that the
digital transformation of renewable energy companies is open, shared,
collaborative and adaptable, focusing on how it can benefit a firm.
Furthermore, this description is in line with current research on digital
transformation, which refers to the application of cutting-edge digital
technologies in operational management, business model innovation,
and corporate strategy to improve enterprise performance.

Studies on whether digital transformation improves enterprise
performance may provide a reference for exploring the correlation
between digital transformation and renewable energy companies’
performance, and the conclusions also differ. Some scholars hold a
positive opinion on this issue based on qualitative and quantitative
analyses (Andriushchenko et al., 2020; Moretti and Biancardi, 2020;
Taques et al., 2021). Meanwhile, it has been demonstrated that digital
transformation brings more significant benefits, productivity, and
competitiveness (Bharadwaj, 2013; Nambisan, 2017; Kraus et al.,
2021). Moreover, digital transformation can improve enterprise
performance by improving the operation ability, reducing operating
costs, stimulating innovative motivation, and leveraging the
architecture of the internet of things (Yoo and Boland, 2012; Kaur
and Sood, 2017; Galindo-Martín et al., 2019; Horvath and Rabetino,
2019; Ode and Ayayvoo, 2020). Conversely, some studies have
suggested that digital transformation could impede corporate
performance (Nwankpa and Datta, 2017; Buttice et al., 2020; Shah
et al., 2021). Buttice et al. (2020) argued that firms’ performance would
be reduced to a certain extent if there were cognitive errors in digital
technology. Shah et al. (2021) demonstrated that firms’ digital
transformation could create market monopolies and reduce market
competitiveness. It is also argued that the use of traditional digital
technology did not affect enterprise performance (2018). In addition,
the correlation between digital transformation and innovative
performance has attracted a lot of attention from scholars. Bloom
et al. (2013) proposed that digital technology might stimulate
innovation by encouraging enterprises to spend less on obtaining
knowledge and information and by improving the flow of internal
resource elements. Paunov and Rollo (2016) examined the knowledge
spillover impact of the Internet and came to the conclusion that it
could make firms much more productive and innovative.

The literature implies that digital transformation can enhance
corporate performance. However, the evidence is insufficient because
of the one-sided research on corporate digital transformation in the
literature. Meanwhile, existing research seldom analyzes the digital
transformation of renewable energy firms and the mechanisms
underlying its impact on enterprise performance. Therefore, there
is still room to explore how digital transformation influences the
performance of renewable energy companies.

2.2 Hypotheses development

We propose that if a renewable energy enterprise adopts digital
transformation strategy, its performance is higher than a firm that
does not for the following reasons. First, compared to information
technology, digital transformation is convergent, leapfrogging,
innovative, and environment-dependent (Sousa and Rocha, 2019).
If a renewable energy enterprise’s business strategy chooses digital
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transformation, this firm seeks to enhance corporate performance by
integrating various digital technologies into the operations, thus
improving quality management capabilities and meeting
customized needs (Hakala, 2011). In other words, a renewable
energy enterprise adopting digital transformation strategy can
maximize its corporate value.

Second, the critical features of digital technology include openness
and sharing. As digital technology continues to permeate the daily
operations of firms, the aim of digital transformation is gradually
shifting towards minimizing the information asymmetry between
demand and supply, thereby facilitating cost-cutting in renewable
energy companies. Moreover, digital transformation can facilitate
internal communication, including enhanced communication
between managers and shareholders, managers and employees, and
employees and among employees, reducing unneeded frictions in the
process of production and management and enhancing firms’ overall
operational efficiency (Lerenzo et al., 2019). In addition, enhancing
digital transformation contributes to accumulating vast innovation
potential, generating a virtuous cycle of technical and organizational
change and enhancing corporate performance.

Third, digital transformation may assist renewable energy
companies in constructing a new network. Overall, digital
transformation can reduce organizational impediments (Lyytinen
et al., Y. Inf. Syst. J, 2016, 261), 47–75). Thus, a firm bolstered by
digital transformation strengthens access to new types of information
and technology and, consequently, to more relevant information and
guidance for technical innovation andmarket development (Corsi and
Findeis, Eur. Rev. Agric. Econ, 2000, 27, 127–151; Llopis-Albert et al.,
2021). Collectively, a digital transformation strategy improves
operational efficiency, cost savings and innovation in a firm. As a
result, a renewable energy enterprise that adopts digital
transformation strategy has higher performance than one that does
not. We hereby make the first assumption based on the above
discussions.

Hypothesis 1. Digital transformation enhances renewable energy
companies’ performance.

The relative effects of barriers or drivers of business growth may
vary depending on the regional growth level and the firm-related
structural features such as ownership types and scales (Ayyagari et al.,
2008). First, there are a variety of ownership types for firms in China
(Child and Tse, 2001). Both SOEs and POEs play a crucial role in
China’s economic and social advancement (Liu et al., 2008).
Ownership theories mainly include social, political and agency
theories (Sapienza, 2004). Specifically, in addition to maintaining
the value of governmental assets, the social theory argues that
SOEs have additional social responsibilities compared with POEs,
such as resolving market weakness and increasing social welfare. The
political theory asserts that SOEs are used by politicians to fulfill
personal goals. Similar to the social view, the agency theory contends
that SOEs are founded to improve social efficiency; meanwhile, it
admits that SOEs have the potential to generate corruption and
resource misallocation. All of them demonstrate the differences
between SOEs and POEs. Moreover, scholars have argued that
differences between SOEs and POEs can be found in terms of
access to resources (Child and Tse, 2001), allocation (Luo et al.,
2016), and the acquisition of government subsidies (Yang et al.,
2015). The government’s direction in policy formulation will favor
the development of SOEs; meanwhile, SOEs have more access to

information on government policies and financial subsidies than
private enterprises (Sheng and Song, 2013; Liu et al., 2019).
Nevertheless, policy-related risks will further negatively affect the
financing decisions of POEs. In addition, although banks increase
the financing for the digital transformation investment of firms, they
are likely to discriminate against some companies based on ownership
types, allowing SOEs to leverage their natural advantages to develop
digital transformation. Conversely, POEs find it hard to take
advantage of outside investments, which impedes their progress
toward digital transformation.

Second, unlike young or small firms, large firms have more
considerable assets and high profitability, and are characterized
by clear development plans, standardized management systems,
and strong teamwork (Haider et al., 2018). Thus, large firms are
able to develop a digital mindset and are less likely to face financial
obstacles in the digital transformation process. Specifically, they have
sufficient resources to build digital infrastructures and cultivate
independent innovation ability. Moreover, large firms have a
stronger ability to dynamically adapt and innovate in terms of
establishing digital management systems and overcoming critical
technical challenges, allowing them to continuously improve their
core competitiveness and build a sustainable competitive advantage
by integrating internal and external resources and achieving
interactive innovation around data, business processes, and
organization. Conversely, small firms are far behind large firms in
terms of capital, human resources, technology, and management,
and maintaining their normal operations is the main objective of the
business. Accordingly, under the pressure of fierce market
competition, investment projects that can improve performance,
such as the adoption of digital transformation, will be quickly
eliminated in small firms (Liu et al., 2019), which results in the
catalytic effect of digital transformation not being effective.

Third, an essential feature of China is the uneven development
across regions due to government policies, regional resource
endowments, factor mobility, and the interplay among these factors
(Todtling and Trippl, 2005; Clarysse et al., 2009; Buesa et al., 2010; Ren
et al., 2021). Specifically, compared with the central and western areas,
the eastern area is more developed, mainly in terms of infrastructural
development, technological innovation, innovation environments, the
intensity of government subsidies, and the industrial development
environment (Clarysse et al., 2009; Min et al., 2020; Mubarak and
Petraite, 2020; Wang et al., 2022). Moreover, the type and
sophistication of digital technologies available to firms vary across
regions (Adner et al., 2019). Considering the analysis presented above,
we postulate the second hypothesis.

Hypothesis 2. Digital transformation has heterogeneous effects on
the performance of renewable energy companies across firms’
ownership types, regions, and scales.

Digital transformation not only includes data digitization but also
a variety of new digital technologies to enhance product quality and
productivity. Thus, the features of enterprise digital transformation
define the mechanism by which it functions, that is, increasing
operation efficiency, cutting costs and enhancing innovation to
promote enterprise performance, which are reflected in better asset
turnover (TURNOVER), lower cost (COST), and stronger innovation
(INNOVATION), respectively. Overall, it is anticipated that firms will
perform better after implementing digital transformation than before
adopting it.
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The first is to improve renewable energy companies’ operating
efficiency. The booming digital economy has given rise to digital
technologies such as artificial intelligence, e-commerce, and cloud
computing. These cutting-edge digital technologies can be
continuously integrated into renewable energy companies’ research
and development, production, and sales, thus driving widespread
changes in their production methods and development models.
Meanwhile, a renewable energy firm can benefit from digital
transformation by articulating its business process, thus improving
its resource utilization efficiency. In addition, digital transformation
can facilitate communication efficiency between upstream and
downstream of the industry chain, thus enhancing departmental
collaboration among renewable energy companies and significantly
promoting their operating efficiency.

The second is to decrease renewable energy companies’ operating
costs. The extensive use of digital technologies in the operations of
renewable energy companies has made cost management more
systematic and scientific while improving production efficiency and
management quality. Thus, it helps reduce the labor and time costs of
renewable energy companies’ operations and the costs of R&D,
bargaining, search, and supervision.

The third is to foster a culture of innovation and strengthen
innovation power. First, digital transformation can provide
advanced information technologies for renewable energy
companies, accelerate the spread and diffusion of technologies in
firms, foster a productive ecosystem for innovation, and improve the
abilities of firms to digest, absorb, and apply new technologies, thus
improving their innovation level. Second, through digital
transformation, renewable energy companies can grasp innovative
products’ latest situation in supply and demand and improve the
match between technological innovation and market demand, thus
reducing their R&D risk. Third, unlike closed innovation, renewable
energy companies use new-generation information technologies to
actively absorb external information, creating a paradigm of open
innovation that blends a vast amount of innovation resources. Thus,
innovation in renewable energy companies is greatly enhanced.
Overall, with the continuous development of enterprise
technological innovation, the factor structure of inputs and
outputs and the ability to allocate resources will be improved in
renewable energy companies, contributing to the improvement of
corporate performance.

Hypothesis 3. Digital transformation can indirectly enhance
renewable energy companies’ performance by increasing operation
efficiency, cutting costs and enhancing innovation.

3 Methodology

3.1 Data

Based on the industry categorization of listed firms, this
research surveys a panel data of Chinese A-share listed
companies whose main business is related to the development
and utilization of renewable energy. These firms’ financial
information is collected from the database of China Stock
Market and Accounting Research Database (CSMAR). CSMAR
is one of China’s largest providers of economic data and includes
precise financial data on Chinese firms. Thus, this database is

suitable for our research on renewable energy companies.
Considering the data availability, the criteria for selection are: 1)
ST (Special Treatment, companies have suffered operating losses
for two consecutive years. Risk warning) and *ST (companies’
operation losses for three consecutive years. Delisting warning)
listed enterprises are excluded; 2) firms with missing financial data
are deleted. Moreover, the new accounting standards started in
2007, the sample examination period is set to 2008–2021 to ensure
the consistency of the caliber of financial data. Thus, our research
sample has 69 renewable energy companies and 966 observations.
The business scope of these companies mainly includes solar,
hydro, wind, and geothermal. Table 1 shows the descriptive
statistics.

3.2 Variables

3.2.1 Enterprise performance
Enterprise performance is the explained variable in this article.

Drawing on the research of Hong et al. (2018), renewable companies’
performance is defined in terms of a results-based view, which
considers enterprise performance as a tangible expression of
business outcomes and as the ultimate goal of renewable energy
corporate strategy. Instead of market-based measures like Tobin’s
Q, accounting-based measures like ROA and ROE are used to
represent enterprise performance. The key reason is that market-
based variables are subject to investor expectations and earning
manipulation by managers (Grenadier and Malenko, 2011).
Moreover, accounting-based measures may more accurately
represent a firm’s organizational capabilities (Hutchinson and Gul,
2004). In addition, as shown in previous studies, ROA and ROE have
been extensively embraced in the literature on the performance of
China’s listed companies (Jalil and Feridun, 2011; Gabriel et al., 2016).
Thus, we use ROA (the ratio of net income to total assets) and ROE
(the ratio of net income to shareholder equity) to measure a renewable
energy enterprise’s performance.

3.2.2 Digital transformation (DT)
The studies on DT mainly stagnate in qualitative analysis, and

there are insufficient quantitative analyses (Pan et al., 2022).
Referring to the research of Gal et al. (2019), we measure a firm’s
DT level in terms of both underlying technology and practical
application.

There are three steps to collect a company’s DT information.
Firstly, using Python software, we do textual analysis on the renewable
energy firms’ annual reports to identify the keywords associated with
DT. Specifically, we use a dictionary of 51 and 43 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 natural logarithm of one plus the number of times
“digital technologies” and “business model innovations” is used to
proxy for a renewable energy company’s DT level.

3.2.3 Mediation variables
The mediating variables are TURNOVER, COST, and

INNOVATION. In this paper, we contend that TURNOVER
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(ratio of firm’s total revenue to total assets), COST (ratio of firm’s
total production cost to total revenue), and INNOVATION (natural
logarithm of one plus the total number of patents held) are three
transmission mechanisms for the influence of digital transformation
on renewable energy companies’ performance. Specifically,
TURNOVER is used to represent a renewable energy enterprise’s
operating efficiency. COST is used to measure the savings from
digital transformation in a renewable energy enterprise.
INNOVATION is used to gauge a renewable energy enterprise’s
innovation outcomes.

3.2.4 Control variables
In line with previous research (Zhai et al., 2022; Li et al., 2022), we

control five variables believed to affect renewable energy companies’
performance in this research, including company size (CS), revenue
growth rate (RGR), asset liquidity (AL), equity concentration (EC),
and boardsize (BS). Precisely, CS is measured by the total assets at
year-end. AL is defined as current assets divided by current liabilities.
EC is represented by the proportion of shares held by the greatest
shareholder. The number of directors in a board measures BS. In
addition, we take the natural logarithm of CS and BS.

3.3 Econometric methods

This research provides a benchmark model to quantify the
correlation between digital transformation and renewable energy
companies’ performance (Peng and Tao, 2022; Li, 2022; Zhai et al.,
2022). The specific mathematical expression is as follows:

ROAit ROEit( ) � β0 + β1DTit + β2Controlsit + μi + λt + εit (1)
where ROAit is return on assets, and ROEit is return on equity.
DTit is digital transformation. Controlsit is the control variables.
μi and λt are the individual and time fixed effects, respectively. εit is
the error term.

To further assess the mediating effects of digital transformation on
renewable energy companies’ performance from three perspectives:
better asset turnover, lower cost, and stronger innovation, we use the
successive test in Baron and Kenny (1986) to investigate Eq. 1 and two
different equations below:

Medit � θ0 + θ1DTit + θ2Controlsit + μi + λt + εit (2)

ROAit ROEit( ) � ϕ0 + ϕ1Medit + ϕ2DTit + ϕ3Controlsit + μi + λt + εit

(3)
where Medit represents the mediation variables, including
TURNOVER, COST, and INNOVATION. If there is a mediating
variable between digital transformation and enterprise performance,
we expect both θ1 and ϕ1 to be significant.

4 Empirical results

4.1 Baseline findings

Table 2 presents the baseline findings. In columns (1) and (2),
when only the time and individual effects are fixed, the coefficients of
digital transformation are significantly positive, demonstrating that a
higher level of digital transformation leads to higher performance in
renewable energy enterprises. From the findings in columns (3) and
(4), we can infer that digital transformation continues to contribute
significantly to corporate performance after adding all the control
variables. In column (3), for example, the coefficient of digital
transformation is 0.0412, suggesting that a one percentage point
increase in the level of digital transformation increases a firm’s
ROA by 0.0412 percentage points. The findings of the benchmark
model support Hypothesis 1, showing that increased digital
transformation will help to improve enterprise performance, which
is similar to the research conclusions of Zhai et al. (2022) and Peng and
Tao (2022).

4.2 Robustness checks

4.2.1 Excluding specific samples
The occurrence of major financial issues may impede a firm’s

digital transformation. In the past two decades, significant financial
shocks have occurred overseas, with the global financial crisis in
2008 being the most influential. Thus, the sample data for
2009–2021 are preserved in the estimation for robustness.
Moreover, the COVID-19 is not only a serious threat to our lives
but also has a significant impact on the economic development of all
sectors. Because of the ongoing influence of the COVID-19 pandemic
on the renewable energy companies, observations for 2020 and
2021 are further excluded from the regression analysis in this
study. Furthermore, the digital transformation of renewable energy
companies is better supported in developed cities. We eliminate
enterprises located in Beijing, Shanghai, Guangzhou, and Shenzhen.
The findings are shown in columns (1) to (6) of Table 3. For the sake of
concision, we will no longer provide the coefficients of control
variables. Across all columns, the coefficients of digital
transformation remain significantly positive, proving that the
positive correlation between digital transformation and corporate
performance is robust even when excluding specific samples.

4.2.2 Adding control variables
A firm’s profitability is affected directly by financial leverage (the

ratio of total liabilities to total assets), while the firm’s level of
innovation and vitality is somewhat influenced by its age.
Therefore, this research adds the two control variables to the
benchmark model to address endogeneity issues caused by missing

TABLE 1 Descriptive statistics.

Variables Obs Mean SD Min Max

ROA 966 0.0402 0.0426 −0.0315 0.4681

ROE 966 0.0980 0.0831 −0.0842 0.8142

DT 966 1.9624 1.1586 0.0000 3.6636

CS 966 22.6293 1.3125 19.0435 26.9016

RGR 966 0.1318 0.2200 −0.5428 2.2534

AL 966 0.5408 0.1422 0.1488 0.7962

EC 966 23.5923 4.8843 8.6477 61.0792

BS 966 9.1753 2.0258 1.4692 16.8234
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variables. In Table 4, digital transformation still significantly drives a
renewable energy enterprise’s performance. In a word, the results
support the core conclusion of this paper.

4.2.3 Extending observation window
In Table 5, we select the digital transformation data by lagging 1,

2, and 3 for the benchmark regression model. The coefficients of
digital transformation are significantly positive in all cases,
demonstrating a promoting relationship between digital

transformation and renewable energy companies’ performance.
This contribution is unaffected by the extension of the
observation time, providing more evidence that the benchmark
regression results are robust.

4.2.4 Instrumental variable
A renewable energy company with high performance is more

likely to undergo digital transformation, and the improved
performance may be the cause of the latter rather than the
result. Therefore, an instrumental variable method is used to
mitigate the potential endogeneity. By referring to prior studies
(Arellano and Bond, 1991; Sun et al., 2020), we develop the
interaction term (HD) as an instrumental variable. HD is
measure as the number of post and telecommunications bureaus
per million in 1984 and China’s internet users in the past year. We
use the two stage least square method for estimation. As expected,
in columns (1) to (4) of Table 6, the coefficients of digital
transformation are significantly positive, suggesting a firm can
improve its performance by adopting digital transformation.
The Kleibergen-Paap rk LM statistic and the Kleibergen-Paap rk
Wald F-statistic reject the null hypothesis, demonstrating that it
has passed the endogenous test. Thus, the above results indicate
that digital transformation contributes significantly to renewable
energy companies’ performance.

TABLE 2 Baseline results.

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

DT 0.0501*** (4.96) 0.0843*** (5.16) 0.0412*** (4.48) 0.0754*** (4.56)

Constant 3.3871*** (14.54) 3.7602*** (18.60) −2.0521*** (−7.63) −2.7853*** (−11.45)

IE YES YES YES YES

YE YES YES YES YES

Obs 966 966 966 966

R2 0.2452 0.1984 0.3164 0.2609

Note: *p < 0.1, **p < 0.05, ***p < 0.01. T-statistics are in parentheses. (the same below).

TABLE 3 Robustness check by excluding specific samples.

Variables Excluding the observations in 2008 Excluding the observations in 2008,
2020, and 2021

Excluding the observations in beijing,
shanghai, Guangzhou, and shenzhen

ROA ROE ROA ROE ROA ROE

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

DT 0.0426*** (4.22) 0.0721*** (4.35) 0.0325*** 0.0682*** 0.0465*** 0.08157**
(2.06)

(3.44) (4.16) (4.97)

Constant −3.2851*** (−10.26) −2.7253*** (−8.43) −3.5782*** (−8.23) −2.9017*** (−9.16) −1.3570*** (−6.41) −3.1132*** (−11.58)

Controls YES YES YES YES YES YES

IE YES YES YES YES YES YES

YE YES YES YES YES YES YES

Obs 897 897 759 759 672 672

R2 0.2952 0.2385 0.2770 0.2461 0.2247 0.2183

TABLE 4 Robustness check: Adding control samples.

Variables ROA (1) ROE (2)

DT 0.0417*** (4.13) 0.0736*** (4.45)

Constant −3.3538*** (−11.42) −2.8107*** (−9.63)

Controls YES YES

IE YES YES

YE YES YES

Obs 966 966

R2 0.2844 0.2580
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4.3 Heterogeneous effects

4.3.1 Ownership
In this part, to examine the influence of digital transformation on

renewable energy companies’ performance based on ownership types,

we split the enterprises into SOEs and POEs. The specific findings are
shown in Table 7. In columns (1)–(4), we may deduce that digital
transformation has a greater boost for state-owned renewable energy
companies than for private enterprises. This is similar to the study
findings of Wu and Huang (2022), who argue that digital finance has a

TABLE 5 Robust check: Extending observation window.

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

DT (t-1) 0.0403*** (4.05) 0.0696*** (3.86)

DT (t-2) 0.0358** (2.19) 0.0644*** (3.72)

DT (t-3) 0.0326** (2.24) 0.0518*** (3.26)

Constant −3.3538*** (−11.42) −3.5522*** (−13.39) −3.7132*** (−12.82) −3.8658*** (−14.74) −2.7982*** (−11.67) −2.4634*** (−9.04)

Controls YES YES YES YES YES YES

IE YES YES YES YES YES YES

YE YES YES YES YES YES YES

Obs 897 897 828 828 759 759

R2 0.2265 0.2145 0.2180 0.2019 0.2094 0.1893

TABLE 6 Robust check: Instrumental variable estimation.

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

DT 0.0432*** (4.58) 0.0768*** (4.68) 0.0411*** (4.26) 0.0819*** (5.43)

Constant −2.1521*** (−9.93) −3.2163*** (−15.30) −2.8469*** (−11.97) −2.9310*** (−12.76)

Controls NO NO YES YES

IE YES YES YES YES

YE YES YES YES YES

Kleibergen-Paap rk LM statistic 493.623 [0.0000] 521.384 [0.0000] 531.926 [0.0000] 560.0205 [0.0000]

Kleibergen-Paap rk Wald F statistic 329.194 368.360 352.860 384.045
{97.29}

{74.25} {89.43} {84.78}

Obs 966 966 966 966

R2 0.3284 0.3451 0.3612 0.3888

F-statistic 4.7922 9.5236 5.2826 10.3063

Note: p-value in square brackets. The critical value at the 10% level of weak identification test in brace.

TABLE 7 Heterogeneity analysis of ownership.

Variables SOEs POEs

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

DT 0.0487*** (4.99) 0.0837*** (5.45) 0.0319* (1.71) 0.0538* (1.84)

Constant −2.4742*** (−13.51) −2.9630*** (−12.24) −2.4029*** (−10.49) −2.6233*** (−11.95)

Controls YES YES YES YES

IE YES YES YES YES

YE YES YES YES YES

Obs 378 378 588 588

R2 0.3585 0.3204 0.1254 0.1019
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stronger contribution to the financial performance of state-owned new
energy companies. Facing the vast development opportunities in the
renewable energy industry, SOEs can easily obtain government funds
and bring in potential investment from outside, thus accelerating the
pace of enterprise digital transformation. Nevertheless, POEs have an
increased risk of financial difficulty and low capital turnover, which
might limit their adoption of digital transformation and performance
enhancement. In sum, unlike POEs, SOEs are more likely to benefit
from performance enhancements brought on by digital
transformation.

4.3.2 Region
To investigate the influence of regional heterogeneity, this research

separates the samples into three subsamples: the eastern, central, and
western regions. The findings in columns (1) and (2) of Table 8 are
consistent with the benchmark results, demonstrating that digital
transformation has a promoting effect on corporate performance in
the east. Conversely, as can be seen from columns (3)–(6), digital
transformation has no significant impact on firms in the central and
western areas. In fact, renewable energy companies in the eastern area
have more significant advantages in terms of policy, investment, and
infrastructure, creating a competitive market environment that
promotes innovation, all of which help firms in the region leverage
the contribution of digital transformation to firm performance. In
contrast, although the central and western areas are rich in renewable
energy resources, they have poor infrastructure, a shortage of senior

talents and low technology. Meanwhile, renewable energy companies
in the central and western areas are less willing to adopt digital
transformation. As a result, in the eastern region, digital
transformation is very effective in improving renewable energy
companies’ performance, but it is not the case in the central and
western areas.

4.3.3 Enterprise scale
To test the heterogeneity impact according to enterprise scale,

this study divides the samples into large companies and small
companies based on the enterprises’ total assets. Table 9 reports
the specific findings. In columns (1)–(4), digital transformation can
significantly improve renewable energy companies’ performance
regardless of their scale differences. Meanwhile, the findings
indicate that the marginal effect of digital transformation is
higher for large companies. Wu and Huang (2022) propose a
similar conclusion that there is scale heterogeneity in the impact
of digitalization of finance on the financial performance of new
energy companies. This conclusion is in keeping with the fact that
small companies are more vulnerable to financial and technical
obstacles. However, large companies have sufficient funds for
their daily operations, meeting the need to develop advanced
technologies. Thus, the negative consequences of financial
constraint and backward technology are weaker in large
companies, contributing to highly efficient production and the
digital transformation adoption. Hypothesis 2 is supported.

TABLE 8 Heterogeneity analysis of region.

Variables Eastern region Central region Western region

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

DT 0.0457*** (4.79) 0.0785*** (4.98) 0.0216 (1.23) 0.0537 (1.26) 0.0243 (1.32) 0.0397 (1.14)

Constant −2.0153*** (−8.42) −2.9837*** (−12.74) −3.3785*** (−16.59) −3.2724*** (−13.63) −3.1106*** (−10.25) −3.1363*** (−11.48)

Controls YES YES YES YES YES YES

IE YES YES YES YES YES YES

YE YES YES YES YES YES YES

Obs 392 392 322 322 252 252

R2 0.3498 0.2936 0.1382 0.1369 0.1262 0.1327

TABLE 9 Heterogeneity analysis of enterprise scale.

Variables Above mean Below mean

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

DT 0.0496*** (4.75) 0.0832*** (5.14) 0.0403** (2.13) 0.0614* (1.79)

Constant −2.1053*** (−10.76) −3.1250*** (−13.83) −2.3217*** (−12.85) −2.9385*** (−13.12)

Controls YES YES YES YES

IE YES YES YES YES

YE YES YES YES YES

Obs 392 392 574 574

R2 0.3463 0.2609 0.2373 0.2107
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4.4 Transmission mechanisms

A further problem from the above empirical results is the
transmission mechanisms through which digital transformation
affects renewable energy companies’ performance. This section will
analyze whether digital transformation affects the performance of
renewable energy companies through asset turnover, cost and
innovation. Table 10 presents the findings.

The coefficients of digital transformation in columns (1), (4), and
(7) are significant at 1% or 5% and exhibit the predicted signs. In
column (4), the impact coefficient of digital transformation is
negative and significant, suggesting that a renewable energy
enterprise that adopts a digital transformation strategy has a
lower operating cost. The same coefficients are positive and
significant in columns (1) and (7), indicating that a renewable
energy enterprise that adopts a digital transformation strategy
improves its operating efficiency and innovation capacity. Then,
in columns (2), (3), (5), (6), (8), and (9), the regression coefficients
for three mediating variables are all significant at 1% while the
coefficients of digital transformation exhibit the expected signs.
Especially, the finding that technology innovation promotes the
performance of renewable energy companies is similar to the
conclusions of Wang et al. (2021) and Luo et al. (2021). Thus, a
renewable energy enterprise’s digital transformation can lower
operating costs, enhance operational efficiency, and improve
innovation ability, thereby contributing to improving firm
performance. Hypothesis 3 is verified. With the widespread use of
digital and intelligent technologies, we are vigorously promoting
digital transformation in the renewable energy industry. Meanwhile,
the deep integration of the renewable energy revolution and digital
revolution is a major trend in the future. Specifically, applying digital
technologies optimizes a renewable energy enterprise’s production
processes, reducing friction in operations and effectively enhancing

communication efficiency among firms and industrial chains.
Moreover, it helps renewable energy enterprises save a lot of
labor and time costs. In addition, digital transformation comes
from the interaction between technological advances and
enterprise development needs, which not only has a profound
impact on the boundaries, internal organization, and competitive
advantages of companies but also drives significant changes in the
innovation models and increases innovation efficiency.

5 Conclusion and policy implications

In the era of digital economy, the top priority for the renewable
energy industry is to bridge the vast digital divide and achieve digital
transformation. We explore the influence of a renewable energy
enterprise’s digital transformation on the performance. While the
topic is explored in the literature on digital transformation, the
emphasis is on the definition of digital transformation and its role
in the performance of traditional industries.

Using the panel data of Chinese listed renewable energy
enterprises from 2008 to 2021, we support this hypothesis with
empirical research that digital transformation improves a renewable
energy enterprise’s performance. The findings are robust to excluding
specific samples, adding control variables, extending the time
observation window, and accounting for endogeneity. Furthermore,
digital transformation may have varying effects on renewable energy
companies’ performance based on firms’ ownership types, locations,
and scales. Particularly, the driving influence of digital transformation
on corporate performance is higher among SOEs and large firms;
meanwhile, the driving effect is significant only in the eastern area. In
addition, we provide evidence that enhanced operating efficiency, cost
savings, and innovation success are transmission channels for digital
transformation affecting renewable energy companies’ performance.

TABLE 10 Transmission mechanism.

Variables High asset turnover Low cost Strong innovation

TURNOVER ROA ROE COST ROA ROE INNOVATION ROA ROE

(1) (2) (3) (4) (5) (6) (7) (8) (9)

DT 0.0353*** (4.14) 0.0275***
(3.59)

0.0556***
(3.72)

−0.4374**
(−2.43)

0.0218***
(4.49)

0.0619***
(4.32)

0.2496*** (5.83) 0.0273***
(3.26)

0.0548***
(3.75)

TURNOVER 0.3881***
(3.46)

0.5609***
(4.53)

COST −0.0457***
(−3.85)

−0.0288***
(−3.19)

INNOVATION 0.0557***
(3.92)

0.0852***
(4.11)

Constant −2.7216***
(−9.47)

−3.4251***
(−7.55)

−5.2640***
(−12.87)

−2.4149***
(−6.03)

−3.3970***
(−15.64)

−2.1864***
(−6.55)

−4.0451***
(−8.53)

−3.3074***
(−9.52)

−7.3436***
(−16.24)

Controls YES YES YES YES YES YES YES YES YES

IE YES YES YES YES YES YES YES YES YES

YE YES YES YES YES YES YES YES YES YES

Obs 966 966 966 966 966 966 966 966 966

R2 0.3290 0.2364 0.2136 0.2274 0.4960 0.4368 0.3625 0.2936 0.2035
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This study provides crucial policy implications for better
leveraging digital transformation. First, China’s renewable energy
industry is typically a policy-oriented industry. Government
policies play a crucial role in fostering a firm’s digital
transformation, for instance, constructing a market-oriented
investment and financing structure. Thus, government subsidies
and policy assistance offer a favorable policy environment for the
renewable energy industry. However, their purpose is limited and may
result in long-term market distortions. Therefore, a crucial step is to
establish an efficient, market-oriented investment and financing
system, broaden access to finance to reduce financial restraints and
build a diversified support system, thereby promoting the sustainable
growth of the renewable energy industry. It is also essential for
renewable energy companies to attract investment by minimizing
policy risks and guaranteeing policy stability over the long term.
Second, the government is expected to encourage renewable energy
companies to develop a support platform based on digital
technologies. Similar to enterprise innovation, digital
transformation adoption is typically costly and challenging for
renewable energy companies. We have argued that the
implementation of digital transformation strategy assists firms in
promoting operating efficiency, reducing costs, and fostering
innovation. Nevertheless, the implementation of digital
transformation is slow (Fitzgerald et al., 2014), leaving renewable
energy companies with many barriers to initiating adoption.
Therefore, it is in line with the long-term consideration of
promoting economic development for the government to
encourage and assist renewable energy companies in building a
support platform for fundamental digital technologies, promoting
business digitization, business integration and convergence, and
business model innovation, thereby reducing the costs and learning
curve of implementing a digital transformation strategy. Third, the
heterogeneous impact of digital transformation must be taken into
account to ensure the creation of targeted and dynamic policies that
maximize the role of digital transformation. Using digital technology,
financial institutions should accurately assess the operational and
financial situations of different kinds of firms in order to offer
personalized financial services and enhance the rational allocation
of resources, thus fostering the vitality of small firms and ensuring the
stability of large firms. In addition, to enable healthy growth of the
renewable energy sector, government assistance should be skewed
toward POEs and firms in less developed areas.

This research has its potential limitations. First, we draw our
findings from China’s A-share listed renewable energy companies due
to the lack of data. Domestic unlisted firms and firms not on the
A-share market are not included in the examination. Using more
renewable energy companies as research samples would be desirable to
verify the results. Second, due to the ambiguous nature of digital
transformation, there is a possibility that the variable we have selected
might not adequately represent the actual degree of digital
transformation. That’s why research on digital transformation uses

a survey method to ask managers to evaluate it (Fitzgerald et al., 2014).
We have demonstrated that it is feasible and informative to use a
quantitative method to explore the influence of digital transformation
on renewable energy companies’ performance. It would be excellent to
quantify the depth of digital transformation or the critical influence of
a specific dimension of digital transformation. Thus, in subsequent
studies, we should establish a more accurate metric for measuring
digital transformation. Third, to make the findings more general, it
might be instructive to gauge how digital transformation affects
renewable energy companies’ performance in other emerging
countries.
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