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Abstract

In this research, we aim to understand the influence of government subsidies on
enterprises' research and development (R&D) investment behavior, particularly in
China’s renewable energy sector. We are also interested in examining how the
attributes of enterprise ownership act as a moderating variable for the relationship
between government subsidies and R&D investment behavior. Three classical panel
data analysis models including the pooled ordinary least squares (OLS) model, the
fixed effect model and the random effect model are employed. We find that
government subsidies have a significant crowding out influence on enterprises' R&D
investment behavior and that the influence is further moderated by the attributes of
enterprise ownership. Moreover, a panel threshold regression model is used to
demonstrate how the influence of government subsidies on enterprises’ R&D
investment behavior will change when government subsidies increase. Two thresholds,
0.6% and 10.1%, are identified. We recommend that relevant government
departments should motivate enterprise R&D investment behavioral intention by
increasing subsidies within a certain range. Different attributes of enterprise
ownership should also be considered as part of policy reform and re-structuring

relating to government subsidies.

Keywords: renewable energy, enterprise, government subsidy, ownership, R&D

investment, threshold effect.



1. Introduction

The G7 countries have formulated a series of policies to support firms in the
renewable energy industry. For example, U.S. President Obama released an ambitious
2016 Federal Government Budget Proposal to invest $7.4 billion in clean energy
technology programs across all agencies (Laporte, 2015). Japan and the European
Commission also published relevant policies and national programs to help renewable
energy firms achieve sustainable development (see EU renewable energy policy,
2015). Consequently, fierce international energy competition and a quick increase in
China’s domestic energy demand have drawn the attention of various Chinese
government departments including the State Council of China, the Bureau of Energy
and The Ministry of Environmental Protection of China. The Chinese central
government has recently urged these departments to collaborate together to consider
various policies and specific measures for promoting the development of renewable

energy.

Since the Renewable Energy Law of the People's Republic of China was enacted
in 2005, the Chinese government announced a series of subsidy policies to boost the
renewable energy industry (Shen and Luo, 2015). Generally speaking, government
subsidies may be offered through direct or indirect supporting approaches in terms of
funding allocation, such as VAT returns, fiscal subsidies, tax incentives for innovation,
price control, demand assurance and compulsory allocation (Zhang et al., 2014; Shen
and Luo, 2015). Moreover, government can set up specified subsidies for different

industries and at business development stages, such as subsides for the development
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of renewable energy technologies. In this research, the term “government subsidies”
mainly refers to public R&D research funding granted by Chinese central and local
government departments for enterprises to develop new technologies of renewable
energy and relevant innovative activities. This is our research focus because we
believe that the development of emerging and cutting-edge renewable energy
technologies plays a pivotal role in ensuring green, sustainable, renewable energy
development. Recent studies show that the average research and development (R&D)
intensity of international renewable energy enterprises is higher than that of Chinese
listed renewable enterprises. The average research and development (R&D) intensity
of Chinese listed renewable enterprises is only 0.76% and so the main barrier for
R&D and innovation in the renewable energy industry in China is cost (Costa-Campi

et al., 2014).

Despite the growing significance of government subsidies in solving the shortage
of private R&D investment of renewable energy enterprises, there is limited
understanding of the impact of government subsidies on renewable energy enterprises’
behavioral intention to strengthen R&D at the micro-level. A systematic literature
review of prior studies on renewable energy development and government subsidies
was undertaken that resulted in the identification of a research gap. Existing research
on renewable energy development has mainly focused on exploring various energy
policy instruments and the effect of portfolio standards on climate and energy industry
development in developed countries and regions, such as the United States (Menyah

and Wolde-Rufael, 2010; Roe et al., 2001; Bang, 2010) and the European Union
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(Jacobsson et al., 2009; Haas et al., 2004; Reiche and Bechberger, 2004). We contend
that such findings may not be the same for China. A few other researchers have
further examined the potential macroeconomic influence of renewable energy policies
on the energy industry in developing countries (e.g., Zhang et al., 2009Wang et al.,
2010; Cherni and Kentish, 2007; Zhao et al., 2011). As noted earlier, due to the lack
of understanding of the exact effect of government subsidies on enterprises’ intention
to strengthen R&D investment at the micro level, it is still unclear how the R&D level
of firms with government subsidies is to be compared with that of firms without
government subsidies. Specifically we want to know if the relationship between
government subsidies and enterprises’ intention to strengthen R&D investment is
linearly correlated and if government subsides complement or substitute private R&D
investment. These two questions have important implications for the implementation
of appropriate policies of government subsidies in developing countries. There is a

dearth of literature investigating the above-mentioned issues.

In this study, we address the gap in prior research by investigating the influence
of government technology development subsidies on enterprises’ R&D investment
behavior, focusing on China’s renewable energy sector. Moreover, we are also
interested in examining how the attributes of enterprise ownership moderate the
relationship between government subsidies and enterprises’ R&D investment behavior.
Unlike renewable energy enterprises in developed countries, Chinese renewable
energy enterprises inherently have different types of ownership due to the unique

institutional environment and political background. The amount of government
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subsidies acquired by renewable energy manufacturers with different attributes of
ownership may vary greatly. Specifically, the more a company has a close
relationship with the Chinese central government, the more financial support this
company can obtain. In addition, we further examine how these factors — including
government subsidies, enterprise ownership attributes, and political connections of
enterprise owners — work together and demonstrate an interactive effect on enterprise

R&D investment.

Our paper proceeds as follows. The next section reviews the theoretical
foundation for the study. The third section describes the research methodology
employed in the investigation. Section 4 provides the results of our data analysis and
this is followed by a summary of our research findings in section 5. The final section
rounds off with a discussion of the contributions and policy implications of our

research.

2. Literature Review
In this section we consider government subsidies for renewable technology

development, their impact on private enterprises, and the influence of firm ownership.



2.1. Government subsidies for renewable energy technology development

The effect of government subsidies for technology development has been extensively
examined in prior studies from different aspects, such as increasing the rate of green
innovation (Johnstone et al., 2010; Aalbers et al., 2013), improving the value of
renewable power technologies (Davis and Owens 2003), promoting the market
diffusion of a niche renewable energy technology (Bointner, 2014) and increasing

international trades and domestic R&D (Kim and Kim, 2015).

2.2. Differential effect of government subsidies on enterprises’ private R&D

investment

Prior studies show that the actual effect of government subsidies on improving
enterprise private R&D investment considerably varies across industries. For instance,
Arias and van Beers (2013) found a negative relationship between government
subsidies and some renewable energy firms’ R&D in terms of the amount of
renewable energy technology inventions and patents, particularly those related to the
solar and wind renewable energy sector. Saul’s (2002) empirical data from Israeli
manufacturing enterprises in the 1990s indicated that firms were more like to increase
their private R&D investment over the long-term provided that they could
concurrently obtain funding from the Israeli Ministry of Industry and Trade. In other
words, government subsidies should be viewed as an alternative funding source
instead of replacing enterprises’ private R&D investment (Koga, 2005). Interestingly,

some studies found inconsistent empirical findings where government subsidies have
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a negative (i.e. crowding-out) (Goolsbee, 1998; Kelette et al., 2000) or limited effect
(Wallsten, 2000) on enterprises’ private R&D investment. Moreover, some elements
of context (e.g., the background of industries and country characteristics) have a
moderating effect on the relationship government subsidies and enterprises’ private
R&D investment (Czarnitzki and Toole, 2007; Gorg and Strobl, 2007; Czarnitzki et al.,

2007).

2.3. Ownership influence on enterprises’ R&D activities and subsidies received

During the economic transition process over the past two decades, China has formed a
special institution in which company ownership characteristics directly affect their
R&D performance and subsequent innovation activities. Compared with other kinds
of enterprises (e.g., private enterprises), state-owned enterprises even stress how to
innovate effectively and efficiently because they have huge political resources that are
rather useful for obtaining government subsidies (Yu et al., 2010; Wu and Liu, 201

and Wu et al., 2012).

3. Research Method

3.1. Research design

We chose to conduct longitudinal research to examine the delayed effect of
government subsidies on enterprises’ private R&D investment behavior. Such a

longitudinal analysis design will allow us to identify and compare the influence of
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government subsidies on enterprises private R&D investment behavioral intention at
different stages (Doh and Kim, 2014; Lee and Cin, 2010; David et al., 2000). In this
research, we decided to introduce a lag variable demonstrating the effect of
government subsidies within O to 1 year. Specifically, private R&D investment in year
t is influenced by government subsidies in previous years: t, t-1 and t-2. We
hypothesize that government subsidies should have a direct effect on enterprises’
behavioral intention to increase R&D investment during the first and second
half-years after they obtain funding. As noted earlier, prior studies employing
different research methods found that the effect of government subsidies on
enterprises R&D investment varies. For example, linear regression methods have been
extensively employed to examine the effect of government subsidies on motivating
enterprises’ private R&D investment (Wolff and Reinthaler, 2008). We argue that
such linear regression methods ignore the moderating role of subsidy intensity on the
relationship between government subsidies and enterprises’ private R&D investment
behavioral intentions. Therefore, we adopt the panel threshold regression (PTR)
method proposed by Hansen (1999) to examine the threshold effect of subsidy
intensity on moderating the relationship between government subsidies and

enterprises’ private R&D investment.

Traditional methods employed by prior studies more or less assume that
government subsidies are randomly allocated to all eligible enterprises. However, this
is not always the case, because policymakers often determine the allocation model of

government funding resources. The amount of subsidies for a firm will be
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significantly influenced by the firm’s ownership attributes and political background.
In order to explore the interactive role of government subsidies, we employ a
semiannual panel dataset over the period from June 2009 to December 2014. A panel
data regression is carried out to examine how government subsides influence an
enterprise’s intention to increase private R&D investment toward a positive (i.e.
complementary) or negative (i.e. crowding-out) effect. In addition, government
subsidies usually demonstrate a lagged effect on a firm’s innovative activities and
R&D investment. For that, we add a lag variable for government subsidies in the
model in this study (see section 3.3 for the full model). Moreover, in order to ascertain
how Chinese market characteristics and the institutional environment influence the
relationships among firm ownership attributes, firm types and government subsidies, a
threshold regression model is developed for non-dynamic panels with
individual-specific fixed-effects. In this research, we use this model to examine the
differential effects of government subsidies on enterprises’ private R&D investment
under different subsidy intensities. A time frame is chosen due to limited high quality
data resources. This time frame demonstrates key phases of the development of

domestic renewable industries supported by the Chinese government.

3.2. Data

Data was collected from renewable energy enterprises listed on the Shanghai and
Shenzhen stock exchanges. Through semiannual panel data collection over the period

from June 2009 to December 2014, relevant information on private R&D investment

10



and the amount of government subsidies for renewable energy enterprises were
provided by Wind Information Co. Ltd (Wind Info'), located in the Lujiazui Financial
Center in Shanghai. Wind Info. is a leading integrated service provider of financial
data, information, and software. Data with missing key values were removed and 172
completed cases were finally collected. Moreover, we only consider enterprises that
have received subsidies for at least twelve consecutive half-years to examine the
differential effect of government subsidies on enterprises’ private R&D investment.
As a result, the financial data for 147 renewable energy enterprises was finally used in

our study.

Background information on firms, ownership characteristics and types of actual
firm owners were manually collected from company annual reports. A further
triangulation was carried out based on information found on the official websites of

enterprises. All estimations were calculated using Stata 11.

3.3. Panel Regression Model

Our panel regression model is given in equation 1. In this section we will explain the

model.

R & Dput,, = ,GS,, + a,GS,

i,r—1

+a,GS,,_, + Bincome,
+B,topshare,, + Biroa,, + B,scalenum,, + x,CT + y,PR (1)
+@4GS,, *CT +,GS,,_, *CT +3,GS,, * PR+u, + €,

1Wind Info. has built up a substantial, highly-accurate, first-class financial database, which includes stocks, funds,
bonds, FX, insurance, futures, derivatives, commodities, and macroeconomic and financial news. Moreover,
institutional investors can acquire the latest information via regular updates provided by Wind Info.
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3.3.1. Dependent variable

R&Dput, represents the private R&D investment of enterprise i in the period r.
Private R&D investment refers to R&D staff’s innovative ideas, information and other
intangible elements, which are difficult to accurately measure. However, enterprises
have to spend considerable funding to ensure these subjective elements. Thus, private
R&D investment may be viewed as an indicator of the relative strength of enterprises
R&D spending. Prior studies on measuring private R&D investment usually use the
amount of R&D expenditure of enterprises during a certain period as a dependent

variable.

3.3.2. Explanatory variables

GS,, represents the amount of government subsidies of enterprise i in the period ;

GS and GS,, , represent the amount of government subsidies of enterprise i in

it=1 2

the t-1 and t-2 lagged periods, respectively. Data on government subsides for new
technology development and transfer were empirically obtained from listed

enterprises’ semi-annual reports. income,, refers to the amount of business income
of enterprise i in the period ; topshare,, refers to shares of the largest shareholder of
enterprise i in the period 7; roa,, represents the return on assets of enterprise i in the

period ¢, which includes return on total assets, return on total core assets, return on net

assets and return on total net worth; scalenum, , represents the total number of staff of

enterprise i in the period ¢.

The criteria for identifying these variables are as follows:

12



(1) Considering the effect of government subsidies on the private R&D investment is

usually delayed, we thus introduced G5 and %S into the panel model, to
capture a lagged effect as they have been used in previous studies (Antonelli & Crespi,
2013; Montmartin & Herrera, 2015; Colombo et al., 2013);

(2) The amount of firms’ private R&D investment is usually influenced by firm scale.
Researchers often find that firms with a large scale have a risk-taking attitude, and are
willing to add to R&D investment. Thus, we introduced the variable scalenum,, into
the panel model;

(3) The amount of R&D private investment is usually constrained by annual income
and Return on Assets (ROA), both of which we assume have a positive effect on R&D
private investment. Thus, we introduced these two variables, income,, and roa,,,
into the panel model; and

(4) The share of the largest shareholder reflects capital centralization and the
efficiency of resource allocation. We estimate that over-centralization of the capital

will negatively influence private R&D investment. Thus, we introduced a variable

called topshare,, into the panel model. The definitions of the variables are show in

Table 1.

Please Insert Table 1 in Here
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3.3.3. Interaction terms

In this model, we identify three interactions among government subsidies, lagged
government subsidies, enterprise ownership attributes, and owners’ political
connections. We believe that firm ownership characteristics and owners’ political
connections affect the amount of subsidies they can obtain from the Chinese
government. In addition, the willingness of renewable energy enterprises to increase
private R&D investment in China depends on their political resources to some degree.
We use a dummy variable, C7, to indicate the degree of owners’ political connections
based on their background scored on a 7-point Likert scale with a score of 7
indicating ‘the strongest political connections’ and a score of 1 indicating ‘the weakest
political connections’. Another dummy variable, PR, refers to a set of legal rights of a
firm and its possession of assets (Claessens et al., 2008; Marcelin and Mathur, 2015).

This dummy variable takes the value of 1 if a firm is state-owned and O otherwise. u,

refers to an “enterprise individual effect” including entrepreneurship, innovation

background and motivation. ¢ indicates error terms.

3.4. Threshold regression model

Our threshold regression model is shown in equation 2.

R & Dinput,, = o) + 4GS, ,_, * I(Support, <r)+a,GS,,_, * I(Support, >r)+0x, +g,

(2)
We hypothesize that the relationship between government subsidies and

enterprises’ intentions to add private R&D investment is unlikely to be a linear

relationship. Specifically, we ask: (1) Is there an optimal interval for the supporting
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degree of government subsidies? and (2) Is there a crowding-out or incentive effect on
the relationship between government subsidies and enterprises’ R&D investment as
the amount of government subsidies change? We assume that there is a threshold level
of r, and the effect of government subsidies on improving enterprises’ R&D activities
will change significantly when the amount of government subsidies (Supporti) is

more than r. We introduce a dummy variable called ,, . Wheng,,,,.0rr. < > 1, =1

otherwise, D, =0. We define 1,(r)={Support, <r}, of which, 7 (*)is an indicative

function. If supporr, < , then I (*¥) takes value 1, otherwise it is 0.

In the threshold regression model, variable i represents an enterprise i and variable
t represents the time period. Support is a threshold variable and r is a specific
threshold value. Variable x is a set of controlling variables including the number of
total staff, business income, return on assets, shares of the largest shareholder,
enterprise ownership attributes, and owners’ political connections; ¢, and «,
respectively refer to the influence ratio of explanatory variables by explained

variables of threshold variables Support, when Support, <rand Support, >r. &,

refers to stochastic disturbance. It is noted that although our threshold model only
includes one threshold value, two or more threshold values possibly exist in practice.
In this research, we set a double threshold regression model as:

R & Dinput,, = o) + a,GS

*[(Support, <1r)+a,GS,,_ *1(r; <Support, <r,)

it=1

+a,GS,,_, * 1 (Support, > 1) +0x, +&, (3)

In function r,<r, we argue that multiple threshold models can be further

developed based on the above single and double threshold models.
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4. Results

4.1. Descriptive statistical analysis

Descriptive statistics and correlation coefficients are shown in Tables 2 and 3. Means,
standard deviations, maximum and minimum values are summarized for all variables
in Table 3. Pairwise correlation coefficients with significance levels are also provided.
Moreover, variance inflation factors (VIFs) are used to examine bias estimates
derived from multicollinearity, where two or more variables in a multiple regression
model are highly correlated. Under this situation, the coefficient estimates of multiple
regressions may change in response to a small change. We computed the VIFs and
found most to be around 2 and less than the conservative threshold of 5. The

computed VIFs suggest that multicollinearity was not a major issue in our study.

Please Insert Table 2 in Here

Please Insert Table 3 in Here

4.2. Regression analysis

According to the basic model (1), we implemented a regression analysis based on
panel data for new energy enterprises from 2009 to 2014 as shown in Table 4. A
Hausman test was carried out (p=0.0243) and indicated that a fixed effect model

should be adopted.

Please Insert Table 4 in Here

A White’s (1980) test for heteroscedasticity showed positive results (p<.001).

Thus, compared with a fixed effects model, a heteroscedasticity robust model could
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provide a more accurate estimation of the relationship between government subsidies

and the private R&D investment of energy enterprises.

As shown in Table 4, the coefficient for government subsidies and enterprises’
private investment in the current period is -0.038. This result means that if the
government increases subsidies by 1%, renewable energy enterprises are likely to
reduce their private R&D investment by 0.038%. Moreover, a lagged crowding-out
effect was found at the 1% level of significance. An increase in government
subsidies by 1% will lead to 0.66% and 1.098% reductions in private R&D
investment during periods t-1 and t-2 respectively. Such a significant lagged
crowing-out effect means that Chinese renewable energy firms are not willing to take
risks in initial R&D stages because of high costs. Compared to developed countries,
the Chinese government acts as a key driver for the renewable energy sector and
offers the majority of R&D investment for enterprises. Thus, the Chinese
government needs to consider appropriate policies to encourage enterprises’

intentions to increase the funding of R&D.

Our research findings showed that the relationship between enterprises’ property
rights and government subsidies is significant at the 1% level. The relationship
between owners’ political networks and government subsidies is also significant in
the t-1 and t-2 lagged periods (p<.01). This means that owners’ personal political
connections play a role in obtaining government subsidies. In practice, enterprises
don’t have an equal opportunity to obtain government funding, particularly in China

where the institutional environment is distinctive. Further, we found that a firm’s
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political background and network also demonstrates an important role in obtaining
other types of funding, such as bank loans (Li et al., 2008). As a result, more and
more Chinese firms in the renewable energy industry are willing to spend
considerable effort in establishing relationships with different Chinese government
departments.

In order to further examine the influence of firm ownership attributes, we divided
the sample into two groups (state-owned and non-state-owned). Through descriptive
statistics, we found that the average amount of government subsidies for the
state-owned group and the non-state-owned group are 3637.336 and 1580.175 ten
thousand Chinese Yuan, respectively. The average intensity of government subsidies
is similar in both groups: 0.010 and 0.019 for the state-owned group and for the non
state-owned group, respectively. Thus, our research findings suggest that ownership

attributes have a weak effect on helping firms to obtain government subsidies.

Please Insert Table 5 in Here

We found that the nature of firm ownership directly determines the effect of
government subsidies on firms’ R&D investment behavior. For example, for a
state-owned new energy firm, the incentive effect of government subsidies on the
firm’s R&D activities in the current period is 0.533, with a significant level of 1%.
However, this effect was significantly reduced for a non-state-owned new energy
firm. Our empirical findings found that lagged government subsidies for a firm

during one period have a significant crowding-out effect on the firm’s R&D
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investment:-1.396 for the state-owned group and -0.355 for the non-state-owned
group (p<.01). The different effects (i.e. incentive vs. crowding-out) for these two

types of firms may be due to organizational heterogeneity.

4.3. Results of the threshold estimation

Estimation of two threshold values is shown in Table 6. Single and double threshold
effects were both found at the significant level of 1%, while the triple threshold effect
was not significant. Threshold values of government subsidy intensity (i.e. 0.6% and
10.1%) were achieved by bootstrap estimation. According to the two threshold values,
government subsidies could be divided into three groups including low subsidy (less
than 0.6%), medium subsidy (greater than 0.6% and less than 10.1%) and high

subsidy (greater than 10.1%).

Please Insert Table 6 in Here
Please Insert Table 7 in Here

Please Insert Table 8 in Here

According to the three intervals divided by each threshold, the contribution of the
degree of government subsidies for firms’ innovation investment was significant at
the 5% level (see Table 7). When the intensity of government subsidy was less than
0.6%, government funding support behavior showed a significant crowding-out effect
(i.e. -0.315, p<0.001) on a firm’s R&D investment activities associated with slight
marginal effects. Our empirical data show that if government subsidy intensity
reached 0.6%, the crowding-out effect disappeared and a significant incentive effect

of government subsidies (i.e. 0.139*%**) on the firm’s R&D investment activities was
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created until government subsidy intensity exceeded 10.1%. In addition, prior
marginal effect reaches maximum value. We see that when government subsidy
intensity exceeded 10.1%, the government subsidies demonstrated a crowding-out
effect again on the firm’s R&D investment activities and the contribution degree was

-0.259%%*,

5. Discussion

The results of our data analysis show that the effect of government subsidies on
increasing enterprises' intention to invest in R&D is an inverted-U relationship.
Moreover, firm owners will play an important role in helping a firm to obtain
government subsidies if they have substantial political resources. Thus, in the
renewable energy industry, we suggest that enterprises with poor political
backgrounds should actively foster R&D activities and improve their own innovative
capabilities, which may help to overcome the discrimination of government in
obtaining funding. To increase the effectiveness of government subsidies, we
recommend that governments should improve funding allocation mechanisms and
place an emphasis on assessing applicant’s research competency and innovative
capability. Third, the two identified threshold effects (i.e. 0.6% and 10.1%) confirm
the non-linear relationship between the intensity of government subsidies and its
practical effect on increasing a firm’s intention to do private R&D activities. In sum,
our research findings fully support our hypotheses. Government subsidies create a
crowding-out effect followed by an incentive effect. A crowding-out effect will
appear again once the government subsidy intensity increases. This means that
government should consider how to develop an appropriate subsidy policy for
renewable energy enterprises, adapting to the dynamic characteristics of the subsidy

effects. The Chinese government needs to avoid the ‘Matthew effect’ (Merton, 1968;
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Antonelli & Crespi, 2013) when implementing government subsidies.

6. Conclusions and Policy Implications

This research makes several contributions, from both practical and theoretical
perspectives. First, we examine the effect of government subsidies on micro
innovative activities of renewable energy enterprises, and find that government
subsidies have a significant crowding-out influence on enterprises' R&D investment
behavior. Second, the moderating role of the political and institutional background of
enterprises in the relationship between government subsidies and enterprise R&D
investment is examined. Our research shows that the relationship between a firm’s
ownership and obtained government subsidies reaches a statistically significant level
of 10% with a 0.341 value. The relationship between firm owners’ political resources
and government subsidies is at a significant level of 1% during the t-1 and t-2 lagged
periods. Third, this research employs the non-standard asymptotic theory of inference
and the bootstrap method to examine how the influence of government subsidies on
new energy enterprises’ R&D investment varies in accordance with the supporting
degree of subsidies. The effect of government subsidies on increasing enterprises'

intention to invest in R&D demonstrates an inverted-U relationship.

There are several limitations in this research. First, we only employ a semiannual
panel dataset over the period from June 2009 to December 2014. Our research is
based on this short panel dataset since the Wind database only records R&D data for
the sample since 2009. Second, we don’t further examine the incentive effect of

subsidies on stimulating private R&D investment based on different subsidy types.

21


https://www.researchgate.net/publication/254455981_The_Matthew_Effect_in_RD_Public_Subsidies_the_Italian_Evidence?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==

We believe that such a comparison among different kinds of subsidies is a possible

avenue for future research.

The Chinese government is playing a pivotal role in promoting the development
of renewable energy. An appropriate implementation of subsidy policies is essential
for the growth and innovation of strategic emerging industries (SEIs). Some studies
suggest that government subsidies have a crowding-out influence on enterprises’
R&D investment while others noted that government subsidies have a positive
impact on enterprises’ own R&D investment. In this research, we employ estimations
of pooled OLS, fixed effect, and random effect models to examine government
subsidies’ influence on the R&D investment of renewable energy enterprises. The
moderating effect of ownership attributes on the above relationship was examined as
well. We employed a panel threshold model to investigate the threshold effects of
subsidy intensity on the relationship between government subsidies and enterprises’

R&D investment.

A panel data consisted of 147 Chinese renewable energy enterprises from 2009 to
2014. Our empirical findings show that government subsidies have a significant
crowding-out effect on new energy enterprises and have no incentive effect. Second,
the moderating effect of enterprise owners’ background characteristics on the
relationship between government subsidies and enterprises’ R&D investment was
significant. Third, for enterprises with different ownership attributes, government
subsidies have different effects on firms’ private R&D investment. For example,

government subsidies have a remarkable incentive effect on state-owned renewable
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energy enterprises’ R&D investment. However, a notable crowding-out effect for
government subsidies on state-owned renewable energy enterprises’ intention to
increase private R&D investment was found. Finally, estimation results of the panel
threshold model show that government subsidies have a nonlinear relationship with
enterprise innovation investment. The influence of government subsidies on
enterprise innovation investment will vary in accordance with government subsidy
intensity. Generous government subsidies don’t always result in incentive effects on
renewable energy enterprises’ private R&D investment.

Our empirical findings provide some policy implications. Considering a positive
or negative effect on motivating renewable energy enterprises’ R&D investment with
the change of ownership and business background of enterprises, the Chinese
government should apply appropriate government subsidy policies to enterprises with
different business characteristics (e.g., a firm’s business scale and development stage).
For example, compared with private firms, the effect of government subsidies on
increasing a university-run enterprise’s intention forR&D investment should be
obvious. This may be attributed to the fact that such kinds of firms (i.e. university-run
enterprises) have a strong scientific research foundation and resources. Thus, it seems
appropriate for governments to place an emphasis on increasing funding support for

university-run enterprises.

This research also has some implications for policy implementations from the
perspective of incentive mechanisms. According to our research findings, government

subsidies indeed help enterprises that experience a serious shortage of specialized
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research funding. Our study shows that enterprises with strong political background
are likely to receive considerable government subsidies. It is necessary to improve
current supervision mechanisms in order to reduce the possibility of senior managers’
rent-seeking behavior. On the one hand, ensuring that the usage of subsidies is in
accordance with relevant provisions and that information on government subsidies is
fully disclosed to the public is imperative for the public supervision. Relevant
government departments need to evaluate the efficiency of annual government
subsidies, and keep on examining the usage of government subsidies. In order to
reduce the possibilities of rent-seeking behavior, government departments should

promote collective decision-making instead of individual decision-making.

The last contribution to policy of our research is how to identify suitable subsidy
intensity. Our study shows that government subsidies do not always play an active
role in improving the R&D capability of a firm, particularly in the later development
stage of the firm. In other words, our research findings suggest that government
should gradually reduce subsidy for a firm’s R&D activities in the renewable energy
industry as the firm develops. Other subsidy information including supporting

duration and expected outcomes should be made clear as soon as possible.

Acknowledgments

This word is supported by Hohai University’s Basic Scientific Research Fund for
Central Colleges and Universities (Project no. 2013B12114), Fundamental Research

Funds for the Central Universities (Project no. 2014B18914), the youth project of

24



Humanities and Social Science Research Fund of the Ministry of Education (Project
n0.12YJC630273) and the youth project of National Social Science Fund (Project

no.12CGLO010).

References

Antonelli, C., & Crespi, F. (2013). The “Matthew effect” in R&D public subsidies:
The Italian evidence. Technological Forecasting and Social Change, 80(8),
1523-1534.

Abolhosseini, S., &Heshmati, A. (2014). The main support mechanisms to finance
renewable energy development. Renewable and Sustainable Energy Reviews, 40,
876-885.

Arias, A. D., & van Beers, C. (2013). Energy subsidies, structure of electricity prices
and technological change of energy use. Energy Economics, 40(2), 495-502.

Aalbers, R., Shestalova, V., & Kocsis, V. (2013). Innovation policy for directing
technical change in the power sector. Energy Policy, 63(C), 1240-1250.

Bang, G. (2010). Energy security and climate change concerns: Triggers for energy
policy change in the United States? Energy Policy, 38(4), 1645-1653.

Bointner R. (2014). Innovation in the energy sector: Lessons learnt from R&D
expenditures and patents in selected IEA countries. Energy Policy, 73: 733-747.

Bridle, R. & Kitson. K. (2014) Public Finance for Renewable Energy in China:
Building on international experience. IISD report, retrieved from
http://www.iisd.org/publications/ public-finance-renewable-energy-china
-building-international-experience

Choi, S. B., Lee, S. H., & Williams, C. (2011). Ownership and firm innovation in a

transition economy: Evidence from China. Research Policy, 40(3), 441-452.

25


https://www.researchgate.net/publication/270952448_Innovation_in_the_energy_sector_Lessons_learnt_from_RD_expenditures_and_patents_in_selected_IEA_countries?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/270952448_Innovation_in_the_energy_sector_Lessons_learnt_from_RD_expenditures_and_patents_in_selected_IEA_countries?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/254455981_The_Matthew_Effect_in_RD_Public_Subsidies_the_Italian_Evidence?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/254455981_The_Matthew_Effect_in_RD_Public_Subsidies_the_Italian_Evidence?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/254455981_The_Matthew_Effect_in_RD_Public_Subsidies_the_Italian_Evidence?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/222863052_Energy_security_and_climate_change_concerns_Triggers_for_energy_policy_change_in_the_United_States?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/222863052_Energy_security_and_climate_change_concerns_Triggers_for_energy_policy_change_in_the_United_States?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/227421735_Ownership_and_firm_innovation_in_a_transition_economy_Evidence_from_China?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/227421735_Ownership_and_firm_innovation_in_a_transition_economy_Evidence_from_China?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/279918950_Innovation_policy_for_directing_technical_change_in_the_power_sector?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/279918950_Innovation_policy_for_directing_technical_change_in_the_power_sector?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==

Cherni, J. A., & Kentish, J. (2007). Renewable energy policy and electricity market
reforms in China. Energy Policy, 35(7), 3616-3629.

Claessens, S., Feijen E., & Laeven L. (2008). Political connections and preferential
access to finance: The role of campaign contributions, Journal of Financial
Economics, 88(3): 554-580.

M.T. Costa-Campi, N. Duch-Brown, J. Garcia-Quevedo (2014). R&D drivers and
obstacles to innovation in the energy industry. Energy Economics, 46,20-30.

Colombo M. G., Croce A., Guerini M., (2013). The effect of public subsidies on firms’
investment—cash flow sensitivity: Transient or persistent?. Research Policy,
42(9):1605-1623.

Czarnitzki, D., & Toole, A.A. (2007). Business R&D and the interplay of R&D
subsidies and product market uncertainty. Review of Industrial Organization,
31(3), 169-181.

Czarnitzki, D., Ebersberger, B., & Fier, A. (2007). The relationship between R&D
collaboration, subsidies and R&D performance: empirical evidence from Finland
and Germany. Journal of applied econometrics, 22(7), 1347-1366.

Choi, S. B, Park, B. I., & Hong, P. (2012). Does ownership structure matter for firm
technological innovation performance? The case of Korean firms. Corporate
Governance: An International Review, 20(3), 267-288.

David, P. A., Hall, B. H., & Toole, A. A. (2000). Is public R&D a complement or
substitute for private R&D? A review of the econometric evidence. Research
Policy, 29(4), 497-529.

Doh, S., & Kim, B. (2014). Government Support for SME innovations in the regional
industries: The case of government financial support program in South Korea.

Research Policy, 43(9), 1557-1569.

26


https://www.researchgate.net/publication/5157363_Business_RD_and_the_Interplay_of_RD_Subsidies_and_Product_Market_Uncertainty?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/5157363_Business_RD_and_the_Interplay_of_RD_Subsidies_and_Product_Market_Uncertainty?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/5157363_Business_RD_and_the_Interplay_of_RD_Subsidies_and_Product_Market_Uncertainty?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/222364587_Renewable_Energy_Policy_and_Electricity_Market_Reforms_in_China?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/222364587_Renewable_Energy_Policy_and_Electricity_Market_Reforms_in_China?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/228293372_The_Effect_of_Public_Subsidies_on_Firms'_Investment-Cash_Flow_Sensitivity_Transient_or_Persistent?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/228293372_The_Effect_of_Public_Subsidies_on_Firms'_Investment-Cash_Flow_Sensitivity_Transient_or_Persistent?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/228293372_The_Effect_of_Public_Subsidies_on_Firms'_Investment-Cash_Flow_Sensitivity_Transient_or_Persistent?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/4787469_Political_Connections_and_Preferential_Access_to_Finance_The_Role_of_Campaign_Contributions?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/4787469_Political_Connections_and_Preferential_Access_to_Finance_The_Role_of_Campaign_Contributions?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/4787469_Political_Connections_and_Preferential_Access_to_Finance_The_Role_of_Campaign_Contributions?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/265688697_RD_drivers_and_obstacles_to_innovation_in_the_energy_industry?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/265688697_RD_drivers_and_obstacles_to_innovation_in_the_energy_industry?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/5139985_The_relationship_between_RD_collaboration_subsidies_and_RD_performance_empirical_evidence_from_Finland_and_Germany_J_Appl_Econ?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/5139985_The_relationship_between_RD_collaboration_subsidies_and_RD_performance_empirical_evidence_from_Finland_and_Germany_J_Appl_Econ?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/5139985_The_relationship_between_RD_collaboration_subsidies_and_RD_performance_empirical_evidence_from_Finland_and_Germany_J_Appl_Econ?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/262768999_Government_support_for_SME_innovations_in_the_regional_industries_The_case_of_government_financial_support_program_in_South_Korea?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/262768999_Government_support_for_SME_innovations_in_the_regional_industries_The_case_of_government_financial_support_program_in_South_Korea?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/262768999_Government_support_for_SME_innovations_in_the_regional_industries_The_case_of_government_financial_support_program_in_South_Korea?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/222567684_Is_Public_RD_a_Complement_or_Substitute_for_Private_RD_A_Review_of_the_Econometric_Evidence?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/222567684_Is_Public_RD_a_Complement_or_Substitute_for_Private_RD_A_Review_of_the_Econometric_Evidence?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/222567684_Is_Public_RD_a_Complement_or_Substitute_for_Private_RD_A_Review_of_the_Econometric_Evidence?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/241641118_Does_Ownership_Structure_Matter_for_Firm_Technological_Innovation_Performance_The_Case_of_Korean_Firms?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/241641118_Does_Ownership_Structure_Matter_for_Firm_Technological_Innovation_Performance_The_Case_of_Korean_Firms?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/241641118_Does_Ownership_Structure_Matter_for_Firm_Technological_Innovation_Performance_The_Case_of_Korean_Firms?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==

EU renewable energy policy (2015, April 29), retrieved from
http://www.euractiv.com/energy/eu-renewable-energy-policy/article-117536

Gonzilez, X., & Pazo, C. (2008). Do public subsidies stimulate private R&D
spending? Research Policy, 37(3), 371-389.

Goolsbee A. 1998. Does Government R&D Policy mainly benefit Scientists and
Engineers? American Economic Review.88(2), 298-302.

Davis, G. A., & Owens, B. (2003). Optimizing the level of renewable electric R&D
expenditures using real options analysis. Energy Policy, 31(15), 1589-1608.

Gorg, H., & Strobl, E. (2007). The effect of R&D subsidies on private R&D.
Economica, 74(294), 215-234.

Hillring, B. (1998). National strategies for stimulating the use of bioenergy: policy
instruments in Sweden. Biomass and Bioenergy, 14(5-6), 425-437.

Haas, R., Eichhammer, W., Huber, C., Langniss, O., Lorenzoni, A., Madlener, R., &
Verbruggen, A. (2004). How to promote renewable energy systems successfully
and effectively. Energy Policy, 32(6), 833-839.

Hansen, B. E. (1999). Threshold effects in non-dynamic panels: Estimation, testing,
and inference. Journal of conometrics, 93(2), 345-368.

Jacobsson, S., Bergek, A., Finon, D., Lauber, V., Mitchell, C., Toke, D.,
&Verbruggen, A. (2009). EU renewable energy support policy: Faith or facts?
Energy Policy, 37(6), 2143-2146.

Shen, J., & Luo, C. (2015). Overall review of renewable energy subsidy policies in
China—Contradictions of intentions and effects. Renewable and Sustainable

Energy Reviews, 41(C), 1478-1488.

27


https://www.researchgate.net/publication/223900458_How_to_promote_renewable_energy_systems_successfully_and_effectively?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/223900458_How_to_promote_renewable_energy_systems_successfully_and_effectively?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/223900458_How_to_promote_renewable_energy_systems_successfully_and_effectively?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/4946922_Optimizing_the_level_of_renewable_electric_RD_expenditures_using_real_options_analysis?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/4946922_Optimizing_the_level_of_renewable_electric_RD_expenditures_using_real_options_analysis?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/4726208_Does_Government_RD_Policy_Mainly_Benefit_Scientists_and_Engineers?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/4726208_Does_Government_RD_Policy_Mainly_Benefit_Scientists_and_Engineers?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/222492828_Threshold_Effects_in_Non-Dynamic_Panels_Estimation_Testing_and_Inference?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/222492828_Threshold_Effects_in_Non-Dynamic_Panels_Estimation_Testing_and_Inference?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/4756581_The_effect_of_RD_subsidies_on_private_RD?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/4756581_The_effect_of_RD_subsidies_on_private_RD?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/275256564_Overall_review_of_renewable_energy_subsidy_policies_in_China_-_Contradictions_of_intentions_and_effects?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/275256564_Overall_review_of_renewable_energy_subsidy_policies_in_China_-_Contradictions_of_intentions_and_effects?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/275256564_Overall_review_of_renewable_energy_subsidy_policies_in_China_-_Contradictions_of_intentions_and_effects?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/290488825_National_strategies_for_stimulating_the_use_of_bio-energy_policy_instruments_in_Sweden?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/290488825_National_strategies_for_stimulating_the_use_of_bio-energy_policy_instruments_in_Sweden?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/222531355_Do_public_subsidies_stimulate_private_RD_spending?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/222531355_Do_public_subsidies_stimulate_private_RD_spending?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==

Johnstone, N., Hasc¢i¢, 1., & Popp, D. (2010). Renewable energy policies and
technological innovation: evidence based on patent counts. Environmental and
Resource Economics, 45(1), 133-155.

Klette, T. J., & Mgen, J. (2012). R&D investment responses to R&D subsidies: A
theoretical analysis and a microeconometric study. World Review of Science,
Technology and Sustainable Development, 9(2), 169-203.

Kim K. & Kim Y., (2015). Role of policy in innovation and international trade of
renewable energy technology: Empirical study of solar PV and wind power
technology. Renewable and Sustainable Energy Reviews, 44:717-727.

Koga, T. (2005). R&D subsidy and self-financed R&D: The case of Japanese
high-technology start-ups. Small Business Economics, 24(1), 53-62.

Kelette, T. J., Mgen, J., & Griliches, Z. (2000). Do subsidies to commercial R&D
reduce market failures? Microeconometric evaluation studies. Research Policy,
29(4), 471-495.

Lach, S. (2002). Do R&D subsidies stimulate or displace private R&D? Evidence
from Israel. The Journal of Industrial Economics, 50(4), 369-390.

Lin, C,, Lin, P, & Song, F. (2010). Property rights protection and corporate R&D:
Evidence from China. Journal of Development Economics, 93(1), 49-62.

Li, H., Meng, L., Wang, Q., & Zhou, L. A. (2008). Political connections, financing
and firm performance: Evidence from Chinese private firms. Journal of
Development Economics, 87(2), 283-299.

Laporte, A. (2015) Issue brief: Obama fy2016 budget proposal: sustainable energy,
buildings, transportation and climate (2015, April 29) retrieved from

http://www.eesi.org/papers/view/issue-brief-2016-budget

28


https://www.researchgate.net/publication/4770726_Do_RD_Subsidies_Stimulate_or_Displace_Private_RD_Evidence_from_Israel?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/4770726_Do_RD_Subsidies_Stimulate_or_Displace_Private_RD_Evidence_from_Israel?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/225430825_Renewable_Energy_Policies_and_Technological_Innovation_Evidence_Based_on_Patent_Counts?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/225430825_Renewable_Energy_Policies_and_Technological_Innovation_Evidence_Based_on_Patent_Counts?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/225430825_Renewable_Energy_Policies_and_Technological_Innovation_Evidence_Based_on_Patent_Counts?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/4829580_Political_Connections_Financing_and_Firm_Performance_Evidence_From_Chinese_Private_Firms?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/4829580_Political_Connections_Financing_and_Firm_Performance_Evidence_From_Chinese_Private_Firms?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/4829580_Political_Connections_Financing_and_Firm_Performance_Evidence_From_Chinese_Private_Firms?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/273288316_Role_of_policy_in_innovation_and_international_trade_of_renewable_energy_technology_Empirical_study_of_solar_PV_and_wind_power_technology?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/273288316_Role_of_policy_in_innovation_and_international_trade_of_renewable_energy_technology_Empirical_study_of_solar_PV_and_wind_power_technology?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/273288316_Role_of_policy_in_innovation_and_international_trade_of_renewable_energy_technology_Empirical_study_of_solar_PV_and_wind_power_technology?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/5158266_RD_Subsidy_and_Self-Financed_RD_The_Case_of_Japanese_High-Technology_Start-Ups?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/5158266_RD_Subsidy_and_Self-Financed_RD_The_Case_of_Japanese_High-Technology_Start-Ups?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/222696879_Property_Rights_Protection_and_Corporate_RD_Activities_Evidence_From_China?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/222696879_Property_Rights_Protection_and_Corporate_RD_Activities_Evidence_From_China?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/222514863_'Do_Subsidies_to_Commercial_RD_Reduce_Market_Failures_Microeconomic_Evaluation_Studies'?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/222514863_'Do_Subsidies_to_Commercial_RD_Reduce_Market_Failures_Microeconomic_Evaluation_Studies'?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/222514863_'Do_Subsidies_to_Commercial_RD_Reduce_Market_Failures_Microeconomic_Evaluation_Studies'?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/228142602_RD_Investment_Responses_to_RD_Subsidies_A_Theoretical_Analysis_and_a_Microeconometric_Study?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/228142602_RD_Investment_Responses_to_RD_Subsidies_A_Theoretical_Analysis_and_a_Microeconometric_Study?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/228142602_RD_Investment_Responses_to_RD_Subsidies_A_Theoretical_Analysis_and_a_Microeconometric_Study?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==

Lee, E. Y., & Cin, B. C. (2010). The effect of risk-sharing government subsidy on
corporate R&D investment: Empirical evidence from Korea. Technological

Forecasting and Social Change, 77(6), 881-890.

Marcelin 1. & Mathur 1., (2015). Privatization, financial development, property rights

and growth. Journal of Banking & Finance, 50:528-546,

Menyah, K., &Wolde-Rufael, Y. (2010). CO 2 emissions, nuclear energy, renewable
energy and economic growth in the US.Energy Policy, 38(6), 2911-2915.

Merton, R.K. (1968). The Matthew Effect in Science. Science, 159 (3810), 56-63.

Montmartin B. & Herrera M., (2015). Internal and external effects of R&D subsidies
and fiscal incentives: Empirical evidence using spatial dynamic panel models.
Research Policy, 44(5): 1065-1079.

Zhang, P.D., Yang. Y.L, Jin. S., Zheng, Y.H., Wang. L.S. & Li, X.R. (2009).
Opportunities and challenges for renewable energy policy in China. Renewable
and Sustainable Energy Reviews, 13(2), 439-449.

Huiming Zhang, Lianshui Li, Dequn Zhou, Peng Zhou, (2014). Political connections,
government subsidies and firm financial performance: Evidence from renewable

energy manufacturing in China. Renewable Energy, 63:330-336.

Roe, B., Teisl, M. F., Levy, A., & Russell, M. (2001). US consumers’ willingness to

pay for green electricity. Energy Policy, 29(11), 917-925.
Reiche, D., & Bechberger, M. (2004). Policy differences in the promotion of

renewable energies in the EU member states. Energy policy, 32(7), 843-849.

Saul Lach. (2002). Do R&D subsidies Stimulate or Displace Private R&D? Evidence

from Israel. Journal of Industrial Economics, 50(4), 369-390.

29


https://www.researchgate.net/publication/222206820_US_Consumers'_Willingness_to_Pay_for_Green_Electricity?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/222206820_US_Consumers'_Willingness_to_Pay_for_Green_Electricity?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/270727461_Privatization_Financial_Development_Property_Rights_and_Growth?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/270727461_Privatization_Financial_Development_Property_Rights_and_Growth?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/263766529_Internal_and_External_Effects_of_RD_Subsidies_and_Fiscal_Incentives_Empirical_Evidence_Using_Spatial_Dynamic_Panel_Models?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/263766529_Internal_and_External_Effects_of_RD_Subsidies_and_Fiscal_Incentives_Empirical_Evidence_Using_Spatial_Dynamic_Panel_Models?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/263766529_Internal_and_External_Effects_of_RD_Subsidies_and_Fiscal_Incentives_Empirical_Evidence_Using_Spatial_Dynamic_Panel_Models?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/222848860_Policy_difference_in_the_promotion_of_renewable_energies_in_the_EU?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/222848860_Policy_difference_in_the_promotion_of_renewable_energies_in_the_EU?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/248497683_The_effect_of_risk-sharing_government_subsidy_on_corporate_RD_investment_Empirical_evidence_from_Korea?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/248497683_The_effect_of_risk-sharing_government_subsidy_on_corporate_RD_investment_Empirical_evidence_from_Korea?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/248497683_The_effect_of_risk-sharing_government_subsidy_on_corporate_RD_investment_Empirical_evidence_from_Korea?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/284662887_The_Matthew_effects_in_science?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/273434713_Political_connections_government_subsidies_and_firm_financial_performance_Evidence_from_renewable_energy_manufacturing_in_China?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/273434713_Political_connections_government_subsidies_and_firm_financial_performance_Evidence_from_renewable_energy_manufacturing_in_China?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/273434713_Political_connections_government_subsidies_and_firm_financial_performance_Evidence_from_renewable_energy_manufacturing_in_China?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/222025482_Opportunities_and_challenges_for_renewable_energy_policy_in_China_Renew_Sustain_Energy_Rev?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/222025482_Opportunities_and_challenges_for_renewable_energy_policy_in_China_Renew_Sustain_Energy_Rev?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/222025482_Opportunities_and_challenges_for_renewable_energy_policy_in_China_Renew_Sustain_Energy_Rev?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==

Solangi, K. H., Islam, M. R., Saidur, R., Rahim, N. A., & Fayaz, H. (2011). A review
on global solar energy policy. Renewable and sustainable energy reviews, 15(4),
2149-2163.

The State Council issued "2014-2015 energy saving low-carbon development action
plan (2015, April 29), retrieved from
http://www.fireinews.com/news-8499859.html

Wallsten, S. J. (2000). The effects of government-industry R&D programs on private
R&D: the case of the Small Business Innovation Research program. The RAND
Journal of Economics, 82-100.

Uyterlinde, M. A., Junginger, M., de Vries, H. J., Faaij, A. P., & Turkenburg, W. C.
(2007). Implications of technological learning on the prospects for renewable
energy technologies in Europe.Energy Policy, 35(8), 4072-4087.

Wang, F, Yin, H., & Li, S. (2010). China’s renewable energy policy: commitments

and challenges. Energy Policy, 38(4), 1872-1878.

Wolff G. B. & Reinthaler V., (2008). The effectiveness of subsidies revisited:
Accounting for wage and employment effects in business R&D. Research Policy,

37(8), 1403-1412.

Wu, J., & Liu Cheng, M. (2011). The impact of managerial political connections and
quality on government subsidies: Evidence from Chinese listed firms. Chinese

Management Studies, 5(2), 207-226.

Wu, W, Wu, C., & Rui, O. M. (2012). Ownership and the value of political
connections: Evidence from China. European Financial Management, 18(4),

695-729.

30


https://www.researchgate.net/publication/223528760_China's_renewable_energy_policy_commitments_and_challenges_Energy_Policy?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/223528760_China's_renewable_energy_policy_commitments_and_challenges_Energy_Policy?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/230000877_Ownership_and_the_Value_of_Political_Connections_Evidence_from_China?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/230000877_Ownership_and_the_Value_of_Political_Connections_Evidence_from_China?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/230000877_Ownership_and_the_Value_of_Political_Connections_Evidence_from_China?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/222644124_The_effectiveness_of_subsidies_revisited_Accounting_for_wage_and_employment_effects_in_business_RD?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/222644124_The_effectiveness_of_subsidies_revisited_Accounting_for_wage_and_employment_effects_in_business_RD?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/222644124_The_effectiveness_of_subsidies_revisited_Accounting_for_wage_and_employment_effects_in_business_RD?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/235309414_The_impact_of_managerial_political_connections_and_quality_on_government_subsidies_Evidence_from_Chinese_listed_firms?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/235309414_The_impact_of_managerial_political_connections_and_quality_on_government_subsidies_Evidence_from_Chinese_listed_firms?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/235309414_The_impact_of_managerial_political_connections_and_quality_on_government_subsidies_Evidence_from_Chinese_listed_firms?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/24049109_The_Effects_of_Government-Industry_RD_Programs_on_Private_RD_The_Case_of_the_Small_Business_Innovation_Research_Program?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/24049109_The_Effects_of_Government-Industry_RD_Programs_on_Private_RD_The_Case_of_the_Small_Business_Innovation_Research_Program?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/24049109_The_Effects_of_Government-Industry_RD_Programs_on_Private_RD_The_Case_of_the_Small_Business_Innovation_Research_Program?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/222669334_Implications_of_technological_learning_on_the_prospects_for_renewable_energy_technologies_in_Europe?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/222669334_Implications_of_technological_learning_on_the_prospects_for_renewable_energy_technologies_in_Europe?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/222669334_Implications_of_technological_learning_on_the_prospects_for_renewable_energy_technologies_in_Europe?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==

White, H. (1980). A heteroskedasticity-consistent covariance matrix estimator and a
direct test for heteroskedasticity. Econometrica: Journal of the Econometric

Society, 48(4),817-838.
Yu. M.G., Hui, Y.F., & Pan, H.B. (2010). Political Connections, Rent Seeking, and

the Fiscal Subsidy Efficiency of Local Governments. Economic Research Journal,
3, 65-77.
Zhao, 7. Y., Zuo, J., Fan, L. L., & Zillante, G. (2011). Impacts of renewable energy
regulations on the structure of power generation in China—a critical analysis.

Renewable Energy, 36(1), 24-30.

31


https://www.researchgate.net/publication/223380284_Impacts_of_renewable_energy_regulations_on_the_structure_of_power_generation_in_China_-_A_critical_analysis?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/223380284_Impacts_of_renewable_energy_regulations_on_the_structure_of_power_generation_in_China_-_A_critical_analysis?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/223380284_Impacts_of_renewable_energy_regulations_on_the_structure_of_power_generation_in_China_-_A_critical_analysis?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/284947791_Political_connections_rent_seeking_and_the_fiscal_subsidy_efficiency_of_local_governments?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/284947791_Political_connections_rent_seeking_and_the_fiscal_subsidy_efficiency_of_local_governments?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/284947791_Political_connections_rent_seeking_and_the_fiscal_subsidy_efficiency_of_local_governments?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/288346249_A_Heteroskedasticity-Consistent_Covariance_Matrix_Estimator_and_a_Direct_Test_for_Heteroskedasticity?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/288346249_A_Heteroskedasticity-Consistent_Covariance_Matrix_Estimator_and_a_Direct_Test_for_Heteroskedasticity?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==
https://www.researchgate.net/publication/288346249_A_Heteroskedasticity-Consistent_Covariance_Matrix_Estimator_and_a_Direct_Test_for_Heteroskedasticity?el=1_x_8&enrichId=rgreq-7a3f4ab7-ea44-466e-af9c-80badcc347a2&enrichSource=Y292ZXJQYWdlOzI4MzUwNzg2MDtBUzozMjU0NDMyNDE2OTMxODRAMTQ1NDYwMzEyMzgzMw==

Table 1. Definition of variables

income,,
topshare,,
roa,,
Scalenum
CcT

PR

the amount of renewable energy enterprise R&D Expenditure
the amount of government R&D subsidies for enterprise i in the period t

the amount of government R&D subsidies for enterprise i in the first
lagged period of period t.

the amount of government R&D subsidies for enterprise i in the second
lagged periods of period t.

the amount of business income of enterprise i in the period t;

shares of the largest shareholder of enterprise i in the period t
return on assets of enterprise i in the period t

the number of employees

Dummy variable that takes 1 representing the weakest political
connections and 7 representing the strongest political connections.
Dummy variable that takes 1 if enterprises are state-owned, otherwise 0

Table 2. Descriptive statistics

Variables Mean Std. Dev. Min Max
R&D input(ten thousand )  4103.802 8128.015 0 128959.900
GS(ten thousand) 2289.681 5772.7743 0 84270.030
Income (‘ten thousand )  156790.600 236411.200 0 2599373
Topshare (% ) 32.876 15.000 0 86.830
ROA (%) 5.609 5.740 -68.064 48.979
Scalenum (individuals )  2326.542 2511.418 42 19682
CcT 3.742 1.520 1 7
PR 0.350 0.477 0 1
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Table 3. Pairwise correlations coefficients

Variables

Ré&Dinput
GS

GS_lag
GS_lag2
Income
Scalenum
Topshare
ROA
CT
PR
CTGSlag2
CTGSlag

GSPR

R&Dinput

1.0000

0.400
0.000
0.214
0.000
0.385
0.000
0.735
0.000
0.506
0.000
-0.020
0.421
0.099
0.000
0.160
0.000
0.143
0.000
0.544
0.000
0.261
0.000
0.387
0.000

GS

1.000

0.435
0.000
0.521
0.000
0.483
0.000
0.323
0.000
0.161
0.000
0.110
0.000
-0.032
0.154
0.169
0.000
0.763
0.000
0.590
0.000
0.744
0.000

GS_lag

1.000

0.550
0.000
0.273
0.000
0.328
0.000
0.163
0.000
-0.027
0.258
-0.034
0.149
0.170
0.000
0.582
0.000
0.637
0.000
0.486
0.000

GS_la
g2

1.000

0.465
0.000
0.323
0.000
0.161
0.000
0.116
0.000
-0.036
0.138
0.171
0.000
0.627
0.000
0.601
0.000
0.677
0.000

Income

1.000

0.541
0.000
0.129
0.000
0.087
0.000
0.016
0.485
0.307
0.000
0.505
0.000
0.338
0.000
0.560
0.000

Scalenum Topshare

1.000

-0.061
0.009
-0.053
0.017
0.114
0.000
0.205
0.000
0.397
0.000
0.316
0.000
0.234
0.000

1.000

0.093
0.000
-0.042
0.068
0.231
0.000
0.113
0.000
0.204
0.000
0.251
0.000

ROA

1.000

-0.044
0.048
-0.150
0.000
0.103
0.000
-0.031
0.188
0.056
0.013

CT

1.000

-0.074
0.001
0.125
0.000

-0.004
0.876

-0.055
0.013

PR

1.000

0.148
0.000
0.282
0.000
0.378
0.000

CTGSlag2

1.000

0.539
0.000
0.585
0.000

CTGSlag GSPR

1.000

0.588
0.000

1.000
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Table 4. Regression results of property nature, government subsidy and

innovation investment of new energy enterprises

Variable Heteroscedasticity
robust model
GS | -0.038 (0.652)
GS,. | -0.660%**
(CAYI
’ -1.098%%**
income,, | ().022%%*
topshare,, | _48.441%*
roa;, | 31.233(0.212)
scalenum,, | 1,105%%%*
CT | -700.565%**
PR | -2135.144%**%*
GS,,, *CT | 0.209%**
GS,,, *CT | 0.170%**
GS*PR | 0.341%
_cons | 3528.682*
R-squared | 0.664
Adj. R-squared | 0.661
N | 1764
F | 53.88

Note: The estimation method of is heteroscedastisity robust type model. * p<0.1, ** p<0.05, *** p<0.01.
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Table 5. Government subsidy effect on R&D investment of enterprises with
different ownerships

Variable State-owned Non state-owned group
(R&D investment) group (PR=1) (PR=0)
GS (0.533 %% -0.023(0.320)
GS_lagl -1.396%** -0.355%%*
GS_lag? -1.041%** -0.8327%*
income 0.018*%** 0.028%***
topshare | -3.502(0.967) -37.700*
roa | -104.530(0.302) 2.137(0.889)
scalenum 1.349%%* 0.683#**
CTGSlag 0.252%3#: 0.071%**
CcT 1563.484* -1030.986%#*
CTGSlag2 0.2071 ##* 0.169**
_cons -14891.8*** 6592.272%**
R-squared 0.6932 0.6498
Adjusted R-squared 0.6861 0.6462
N 444 1011
F 61.45 109.02

Note: *represents p<0.1, **p<0.05, ***p<0.01

Table 6. Bootstrap of threshold effects

Threshold Critical value
model F value P value 1% 5% 10%
Single 86.365%** 0.002 34.624 9.019 4.272
Double 58.671%** 0.000 9912 3.501 2.108
Triple 34.922 0.112 10.509 3.299 2.030
Table 7. Estimation results of threshold value
Threshold value Estimation value 95 % confidence interval
First one 0.006 (0.005 0.006)
Second one 0.101 (0.101 0.101)
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Table 8. Estimation results of threshold effect of government subsidies on firms’

R&D investment

Explanatory value
(R&D investment)

Threshold model

income
scalenum
topshare
roa
Govsupport
CcT

PR
GS_lag_1
GS_lag 2
GS_lag _3
_cons
Fvalue
Fixed effects test

0.0263***
1.44 5%
-9.251
0.602
0.203*#
-299.267**
-931.558
-0.315%**
0.1397%x
-0.259%%*
-593.595
284.590
F=10.30
=0.0000

Prob>F
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