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Technology innovation has become the main driving force of China’s economic growth.
Sustainable development highlights the harmonious symbiosis of the economy and the
ecological environment. Renewable energy companies characterized by technology-
intensive and environmental friendliness are playing an increasingly important role in
achieving economic development while alleviating environmental pressure. Therefore,
this paper selects the A-share renewable energy listed companies in China between
2014 and 2019 as samples, using the fixed-effect model and the logit model to
explore the effect of technology innovation on corporate sustainability. We find that
technology innovation has a positive effect on both financial sustainability (FS) and social
and environmental sustainability (SES). Due to the imbalance of regional social and
environmental development and different degrees of emphasis placed on environmental
and social responsibility, the positive impact of technology innovation on SES is
heterogeneous between the east and the central and west regions. Moreover, as
the strategic emerging industry, although the renewable energy industry is granted
lots of subsidies from the government, the results show that when government
subsidies exceed the threshold, the effect of technology innovation on FS is weakened.
Government subsidies have a negative moderating effect on the relationship between
innovation and SES. Furthermore, we subdivide government subsidies into government
subsidies beforehand (GSB) and government subsidies afterwards (GSA). We reveal
that the threshold effect of government subsidies mainly comes from GSA, while the
moderating effect of government subsidies is caused by GSA and GSB. This paper is
an expansion and enrichment of current studies on sustainable development and also
puts forward feasible suggestions for the government to formulate precise and effective
subsidy policies to stimulate technology innovation.

Keywords: corporate sustainability, technology innovation, government subsidies, renewable energy company,
threshold effect

INTRODUCTION

After 40 years of reform and opening up, China’s economy has entered a “new era,” the mode
of economic development has shifted from extensive growth based on scale and speed to
intensive growth based on quality and efficiency, and the driving force of development has also
been converted from factors and investment to innovation. The 19th National Congress of the
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Communist Party of China requires economic development to
be compatible with the carrying capacity of resources and the
environment. The development of renewable energy is regarded
as the most effective way to alleviate environmental problems on
the premise of ensuring economic development (PA @stergaard
and Sperling, 2014; Wang et al., 2018), and technology is
the essence of renewable energy development (Wang et al,
2020). Therefore, the technology innovation of renewable energy
companies should not only stimulate corporate economic growth
but also have a positive effect on the environment and society,
which can be concluded as realizing the sustainable development
of economy, society, and environment.

Although there is a consensus that technology innovation
is important to sustainable development (Cancino et al., 2018;
UNCTAD, 2018), different scholars have given different opinions
on the real effect of technology innovation. Some scholars
consider that the corporate sustainable competitive advantage
comes from their resources, which are difficult to imitate
(Wernerfelt, 1984; Barney, 1991; Xu et al, 2019), and the
scarce resources that companies cannot imitate come from the
creation of R&D activities (Bakar and Ahmad, 2010; Jawad and
Mustafa, 2019). They believe that innovation is an important
tool to achieve economic growth, environmental protection,
and social development at the same time, and is the best
way to use resources (Klewitz and Hansen, 2014; Akwesi,
2019). However, some scholars hold different views. They think
that innovation investment can easily bring serious financial
burdens (Beason and Weinstein, 1996; Nitsch, 2009), which
inhibits rather than promotes corporate financial performance
(Diaz Arias and van Beers, 2013). Moreover, some scholars
consider that the relationship between technology and financial
sustainability (FS) is different from its impact on social and
environmental sustainability (SES) (Saunila et al., 2019). The
first objective this paper intends to accomplish is to investigate
the relationship between technology innovation and corporate
sustainability. Furthermore, due to the imbalance of regional
social and environmental development in China, whether the
relationship between them has regional heterogeneity is also
worthy to be explored.

Companies’ technology innovation activities have positive
externalities of improving resource efficiency and promoting
economic development (Long and Summers, 1991; Yudi et al,
2019). However, technology innovation also has risks such as long
investment return cycle and competitors’ imitation (Staw and
Dutton, 1981; McKinley et al., 2014), and government subsidies
have always been an important means to compensate for such loss
of technology spillover (Arrow, 1971; Kang and Park, 2012; Lim
et al,, 2017; Qiao and Su, 2020). As a pillar of China’s strategic
emerging industries, the renewable energy industry has been
strongly supported by the government. However, according to
the public budget expenditure for renewable energy published by
the China Energy Administration (see Figure 1), public funding
subsidies for renewable energy have shown a gradual reduction
process from 2013 to 2017. There is an upward trend after 2018,
but it has not reached the original height, and the subsidies for
the renewable energy industry are gradually receding. Although
the purpose of subsidies is to guide innovation and achieve

development, scholars have not reached a consensus on the
effect of government subsidies. Some scholars consider that
government subsidies are common tools to reduce the loss of
private profits brought by technology spillovers and encourage
companies to increase R&D investment (Batlle, 2011; Zhang
et al., 2014; Su and Zhou, 2019). Nevertheless, government
subsidies can also inhibit the development of companies, because
government subsidies may focus more on political gains rather
than economic benefits, resulting in excessive production and
efficiency losses and affecting the development of companies
(Beason and Weinstein, 1996; Bergstrom, 2000; Tzelepis and
Skuras, 2004; Howell, 2017; Hu et al., 2019). The second objective
this paper aims to accomplish is to explore what role the
government subsidies play between technology innovation and
corporate sustainability.

Government supports the development of the renewable
energy industry through multiple methods, including policy
guidance, direct fiscal subsidies, tax incentives, and the
establishment of special funds (see Supplementary Appendix).
In terms of policy guidance, since 2012, the government has
attached great importance to the innovation of renewable
energy companies and has issued several incentive policies
to promote the development of renewable energy companies.
In addition to policy guidance, direct financial subsidies
have played a major role in alleviating funding difficulties
for renewable energy companies and helping to promote
products. The government also provides tax incentives in
multiple taxes such as value-added tax, income tax, vehicle and
vessel tax, and vehicle purchase tax. Besides, the government
has established a special fund to support the development
of the renewable energy industry. Therefore, investigating
whether different types of government subsidies have different
impacts on the relationship between technology innovation
and corporate sustainability is the third objective this paper
intends to accomplish.

The contributions of this paper: First, based on the micro
company level, include government subsidies, technology
innovation, and corporate sustainability into the same
framework, discussing the role of government subsidies
between technology innovation and corporate sustainability.
Corporate sustainability is measured from two dimensions of
financial and SES, which is different from most documents
that only measure corporate sustainability from the growth
of financial performance. This paper is an expansion for
current studies about sustainable development. Second,
due to the imbalance of regional social and environmental
development, it is found that technology innovation has regional
heterogeneity in the promotion of corporate sustainability.
Renewable energy companies obtain different types of
subsidies, so this paper subdivides government subsidies
into government subsidies beforehand (GSB) and government
subsidies afterwards (GSA); we find that different subsidies
have different impacts on the relationship between technology
innovation and corporate sustainability. Based on the study
conclusions, we put forward feasible suggestions for the
government to formulate and improve precise and effective
subsidy policies.
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LITERATURE REVIEW
Sustainability

Sustainability has gradually become a new consensus for
corporate development, which requires companies to promote
corporate economic growth and solve corporate environmental
problems by improving resource use efficiency and reducing
environmental pollution (Lin and Benjamin, 2017). Regarding
the definition of sustainability, the Brundtland Commission
(WCED, 1987) emphasized the economic and environmental
dimensions of sustainability and defined sustainability as
“meeting contemporary needs without compromising the
satisfaction of future generations’ Need for development.” The
Triple bottom line proposed by Elkington (1998) also pointed
out that broad sustainability includes three dimensions—
economy, society, and environment. The Triple bottom line
puts forward new requirements for considering the development
capabilities of companies, transforming from the pursuit of
economic benefits to the common development of economy,
society, and environment (Yudi et al, 2019). Environmental
sustainability focuses on protecting the natural environment,
reducing the consumption of natural resources, and producing
environmentally friendly products (Lucas, 2010). Social
sustainability emphasizes the improvement of the organizational
relationship between human and society and the improvement of
human well-being (Guerrero-Villegas et al., 2018). The economic
aspect of sustainable development refers to maximizing profits
by increasing revenue and reducing costs (Jawad and Mustafa,
2019). It is necessary to take into account the harmony and
unity of the environment and society when expanding economic
value. Therefore, this paper measures corporate sustainability
from FS and SES.

Technology Innovation and Sustainability
Some studies have addressed the question of how technology
innovation affects sustainability (see Table 1). Most studies

suggest that technology innovation has a positive effect
on sustainability. Especially for the renewable energy
industry, technology innovation not only promotes economic
sustainability (Jiang et al., 2020; Yan et al, 2020) but also
reduces carbon dioxide emissions and promotes environmental
sustainability (Solarin and Bello, 2019; Cheng et al., 2020). On the
contrary, some scholars also put forward different opinions on
the relationship between technology innovation and corporate
sustainability. Bekhet and Latif (2018) believe that although
technology innovation does not play a positive role in sustainable
economic growth, the interaction between good governance
quality and technology innovation will have a significant positive
impact on economic sustainability in the long run. Also, some
scholars believe that the impact of technology innovation on
sustainability depends on the economic level of the region
(Anis, 2020).

The Role of Government Subsidies

Government subsidies are regarded as a tool to correct
the market failure (Arrow, 1971). However, because of the
inefficient subsidies caused by rent-seeking, in many conditions,
government subsidies have not achieved the expected results.
At present, the relationship between government subsidies and
corporate sustainability can be divided into three categories:
promotion, inhibition, and no impact. Scholars with the view
of promotion believe that government subsidies can have a
positive impact on corporate financial performance, market
share, and environmental awareness. Soltani-Sobh et al. (2017)
consider that the government incentives are positively correlated
with the Electric vehicle market share growth in the US. Deng
et al. (2020) divide government subsidies into selective subsidies
and non-selective subsidies, suggesting that selective subsidies
can help companies maintain high performance, while the
effectiveness of non-selective subsidies depends on the intensity
of regional legal protection and market competition. Besides,
some scholars point out that the government will also promote
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TABLE 1 | Literature review about technology innovation in the latest years.

Study Dataset Model Variables Major findings
Dependent Independent Control
Bekhet and Malaysia ARDL; VECM; VAR; Real gross Technology innovation Total employment; Electricity There is the negative impact of technology
Latif (2018) (1985-2015) DOLS domestic product consumption; Domestic credit innovation on economic growth; the interaction
Country level to private sector; Composite of technology innovation and governance
Time serious measure; Finance Institution; institution quality has a positive and significant
Gross fixed capital formation impact on economic growth
Su and An China (2009-2015) Threshold regression Sustainable Regional technology innovation The secondary industry as a There is a positive threshold effect between
(2018) Province level development proportion of the GDP; regional technology innovation and regional
Panel data Investments in industrial sustainable development
pollution treatment as indexes
Lin and Zhu China (2000-2015) Random-effect Per capita CO» Per capita income; Renewable Urbanization rate; Industrial Renewable energy technology innovation has a
(2019) Province level model; fixed effect emissions energy technology innovation; structure significant negative effect on CO, emissions
Panel data model; Fully-modified Energy structure
OLS model
Linetal. China (2011-2017) GMM regression Green innovation Corporate financial Firm size; firm risk; Research Green innovation strategy positively affected the
(2019) Firm level strategy performance and development intensity; corporate financial performance
Panel data Advertising intensity; Slack
resources
Solarin and U.S. (1974-2016) STIRPAT approach CO, emission per Real GDP per capita; Immigrant - Energy innovations significantly improve
Bello (2019) Country level capita population; Total spending on environmental quality
Time serious research, Development and
demonstration in the energy
sector or energy innovations
Yan et al. China (1997-2015) PLFC model with a Green productivity Technology innovation Accumulated green productivity The effect of renewable energy technology
(2020) Province level fixed-effects level; Per capita GDP; Industrial innovation on green productivity is significant
Panel data estimation method structure; Energy structure; only when the relative income level of a
Foreign trade province passes a critical turning point.
Jiang et al. China (2009-2016) Generalized Method Economic Green innovation R&D expenditure input The green innovation transformation, instead of
(2020) Province level of Moments (GMM) sustainability transformation intensity; Energy consumption total innovation counts, can reduce energy
Panel data Vector Auto consumption and benefit economic
Regression (VAR) sustainability
Anis (2020) 75 low-, middle-, and VECM model Gross domestic Technological innovation - Technology innovation (T1) contributes
high-income product simultaneously to the economic, social, and
countries ; CO2 emissions environmental sustainable development only in
(1990-2014) ; Human the case of rich countries; Tl only affects the
Country level development index economic and environmental dimensions in the
Time serious middle-income countries; and no impact is
found in the case of low-income countries
Chen et al. 19 MENA countries The Energy efficiency Technology innovation Shadow economy; Population; Technology innovation has a positive impact on
(2020) (1990-2016) second-generation Structural transformation of energy efficiency
Country level methodological economy
Time serious approaches
Cheng China (2005-2018) CCR, FMOLS, and CO, emissions Technology innovation; FD Economic globalization; Gross Strategy of technology innovation is helpful in
et al. (2020) Country level DOLS methods denotes fiscal decentralization domestic product abating CO, emissions in China
Time serious

‘e 10 Buepp

seluedwon) ABIaug e|gqemauUsy 8sauIyD) WO 8OUSPIAS


https://www.frontiersin.org/journals/energy-research
https://www.frontiersin.org/
https://www.frontiersin.org/journals/energy-research#articles

Wang et al.

Evidence From Chinese Renewable Energy Companies

companies’ emphasis on the environment (Wang and Zhang,
2020). Scholars with the opposite view believe that companies
receiving government subsidies may focus more on political
gains rather than economic benefits, resulting in excessive
production and efficiency losses, and affecting the development
of companies (Beason and Weinstein, 1996; Bergstrom, 2000;
Tzelepis and Skuras, 2004; Howell, 2017; Hu et al., 2019). Some
scholars believe that government subsidies do not directly affect
the sales of companies, but government subsidies make an
indirect contribution to company sales by improving technology
(Li et al, 2020). Technology comes from innovation, and
government subsidies only play a guiding and supporting role,
but the endogenous driving force for companies still comes from
innovation. However, there is not a consensus on the relationship
between government subsidies and technology innovation.
Scholars with opposite views believe that government subsidies
have a crowding-out effect on technology innovation (Busom,
2000; Liu et al, 2019). Supporters believe that government
subsidies can promote the level of innovation (Lin and Luan,
2020; Yu et al.,, 2020). Other scholars pointed out that different
technologies require different types of policy tools, and demand-
driven policies may be more effective for renewable companies’
technology innovation (Pitelis et al., 2019). In addition, some
scholars believe that the effect of government subsidies on
technology innovation is non-linear; only at certain intervals can
government innovation and non-innovation subsidies play a role
in promoting innovation (Liu et al., 2020; Li et al., 2020).

Above all, current studies have focused on the importance of
technology innovation for sustainability, but most of the existing
studies have focused on sustainability at the macro level and
have not reached an agreement about the relationship between
technology innovation and sustainability. Besides, although
current studies have noticed that government subsidies, as
external tools, will affect technology innovation and corporate
growth, there is still considerable controversy over the effects of
government subsidies. Therefore, based on the micro company
perspective, this paper examines the impact of technology
innovation on corporate sustainability and explores whether
there is regional heterogeneity in the relationship between
them. Besides, this paper explores the role of government
subsidies in the impact of technology innovation on corporate
sustainability and discusses whether different types of subsidies
have different effects.

HYPOTHESIS DEVELOPMENT

The Relationship Between Technology

Innovation and Corporate Sustainability
The Relationship Between Technology Innovation
and FS

The resource-based view (RBV) and the knowledge-based view
(KBV) explain why innovation affects corporate FS from the
perspective of competitive advantage. RBV points out that
companies with scarce resources that are difficult to imitate
will gain a stronger competitive advantage and show better

and sustainable financial performance (Wernerfelt, 1984; Barney,
1991; Barney, 2001; Kuncoro and Suriani, 2017; Hameed et al,,
2020). Inimitable resources come from technology innovation
(Bakar and Ahmad, 2010), because technology innovation helps
companies develop new products and services, construct the
barrier from their competitors, and make companies expand
their business scale, then enhance their competitiveness (Ireland
et al, 2001; Su and Zhou, 2019). Among all the resources
pointed out by RBV, knowledge is the most relevant to the
competitiveness of companies (Villasalero, 2017). KBV shows
that transforming tacit knowledge into explicit knowledge is the
source of sustainable competitive advantage (Yang, 2008, 2012;
Jawad and Mustafa, 2019). Technology Innovation contributes
to knowledge management (Kamara et al., 2002), which leads
to the explicit expression of accumulated knowledge. Therefore,
innovation is a key factor for companies to seize the competition
and promote corporate financial potential (Patterson, 1998;
Veland and Shqipe, 2011; VanderPal, 2015; Zhang et al., 2018).
Based on the analysis above, this paper proposes hypothesis 1:

HI: There is a positive relationship between technology
innovation and corporate FS.

The Relationship Between Technology Innovation
and SES

Due to the reduction of natural resources and the intensification
of global warming issues, social and corporate stakeholders are
paying more and more attention to corporate environmental and
social sustainability (Albort-Morant et al., 2018; Davenport et al.,
2019), which is different from only focusing on financial growth.
In the face of this revolution, green technology innovation
characterized by minimizing impacts on the environment by
conserving energy and resources (Lee and Kim, 2011), providing
companies with the opportunity to use win-win logic to increase
innovation to improve competitiveness (Porter and Van der
Linde, 1995; Kong et al., 2016; Ishak et al., 2017; Li et al., 2019).
Because producing green products, low resource consumption,
high cleanliness, etc. are the characteristics of the renewable
energy company, the technology innovation of the renewable
company is consistent with the meaning of green technology
innovation, which makes positive contributions to the realization
of environmental and social sustainable development goals (Xie
etal., 2019). So, to sum up, this paper proposes hypothesis 2:

H2: There is a positive relationship between technology
innovation and corporate SES.

The Role of Government Subsidies
Between Technology Innovation and
Corporate Sustainability

Because of the long investment return cycle, competitors
imitation, and uncertainty (Staw and Dutton, 1981; McKinley
et al., 2014), under-investment in innovation is obvious in the
market (Arrow, 1972). Government subsidies are considered an
important tool to solve market failure problems. Subsidies aim to
show a signal effect, helping companies relieve financial pressure
when doing innovation activities (Yu et al,, 2020). However,
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government subsidies also bring many unexpected negative
effects, especially when government subsidies are tremendous.
Companies choose rent-seeking rather than innovation to
enhance their short-term competitive advantage, excessive
subsidies make rent-seeking activity and crowding-out effect
more serious, hindering their promotion effect on innovation,
which inhibit companies’ long-term development (Howell, 2017;
Peng and Liu, 2018; Ahn et al., 2020; Guo et al., 2020). Therefore,
this paper proposes hypothesis 3:

H3: There is a threshold effect of government subsidies,
when government subsidies are greater than the threshold
value, the contribution of technology innovation to FS
would be weakened.

Based on stakeholder theory, companies must respond to
the needs of stakeholders when making decisions to gain a
competitive advantage (Roy and Goll, 2014). Therefore, the
focus of stakeholders’ concerns will affect the operating direction
of companies, especially those that have received government
subsidies (Deng et al., 2020). With the increasing attention paid
to the environment and society, to obtain government subsidies,
companies will carry out more innovative activities to take more
environmental and social responsibility, and companies that
have received subsidies will also actively indicate to stakeholders
that they attach importance to SES (Wang and Zhang, 2020).
However, government subsidies may also have a crowding-out
effect on technology innovation (Busom, 2000: Liu et al., 2019)
and excessive government subsidies act as a substitution in the
relationship between innovation and SES, thereby inhibiting
innovation’s promotion to SES. Based on the analysis above, this
paper proposes hypothesis 4:

H4a: Government subsidies have a positive moderating effect on
the relationship between technology innovation and SES.

H4b: Government subsidies have a negative moderating effect on
the relationship between technology innovation and SES.

RESEARCH METHOD

Data

This paper selects the data of China A-share listed companies
from 2014 to 2019 in the field of renewable energy. The data
of ESG rating and technology innovation comes from the Wind
database, the data of government subsidies is collected from the
companies’ annual reports, and the rest comes from the CSMAR.
After excluding samples with ST, ST*, and missing main variables,
a panel data of 166 Chinese renewable energy companies is
obtained (there are 830 observations) finally.

Variables

In this study, the dependent variables are the FS and SES, and
the independent variable is technology innovation. Government
subsidies are the threshold variable and the moderating variable.
In addition, our study considers some control variables. The
selected variables will be discussed separately later, and the
definition of each variable is presented in Table 2.

Corporate Sustainability

This paper analyzes corporate sustainability from two
dimensions: FS and SES. Firstly, for the FS, McKelvie and
Wiklund (2010) indicates that companies with different types
and companies in different periods show different growth
characteristics. Higgins (1981) points out that FS reflects a
company’s ability to use resources to obtain income. Tibor et al.
(2015) and Peng and Liu (2018) define income as entrepreneurial
companies’ growth capacities. However, revenue only reflects
companies’ financial performance, not show the dynamic growth
of the companies. Pandey (1994) and Zhao and Wijewardanab
(2012) explained that in the long run, the company’s growth is
an increase in company size and activities. Growth means that
the company’s expansion activities involve sales, profits, and
assets. Xu et al. (2020) point out that the FS is the maximum
growth rate of operating revenue that can be achieved, and the
average sales growth is a recurring indicator of performance

TABLE 2 | Independent variable, dependent variable, moderating (threshold) variable, and control variable definition.

Variable type Variable name Variable Variable definitions Data sources
code
Dependent variable Financial sustainability FS (Total operating income for the current year - Total operating CSMAR
income for last year)/Total operating income for last year
Social and environmental SES Assign a value of O to ratings BBB and below, and 1 to ratings Wind
sustainability above BBB
Independent variable Technology innovation Inn Total R&D expenditure/Total operating income Wind
Moderating or Government subsidies Gov Government subsidies recorded in current profit and Company
threshold variable loss+government subsidies recorded in other income+increase Annual Report
in deferred income in the current financial report decrease in
deferred income in the current financial report
Control variable Company size Size The company’s total operating income takes the logarithm; CSMAR
Capital structure Lev Debt-to-asset ratio CSMAR
Return on assets ROA Net income/Average balance of total assets CSMAR
Equity concentration Top1 H index (square of the shareholding ratio of the largest CSMAR
shareholder)
Company age Age Measured as the number of years from registration CSMAR
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because it discloses market acceptance and technical quality
(Marino and De Noble, 1997; Utsch and Rauch, 2000), which
is also regarded as an important parameter of corporate
competitiveness (Bobillo et al., 2006; Ciro et al., 2020). Therefore,
this paper selects the growth rate of operating revenue as an
indicator of FS.

Sustainability needs to meet multiple aspects simultaneously
(Elkington, 1998); FS alone cannot represent corporate
sustainability (Gladwin et al., 1995). According to the “Triple
bottom line” concept, society and environment are also two
important parts of sustainability. So, this paper chooses ESG
rating to measure SES. ESG is an important standard for
measuring environmental protection and social responsibility
of companies. The environmental rating takes into account
waste of resources, green products, environmental violations,
etc.; social rating is the concern for social contribution and
external certification of the new energy company (Nirino et al.,
2020). Nollet et al. (2016) believes that ESG rating is one of the
best parameters for measuring the environmental, social, and
business impact of the companies.

This paper selects Hua Zheng ESG Rating Index in the Wind
database to measure the SES. Referring to the study of Zhang and
Zhao (2019), we quantify the companies’ ESG performance as 0,
if its ESG rating is BBB and below, and quantify the remaining
companies’ ESG performance as 1.

Technology Innovation

Previous studies have used the intensity of R&D investment
(Cumming et al, 2016), all intangible assets and capability
(Sung, 2019), the proportion of technical staff, design or
research, the proportion of sales or profits of new products
(Chouaibi, 2020), and the number of patent applications
(He et al, 2018; Plank and Doblinger, 2018) to measure
technology innovation. It is a kind of strategic behavior
that companies increase innovation inputs to raise profit
opportunities (Clausen, 2009), and R&D investment can reflect
companies’ efforts in promoting technology innovation and
companies’ innovation ability (Hagedoorn and Cloodt, 2003). So,
referring to the study of Xu et al. (2020), this paper uses the
proportion of R&D expenditure to operating income to measure
technology innovation.

Government Subsidies

Government subsidies are often measured by the natural
logarithm of the total amount of government subsidies (Wu
and Hu, 2020) or public expenditure for encouraging R&D and
protection activities for industrial intellectual property (Sung,
2019). Hu et al. (2019) use the government subsidy amount
reported under the non-operating income on the Statement
of Financial Performance and divide it by the total assets as
the indicator. Zhang and Guan (2021) choose the government
subsidy amount in the annual report data of listed companies
as the indicator. Combining the latest China Accounting
Standards for government subsidies in 2017 and the study
of Song et al. (2020), this paper uses government subsidies
amount in deferred income and current income to measure
government subsidies.

Control Variables

This paper selects five control variables based on previous studies:
company size, equity concentration, return on total assets (ROA),
company age, and capital structure.

The natural logarithm of revenue is used to measure the
size of the company. The scale of a company is directly related
to finances, and it is usually reflected in total assets, fixed
assets, income, and the number of employees (Ahmedova, 2015).
Considering that most of the renewable energy companies
are in the start-up stage, revenue can more fully reflect the
size of the company, so this paper chooses natural logarithm
of revenue.

The capital structure is reflected by the debt-to-asset ratio.
An increase of debt will aggravate financial risk and worsen
capital constraints (Yu et al., 2020), and innovation is a risky
activity with a long-lasting cycle (Li et al, 2020), so this
paper chooses debt-to-asset ratio to measure the company’s
risk situation.

ROA refers to the profitability of a company on its total
assets. Return on total assets is usually defined as an accounting
measure of performance (Waddock and Graves, 1997), which
can be used to measure the company’s profitability. The most
basic requirement of corporate sustainability is continuous
profitability, so this paper chooses ROA as one of the
control variables.

The H index is used to measure the concentration of equity.
The share ratio of major shareholders may affect the way
managers use government subsidies. Equity diversification can
strengthen management supervision and restrain rent-seeking
behavior (Yu et al., 2020). Equity concentration may lead to
insufficient technology innovation activities because of “moral
hazard” (Lin and Luan, 2020).

The company age. Young companies have additional resource
constraints than old companies (Sung, 2019), and older
companies have more time to accumulate knowledge and
experience to support innovation (Li et al., 2020), so the company
age is also an important control variable.

Econometric Model

Effect of Technology Innovation on FS and SES
According to the study of Hu et al. (2019) and Yang et al. (2019),
this paper constructs the regression model (1) as below to test the
impact of technology innovation on FS. Referring to Ben-Akiva
and Lerman (1985), this paper constructs the regression model
(2) to test the effect of technology innovation on SES:

FSit = o + fInni 1 + dControls; s + Wi + V¢ + € (1)
SESi; = a + fInn; 1 + 8Controlsi; + i + ¢ +eip  (2)

where i is the firm and ¢ is the year; ; is the unobservable
firm-specific effect and v refers to the unobservable time-specific
effect; and f is the coefficients of the effect of technology
innovation on FS and SES. Size, Topl, ROA, Lev, and Age are
included in control variables, which represent the heterogeneity
of companies. ¢; ; refers to the random error term.
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Threshold and Moderating Effect of Government
Subsidies

Referring to Qing et al. (2021), existing studies typically add a
quadratic term to the model or consider Hansen’s static threshold
model. Hansen first proposed the threshold model (Hansen,
1999), which was used to describe the characteristics of skip
or structural break as for the correlation between different
variables. Seo and Shin (2016) proposed the first-difference
GMM estimation of the dynamic panel threshold model. On this
basis, this paper constructs the regression model (3) to test the
threshold effect of government subsidies.

Hansen believes that the explanatory variable or the
independent threshold variable can be set as the threshold
variable. Therefore, when one of the threshold variables is
selected, the other threshold variables could still be used as
control variables. So, this paper selects government subsidies
as the threshold.

Referring to Hong et al. (2019), Liu and Tsaur (2020), and Yu
et al. (2020), this paper adds the interaction between government
subsidies and technology innovation to construct the regression
model (4) to test the moderating effect of government subsidies:

FSiy = a + Pilnni _y [Goviy < c1] + BaInni iy [Goviy > c1]
+ 3Controls; s + Wi+ n¢ + &it ©)

SES; s = o + pilInn; ;1 + P2Govi s + P3lnnGovi
+ 3Controls; s + Wi + ¢ + €it (4)

c; denotes threshold values of the government subsidies.
P1, P are the coeflicients of the effect of technology innovation
on FS under the single threshold effect of government subsidies.
p3 indicates the impact of government subsidies on the effects of
technology innovation on SES.

EMPIRICAL RESULTS

Descriptive Statistics and Correlation
Analysis

The descriptive statistics and correlations of dependent variables,
independent variables, moderating (threshold) variable, and
control variables are shown in Tables 3, 4, respectively.

TABLE 3 | Descriptive statistics.

Variables Obs Mean Std. dev. Min Max
FS 830 0.196 0.359 —0.422 1.811
SES 830 0.436 0.496 0 1
Inn 830 0.045 0.028 0 0.152
Gov (a hundred million) 830 1.502 3.92 0 58.019
Size 830 22.094 1.367 18.993 25.744
TopH 830 0.113 0.095 0.007 0.413
ROA 830 0.029 0.047 —0.165 0.153
Lev 830 0.47 0.17 0.097 0.897
Age 830 18.917 4.791 8 34

The average of FS is 19.6%, the minimum is —42.2%, and
the maximum is 181.1%, indicating that most of the sample
companies are in the growth stage, but the development gap
between companies is large; the average of SES is 0.436, indicating
that the overall performance of the sample companies is relatively
good in environment and society, and the standard deviation
is 0.496, which means that there are differences in SES among
different companies; R&D investment accounts for 4.5% of
operating income, indicating that the sample companies focus
on R&D investment and technology innovation as a whole;
the average value of Gov is 1.502, indicating the government’s
positive attitude toward the development of renewable energy
companies, and the standard deviation is 3.92, indicating that
government subsidies vary greatly among different companies.

This paper uses the Pearson method to analyze the correlation
between variables. The results in Table 3 show that there is a high
correlation between FS, SES, Gov, and Inn, indicating that the
variables are statistically correlated. The correlation coefficient
between the variables is low (<0.5), and VIF is >1 and <10,
indicating that there is no interference of multicollinearity.

Regression Analysis

According to previous study results, technology innovation has
a lag effect on companies development (Yun et al, 2008;
Campbell, 2012; Yarden and Caldes, 2013; Xu et al., 2020),
so this paper lags the technology innovation variables by 1
year. Referring to the studies of Roberts and Whited (2011);
Sudarshan and Todd (2012), and Zhang et al. (2018), this
paper avoids the endogenous problem between technology
innovation and corporate sustainability through the practice of
lagging technology innovation, and it is obvious that the current
corporate sustainability has no impact on previous technology
innovation. Besides, to eliminate the interference of outliers on
the estimation results, this paper winsorizes our variables at the
Ist and 99th percentiles.

The Relationship Between Technology Innovation
and FS

The result of the Hausman test (P < 0.0000) shows that the fixed
effects regression model is suitable. The regression analysis results
are as follows:

From the regression results of model (1) in Table 5, it can
be seen that there is a significant positive relationship between
Inn_Land FS (f = 6.578, p < 0.01), which means that technology
innovation will promote the company’s FS. Therefore, hypothesis
1 is accepted. The reason may be that, on the one hand, the
pioneer advantage gained by companies through technology
innovation can help the company respond to rapid changes and
the heterogeneity of markets (Chouaibi, 2020; Ma et al., 2021); on
the other hand, technology innovation can provide organizations
with continuous learning ability (Cheng et al., 2014).

The Relationship Between Technology Innovation
and SES

Since ESG indicators are dummy variables, this paper uses the
logit model to perform regression analysis. According to the
regression results of model (2) in Table 5, Inn_L can promote
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TABLE 4 | Correlations coefficients.

FS SES Inn Gov Size Top1 ROA Lev Age
FS 1
SES —0.058* 1
Inn —0.060* —0.080"* 1
Gov —0.068"* 0.228"** 0.0310 1
Size 0.00700 0.439"** —0.406"** 0.438"** 1
Top1 —0.078"* 0.109"** —0.083"** 0.053* 0.160"** 1
ROA 0.265"** 0.082*** —0.0360 0.00600 0.084*** 0.0110 1
Lev —0.0440 0.128"* -0.318"* 0.151*** 0.546™* 0.074** —0.330"** 1
Age —0.101** 0.149"* —0.134*** 0.134*** 0.278"** —0.167*** —0.00200 0.211*** 1

Standard errors are in parentheses.
***p < 0.01, ™p < 0.05, 'p <0.1.

corporate SES, so hypothesis 2 is accepted. It proves that
renewable energy companies’ innovation has the characteristics
of green technology innovation, which minimizes impacts on the
environment by conserving energy and resources (Lee and Kim,
2011), is beneficial to reduce environmental impacts during a
product’s life cycle (Christensen, 2011), and improves processes
to reduce adverse environmental impacts. Renewable energy
companies innovation brings them differentiation advantages
(Cheng et al., 2014) and is beneficial to their SES.

TABLE 5 | Regression resullts.

(1) 2 ) 4)
FS SES FS SES
Inn_L 6.578** 7.799"* 7.284*
(1.403) (2.893) (3.018)
Gov 0.148*
(0.088)
Inn*Gov —1.115*
(0.632)
Size 0.386™* 0.825*** 0.268*** 0.744*
(0.052) (0.074) (0.038) (0.094)
TopH —0.081 1.331 0.427 1.406
(0.659) (0.865) (0.496) (0.858)
ROA 2527+ 2.947* 2.758*** 3.248**
(0.319) (1.642) (0.336) (1.656)
Lev —0.001 —0.002
(0.002) (0.002)
O_Inn_L 7.735%*
(0.889)
1_Inn_L 3.067*
(0.957)
Age 0.031* 0.029*
0.017) 0.017)
Cons —8.534*** —19.673*** —6.001*** —17.944**
(1.151) (1.686) (0.844) (2.106)
Observations 830 830 830 830
R? 0.312 0.171 0.263 0174

Standard errors are in parentheses.

Aok

0 < 0.07, *p < 0.05, *p < 0.1.

The Role of Government Subsidies Between
Technology Innovation and Corporate Sustainability
Threshold effect of government subsidies between technology
innovation and FS

This paper uses government subsidies as the threshold variable.
The result in Table 6 shows that only a single threshold model
is significant at the 1% level. Additionally, a small confidence
interval indicates that the threshold value is accurate; that is, the
effect of Inn_L on FS has a single threshold effect of Gov. The
estimated thresholds for Gov is 0.5181, and the 95% confidence
interval for threshold values is [0.5066, 0.5193].

According to the regression results of model (3) in Table 5,
we can find that if Gov exceeds the threshold, the promotion
effect of Inn_L weakens. When the Gov is less than the threshold,
a 1% increase of Inn_L results in a 7.735% increase in FS at
the 1% significance level. When Gov exceeds the threshold, for
every 1% increase in Inn_L, FS increases to 3.067% at the 1%
significance level. The results show that technology innovation
has a significant threshold effect on FS, so hypothesis 3
is accepted.

It means when government subsidies are greater than the
threshold value, with the increase of government subsidies,
the crowding-out effect emerges (Jiang and Yan, 2018).
Excessive government subsidies would be wasted through
various rent-seeking approaches (Wu and Hu, 2020), which
weakens companies capability to innovate independently in
the long term (Yu et al., 2020), that is, suppresses companies’
financial growth.

Moderating effect of government subsidies between
technology innovation and SES

According to the regression results of model (4) in Table 5,
the regression coefficient of the cross term between Gov and

TABLE 6 | Results of the threshold effect test.

Gov F-value P-value Threshold 95% confidence
value interval

Single threshold ~ 30.35™*  0.0050 0.6820 [0.6598, 0.6842]

Double threshold 8.34 0.3790 6.2007 [4.2809, 6.2182]
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Inn_L is negative (p < 10%), indicating that Gov has a negative
moderating effect on the promotion relationship between Inn_L
and SES. Thus, hypothesis 4b is accepted.

The result suggests that government subsidies have a
crowding-out effect on technology innovation (Liu et al,
2019; Busom, 2000) and excessive government subsidies act
as a substitution in the relationship between innovation and
SES, inhibiting the positive effect of technology innovation.
Companies would choose rent-seeking to achieve short-term
benefits (Lee et al., 2014; Du and Mickiewicz, 2016), instead of
developing long-term environmental and social projects. Thus
hindering the promotion of technology innovation on SES.

Robustness Test

In order to further verify the reliability of the study results and
investigate the stability of the model, this paper adjusts the period
of the sample, changing the study time to 2014-2018, to conduct
a robustness test. The results are as above.

The results of the robustness test in Table 7 are consistent
with previous regression in general, indicating that even if
we change the time frame of the data and reduce the
sample size, technology innovation still has a positive effect
on financial, social, and environmental sustainability. Besides,
excessive government subsidies weaken the role of technology
innovation in promoting both FS and SES. These indicate that

TABLE 7 | Results of robustness test.

0 @ (©] @

FS SES FS SES
Inn_L 8.349** 8.88"** 11.176**
(1.544) (3.062) (3.364)
Gov 0.336**
(0.159)
Inn*Gov —5.6
(2.732)
Size 0.514* 0.85"** 0.367** 0.779*
(0.065) (0.084) (0.046) (0.102)
TopH —0.05 0.64 0.539 0.655
(0.76) (0.964) (0.562) (0.956)
ROA 2.261** 2.469 2.633*** 3.013*
(0.351) (1.712) (0.379) (1.72)
Lev —0.002 —0.003
(0.003) (0.002)
O_Inn_L 8.981**
(1.001)
1_Inn_L 5.641**
(1.113)
Age 0.029 0.029
(0.019) (0.019)
Cons —11.328"** —20.044*** —8.206*** -18.684***
(1.394) (1.897) (0.994) (2.259)
Observations 664 664 664 664
R? 0.357 0.169 0.32 0.175

the model in this paper is robust and the study results also have
certain reliability.

DISCUSSION

Regional Heterogeneity

In order to further study whether the impact of technology
innovation on corporate sustainability has regional
heterogeneity, and according to the division of regions by
the National Bureau of Statistic, we find that the east covers
445 samples, central covers 105 samples, and west covers 80
samples, which means that listed renewable energy companies
are mainly located in the east, with a small number of samples
in the central and west, and the development level of the
central and west is relatively backward compared to the eastern
regions, so this paper divides the region into the east and the
central & west (C&W).

Grouping regression was carried out according to the region.
The results of grouping regression are shown in Table 8. The
empirical p-values are estimated based on the null hypothesis that
the coefficients are equal for the two groups under consideration.

Effect of Technology Innovation on FS Between the
East and C&W

According to the regression results of models (1) and (2) in
Table 8, the coeflicients of Inn_L in the two groups are 6.205
and 9.936, which are both significant at the 1% level; that is,
Inn_L has a positive effect on FS. However, empirical p-value is
0.1730, suggesting that there is no significant difference in the
coeflicient of Inn_L between the two groups, which means that
there is no difference in the promotion of technology innovation
on FS between the east and the C&W.

TABLE 8 | Regional impact of technology innovation on corporate sustainability.

(1) 2 ()] 4
East_FS C&W_FS East_SES C&W_SES
Inn_L 6.205*** 9.936*** 10.547* —14.030
(5.21) (4.05) (2.56) (—1.54)
Size 0.385*** 0.374* 0.876*** 1.085"**
(7.31) (2.81) (7.87) (6.01)
Top1 0.326 —0.839 3.126** —-2.106
(0.60) (—0.82) (2.28) (=1.17)
ROA 2.236™* 3.796*** 4.109* —1.719
(5.52) (3.93) (1.67) (—0.42)
Lev 0.002 —0.004
(0.89) (—1.05)
Age 0.006 0.064
(0.26) (1.33)
cons —8.781* —8.291* —20.517** —24.640"
(—7.65) (—2.80) (—8.12) (—6.18)
N 445 185 445 185
Empirical p-values 0.1730 0.004

Standard errors are in parentheses.
***n < 0.01, ™p < 0.05, 'p < 0.1.

Standard errors are in parentheses.
**p < 0.01, ¥p < 0.05, *p < 0.1.
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The conclusion that the technology innovation of companies
in the east and the C&W promotes the FS is consistent with
the conclusion of Pandit et al. (2011), and their result shows
that activities related to innovation have a positive impact on
profits, while controlling the company’s leverage and its scale.
A possible reason is that the technology innovation of companies
can bring about a decrease in production and management costs,
thereby increasing corporate profits and improving corporate
financial performance. More importantly, Zhu et al. (2014) found
that the accumulated technological progress will enhance the
core competitiveness of the company, and external investors
will be full of confidence in the future development of the
company, so that the value of the company will continue
to increase.

Effect of Technology Innovation on SES Between the
East and C&W

From the regression results of models (3) and (4) in Table 8, it can
be seen that there is a significant positive relationship between
Inn_L and SES (f = 10.547, p < 0.05) in the east. However,
Inn_L has no significant effect in the C&W. The empirical p-value
is 0.004, suggesting that there is a significant difference in the
coeflicient of Inn_L between the two groups, which means that
there is difference in the relationship of technology innovation
and SES between the east and C&W.

A possible reason is that there are differences in the regional
environmental and social development between the east and the
C&W. Yang and Wen (2017) found that the green development
efficiency of the east and the C&W presents a serious polarization
pattern. Chen and Wang (2018) believed that due to population
migration, the C&W are aging faster than the east. The study of
Hu et al. (2018) found that the average urban land use efficiency
of China is higher in the east than in the C&W under the concept
of green development. The quality of industrial development
between the east and the west has the biggest difference (Deng
and Liu, 2021). The east is no longer in the stage of relying
on pollutant emissions to promote economic growth, while the
increase in population and resource consumption in the central
region leads to more pollutant emissions, and the west region is
weak in environmental protection (He and Ran, 2009). With the
same technology innovation resources, the contribution value of
the economic indicators such as “GDP;” “GDP per capita,” and
“industrial added value” in the northwest is lower than that in the
east (Zhu and Zhang, 2005).

Due to the imbalance of regional social and environmental
development, there are corresponding differences between
eastern and C&W companies in the performance of social
responsibility and innovation capabilities. Firstly, there are
different degrees of emphasis placed on environmental and
social responsibility. The eastern companies have a deeper
understanding of the concept of social responsibility and
related standards (Deng and He, 2013). Second, there are
differences in the practice of company social responsibility,
which means that eastern companies are at the highest level
in terms of social responsibility for shareholders, employees,
and environmental resources and the construction of a
social responsibility management system, while company social

responsibility in the northwest is the lowest level in China (Dong
and Liu, 2017). Third, there are differences in the company’s
innovation capabilities. There are obvious regional differences
in the distribution of corporate innovation capabilities, and it
shows the same spatial pattern as Chinas regional economic
development (Wang and Gao, 2017). Thus, there is obvious
regional heterogeneity in the impact of company technology
innovation on SES. Compared with the C&W, the technology
innovation of eastern companies has played a significant role
in promoting SES.

The Role of GSB and GSA

According to the “Accounting Standard for Business Enterprises
No. 16-Government grants,” government subsidies received
by companies can be subdivided into government subsidies
related to assets and government subsidies related to income.
Government subsidies related to assets refer to government
subsidies obtained by companies for purchasing and constructing
long-term assets. Government subsidies related to income refer to
government subsidies other than government subsidies related to
assets. Government subsidies related to income can be subdivided
into those used to compensate the related costs or losses in
the future period and those used to compensate the related
costs or losses that have incurred. According to the time when
companies receive the government subsidies, this paper defines
those compensations for the related costs or losses that the
company has incurred as GSA, and other subsidies as GSB.
Taking the new energy vehicle industry as an example, subsidies
for companies R&D investment, intellectual property awards,
and establishment of R&D bases belong to the GSB. While price
subsidies, exemption from purchase tax, and electricity subsidies
can be classified as GSA. Referring to the study of Yu et al.
(2020), we use the increase in deferred government subsidies
in the current financial report to measure GSB and measure
GSA as the amount of subsidies recorded in current profit and
loss, and in other income after deducting the amortization of
deferred income.

The Role of GSB
According to the regression results of model (2) and model (4) in
Table 9, GSB inhabit the positive relationship between technology
innovation and corporate sustainability.

The reason may be that the renewable energy industry is
a technology-intensive industry; if companies want to gain
a competitive advantage, they need to continue to carry
out technology innovation. However, technology innovation
requires a large amount of capital investment and has a high
degree of uncertainty and spillover effects, which reduces the
motivation for corporate innovation to a certain extent. The
government needs to give certain subsidies and support before
the start of the innovation project, that is, GSB. Because GSB
are received before the investment in the project, they created a
larger space for rent-seeking (Lee et al., 2014; Du and Mickiewicz,
2016; Wu and Hu, 2020). Therefore, when the threshold
for subsidies is low, there are many companies attracted to
squeeze into the renewable energy industry, especially large
traditional energy companies (Peng and Liu, 2018). These large
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companies are more likely to receive subsidies due to their
political connections, making start-ups that need subsidies for
technology innovation unable to receive financial support. On
the one hand, the intervention of several traditional energy
companies has increased the intensity of competition in the
renewable energy industry, and on the other hand, they have
distorted the allocation efficiency of subsidies. Under the dual
pressures of finance and excessive competition, the innovative
motivation of renewable energy companies has weakened, which
inhibits corporate sustainability.

The Role of GSA

According to the regression results of the threshold effect test
in Table 10, only a single threshold model is significant at
the 1% level for GSA, while GSB has no threshold effect. The
estimated threshold for GSA is 0.4907, and the 95% confidence

TABLE 9 | Effects of GSA and GSB on corporate sustainability.

(1) (2) ©) (4)

FS(GSA) FS(GSB) SES(GSA) SES(GSB)
Inn_L 9.176 8.267**
(2.966) (3.004)
Gov 0.299** 0.348**
(0.131) (0.176)
Inn*Gov —4.517* —4.406**
(2.09) (2.142)
Size 0.257** 0.2** 0.764*** 0.776**
(0.039) (0.038) (0.084) (0.085)
Top1 0.483 0.561 1.402 1.335
(0.499) (0.512) (0.856) (0.866)
ROA 2.729** 2.972%* 3.374* 3.028*
(0.339) (0.345) (1.65) (1.643)
Lev —0.002 —0.003"
(0.002) (0.002)
0_Inn_L 7.156™* 6.064**
(0.878) (0.881)
1_Inn_L 2,94 4,491
(0.996) (1.19
Age 0.03* 0.032*
(0.017) (0.017)
cons —B.774 —4.488*** —18.468"* —18.714*
(0.847) (0.838) (1.901) (1.917)
Observations 830 830 830 830
R? 0.254 0.215 0.176 0.174

Standard errors are in parentheses.
*p < 0.01, *p < 0.05, 'p < 0.1.

TABLE 10 | Results of the threshold effect test.

Threshold Single threshold Threshold 95% confidence

variables value interval
F-value P-value

GSA 46.97** 0.0000 0.4907 [0.4561, 0.4974]

GSB 4.62 0.6520 0.6736 [0.6480, 0.6963]

Standard errors are in parentheses.
***p < 0.01, ¥p < 0.05, *p < 0.1.

interval for threshold values is [0.4561, 0.4974]. In Table 8, When
GSA exceed the threshold, for every 1% increase in technology
innovation, the coeflicient of financial growth decreases from
7.156 to 2.94%. The regression coefficient of the cross term
between GSA and technology innovation is negative in model
(3). These indicate that GSA are the main reason for the
threshold effect of government subsidies and have a restraining
effect on the relationship between technology innovation and
corporate sustainability.

GSA aim to make up for the cost of completed projects,
but they alleviate the promotion of technology innovation on
corporate sustainability. Our results are different from the
opinions of some scholars. Some scholars believe that GSA will
be more effective than GSB (Peng and Liu, 2018), because GSA
have a smaller rent-seeking space. This paper considers that
although GSA are intended to help companies to expand market
influence, if the actual production and sales capacity of renewable
energy companies is not taken into account when formulating
subsidy policies, only making the number of driving permits,
registration certificates, and license plates reported as a basis for
subsidies gives companies room to cheat for subsidies. Taking
new energy vehicles as an example, 2013-2015 is a golden period
for China to vigorously develop the new energy vehicle industry.
The scope and amount of subsidies continue to expand, which
provides opportunities for companies to cheat. For example, on
September 8, 2016, the Ministry of Finance revealed that five
new energy vehicle manufacturers, including Suzhou Jimxi Bus
Manufacturing Co., Ltd., intended to defraud the government’s
subsidies for more than one billion yuan. These companies used
licenses without cars, cars without electricity, inconsistent signs,
related parties and dealers idle, end-users idle, and other means to
defraud government subsidies by inflating production quantity.
On the one hand, cheating for subsidies reduces the efficiency
of subsidies. Innovative companies that need subsidies fail to
obtain funds, which undermines the companies’ enthusiasm
for innovation. On the other hand, the actual sales situation
is not taken into account in making the subsidy standards,
falsely reporting their market influence through idle production
after production or through expanding production blandly. GSA
only play a role in mobilizing the companies’ enthusiasm in
production, not promoting the enthusiasm for innovation, but
have a negative impact on corporate sustainability.

CONCLUSION AND POLICY
IMPLICATIONS

Conclusion

This study investigates the impact of technology innovation on
corporate financial, social, and environmental sustainability and
further investigates the mechanism of government subsidies in
the relationship between technology innovation and corporate
sustainability. A sample of 830 observations is obtained from the
166 A-share listed companies in the renewable energy industry
of China from 2014 to 2019. The hypotheses are tested by the
application of the fixed-effect model and the logit model. The
following conclusions are drawn:
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(1) Technology innovation will promote financial, social, and
environmental sustainability.

(2) Technology innovation has a significant role in promoting
ES in both the eastern and central and western regions;
technology innovation has regional heterogeneity in SES
and has a significant role in promoting the eastern and
central and western regions.

(3) When the government subsidies are greater than the
threshold value, the role of technology innovation in
promoting FS is weakened.

(4) Government subsidies play a negative role in the
relationship between technology innovation and SES).

(5) The threshold effect of subsidies mainly comes from the
GSA, while the moderating effect of government subsidies
is caused by both GSA and GSB.

Policy Implications

The objective of this paper is to empirically analyze the impact of
technology innovation on corporate sustainability and investigate
what role government subsidies play. This paper enriches
the theoretical studies about the sustainable development of
renewable energy companies. Furthermore, this paper puts
forward the following policy implications:

First, refine the subsidy policy to achieve precise subsidies.
At present, except for the new energy vehicles industry, most
subsidy policies for the renewable energy industry are too
broad, only suggesting policy directions without specifying
specific implementation measures, so the operability is poor.
Future policy formulation can be more precise and strengthen
supervision and management during policy implementation.

Second, adjust the directions of subsidies. At present, the
GSA and GSB in the renewable energy industry are not effective.
Because GSB give space for rent-seeking, the future policies
should focus on R&D subsidies and establishing a reasonable
technical threshold. Improve market research work, and make
technology standards adapt to market development. For GSA,
the focus can be shifted to subsidies for supporting facilities and
subsidies for consumers, as price subsidies and purchase subsidies
may have negative effects such as blind production. Taking the
new energy vehicle industry as an example, at present, China’s
subsidies are mostly concentrated on the promotional subsidies;
insufficient charging facilities are another important factor that
limits the development of the new energy vehicle market. The
government should adjust the directions of subsidies, to improve
the market consumers’ acceptance of new energy vehicles.
Besides, most of the current subsidies focused on companies and
pay insufficient attention to consumers. The government can
refer to the experience of other countries, such as the U.S. federal
government to purchase new energy vehicles to take a slope-
back tax credit and the U.S. state governments through electricity
tariff relief and driving facilities and other supporting subsidies to
reduce the cost of using new energy vehicles. Through subsidies
to enable consumers to get real benefits, improve the efficiency
of subsidies and expand the market influence of renewable
energy companies.

Third, increase the stimulation for R&D. Because innovation
is an important driving force to promote corporate sustainability,

the government can put forward higher requirements for
companies’ innovation, from subsidy driven gradually to policy
promotion. The Chinese government has issued a number of
subsidies to motivate companies to carry out R&D to increase
innovation for many years, but the efficiency of subsidies has
been undermined by the rent-seeking behavior. How to make
companies’ innovation from encouraging to compulsory is the
core of government policy-making. The Measures for the Parallel
Management of Average Fuel Consumption and Points of New
Energy Vehicles for Passenger Vehicle Companies, issued in
September 2017, form a market-oriented mechanism to promote
the coordinated development of energy-saving and new energy
vehicles through the establishment of a point trading mechanism,
which, to a certain extent, imposes mandatory requirements
on the innovation. In the future, technology innovation not
only needs to be driven by subsidy policy but also needs to be
promoted by reward and punishment measures.

The subsidy policies can only play a role in guiding
development; for companies in the context of high-quality
development, how to enhance their innovation ability is the
first way to achieve sustainable development. In the early
stage of the COVID era, Chinas renewable energy industry
faces the dual pressure of subsidy declines and production
shutdowns. The production and sales of new energy vehicles
fell by about 50%, and a large number of wind power projects
planned and under construction were difficult to complete. In
the face of emergencies, the government has taken a lot of
helping measures for the renewable energy industry, such as
extending the subsidies for new energy vehicles for 2 years
to 2022. In order to cut off the transmission path of the
COVID-19 as far as possible, off-line production activities during
the COVID era were strictly managed, and the advantages
of automated production and cloud office gradually show
out. Digitalization and intelligence are future transformation
directions of companies. In the post-COVID era, guiding
the renewable energy industry to accelerate the digitalization
process and making technology innovation fully include digital
transformation can be the focus of policy guidance. Companies
should fully grasp the opportunity of intelligent transformation
to better achieve corporate sustainability, that is, not only to apply
intelligence and digitalization to product innovation, but also
to promote it to management and governance innovation. This
paper will further explore the relationship among different types
of technology innovation, government subsidies, and corporate
sustainability in the post-COVID era in the future study.

Our study has insightful results, but it also has some
limitations. Due to limitations on data availability, we only collect
panel data over a relatively short time period. As a result, we
cannot investigate the long-term effects. We will try to integrate
the long-term effect of technology innovation in the future.
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