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Abstract: Energy efficiency and emissions reductions are effective initiatives to address climate change
and energy security. China has increased government subsidies and intellectual property protection
(IPP) intensity to promote technological innovation in the renewable energy sector. This paper selects
samples of geothermal, wind, and solar energy companies and examines whether the two initiatives
mentioned above can improve company innovation, and assesses their action pathways. The results
reveal that: (i) government subsidies can directly facilitate renewable energy enterprises’ innovative
performance, and research and development (R&D) input served as a medium; and (ii) the intensity
of IPP moderation needed for geothermal and solar enterprises to utilize the government subsidy
to enhance innovation. The government should consider the differences of different sub-sectors of
renewable energy when increasing subsidies. Better laws and policies are needed to strengthen the
protection of intellectual property rights and stimulate innovation in renewable energy enterprises.

Keywords: government subsidy; renewable energy industry; intellectual property protection; innovative
performance

1. Introduction

Renewable energy is crucial to achieving sustainable environmental and economic
development. The dynamic development of renewable energy is of great significance in
the management of increasingly prominent energy supply and demand conflicts, envi-
ronmental pollution, and climate issues [1]. However, the development and promotion
of renewable energy still suffer from constraints including technical difficulties, high in-
vestment costs, and slow cost-benefit recovery. Enterprise pre-investment and research
and development (R&D) costs are huge, and the risk of R&D revenue is high. Generally,
it is difficult to develop a renewable energy industry sustained only by the investment
of enterprises. As a result, many countries have formulated legal systems to support the
construction and use of their renewable energy industries, facilitating the rapid growth of
this industry [2].

As China is in a critical period of economic development transformation, its financial
support policies are bound to be biased towards the renewable energy industry, which

Sustainability 2022, 14, 8169. https://doi.org/10.3390/su14138169 https://www.mdpi.com/journal/sustainability

https://doi.org/10.3390/su14138169
https://doi.org/10.3390/su14138169
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0002-0629-2484
https://doi.org/10.3390/su14138169
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su14138169?type=check_update&version=3


Sustainability 2022, 14, 8169 2 of 24

contributes to the sustainable development of the market economy. According to statistics,
in recent years, the renewable energy sector has received significant government subsidies
covering a wide range of industries and is at the forefront of all types of industries. The ratio
of government subsidies to non-recurring gains and losses in renewable energy enterprises
is as high as 40%, accounting for 20–30% of total profits, illustrating that the distribution of
government subsidies will have a significant impact on the development of the renewable
energy industry. Currently, there is no specific regulation of renewable energy subsidies in
China, only a scattering of various laws and regulations, which are relatively ineffective
and low level. Incentives such as government subsidies are reduced to economic incentives,
resulting in a relative lack of supporting legislation to implement the Renewable Energy
Law. In terms of local legislation, only a few local laws provide incentives for renewable
energy and new energy sources, such as accelerated depreciation to reduce corporate
income tax payments. However, in most provinces and municipalities, renewable energy
enterprises do not enjoy special incentives from local governments. So, how do government
grants affect the innovative performance of renewable energy firms? What role do different
business characteristics play in the distribution of government subsidies? What type of
legislative policies can best stimulate innovation in renewable energy companies? These
are a thought-provoking series of questions.

Previous research on these issues by scholars both at home and abroad can be divided
into two main categories, one being research on renewable energy industrial policy and the
other being research on the relationship between government subsidies and performance.
Firstly, through examining the industrial policies of developed countries and regions such
as the United States, Germany, and the European Union, it is clear that technological inno-
vation is fundamental to renewable energy industrialization and that governments globally
have spared no effort in supporting the research and development of renewable energy
technologies [3,4]. In terms of renewable energy industry policies, all countries are basically
the same, with policy being divided into three main areas: strengthening the protection
of intellectual property rights, improving the investment environment, and establishing
a renewable energy market, all of which are behind the booming development of the
industry [5–7]. Secondly, in terms of research into government subsidies and innovative
performance, most scholars believe that governments implement government subsidies
to guide the flow of industrial resources and promote their optimal allocation [8–11]. The
nature of ownership, the industry, and the enterprise size are the main factors influencing
government subsidies. In the sample strategic emerging industries, subsidies can gen-
erate a strong impetus for improving an enterprise’s research capability [12,13]. China’s
subsidy policy has a major impact on increasing regional independent innovation output,
and subsidies are more effective in regions with developed economies or higher levels of
intellectual property protection [14,15]. In general, most studies either only theoretically
analyze the industrial policies of different countries in the renewable energy sector or
focus on the impact of such policies on firms at a micro-level [16–18]. There is still much
research needed to address the questions ‘what effect do government subsidies have on
the innovative performance of different sub-sectors of renewable energy firms?’ and ‘how
should government support nurture the development of the industry and how should the
means of implementation be developed?’; therefore, such research is the focus of this paper.

When considering renewable energy development in China, solar and wind power can
compete both in price and efficiency with conventional energy, as solar and wind power can
be connected to the grid economically, and enterprises’ R&D technology level is constantly
improving [19,20]. Additionally, renewable energy includes geothermal power, which can
continuously transmit electricity and work continuously providing there is a geothermal
source, and is completely unaffected by the climate. Moreover, building a geothermal
power plant requires less expense when compared with coal, natural gas, and nuclear
power plants [21,22]. Therefore, solar, wind, and geothermal power as secondary renewable
energy industries are selected as research topics in this paper. This research focuses on the
impact and pathways of government subsidies on the innovative performance of these three
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sub-sectors, as well as on exploring the role of intellectual property protection intensity
in this context. Finally, recommendations are made for the development of legal policies
on government subsidies and intellectual property protection for the renewable energy
industry in China.

The contribution of this paper is reflected in proving the argument for different types
of renewable energy enterprises as a research sample. Although government subsidies for
renewable energy enterprises have become common, not all renewable energy enterprises
receive them, and those received by different types of renewable energy enterprises vary
greatly. Furthermore, even for similar enterprises, the efficiency of their use of government
subsidies may vary depending on the nature of their shareholding, governance structure,
etc. Consequently, this paper categorizes and studies three typical Chinese enterprises,
namely, solar, wind, and geothermal energy, to specifically analyze the problem. In addition,
the paper extends from the purely innovative performance of enterprises to the industry
and even national macroeconomic policies, diversifying from the general research literature,
which is limited to microeconomic individuals. The following is a flowchart for this article.

2. Research Assumptions
2.1. Government R&D Subsidies and the Innovative Performance of Renewable Energy Firms

Government funding is a critical measure to regulate market failure under the Socialist
market economy and is one of the main R&D input sources for enterprises. Providing
continuous financial support for the development of enterprises’ innovative ability can
improve the scientific research and technical levels of the enterprise as a whole [23]. Re-
search reveals that the influence of government subsidies on renewable energy investment
is rising, but tends to reduce as the business grows. Furthermore, subsidy policies can be
harmful to the environment if governments only consider the environmental advantages of
technology and not social welfare in their decision-making process [24].

The relationship between government subsidies and company performance remains
an open question. Li argues that the government usually offers subsidies to firms under the
cap-and-trade (C&T) mechanism to facilitate green technology investment and a decrease
in effluence. However, the subsidy does not guarantee the total amount of green technology
investment or carbon emissions reduction but relies on the amount of green investment, a
reduced green technology percentage, and the carbon intensity of manufacturers [25]. Bian
revealed that government investment effectively attracts private investors, improves the in-
vestment enthusiasm of firms, and has a significant impact on enterprise performance [26],
which in turn helps to relieve the financial pressure on businesses and strengthens their
economic performance. However, government subsidies can lead to market distortions
and condone excessive resource consumption [27]. Kim suggests that company short-
and long-term performance is impacted differently by government subsidization. Gov-
ernment investment in joint R&D can help improve a company’s short-term operating
performance, but joint research and development should consider long-term operating
performance. There is no fundamental difference between SMEs with R&D projects and
SMEs without completed joint R&D projects. [28] Li demonstrates that government subsidy
facilitates enterprise investment and innovation while reducing their overall investment
efficiency [29].

Currently, the government is strengthening its financial and investment support
policies in the renewable energy sector [30]. Any high-quality progression of renewable
energy enterprises cannot be separated from their financial support. In this article, the
data from three secondary renewable energy enterprises (solar power, wind power, and
geothermal power) are selected. Subsequently, Hypothesis (H1) is proposed:

Hypothesis (H1). Government subsidies can improve the innovative performance of
renewable energy companies.
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Hypothesis (H1a). Government subsidies can improve the innovative performance of
geothermal power companies.

Hypothesis (H1b). Government subsidies can improve the innovative performance of
wind power enterprises.

Hypothesis (H1c). Government subsidies can improve the innovative performance of solar
power firms.

2.2. The Intensity of R&D Input Is an Intermediatory between Government Subsidization and
Renewable Energy Firms’ Innovative Performance

Government R&D subsidies can effectively prevent market failure while guiding
and promoting enterprises to engage in R&D input, as well as significantly promoting
enterprise technological innovation [31,32]. Businesses, as the main R&D body, reduce
R&D input to effectively control the risk of failure in R&D programs, leading to insufficient
R&D input [33]. Government subsidies also affect innovative performance, and the active
effect of subsidies is stronger in highly specialized industrial agglomeration areas [34].
In addition, government subsidies may also impact firms’ R&D input and reduce the
consumption of their own funds [35]. Moreover, both innovative and non-innovative
government subsidies have nonlinear enterprise innovation consequences [36].

The mediating effect of government subsidization on innovative performance involves
two stages: government funding for innovative performance and R&D input for innovative
performance [37]. In the latter, R&D input can improve technological innovation, product
R&D, and the capability of enterprises to assimilate and utilize advanced knowledge
and technology, indirectly enhancing the technologically innovative ability of enterprises
through knowledge spillover and other functions [38,39]. Wen et al., studied the impact
of R&D input on innovative performance by collecting global data from 1995 to 2017.
The results implied that R&D input promoted innovative performance [40]. Lee and Cin
utilized a sample of small- and medium-sized manufacturing enterprises in South Korea to
highlight the effectiveness of government subsidies in promoting corporate R&D [41].

Thus, Hypothesis (H2) is proposed:

Hypothesis (H2). R&D in renewable energy enterprises can play an intermediate role in
innovative subsidy and enterprise innovative performance.

Hypothesis (H2a). R&D in geothermal power enterprises can play an intermediate role in
innovative subsidy and enterprise innovative performance.

Hypothesis (H2b). R&D of wind power enterprises can play an intermediate role in
innovative subsidy and enterprise innovative performance.

Hypothesis (H2c). R&D input of solar power enterprises can play an intermediate role in
innovative subsidy and enterprise innovative performance.

2.3. Government Subsidy Contribution to Innovative Performance Differs between State-Owned
Enterprises (SOEs) and Non-State-Owned Enterprises (Non-SOEs)

There are significant differences in natural endowment, interior operation, and gover-
nance structure among enterprises, inducing a variety of strategic behaviors in resource
acquisition and signal transmission [42]. SOEs management is not selected as a result of
market competition but is appointed or delegated directly by officials. During decision-
making, the enterprise management may consider the promotion of its own position rather
than the development of the enterprise as a whole, or political objectives that the enterprise
is charged with. This can result in market competition not applying effective market-
level pressure on SOEs management, leading to managerial laziness, misrepresentation, or
concealment of negative information, which results in inefficient R&D. Tan argues that a de-
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crease in government ownership or increase in private ownership can foster entrepreneurial
innovation, and private firms are more motivated and efficient towards technological inno-
vation [43,44]. Financial subsidies to small and medium enterprises are an essential source
of R&D funding for non-state-owned enterprises suffering from a general shortage of funds.
Access to subsidies has a larger influence on non-SOEs innovative performance due to
information asymmetry issues between firms and markets, and the government must act as
an intermediary. In short, the fundamental reason for the difference in innovative intensity
between private and local central enterprises is that different ownership structure system
logic varies, the environmental and innovative pressures are different, and the innovative
resources and capabilities also vary [45].

Hence, Hypothesis (H3) is proposed:

Hypothesis (H3). Government subsidies have a promotive influence on the innovative
performance of non-SOE renewable energy enterprises.

2.4. Intellectual Property Protection Plays a Moderating Role between Government Funding and
Innovative Performance

The common global intellectual property protection intensity (IPP) measure is the
index of intellectual property legislation intensity proposed by Ginat and Parker [46] and
known as the “GP” index [47]. Intellectual property rights are an important institutional
factor affecting business innovative activities, not only in terms of incentive but also in
the amount of revenue they derive from their innovations. Low levels of IPP increase the
cost and risk of R&D programs, reduce the motivation and potential of R&D activities,
and weaken its influence on innovative performance. Under high intellectual property
protection levels, enterprises can be encouraged to develop and improve their innovative
capacity and efficiency [48]. Based on the above analysis and the reality that regional IPP
differences exist in China, we argue that the higher the level of IPP, the more significant
the impact of increased government subsidies and R&D investment on the innovation
performance of firms, and vice versa [49,50].

Subsequently, Hypothesis (H4) is proposed:

Hypothesis (H4a). For the geothermal power industry, the IPP intensity can moderate the
throughput of innovative performance in the renewable energy industry.

Hypothesis (H4b). For the wind power industry, the IPP intensity can moderate the
throughput of innovative performance in the renewable energy industry.

Hypothesis (H4c). For the solar power industry, the IPP intensity can modulate the through-
put of innovative performance in the renewable energy industry.

3. Model Design
3.1. Sample and Data

In this research, companies whose main business is geothermal, wind, and solar
energy are screened out based on the scope of their main business of listed renewable
energy companies in China. Selecting these three types of companies ensures that there
is a large enough sample of companies in each category to prevent research bias due to
small sample sizes. In addition, solar energy is the most mature renewable energy source in
China, followed by wind energy, and geothermal energy is a new type of energy source that
has just taken off in recent years. The selection of these three types of companies therefore
allows for a comparison within the renewable energy industry and allows the authors to
present more focused conclusions based on the different characteristics of the different
companies. In addition, there is a serious lack of R&D data for these listed companies prior
to 2013 and the latest available data were only updated to 2020 at the time of the study. This
research therefore selects data for these companies for the period 2013–2020 as samples.
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The innovative performance indicators in the empirical research data were selected
from the Chinese Research Data Service (CNRDS). The R&D personnel and input data were
obtained from the Wind database. The number of regional patent licenses and applications
was obtained from the enterprise yearbook and additional data were taken from the Wind
database and China Stock Market & Accounting Research Database (CSMAR).

The data selection was in accordance with the following principles to reduce any
influence from the empirical study:

(1) Listed companies with incomplete data were excluded.
(2) 1416 research samples were finally obtained after the exclusion of Special treatment

(ST) and *ST listed companies. (ST refers to a listed company with two consecutive years of
losses; *ST refers to a listed company with three consecutive years of losses.)

All the above data processing procedures were performed using the data analysis
software “STATA”. In order to make the data smoother and more stable, this paper
winsorized extreme values at the 1% and 99% levels.

3.2. Variables
3.2.1. Explained Variable: Firm Innovative Performance (INO)

The quality and quantity of a firm’s innovation output cannot be measured directly,
and patents are commonly used in the literature as a measure of innovative performance.
Patents have the advantage of containing a large amount of information about the technol-
ogy, invention, and inventor, and are relatively easy to access. Furthermore, the institutional
patent application, examination, and grant regulations are generally consistent across re-
gions nationwide, which makes patent data comparable [51]. Since there is a certain
period between the filing and granting of a patent, the number of patent applications is
used to measure innovative performance and is logarithmized to avoid the impact of the
approval cycle.

3.2.2. Main Explanatory Variables

(1) Government Subsidy (GOV)

In this paper, government subsidization is used as an explanatory variable. The
technological innovation and investment return of renewable energy are characterized by
high risk, high difficulty, and a longer timeframe. Consequently, government subsidies
should promote the development of technological innovation in related industries. It is
reasonable to assume that all government funding is categorized as “government subsidy”.
In addition, this study uses logarithms to represent GOV.

(2) Innovative R&D Input (RD)

R&D input refers to enterprise research and design input. This study uses innovation
R&D input as a mediating variable and logarithmizes it. Generally speaking, a relatively
large portion of government subsidies is dedicated R&D funds, so that firms receiving
government subsidies will have more sufficient funds to invest in R&D activities, which in
turn will enhance their innovation capabilities.

(3) Intellectual property protection intensity (IPP)

In this study, the annual patent grant volume of the provincial administrative district
where the enterprise is registered is used to measure the regional intellectual property
protection level and is then logarithmized. Referring to Du et al., (2008) [52], we infer that
the number of patents granted in cities can reflect the IPP intensity at an inter-provincial
level. This is because the number of patents granted refers to those granted by the patent
administration in the reporting year to individuals whose patent applications were uncon-
tested, or whose objections were examined and not substantiated. Thus, this represents
the number of functioning patents generated and reflects more directly the effectiveness of
IPP in the region. Since the number of patents granted directly reflects the scientific and
technological innovation capacity of a region, the level of regional patent grants in China as
a whole is adopted in this paper to measure the intellectual property protection intensity.
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(4) Nature of enterprise (STATE)

The impact of different enterprise natures on the development of the industry is
explored in this study.

The nature of the enterprise is used as a control variable in this study. When the firm
is state owned, the nature of the enterprise variable takes the value of 0 and a private
enterprise is 1.

(5) Industry type (CL)

We have separated renewable energy companies into three categories depending
on the type of energy source, i.e., geothermal, wind, and solar, and generated separate
dummy variables.

3.2.3. Control Variables

(1) Internal and external environments

Based on a literature search and reviews, four external and internal regulation indica-
tors were selected in this study. The external regulation (ER) and internal regulation (IR)
indicator systems were finally constructed following continuous attempts.

¬ EC—Number of Regional Patent Shares (RPS)

This study is conducted mainly by measuring the annual application quantity for a
patent in provincial administrative areas compared to the total number countrywide [53].

 EC—Competition in the market (COMP)

The study uses the market power Lerner index which indicates the level of competitive
pressure in the market faced by enterprises.

® IC—Compound operating revenue growth rate (RATE)

The ratio of the current year’s operating income growth to the previous year’s is used
as a proxy to reflect the increase or decrease of the enterprise’s operating income.

¯ IC—Education of R&D personnel (STUD)

The study uses the percentage of employees with a bachelor’s degree or above to
measure R&D personnel [54].

(2) Region (AREA)

Three major city clusters exist in China, namely, the Pearl River Delta, the Yangtze
River Delta, and the Beijing-Tianjin-Hebei. They are the most dynamic parts of China’s
economy and the main force behind China’s economic development. Therefore, to control
the influence of regional development, this paper assigns a value of 0 to those registered in
the three major city clusters and 1 to those in other regions based on the registered location
of the enterprises.

Variable definitions and descriptions are shown in Table 1.

3.3. Research Models

The research method adopted in this paper is multiple linear regression. Multiple
linear regression is the joint estimation of the dependent variable by the optimal combi-
nation of multiple independent variables. This is more effective and realistic than using
only one independent variable for prediction or estimation. In addition, this paper could
have selected representative companies in the renewable energy industry and used Data
envelopment analysis (DEA) to analyze the input–output efficiency of the reformed compa-
nies. However, this leads to conclusions that are not universally applicable to other firms.
Taking these factors into consideration, the regression model is chosen in this paper.
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Table 1. Regression analysis variables.

Variables Names Symbols Definitions

Explained
variable Firm innovative performance INO Natural logarithm of the annual

patent filings of firms plus one

Explanatory
variables

Government subsidy GOV Natural logarithm of government
subsidy

Innovative R&D input RD Natural logarithm of R&D input

Intensity of intellectual property protection IPP

Logarithm of the annual patent
grant volume of the provincial

administrative district where the
enterprise is registered

Nature of enterprise STATE Non-SOEs = 1, SOEs = 0

Industry type CL Geothermal power =1.CL, Wind
power = 2.CL, Solar power = 3.CL

Control variables

ER

Number of regional
patent shares RPS Proportion of regional patent

applications in China

Market competition COMP
Lerner index = (sales-operating

costs-sales expenses-management
expenses)/sales

IR

Compound growth rate
of operating income RATE

The ratio of the current year’s
operating income growth vs the

previous year’s

Education of R&D
personnel STUD The percentage of employees with a

bachelor’s degree or above

Enterprise region AREA The three major city clusters = 0,
others = 1

3.3.1. Analysis of Mediations

Firstly, the direct influence of government subsidies on the innovative performance of
renewable energy firms and the mediating character of R&D input are explored. Model 1
investigates the impact of government funding on the innovative performance of renewable
energy firms, as demonstrated in Formula (1). The dependent variable is INO and the main
independent variable studied is GOV. β is the coefficient of the regression equation and ε

is the random error term. Model 2 illustrates a regression model of government subsidy
to R&D input, as expressed in Formula (2). The dependent variable is RD and the main
independent variable studied is GOV. Model 3 adds the R&D input variable of renewable
energy enterprises and then tests the impact of government subsidy and R&D input on
innovative performance, as proposed in Formula (3). The difference between model 3 and
model 1 is the inclusion of RD in the dependent variable.

A(INO) = β0 + β1GOV + β2STATE + β3 AREA + β4CL + β5RPS + β6COMP + β7RATE + β8STUD + ε (1)

B(RD) = β0 + β1GOV + β2STATE + β3 AREA + β4CL + β5RPS + β6COMP + β7RATE + β8STUD + ε (2)

A(INO) = β0 + β1GOV + β2RD + β3STATE + β4 AREA + β5CL + β6RPS + β7COMP + β8RATE + β9STUD + ε (3)

3.3.2. Analysis of the Regulatory Effect

The following model is designed to examine the moderating role of intellectual property
protection intensity in the course of “Government subsidization—R&D Input—Innovative
Performance” and distinguish the direct moderating effect from the mediating effect.
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Model 4 added IPP and IPP*GOV as two independent variables based on Model 1.
If the moderating effect is established, the IPP*GOV’s coefficient should be significant.
Model 5 added IPP and IPP*GOV as two independent variables based on Model 2. If the
moderating effect is established, the IPP*GOV’s coefficient should be significant. Model 6
added RD and RD*GOV as two independent variables based on Model 4. If the moderating
effect is established, the RD*GOV’s coefficient should be significant.

A (INO) = β0 + β1GOV + β2 IPP + β3 IPP ∗ GOV + β4STATE + β5 AREA + β6STUD + β7RPS + β8COMP+
β9RATE + ε

(4)

B(RD) = β0 + β1GOV + β2 IPP + β3 IPP ∗ GOV + β4STATE + β5 AREA + β6STUD + β7RPS + β8COMP+
β9RATE + ε

(5)

A(INO) = β0 + β1GOV + β2 IPP + β3 IPP ∗ GOV + β4 IPP ∗ RD + β5STATE + β6 AREA + β7STUD + β8RPS+
β9COMP + β10RATE + β11RD + ε

(6)

Figure 1 is a mind map of the variables.
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(4)B RD 𝛽 𝛽 𝐺𝑂𝑉 𝛽 𝐼𝑃𝑃 𝛽 𝐼𝑃𝑃 ∗ 𝐺𝑂𝑉 𝛽 𝑆𝑇𝐴𝑇𝐸 𝛽 𝐴𝑅𝐸𝐴 𝛽 𝑆𝑇𝑈𝐷 𝛽 𝑅𝑃𝑆 𝛽 𝐶𝑂𝑀𝑃𝛽 𝑅𝐴𝑇𝐸 ε 
(5)A INO 𝛽 𝛽 𝐺𝑂𝑉 𝛽 𝐼𝑃𝑃 𝛽 𝐼𝑃𝑃 ∗ 𝐺𝑂𝑉 𝛽 𝐼𝑃𝑃 ∗ 𝑅𝐷 𝛽 𝑆𝑇𝐴𝑇𝐸 𝛽 𝐴𝑅𝐸𝐴 𝛽 𝑆𝑇𝑈𝐷 𝛽 𝑅𝑃𝑆𝛽 𝐶𝑂𝑀𝑃 𝛽 𝑅𝐴𝑇𝐸 𝛽 𝑅𝐷 ε 
(6)

Figure 1 is a mind map of the variables. 
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4. Results
4.1. Descriptive Statistics

Figures 2 and 3 indicate that solar companies accounted for the largest amount of
funding, geothermal companies the least, and wind companies occupied the middle place
in our sample. In addition, the proportion of non-state-owned enterprises is relatively large
and that of state-owned enterprises is relatively small.
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Figure 3. SOEs and non-SOEs shares.

As observed in Table 2, there is a large difference between the maxima 20.675 and
minima 13.267 of GOV. This implies that government funding varies widely from company
to company. Moreover, the INO is also significantly different, varying from 0 to 7.751. This
shows that the innovation capacity of different companies is mixed.
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Table 2. Descriptive statistics.

Variable Obs Mean Std.Dev. Min Max

INO 1416 3.595 1.558 0 7.751
GOV 1416 16.625 1.524 12.337 20.675
RD 1416 18.08 1.611 13.267 22.409
IPP 1416 11.367 1.779 3.14 13.473

STUD 1416 27.053 17.87 0 81.13
RATE 1416 0.167 0.361 −0.49 2.074
COMP 1416 0.123 0.105 −0.204 0.481

RPS 1416 8.633 6.295 0.339 23.839

4.2. Correlation Analysis

As illustrated in Table 3, GOV and INO are significantly positively correlated at the
1% level with a correlation coefficient of 0.592; GOV and RD are significantly positively
correlated at the 1% level with a correlation coefficient of 0.571; and RD and INO are
significantly positively correlated at the 1% level with a correlation coefficient of 0.673. The
absolute values of the correlation coefficients for all variables were less than 0.7, indicating
a weak correlation between the independent and control variables and a strong degree of
independence.

Table 3. Correlation analysis.

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

(1) INO 1.000
(2) GOV 0.592 1.000

0.000
(3) RD 0.673 0.571 1.000

0.000 0.000
(4) IPP 0.018 −0.015 0.112 1.000

0.497 0.561 0.000
(5) STUD 0.226 0.129 0.088 −0.084 1.000

0.000 0.000 0.001 0.002
(6) RATE 0.033 0.004 0.087 0.015 −0.052 1.000

0.217 0.867 0.001 0.574 0.049
(7) COMP −0.015 −0.042 −0.059 0.072 0.179 0.149 1.000

0.570 0.112 0.025 0.007 0.000 0.000
(8) RPS 0.024 −0.133 0.082 0.440 −0.152 0.006 0.011 1.000

0.361 0.000 0.002 0.000 0.000 0.814 0.680

4.3. Full-Sample Regression of GOV, RD, and INO

In Table 4, the full sample regression results from Model 1 show that GOV and INO
demonstrate a significant positive correlation at a 1% level with a coefficient of 0.598,
indicating that for every 1% increase in GOV, the INO of renewable energy firms increases
by 0.598%. Among the control variables, wind energy has a 0.691% lower INO than
geothermal energy when the firm type is a wind energy firm and is significant at a 1% level.
With solar firms, INO of solar energy is 0.369% lower than that of geothermal energy and is
significant at a 1% level. This indicates that all else being equal, the innovative performance
of geothermal energy firms is highest and that of solar energy firms is lowest among the
three types of companies. In contrast, STUD is significantly correlated with INO at a 1%
level with a coefficient of 0.016, suggesting that the education of R&D personnel can also
contribute positively to INO of a firm. Hypothesis (H1) was therefore tested.
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Table 4. Full-sample regression of GOV, RD, and INO.

INO RD INO

Model 1 Model 2 Model 3

GOV 0.598 *** 0.631 *** 0.307 ***
(27.57) (27.86) (12.96)

RD 0.461 ***
(20.59)

STUD 0.016 *** 0.009 *** 0.012 ***
(8.16) (4.18) (6.97)

RATE 0.170 * 0.384 *** −0.007
(1.89) (4.07) (−0.09)

COMP −0.208 −0.721 ** 0.124
(−0.66) (−2.17) (0.44)

RPS 0.020 *** 0.028 *** 0.007
(2.83) (3.72) (1.17)

1.STATE −0.056 0.278 *** −0.184 ***
(−0.74) (3.55) (−2.78)

1.AREA −0.166 * −0.116 −0.112
(−1.81) (−1.22) (−1.40)

2.CL −0.691 *** −0.805 *** −0.319 ***
(−5.84) (−6.52) (−3.04)

3.CL −0.369 *** −0.385 *** −0.192 **
(−3.33) (−3.32) (−1.96)

Constant −6.420 *** 7.496 *** −9.876 ***
(−15.94) (17.83) (−25.26)

Observations 1416 1416 1416
t-statistics in parentheses; *** p < 0.01, ** p < 0.05, * p < 0.1 (the same below).

The full sample regression results from Model 2 show that GOV and RD show a
significant positive correlation at a 1% level with a coefficient of 0.631, indicating that for
every 1% increase in GOV, the RD of renewable energy firms increases by 0.631%. Among
the control variables, wind energy has a 0.805% lower INO than geothermal energy with
wind energy firms and is significant at a 1% level. With solar energy firms, INO is 0.385%
lower than that of geothermal energy and is significant at a 1% level. This indicates that
all else being equal, geothermal energy firms have the highest R&D input of the three
business types.

From the Model 3 full sample regression results, after adding RD as a mediating
variable, RD shows a significant positive correlation with INO at a 1% level with a coefficient
of 0.461, indicating that the INO of renewable energy enterprises increases by 0.461% with
an RD increase of 1%. At this point, GOV shows a significant positive correlation with
INO at a 1% level with a coefficient of 0.307, indicating that for every 1% rise in GOV,
the INO for renewable energy companies increases by 0.307%. After the addition of RD,
the contribution of GOV to INO is reduced compared to Model 1. The above analysis
reveals a partial mediating effect of RD between GOV and INO. From one perspective,
GOV has a significant promotive effect on firms’ INO. From another perspective, GOV
influences the RD of companies, which in turn promotes their INO level. Hypothesis (H2)
was therefore tested.

The above statements illustrate that government subsidy, as a direct means of govern-
ment support for firms’ innovation activities, directly reduces the cost of their innovation
activities as well as stimulating them. Furthermore, firms that receive government funding
have more than sufficient incentive to invest in R&D activities, which reduces the risk of
undertaking innovation and provides a boost to their R&D activities. Among the control
variables, geothermal energy firms perform better than the other two categories, all else
being equal, while solar energy firms perform the worst. This suggests that the type of
renewable energy sub-sector also has an impact on innovative performance and R&D
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investment and that the differences between different sub-sectors should be considered
when formulating relevant policies.

4.4. Regression of GOV, RD, and INO by Industry

To test whether the regression results for the full renewable energy firm sample
hold for all three sub-sectors, the following discussion was conducted. In Table 5, the
regression results suggest a significant promotive correlation between INO and GOV for
the geothermal power industry (β = 0.546, p < 0.01). This implies that GOV contributes
directly to INO. In addition, there is a significant promotive correlation between RD and
GOV (β = 0.431, p < 0.01), reflecting that GOV significantly contributes to RD. With RD as
a mediating variable, a significant promotive correlation between INO and GOV can be
observed (β = 0.234, p < 0.01), as well as a significant promotive correlation between RD
and INO (β = 0.726, p < 0.01). Therefore, RD significantly contributes to INO. The control
variable that differs significantly from the full sample regressions is STUD. In all three
models for the sample of geothermal energy industries, STUD was not significant. This
suggests that STUD has no significant contribution to either INO or RD. Highly educated
personnel do not contribute significantly to innovation in geothermal energy firms.

Table 5. Regression of GOV, RD, and INO (Geothermal Power).

INO RD INO

Model 1 Model 2 Model 3

GOV 0.546 *** 0.431 *** 0.234 ***
(7.57) (10.07) (2.69)

RD 0.726 ***
(5.45)

STUD 0.004 −0.003 0.006
(0.91) (−1.37) (1.64)

RATE −0.148 0.044 −0.179
(−0.66) (0.33) (−0.89)

COMP −3.334 *** −0.439 −3.015 ***
(−2.95) (−0.66) (−2.94)

RPS 0.010 0.004 0.008
(0.71) (0.43) (0.58)

1.STATE 0.145 −0.448 *** 0.470 ***
(0.80) (−4.18) (2.69)

1.AREA 0.283 −0.077 0.339 **
(1.57) (−0.72) (2.07)

Constant −5.159 *** 11.744 *** −13.686 ***
(−3.95) (15.18) (−6.98)

Observations 140 140 140
t-statistics in parentheses; *** p < 0.01, ** p < 0.05 (the same below).

In Table 6, the regression results reveal a significant promotive correlation between
INO and GOV for the wind power industry (β = 0.547, p < 0.01), indicating that GOV
directly contributes to INO. Moreover, there is a significant promotive correlation between
RD and GOV (β = 0.603, p < 0.01), confirming that GOV significantly contributes to RD.
With RD as a mediating variable, there is a significant promotive correlation between INO
and GOV (β = 0.271, p < 0.01) and a significant promotive correlation between RD and INO
(β = 0.456, p < 0.01). Therefore, RD significantly contributes to INO.
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Table 6. Regression of GOV, RD, and INO (Wind Power).

INO RD INO

Model 1 Model 2 Model 3

GOV 0.547 *** 0.603 *** 0.271 ***
(12.28) (11.34) (6.42)

RD 0.456 ***
(13.88)

STUD 0.021 *** 0.012 *** 0.015 ***
(5.52) (2.65) (4.83)

RATE 0.274 0.404 * 0.090
(1.46) (1.80) (0.57)

COMP −0.499 −1.680 ** 0.268
(−0.90) (−2.53) (0.57)

RPS 0.009 0.041** −0.009
(0.68) (2.50) (−0.81)

1.STATE 0.022 0.661 *** −0.279 **
(0.15) (3.68) (−2.18)

1.AREA −0.606 *** 0.030 −0.620 ***
(−3.72) (0.15) (−4.53)

Constant −6.152 *** 6.858 *** −9.281 ***
(−7.45) (6.96) (−12.74)

Observations 465 465 465
t-statistics in parentheses; *** p < 0.01, ** p < 0.05, * p < 0.1 (the same below).

In Table 7, the regression results imply a significant promotive correlation between
INO and GOV for the solar industry (β = 0.613, p < 0.01). Hence, GOV contributes directly
to INO. Furthermore, a significant promotive correlation between RD and GOV is observed
(β = 0.665, p < 0.01), revealing that GOV contributes significantly to RD. When RD is used
as a mediating variable, there is a significantly promotive relationship between INO and
GOV (β = 0.297, p < 0.01), accompanied by a significant promotive relationship between
RD and INO (β = 0.474, p < 0.01). Therefore, it can be said that RD contributes significantly
to INO.

Table 7. Regression of GOV, RD, and INO (Solar Power).

INO RD INO

Model 1 Model 2 Model 3

GOV 0.613 *** 0.665 *** 0.297 ***
(22.80) (26.29) (9.06)

RD 0.474 ***
(14.13)

STUD 0.016 *** 0.013 *** 0.010 ***
(6.01) (5.16) (4.08)

RATE 0.143 0.321 *** −0.009
(1.30) (3.11) (−0.10)

COMP 0.161 0.448 −0.052
(0.38) (1.11) (−0.14)

RPS 0.029 *** 0.013 0.023 **
(2.93) (1.42) (2.57)

1.STATE −0.094 0.107 −0.145
(−0.96) (1.16) (−1.65)

1.AREA 0.050 −0.351 *** 0.216 *
(0.38) (−2.87) (1.85)

Constant −7.205 *** 6.655 *** −10.362 ***
(−14.89) (14.61) (−21.26)

Observations 811 811 811
t-statistics in parentheses; *** p < 0.01, ** p < 0.05, * p < 0.1 (the same below).
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Hypothesis (H1a)–(H2c) holds.

4.5. Regression of GOV, RD, and INO by Enterprise Type

In Table 8, the sample is divided into SOEs and non-SOEs for regression, based on the
nature of the firm’s equity. It can be seen that in Model 1, GOV shows a significant positive
correlation with INO at a 1% level for both non-SOEs and SOEs. However, in non-SOEs,
the coefficient is 0.631, indicating that the INO of non-SOEs increases by 0.631% when GOV
rises by 1%. In SOEs, the coefficient is 0.519, indicating that the INO of SOEs increases by
0.519% when GOV rises by 1%. Therefore, the promoting effect of GOV on SOE is stronger
in non-SOEs. To further validate the above findings, the difference between the coefficients
of the two groups was tested in this paper, and the subsequent results revealed that the
p-value of the difference between the coefficients of the two groups = 0.0445, which is
significant and allows for size comparison. This further validates that this boosting effect is
stronger in non-state enterprises.

Table 8. Regression of GOV, RD, and INO by enterprise type.

Model 1 Model 2 Model 3
Non-SOEs SOEs Non-SOEs SOEs Non-SOEs SOEs

GOV 0.631 *** 0.519 *** 0.659 *** 0.565 *** 0.275 *** 0.272 ***
(25.22) (11.57) (32.91) (9.91) (8.19) (6.67)

RD 0.540 *** 0.437 ***
(14.29) (15.04)

STUD 0.013 *** 0.021 *** 0.005 ** 0.020 *** 0.010 *** 0.013 ***
(5.27) (5.90) (2.31) (4.31) (4.72) (4.14)

RATE 0.024 0.415 ** 0.175 ** 0.576 *** −0.071 0.163
(0.22) (2.54) (2.04) (2.78) (−0.73) (1.19)

COMP −0.643 −0.021 0.543 −2.188 *** −0.937 ** 0.936 **
(−1.55) (−0.04) (1.64) (−3.22) (−2.50) (2.08)

RPS 0.026 *** 0.008 0.008 0.056 *** 0.022 *** −0.017
(3.02) (0.61) (1.20) (3.37) (2.77) (−1.50)

1.AREA −0.022 −0.358 ** −0.158 * −0.089 0.064 −0.319 **
(−0.19) (−2.33) (−1.71) (−0.46) (0.61) (−2.50)

2.CL −0.575 *** −0.933 *** −0.380 *** −1.456 *** −0.370 *** −0.296
(−4.01) (−4.36) (−3.32) (−5.35) (−2.84) (−1.62)

3.CL −0.341 *** −0.512 ** −0.226 ** −0.852 *** −0.218 * −0.140
(−2.67) (−2.37) (−2.21) (−3.10) (−1.89) (−0.77)

Constant −7.020 *** −4.960 *** 7.292 *** 8.700 *** −10.959 *** −8.764 ***
(−15.90) (−5.95) (20.66) (8.21) (−22.62) (−11.86)

Observations 900 516 900 516 900 516
t-statistics in parentheses; *** p < 0.01, ** p < 0.05, * p < 0.1 (the same below).

Similarly, in Model 2, GOV shows a significant positive correlation with RD at a 1%
level for both non-SOEs and SOEs. However, the coefficient in non-SOEs is 0.659, indicating
that the RD of non-SOEs increases by 0.659% when the GOV increases by 1%. In SOEs, the
coefficient is 0.565, indicating that the RD of SOEs increases by 0.565% with each 1% rise
in GOV.

In Model 3, RD shows a significant positive correlation with INO at a 1% level for both
non-SOEs and SOEs. However, in non-SOEs, the coefficient is 0.540, indicating that the INO
of non-SOEs increases by 0.540% whenever RD rises by 1%, and in SOEs, the coefficient is
0.437, indicating that the INO of SOEs rises by 0.437% whenever RD increases by 1%.

In summary, the direct contribution of GOV to INO holds in both non-SOEs and
SOEs, but the facilitation effect is stronger in non-SOEs. RD provides a partial mediating
effect between government innovation R&D subsidies and firms’ INO. On the one hand,
innovation by non-SOEs is mostly guided by current market demand, and R&D will yield
quick results and can be sustained to maintain good innovation performance. On the
other hand, SOEs receive administrative directives to develop new technologies. Due to
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various technological barriers, too many of these innovation projects are not conducive to
innovation performance, and businesses are wary of using government subsidies.

Hypothesis (H3) holds.

4.6. The Moderating Effect of the Intensity of IPP

Table 9 shows that in Model 4, the interaction term GOV*IPP for GOV and IPP shows
a significant positive correlation with INO at a 10% level with a coefficient of 0.066. GOV
shows a significant positive correlation with INO at a 1% level with a coefficient of 0.518.
These two coefficients have the same sign, indicating that IPP enhances the facilitative effect
of GOV on INO. Consequently, the positive moderating effect of IPP holds in the direct
GOV and INO model. In Model 5, the interaction term GOV*IPP of GOV and IPP shows
a significant positive correlation with INO at a 5% level with a coefficient of 0.054. GOV
shows a significant positive correlation with RD at a 1% level with a coefficient of 0.389.
These two coefficients have the same sign, indicating that IPP enhances the facilitative
effect of GOV on RD. The positive moderating effect of IPP therefore holds for the first half
of the mediating model; GOV and RD. In Model 6, the interaction term RD*IPP between
RD and IPP does not show a significant positive correlation with INO, while RD and
INO show a significant positive correlation at a 1% level with a coefficient of 0.760. This
indicates that IPP does not enhance the facilitative effect of RD on INO. Therefore, the
positive moderating effect of IPP does not hold in the second half of the mediation model,
RD and INO.

Table 9. The moderating effect of IPP intensity (geothermal power).

INO RD INO

Model 4 Model 5 Model 6

GOV 0.518 *** 0.389 *** 0.201 **
(6.88) (8.97) (2.19)

IPP 0.038 0.077 *** −0.017
(0.86) (3.05) (−0.41)

GOV*IPP 0.066 * 0.054 ** 0.001
(1.66) (2.35) (0.01)

RD*IPP 0.105
(1.24)

RD 0.760 ***
(5.39)

STUD 0.004 −0.003 0.006
(0.96) (−1.32) (1.55)

RATE −0.115 0.023 −0.143
(−0.50) (0.18) (−0.69)

COMP −3.590 *** −0.574 −3.155 ***
(−3.15) (−0.87) (−3.03)

RPS 0.008 −0.004 0.008
(0.52) (−0.41) (0.57)

1.AREA 0.212 −0.153 0.345 **
(1.15) (−1.44) (2.03)

1.STATE 0.066 −0.550 *** 0.447 **
(0.35) (−5.07) (2.37)

Constant −5.016 *** 11.713 *** −13.563 ***
(−3.82) (15.51) (−6.73)

Observations 140 140 140
t-statistics in parentheses; *** p < 0.01, ** p < 0.05, * p < 0.1 (the same below).

On this basis, IPP has a significant positive moderating effect in the geothermal energy
sector. Consequently, Hypothesis (H4a) holds.

Table 10 shows that the interaction term GOV*IPP between GOV and IPP does not
have a significant positive correlation with INO in Model 4 (p > 0.1) and that GOV has
a significant positive correlation with INO at a 1% level with a coefficient of 0.545. This
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indicates that IPP does not enhance the contribution of GOV to INO and did not play a
positive moderating role. In Model 5, the interaction term GOV*IPP between GOV and IPP
did not show a significant positive correlation with RD, while GOV showed a significant
positive correlation with RD at a 1% level with a coefficient of 0.586. This suggests that
IPP does not enhance the facilitative effect of GOV on RD. Consequently, the IPP positive
moderating effect does not hold in the first half of the mediation model; GOV and RD. In
Model 6, the interaction term RD*IPP between RD and IPP does not show a significant
positive correlation with INO, while RD and INO show a significant positive correlation at a
1% level with a coefficient of 0.450. This indicates that IPP does not enhance the facilitative
effect of RD on INO. Consequently, the IPP positive moderating effect does not hold in the
second half of the mediation model, RD and INO.

Table 10. The moderating effect of IPP intensity of (wind power).

INO RD INO

Model 4 Model 5 Model 6

GOV 0.545 *** 0.586 *** 0.275 ***
(12.10) (10.97) (6.51)

IPP −0.038 0.090 * −0.092 **
(−0.84) (1.68) (−2.39)

GOV*IPP −0.019 −0.032 0.021
(−0.84) (−1.22) (0.87)

RD*IPP −0.036
(−1.64)

RD 0.450 ***
(13.28)

STUD 0.021 *** 0.012 *** 0.015 ***
(5.47) (2.63) (4.62)

RATE 0.286 0.361 0.127
(1.52) (1.61) (0.80)

COMP −0.473 −1.836 *** 0.409
(−0.84) (−2.76) (0.87)

RPS 0.013 0.031 * −0.000
(0.90) (1.77) (−0.02)

1.AREA −0.642 *** 0.050 −0.650 ***
(−3.85) (0.25) (−4.66)

1.STATE 0.018 0.642 *** −0.315 **
(0.12) (3.59) (−2.43)

Constant −5.704 *** 6.234 *** −8.225 ***
(−6.03) (5.55) (−9.73)

Observations 465 465 465
t-statistics in parentheses; *** p < 0.01, ** p < 0.05, * p < 0.1 (the same below).

On this basis, there is no significant IPP positive moderating effect in the wind industry;
therefore, Hypothesis (H4b) does not hold.

Table 11 shows that in Model 4, the interaction term GOV*IPP between GOV and
IPP shows a significant positive correlation with INO at a 5% level with a coefficient of
0.030, while GOV shows a significant positive correlation with INO at a 1% level with a
coefficient of 0.609. These two coefficients have the same sign, indicating that IPP enhances
the contribution of GOV to INO. Therefore, the IPP positive moderating effect holds in
the direct GOV and INO model. In Model 5, the interaction term GOV*IPP of GOV and
IPP shows a significant positive correlation with INO at a 10% level with a coefficient of
0.026. GOV shows a significant positive correlation with RD at a 1% level with a coefficient
of 0.661. These two coefficients have the same sign, indicating that IPP enhances the
facilitative effect of GOV on RD. The IPP positive moderating effect, therefore, holds for the
first half of the mediating model, GOV and RD. In Model 6, the interaction term RD*IPP
between RD and IPP does not show a significant positive correlation with INO, while RD
and INO show a significant positive correlation at a 1% level with a coefficient of 0.476.
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This indicates that IPP does not enhance the facilitative effect of RD on INO. Therefore, the
IPP positive moderating effect does not hold in the second half of the mediation model, RD
and INO.

Table 11. The moderating effect of the IPP intensity (solar power).

INO RD INO

Model 4 Model 5 Model 6

GOV 0.609 *** 0.661 *** 0.294 ***
(22.63) (26.05) (8.93)

IPP −0.034 0.032 −0.051 **
(−1.35) (1.34) (−2.20)

GOV*IPP 0.030 ** 0.026 * 0.014
(1.98) (1.78) (0.79)

RD*IPP 0.007
(0.34)

RD 0.476 ***
(14.13)

STUD 0.016 *** 0.013 *** 0.009 ***
(5.92) (5.21) (3.93)

RATE 0.133 0.333 *** −0.025
(1.21) (3.22) (−0.25)

COMP 0.236 0.411 0.040
(0.55) (1.02) (0.10)

RPS 0.031 *** 0.009 0.026 ***
(3.04) (0.98) (2.92)

1.AREA 0.030 −0.333 *** 0.186
(0.23) (−2.72) (1.59)

1.STATE −0.100 0.094 −0.145
(−1.02) (1.01) (−1.65)

Constant −6.758 *** 6.405 *** −9.777 ***
(−12.26) (12.34) (−18.00)

Observations 811 811 811
t-statistics in parentheses; *** p < 0.01, ** p < 0.05, * p < 0.1 (the same below).

On this basis, there is a significant IPP positive moderating effect in the solar industry,
and subsequently, Hypothesis (H4c) holds.

The above shows that the IPP positive moderating effect holds in the geothermal and
solar sectors, but not in the wind sector. This suggests that for geothermal and solar energy
companies, the higher the level of IPP in the region where they are located, the stronger
the contribution of their government subsidies to R&D input and innovative performance.
That is, the greater the incentive for companies to invest in R&D, the more innovative
they become.

4.7. Robustness Tests

In Table 12, the main model is tested for robustness using both adding control variables
‘SIZE’ and replacing explanatory variables as ‘APA’. First, the size of a firm’s assets is an
important factor influencing firms to invest more in R&D and to innovate. Generally
speaking, the larger a firm’s assets and the more capital it has, the more resilient it is
to risk and therefore the more incentive it has to invest in R&D. With the inclusion of
this new control variable ‘SIZE’, the contribution of the government subsidy to innovative
performance still holds, as does the mediating effect of R&D input. The results can therefore
be shown to be robust. Secondly, this paper replaces the selected indicator of innovative
performance with the number of patents granted to enterprises (APA). Since it takes some
time for patents to be granted from application to grant, there may be a certain lag in
the number of patents granted. Therefore, this research treats both government subsidies
and R&D input with a one-period lag, and the results show that the promotion effect of
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government subsidies on innovative performance still holds, as does the mediation effect
of R&D input.

Table 12. Robustness tests.

APA RD APA PAT RD APA

Model 1 Model 2 Model 3 Model 1 Model 2 Model 3

L.SUB 0.582 *** 0.612 *** 0.321 ***
(26.25) (24.92) (13.24)

L.RD 0.427 ***
(18.32)

STUD 0.015 *** 0.008 *** 0.012 *** 0.012 *** 0.004 ** 0.010 ***
(7.55) (3.53) (6.63) (6.13) (2.08) (5.81)

RATE 0.224 ** −0.022 0.233 *** 0.134 0.349 *** −0.019
(2.44) (−0.22) (2.89) (1.51) (3.81) (−0.24)

COMP −0.265 −0.899 ** 0.119 −0.772 ** −1.280 *** −0.212
(−0.81) (−2.46) (0.41) (−2.44) (−3.90) (−0.75)

RPS 0.020 *** 0.029 *** 0.007 0.020 *** 0.027 *** 0.009
(2.63) (3.47) (1.11) (2.89) (3.67) (1.37)

1.STATE −0.061 0.208 ** −0.150 ** 0.158 ** 0.490 *** −0.056
(−0.80) (2.47) (−2.23) (2.06) (6.15) (−0.81)

1.AREA −0.152 −0.063 −0.125 −0.099 −0.058 −0.074
(−1.64) (−0.62) (−1.53) (−1.10) (−0.62) (−0.92)

2.CL −0.600 *** −0.795 *** −0.260 ** −0.803 *** −0.924 *** −0.398 ***
(−5.11) (−6.12) (−2.48) (−6.89) (−7.66) (−3.75)

3.CL −0.338 *** −0.327 *** −0.199 ** −0.388 *** −0.409 *** −0.209 **
(−3.08) (−2.69) (−2.05) (−3.56) (−3.63) (−2.14)

SUB 0.428 *** 0.442 *** 0.235 ***
(14.67) (14.64) (8.40)

SIZE 0.322 *** 0.338 *** 0.174 ***
(8.96) (9.09) (5.28)

RD 0.438 ***
(19.05)

Constant −6.195 *** 7.908 *** −9.574 *** −10.804 *** 3.086 *** −12.154 ***
(−15.19) (17.50) (−23.70) (−17.63) (4.86) (−22.06)

Observations 1172 1172 1172 1416 1416 1416
t-statistics in parentheses; *** p < 0.01, ** p < 0.05 (the same below).

5. Discussion

The full-sample regressions demonstrate that R&D input into enterprises serves as a
partially mediating character in the contribution of government subsidies to innovative
performance. Government funding can not only directly contribute to firms’ innovative
performance but also motivate their investment in R&D. Government legal policy concern-
ing renewable energy industry subsidies needs to be improved and made more operable.
Subsidies can compensate for capital shortages in the renewable energy industry, allowing
enterprises to obtain sufficient financial support and a more positive growth environ-
ment [55]. Before granting subsidies, the government should conduct sufficient research on
industrial areas and enterprises to implement different financial policies. This requires the
government to refine its decision-making criteria and define subsidy policy in a precise
way instead of a “one stroke” decision.

Notably, geothermal energy companies demonstrate the highest innovative perfor-
mance. The Chinese government currently encourages the utilization of geothermal power
and offers a series of policies to promote its development. Listed companies, including gi-
ants such as Sinopec and PetroChina, have invested significantly in geothermal power R&D.
Following fundamental research in engineering technology, actions were implemented to
resource surveys and geothermal demonstration programs. Joint ventures were developed
with Icelandic pioneers to promote geothermal power industrialization. Consequently,
enterprises are more willing to increase their R&D input and upgrade their products under
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the incentive of relevant government policies, even though the geothermal power industry
is still in its early stages of development. In contrast, China’s solar industry has progressed
from its rapid early development phase and expects a revival after a consolidation period.
Wind power is the most widely adopted renewable energy and plays an increasingly crucial
role in low-carbon energy development [56]. Therefore, relevant policies do not usually
support wind and solar power start-ups, and are frequently used to maintain existing
enterprises and withstand market risks. Nevertheless, several developed countries could
litigate this in the WTO, along with issues such as countervailing and anti-dumping.

Subsequently, decision-making on government funding should be based on the prin-
ciples of science, transparency, and cooperation. Supporting the development of the
renewable energy industry requires large amounts of government subsidies, but this does
not mean that funding should be applied to all relevant industries. If government subsidies
are properly disbursed, they can help enterprises or industries in need of development
and bridge any funding gaps, giving them sufficient incentive to develop and grow in
a less-pressurized environment. Conversely, if government funding is allocated to un-
suitable enterprises or industries, it may result in funds being wasted and even intensify
rent-seeking behavior, leading to laziness and a lack of motivation [57]. Therefore, gov-
ernment subsidies should be targeting secondary sectors where they will be used more
efficiently. Before the decision-making process, sufficient research should be conducted on
the various secondary sectors and enterprises in the renewable energy industry, and the
findings should determine the appropriate recipients for any government grants.

In addition, both SOEs and non-SOEs reconcile government subsidization to promote
innovative performance. Nonetheless, this facilitation effect is more evident in non-SOEs,
and SOEs are more likely to accommodate fiscal and monetary policies. They also maintain
stronger non-profit social responsibilities in addition to focusing on purely economic profits.
This may potentially have some negative effects, and SOEs may have less incentive to
increase their market competitiveness through technological innovation. For non-SOEs,
whether they are private, privately-owned, or foreign-owned, the incentive to increase
market competitiveness through technological innovation tends to be much higher. The
role of the social capital market and the carrier of private listed companies are indispensable
for the rapid and steady development of the renewable energy industry. Consequently,
private listed companies should make reasonable and effective use of government subsi-
dies, rely on their own development capabilities to achieve greater efficiency, and enhance
their innovation and competitiveness. In any case, both state-owned and non-state-owned
enterprises should invest more in R&D for advanced technologies. The rapid develop-
ment of wind power generation brings new technical challenges. Reliable and accurate
prediction of wind power generation is important for the daily dispatch of power systems.
Liu et al., (2021) proposed a new CNN framework to predict the power of wind turbines
over 24 h [58]. Shahab et al., (2021) discussed the application of different types of deep
learning algorithms in the field of solar and wind energy resources and evaluated their
performance with a new taxonomy [59]. Huang et al., (2021) considered the superposition
and XGBoost models and concluded that they are the best models for predicting solar
radiation [60]. These are the latest technologies in the renewable energy industry. Chinese
companies should keep up with the advanced technology trends in order to change the
traditional development model of renewable energy of the past.

Finally, the IPP positive moderating effect is only observed in the geothermal and
solar industries. Geothermal and solar power have been developed more recently than
wind power. The IPP intensity should play a positive moderating role between government
subsidization and enterprise innovative performance in the new IPP environment. Without
IPP, renewable energy industrialization progress will lack legal protection and motivation,
and enterprises will not be willing to continuously invest in a new area without a quick
economic return.

As a result, intellectual property protection intensity for renewable energy innova-
tive systems should be increased. China’s current intellectual property protection laws
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need to be improved; there is a lack of legal provision for intellectual property protection
for renewable energy innovation technologies [61]. Most renewable energy intellectual
property rights involve low-carbon technologies, and the law should protect the posses-
sion of low-carbon intellectual property rights based on greenhouse gas reduction. When
formulating IPP policy, government departments should carefully select the appropriate
IPP legislation to match the country’s technological capacity and economic base, while
IPP enforcement should be strengthened based on balancing the cost of enforcement and
effectively safeguarding the interests of R&D institutions and personnel to promote invest-
ment in independent R&D in the renewable energy industry. Therefore, China’s legislature
should develop an IPP system that promotes technological innovation in its renewable
energy industry in line with actual economic and technological development and the inter-
national environment [62,63]. While fulfilling the obligations of international conventions
and safeguarding the reasonable intellectual property interests of Chinese multinational en-
terprises, excessive levels of intellectual property protection at the expense of social public
welfare and to the detriment of national interests should be avoided [64]. Furthermore, it is
important to further publicize the relevant IPP laws and basic protection paths, including
in renewable energy enterprises, scientific research institutions, and higher education insti-
tutions, and to conduct IPP publicity and training for relevant staff, encouraging relevant
enterprises to effectively protect their IPP through relevant laws and further improve the
capacity of renewable energy IPP.

6. Conclusions

This research investigates the geothermal, wind, and solar power listed companies
in China. Panel data of these companies from 2013 to 2020 is examined, and the influence
of government innovation R&D subsidies on innovative performance in the renewable
energy industry is explored. Additionally, the legislation regarding subsidies for renewable
energy development is analyzed. Finally, specific suggestions are proposed for the use of
renewable energy.

Government subsidy policy should be differentiated according to the nature of en-
terprises and the type of renewable energy. The renewable energy industry is still in its
infancy, with high technology capital demand and a low return on investment. The at-
tractiveness of all forms of capital is failing to meet enterprise growth needs, particularly
in the wind power sector. Although the country has introduced a series of supportive
programs and plans, the overall stagnant economic environment makes it difficult for
enterprises to source sufficient funding. Thus, the government must increase its subsidies
to non-state enterprises to strengthen their investment in R&D. Moreover, the innovations
of geothermal power enterprises are mainly concentrated in SOEs such as Sinopec and
PetroChina. Since the industry is in its early development stages, the government may
have to offer special subsidies to the representative SOEs. Nonetheless, the subsidy policy
should be changed for the solar industry, as it is more developed and all its listed companies
are non-SOEs. When perfecting the legislation of renewable energy in China, we should
pay attention to the difference of sub-industry and enterprise ownership. In addition, the
government should also be aware of the international industrial trend, energy regulations,
political economy, and other elements affecting funding. An isolated subsidy policy may
cause lawsuits on international platforms in the WTO, WIPO, or other organizations, and
eventually impede the development of renewable energy.

Although this paper proposes certain innovations in terms of research scope and
methods based on previous studies, there are still some shortcomings. Firstly, this paper
uses mostly empirical research to argue for the impact of intellectual property protection
intensity on the innovative performance of renewable energy listed companies. The pro-
tection of this intellectual property is not only reflected in the number of regional patents
granted, but also in the government’s protection policies for this industry, and such policies
and regulations are difficult to analyze quantitatively. Therefore, analysis through data
alone is somewhat biased. Secondly, the measurement of innovative performance relates
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to more than solely the number of patent applications filed by a company. The number of
patent applications is an innovation output dimension, but the innovation input dimension
is not considered. In the future, the authors will explore the impact of IPP strategies, pro-
tection regimes, and operations on renewable energy innovative performance; additionally,
they will conduct further research on individual sub-sectors to inform a more targeted
government subsidy policy.
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