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The technological innovation of clean energy enterprises is conducive to the
transformation of energy structure, and the green credit policy is just a potential
opportunity for clean energy enterprises to seek financing convenience. This paper
constructs quasi-natural experiments during two different lengths of period
(2008–2015 and 2008–2020) based on the 2012 Green Credit Guidelines,
selecting a group of A-share listed clean energy enterprises and non-clean
energy enterprises as samples. The aim is to examine the impact of green credit
policies on the technological innovation of clean energy enterprises. This paper
further conducts mechanism tests as well as heterogeneity analysis on the basis of
the results. The results show that green credit policies can promote technological
innovation for clean energy enterprises, and this effect is reinforced with the
accumulation of years following policy implementation. The mechanism test
indicates that green credit policies affect the level of technological innovation of
clean energy enterprises through credit cost and financing constraints. The
heterogeneity analysis demonstrates that the impact of green credit policies is
more significant in the non-state-owned enterprises and economically developed
regions. The results provide insights for the promotion of green credit policy and the
ultimate transformation of China’s energy structure, thus providing reference for
developing countries and emerging economies. The formulation of green credit
policy should take into account the long-term effect, reduce the burden of
enterprises from the perspective of credit cost and financing constraints, and also
expand the influence of the policy in state-owned enterprises and underdeveloped
areas.
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1 Introduction

With the growing establishment of the concept of green development and the ever-
increasing promotion of ecological civilization, China’s energy system is facing greater and
more stringent requirements than ever before. It has become imperative to proactively yet
strategically promote the transformation of the traditional energy system and the development
of clean energy. In September 2020, at the 75th session of the United Nations General Assembly,
China announced to the world its long-term goal of achieving “carbon peaking” by 2030 and
“carbon neutrality” by 2060.With the background of the “double carbon policy,” the promotion
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of clean energy over traditional forms will help optimize the nation’s
energy structure and build a sustainable, low-carbon energy system.
Due to the continuous impact of COVID-19 on the economy and the
sudden conflict between Russia and Ukraine in 2022, global energy
governance is fraught with dangers. The development of clean energy
is more important for improving the efficiency of energy, alleviating
energy shortages and ensuring energy security and longevity.

It is crucial to promote technological progress in the field of clean
energy in order to realize the transformation of the energy system. As a
key subject of technological innovation, clean energy enterprises are
also confronted with more challenges at this stage. In its capacity as a
financial tool, green credit can guide the flow of funds to
environmentally friendly enterprises rather than harmful ones to a
certain extent, thus encouraging enterprises to carry out renewable
R&D and production activities. Specifically, providing financial
support for clean energy enterprises through green credit is
conducive to improving the core competitiveness of the industry,
and increasing investment in the clean energy sector is in line with the
current demand of energy transition. Green credit policies prompt
financial institutions to internalize environmental factors when
reviewing loans. The clean energy industry supports the promotion
of green and low-carbon economic development, achieving greater
energy conservation and emission reduction, and generating more
environmental benefits. All of the above benefits are in line with the
guiding objectives of the policies. Green credit policies thus increase
the availability of credit funds for clean energy enterprises. In order to
meet the standards of green credit, these policies also encourage
enterprises to continuously improve their technological innovation.

A large number of studies have been conducted on green credit in
recent years with mixed findings. From the perspective of green credit
and enterprise financing, research on green credit is currently
dominated by empirical analysis. In terms of green credit and
enterprise financing, some scholars affirm the policy effects of these
concepts: Liu et al. (2019) argue that green credit policy, property
rights and debt financing for the first time and found that the green
credit policy system plays a guiding role in the allocation of credit
resources. Zhang et al. (2022) believed that the green credit policy not
only affects the financing cost of corporate debt by changing the
financing scale and commercial credit, but also affects the financing
cost of corporate equity by changing the financial situation and the
degree of information disclosure. Zhou et al. (2021) used a double
difference method to study green credit policy, and found that green
credit enables green enterprises to obtain a greater range of credit
resources and lower credit costs, and that green credit policies
ultimately achieve a Pareto improvement in financial resource
allocation. However, some scholars question this: Xue and Zhu
(2021) argue that the overall effect of green credit policies in China
are not yet satisfactory; although they can improve the financing of
green enterprises to some extent, enterprises who do not meet the
criteria can simply seek alternative financing options, and green credit
policy does not have a wide enough control of the market to effectively
control the flow of funds.

From the perspective of green credit and energy industry, On the
one hand, some scholars call for green credit to play a role in the
development of clean energy enterprises. Bei and Wang (2023)
believes that due to the reduction of energy demand caused by the
global economic recession, renewable energy projects have lost the
interest of public and private capital participation, and more need
green credit to help them practice sustainable goals. Zhang et al. (2021)

found that green credit effectively promoted financing in the
renewable energy sector and played a mediating role for short-term
debt, but was insignificant against long-term debt. The research of Ren
et al. (2020) found that the impact of green financial policy on China’s
non-fossil energy consumption continues to be insufficient and lacks
continuity. He et al. (2019a) used empirical analysis to study the
mediating effects of green financial development on renewable energy
investment efficiency through bank loans, short-term loans, and long-
term loans, and the results indicated that green financial development
inhibited the improvement of renewable energy investment efficiency.

Meanwhile, some scholars have studied the effect of green credit
on corporate innovation: Sun and Shi (2019) argued that, compared
with conventional bank credit, environmentally harmful enterprises
have responded to being subjected to stricter environmental
constraints by beginning to use more environmentally friendly
technologies and products, while green enterprises that meet banks’
environmental judging criteria can promote technological innovation
by obtaining green credit. Wang H et al. (2022) believed that the
inhibition effect of green credit only exists in companies with
performance deficits. When enterprises have performance
surpluses, green credit policy will promote green technology
innovation. Xiao et al. (2022) found that green credit policies are
conducive to greener production methods and more sustainable
economic development through the PSM-DID approach. Regarding
the heterogeneity of the impact, Chen S et al. (2022) argue that green
credit policies promote low-carbon technology innovation, an effect
which is more pronounced for state-owned enterprises (SOEs) and
ESG-certified enterprises. Zhou et al. (2022) found that there is
significant regional heterogeneity in green credit for green
economic growth, and this impact is significantly stronger in the
eastern region of China compared to the central and western regions.

Several scholars have also pointed out certain issues with green
credit currently: Guo and Zeng (2021) identified that too wide a scope
of credit would lead to an unnecessarily high supply of funds for green
enterprises, and too narrow a scope would result in an excessively high
loan threshold, outcomes of which would both hinder industrial
growth performance. Lu et al. (2021) found that although green
credit policies can influence internal decision making of enterprise
and inter-enterprise resource reallocation through the establishment
of a dual constraint mechanism of environmental access thresholds
and credit quota control, in practice, the policy effects of compliance
cost and credit constraint inhibit corporate innovation practices.

In general, scholars have different opinions on green credit. The
current research on green credit policy f mainly affirms the
punishment and inhibition effect of green credit on polluting
enterprises It is believed that green credit restricts the financing of
polluting enterprises and forces them to make green transformation.
Among the remaining few studies that focus on green credit and green
enterprises, few directly involve the clean energy industry. Although
previous studies have shown the impact of green credit on enterprise
financing and technological innovation, there is very little research on
the specific impact mechanism and the actual effect of policies in the
clean energy industry.

The contributions of this paper are threefold: firstly, this study
specifically selects the clean energy industry which was relatively less
studied, and evaluates the impact of green credit policies on
technological innovation in clean energy enterprises. Through this,
this paper expands research on green credit and clean energy industry,
providing insights for the energy transition in developing countries
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and emerging economies. Secondly, this paper constructs quasi-
natural experiments based on the Green Credit Guidelines from
2008–2015 and 2008–2020 respectively, in order to determine any
changes in the effects of green credit policies over given periods of time
after their implementation. Thirdly, this paper reveals the impact
mechanisms of green credit for clean energy enterprises’ technological
innovation from the channels of credit cost and financing constraints,
and identifies differences in the effects of policy implementation from
the perspectives of enterprise-level and regional heterogeneity.

2 Theoretical analysis and research
hypothesis

Despite the fast pace of development of the national clean energy
industry over recent years, further enhancement is still required to
investments in essential research in order to continuously accelerate the
breakthrough of core technology under the impetus of low-carbon
economic transformation. When clean energy enterprises conduct
relevant green technology research and development, they face higher
costs and risks, and undergo a relatively long return cycle, which makes it
difficult to directly generate economic benefits (He et al., 2019b). China is
also a financial market dominated by the banking sector, and the main way
for its enterprises to obtain financing is through bank loans. Banks, as
creditors, will try to avoid risk and carefully monitor the flow of external
funds to innovative areas for commercial efficiency reasons (Morck and
Nakamura, 1999). Since the implementation of green credit policies, banks
are able to consider resource and environmental factors when assessing
their lending capabilities, so that clean energy enterprises receive greater
support in terms of policy and finances. Similarly, green credit also guides
the investment direction of enterprises,making enterprisesmore inclined to
finance environmental protection projects. When faced with financing
constraints, enterprises can increase environmental investment to improve
environmental quality, and alleviate credit constraints by meeting the
environmental requirements of credit. Obviously, if the environmental
performance is not improved or the funds are not used according to the
intended purpose, the credit financing of enterprises will be restricted for a
long time (Fang et al., 2022). Therefore, policies can provide economic
incentives for enterprises to increase environmental investment through
financing constraint mechanism. To sum up, the green credit policy will
screen the lending objects according to whether they are green enterprises
and whether they carry out green activities.

Nevertheless, since the green credit policy is non-mandatory for
financial institutions, the question remains as to whether banks will
strictly follow the policy when selecting lending targets. This matter
requires further discussion, since banks, as the main executors of green
credit policies, have certain flexibility in the implementation of these
policies, and are by no means immune to including profitability in their
discretionary scope of assessment. However, from China’s
macroeconomic perspective, negative production capacity is
consistently being eliminated, while emerging clean energy
enterprises are not only more likely to be developed, but also to
have more reliable repayment capacity, because they are in line with
the current trend of green economic transformation. To that end, the
banks’ objective of profitability is ultimately consistent with the
environmental goal of green credit policies. Banks will be more
inclined to lend to clean energy enterprises, and at the same time
the obstacles for clean energy enterprises to obtain credit funding will be
diminished. As the green credit policy increases the long-term funding

available to clean energy enterprises by exercising the reallocation of
credit resources, with the support of a longer funding cycle, enterprises
are able to invest surplus funds in R&D. This allows them to gradually
fill the gap consumed by credit funds to ensure repayment, with both the
short-term benefits obtained from business operations and long-term
benefits obtained from technological upgrades. Meanwhile, the
enterprises’ R&D activities are also supported by the green credit
policy, which is conducive to their continued technological
innovation. In summary, it is proposed that.

Hypothesis 1: The green credit policy has a significant contribution
to the technological innovation of clean energy enterprises relative to
other enterprises.

The increase in the accessibility of credit facilities to public enterprises
implies an increase in the availability of external financing. Greater access to
external financing has positive implications for technological innovation
development in listed enterprises (Ayyagari et al., 2011). Prior to the
implementation of the green credit policy, clean energy enterprises faced
a more stringent financing environment and criteria, making it difficult for
them to obtain sufficient funds for additional R&D activities due to various
factors including information asymmetry, R&D risks, and bank restrictions
on the use of funds. These financing constraints significantly inhibited the
R&D investments in enterprises who could not access bank credit, which in
turn further reduced their R&D activities going forwards (Zhang et al.,
2017). Furthermore, since R&D investment is the main technological
resource for corporate innovation (Brown et al., 2012), if the financing
constraints faced by enterprises are too high, this may limit innovation
investment due to insufficient autonomous funding, resulting in the
weakening of the level of corporate investment in innovation (Xiang
et al., 2021). Technological innovation often requires stable financial
support, and enterprises’ R&D activities are more likely to struggle
under such conditions. However, the implementation of green credit
policies has transformed this situation, and green enterprises, including
those operating within the clean energy industry, have been provided with
more credit resources, which has alleviated their financing constraints and
effectively converted potential green investment demand into productivity
(Wu and Yin, 2021). In addition, due to the implementation of the green
credit policy, financial institutions can also provide certain preferential
interest rates for green projects when considering loans, for the purpose of
guiding the development of low-carbon green industries through credit
means. Clean energy enterprises can also enjoy lower credit costs through
the policy and exchange fewer expenses for a greater free cash flow, so they
may also obtain more funds for R&D specifically. In summary, it is
proposed that.

Hypothesis 2: Green credit policy reduces the credit cost and
financing constraints of clean energy enterprises, and thus
promotes technological innovation of clean energy enterprises.

Taking into consideration the economic and institutional situation in
China, it can be seen that SOEs and non-state-owned enterprises (non-
SOEs) experience certain differences in their respective financing
challenges, business performance, and social responsibility, and their
responses to technological innovation and green credit policies
correspond to these differences. Green credit policy intends to promote
the technological innovation of green enterprises by providing more credit
resources to achieve the capture effect for enterprises with more green
innovation intention, and this effect will demonstrate heterogeneity based
on the specific nature of the enterprise’s property rights (Wang and Yang,
2018). Ownership structure is an important mechanism for enterprises to
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gather and guide the resources needed for R&D. The innovation efficiency
of non-state-owned holding enterprises is significantly higher than that of
state-owned holding enterprises (Chen et al., 2014). Due to property rights,
the government’s policy convenience will naturally tilt towards state-owned
enterprises. The operating environment of state-owned enterprises is
usually protected by the government, and the pressure of market
competition is relatively slight. Technological innovation is an effective
way to enhance the core competitiveness of enterprises and seize market
share. From the above financing pressure and competitive pressure, the
market forces state-owned enterprises to innovate with insufficient
motivation (Xu and Zhou, 2020). For the established tenure of leaders
and the long- and short-termperformance of enterprises, innovation,which
is an investment activity with a long return cycle, is less valued in SOEs.
Non-SOEs, on the other hand, tend not to prioritize short-term goals, and
as such typically allocate most of the resources which they obtain through
social responsibility for exploratory innovations that reap long-term
benefits (Gu et al., 2019). The contradiction between the state-owned
enterprise managers’ right to profit from innovation and their right to
control innovation has led to the low willingness of innovation investment
(Zhu et al., 2021). Based on the abovemotivations for innovation, the effects
of green credit policies for state-owned and non-state-owned clean energy
enterprises are likely to be different: SOEs have a more relaxed financing
environment, better banking relationships, and, especially in the energy
sector, also tend to be stronger in scale than non-SOEs due to natural and
government monopolies. Furthermore, they may not be sensitive to small
changes in credit costs, nor motivated to intensify their technological
innovation activities to obtain credit resources. Non-SOEs, on the other
hand, need to bear their own profits, losses and risks, and aremainly profit-
oriented, and gaining an advantage in the market competition through
technological innovation iswhat it needs. In addition, thefinancingneeds of
non-SOEs are often greater, yet the financing conditions they face are more
stringent, so the green credit policy is welcomed by non-state-owned clean
energy enterprises as an opportunity to further the development of their
industry, as well as to reduce their financing constraints and credit costs. At
this time, with the dual purpose of enhancing technological innovation and
securing credit resources, the R&D activities of non-state-owned clean
energy enterprises may be intensified compared to that when it is only for

the single purpose of technological innovation. As the non-SOEs receive
more comprehensive financial support and incentives, it contributes to
greater levels of technological innovation. In summary, it is proposed that.

Hypothesis 3: Green credit policies have a more significant effect on
technological innovation in non-state-owned clean energy enterprises
relative to SOEs.

The regional level of economic development also impacts the
effectiveness of green credit policy implementation. In regions with
higher levels of economic development, environmental problems are
considered to be an important factor hindering further economic
development. Therefore, governments and enterprises are likely to
pay closer attention to this (Yu, 2021) and accordingly invest more
credit resources in green credit. The economic foundation of regions
with high economic development level is solid and the market space
is larger. The introduction of green credit and free capital base can
better support green projects, thus promoting the further
improvement of TFP level (Hu et al., 2022). Moreover, developed
regions enjoy a more developed financial market, and a higher
supply and demand for green credit than in less developed
regions. Therefore, in developed regions, not only will banks
examine green projects more seriously and offer loans more
frequently, but also enterprises face greater financing needs and
are more willing to seek funding through financial institutions, so
consequently clean energy enterprises in developed regions will
receive a greater proportion of available green credit funds. In
addition, a higher level of scientific and technological innovation
and a concentrated high-tech industry have formed advantages,
which can better drive the upgrading of green industries in
developed regions. However, the lack of these factors in
underdeveloped areas has led to the development of industrial
economy mainly based on traditional heavy industry and
manufacturing industry, with high pollution and high emissions
(Ma et al., 2022). Therefore, both in terms of financing environment
and technological innovation capability, clean energy enterprises in
developed regions have greater opportunities than those in less-
developed regions. In summary, it is proposed that.

TABLE 1 Variable design.

Variable name Variable symbol Variable definition

Technological Innovation TI Total factor productivity of the enterprise in the current year measured by OP method

Clean Energy Enterprises Treat Virtual variable, if it is a clean energy enterprise, take 1, otherwise 0

Green Credit Policies Post Dummy variable, take 1 for the policy implementation year and later, otherwise 0

Enterprise Size Size Natural logarithm of total assets of the enterprise

Gearing Lev Ratio of total liabilities to total assets

Profitability ROA Return on total assets, ratio of EBIT to annual average assets

Growth Growth Growth rate of operating revenue

Board Independence Board Ratio of the number of independent directors to the number of directors

Concentration of Equity Hold Shareholding ratio of the largest shareholder

Cash Flow Cash Ratio of net operating cash flow to total assets

Capital Intensity Fix Proportion of fixed assets in total assets

GDP GDP Natural logarithm of GDP of the province where the enterprise is located
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Hypothesis 4: Green credit policies have a more significant impact
on the technological innovation of clean energy enterprises in
developed regions relative to less-developed regions.

3 Empirical research design

3.1 Samples selection and data sources

In this paper, 91 clean energy listed A-share companies from
2008 to 2020 were selected as the experimental group and 489 non-
clean energy companies were selected as the control group. In defining
whether the enterprises are clean energy listed companies, according
to the study of Xu et al. (2019), clean energy is first defined as
hydroelectric, nuclear, wind, biomass, solar, geothermal and ocean
energy. By reviewing the enterprises’ annual reports in previous years,
the listed companies whose disclosed main business and main
products are involved in the field of clean energy are listed as clean
energy enterprises. In selecting the control group, non-clean energy
industries that are not easily affected by the green credit policy, such as

wholesale and retail trade, accommodation and catering, software and
information technology services, education, culture, sports and
entertainment, and residential services and other services, were
selected in conjunction with the industry classification of the
Securities and Futures Commission promulgated in 2012.

In terms of selecting the research time period, this paper takes the
2012 Green Credit Guidelines as the research event. Considering that the
effects of this important green credit policy may be long-term, and the
Green Credit Guidelines may not show the same effects in shorter and
longer time periods after its promulgation, this paper will examine the
effects of this policy in the period 2008 to 2015 and 2008 to 2020,
respectively.

In addition to the original sample, we also exclude listed
companies with ST and PT, gearing ratio greater than 1, missing
indicators, and delisted companies during the period, and we apply a
tailing process to the upper and lower 1% quantile of the continuous
variables. The financial data and other data of listed companies
required in this paper are obtained from the WIND database, and
3418 and 6170 observations are obtained from 2008 to 2015 and
2008 to 2020, respectively.

TABLE 2 Descriptive statistical results from 2008 to 2015.

Variable Maximum Minimum Average Median Standard VIF Fisher-ADF

TI 7.026 4.732 5.582 5.531 0.399 36.503***

Size 24.836 19.240 21.603 21.526 1.115 1.39 11.314***

Lev 88.573 3.594 42.731 42.440 22.133 1.35 31.088***

ROA 25.030 −11.826 6.522 5.950 5.786 1.24 23.059***

Growth 159.003 −52.228 16.626 12.797 31.963 1.16 39.159***

Board 0.571 0.308 0.371 0.333 0.052 1.13 21.020***

Hold 74.960 8.890 34.313 31.175 15.491 1.08 13.484***

Cash 0.251 −0.202 0.043 0.042 0.079 1.04 41.975***

Fix 0.751 0.003 0.191 0.139 0.170 1.02 46.138***

GDP 11.222 7.611 10.098 10.090 0.706 1.17 66.219***

TABLE 3 Descriptive statistical results from 2008 to 2020.

Variable Maximum Minimum Average Median Standard VIF Fisher-ADF

TI 7.121 4.732 5.670 5.625 0.421 18.226***

Size 25.444 19.346 21.963 21.892 1.202 1.43 19.494***

Lev 89.188 4.336 43.053 42.684 21.350 1.41 30.760***

ROA 24.697 −29.443 5.128 5.282 7.389 1.29 17.811***

Growth 207.472 −62.977 15.253 10.695 37.059 1.1 28.530***

Board 0.571 0.333 0.374 0.333 0.052 1.01 16.164***

Hold 72.430 8.000 32.446 29.565 15.122 1.05 20.486***

Cash 0.245 −0.206 0.041 0.042 0.073 1.17 37.124***

Fix 0.730 0.001 0.172 0.113 0.167 1.34 52.290***

GDP 11.619 8.010 10.355 10.407 0.728 1.23 85.354***
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3.2 Specification of variables

Dependent variable: technological innovation (TI). In this paper,
the measurement of enterprise innovation emphasizes the
technological innovation aspect, so it is expressed in terms of the
total factor productivity (TFP) of the enterprise, following the research
of Huang and Gao (2020). The improvement of TFP mainly depends
on technological innovation. Through new technology, the basic

production factors are optimized and combined, so as to improve
the production quality and make the economy operate more
effectively. For the measurement of this indicator, the OP method
of Lu and Lian (2012) is used to calculate it. According to the idea of
the OP method, the consistent unbiased estimated coefficients of
labour term and capital direction are obtained by establishing the
relationship between the capital stock and investment amount of the
enterprise, and then the production function is brought back to

FIGURE 1
Parallel trend test from 2008 to 2015.

FIGURE 2
Parallel trend test from 2008 to 2020.
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estimate TFP. The advantage of this method is that the current
investment of enterprises is used as the proxy variable of
unobservable productivity shocks, which helps to solve the problem
of simultaneous bias.

Independent variables: cross-product term (treat*post) for clean
energy enterprises and green credit policies. For clean energy
enterprises, treat takes the value of 1, otherwise 0. For years after
the implementation of the Green Credit Guidelines (2012 and later),
post takes the value of 1, otherwise 0.

Control variables: Referring toWangM et al. (2021) and Ding and
Hu (2020), enterprise size (size), gearing (lev), profitability (ROA),
growth (growth), board independence (board), concentration of
equity (hold), cash flow (cash), capital intensity (fix) and GDP
(GDP) are selected, as detailed in Table 1.

3.3 Empirical model

To examine the impact of green credit policies on
technological innovation in the clean energy industry, the
following model is constructed in this paper using the
difference-in-difference (DID) method with the inclusion of
two-way fixed effects.

TIit � β0 + β1treatit*postit + β2controlsit + Firmi + Yeart + εit (1)
Where the subscript i denotes the firm, the subscript t denotes the year,
the parameters β to be estimated, treat*post is the difference-in-difference
item, controls is a series of control variables, firm denotes the firm fixed
effect, year denotes the year fixed effect, and ε is a random
disturbance term.

TABLE 4 Regression results of the impact of green credit policy on enterprise technological innovation.

2008–2015 2008–2020

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

Treat*post 0.064*** 0.065*** 0.073*** 0.093***

(2.753) (3.372) (4.489) (4.726)

Size 0.183*** 0.168***

(12.360) (17.800)

Lev −0.001* 0.000

(−1.709) (0.974)

ROA 0.011*** 0.006***

(10.300) (7.793)

Growth 0.001*** 0.001***

(3.186) (6.857)

Board −0.215 −0.104

(−1.637) (−1.026)

Hold 0.000 −0.002***

(0.125) (−2.760)

Cash 0.723*** 0.898***

(11.000) (14.760)

Fix 0.053 −0.217***

(0.822) (-4.166)

GDP 0.258*** 0.179***

(3.816) (2.978)

Constant 5.568*** −1.011 5.660*** 0.139

(785.200) (−1.248) (994.600) (0.213)

Firm NO YES NO YES

Year NO YES NO YES

Observations 3,323 3,275 6,153 6,153

R-squared 0.002 0.818 0.003 0.738

Robust t-statistics in parentheses, ***p < 0.01, **p < 0.05, *p < 0.1, the numbers in brackets are the T value of the two tailed test, the same below.
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4 Empirical results and discussion

4.1 Descriptive statistics

The results of descriptive statistics are shown in Table 2 and
Table 3. All variables pass the variance inflation factor and unit root
test. It can be seen that the mean value of corporate technological
innovation from 2008 to 2015 is 5.582 with a standard deviation of
0.399. The mean value of corporate technological innovation from
2008 to 2020 is 5.670 with a standard deviation of 0.421. This shows
that the mean level of corporate innovation has increased over time
and its dispersion has expanded.

4.2 Propensity score matching results

The essence of the difference-in-difference method is to examine
the effect of green credit policy on enterprise innovation using an
experimental group and a control group with a common trend,
i.e., without the implementation of green credit policy, there would
not be a significant difference in enterprise innovation between the
two groups. To avoid the self-selection problem of the sample, this
paper proposes to use the propensity score matching (PSM) method
with a radius of 0.01 to find enterprises in the control group that are as
consistent as possible with the experimental group sample to
investigate the effect of the policy dash.

The standardized deviations of all variables are reduced to the 10%
level after matching, and indicates that the data are better matched. In
addition, the parallel trend test in Figures 1, 2 shows that the trend of
the sample is roughly the same before the policy impact year and
shows different changes after the policy impact year, which is
consistent with the premise of the DID model.

4.3 Baseline regression results

The regression results obtained after substituting the matched
results into the model (1) are recorded in Table 4. Among them,
columns (1) and (2) are the regression results for 2008 to 2015, and
columns (3) and (4) are the regression results for 2008 to 2020.
Column (1) and (3) are not added the control variables and fixed
effects, and (2) column (4) comes with control variables and fixed
effects. As can be seen, the regression results for 2008 to 2015 are
significantly positive at the 1% level regardless of whether control
variables and fixed effects are added, while the regression results for
2008 to 2020 are significantly positive at the 1% level. The
regression coefficients and significance of the difference-in-
difference item are increased by the extension of the policy
implementation years, indicating that the green credit policy
promotes the technological innovation of clean energy
enterprises, confirming Hypothesis 1. The possible explanation
is that the green credit policy tends to favour financial institutions
to invest in green projects of enterprises, and the loan projects of
clean energy enterprises meet this requirement, so their
technological innovation activities are more likely to be
supported by green credit funds. Since the implementation of
policies and the financing and innovation activities of
enterprises need time to produce results, the effect of policies in
the later stage is better.

4.4 Robustness tests

4.4.1 System GMM estimation
In order to avoid the endogeneity problem that may still exist,

the System GMM method is used again to test conclusions. When
the TI variable lagging one phase is added to the explanatory
variable of model (1) and still controls the time dummy
variable, all data is brought into the two-step System GMM
model. The results are as shown in Table 5. The coefficients of
the DID items are still positive at a significant level. The results of
AR test show that the regression disturbance term does not have a
sequence correlation of more than second order. The Hansen test

TABLE 5 System GMM estimation results.

2008–2015 2008–2020

(1) (2)

treat*post 0.517*** 0.306***

(3.030) (2.680)

L.TI −0.163*** 0.397***

(−2.611) (2.842)

size −0.210 −0.061

(−1.200) (−0.838)

lev 0.032*** 0.012***

(3.611) (3.060)

ROA 0.017*** 0.006

(2.929) (0.609)

growth −0.001** 0.007***

(−2.508) (3.341)

board 0.413 −1.785

(0.643) (−0.627)

hold 0.001 0.001

(0.311) (0.966)

cash 2.897*** 3.691***

(5.173) (2.590)

fix −5.567*** −2.162***

(−4.095) (−2.759)

GDP 0.767*** 0.364***

(2.973) (2.604)

Firm YES YES

Year YES YES

AR (1) 0.000 0.000

AR (2) 0.009 0.000

AR (3) 0.199 0.768

Hansen test 0.112 0.369
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results are greater than 0.1, indicating that the original hypothesis
of exogenous instrumental variables cannot be rejected. Therefore,
the setting of System GMM model is reasonable as a whole, and
confirms the conclusion that green credit policies promote
technological innovation of clean energy enterprises.

4.4.2 Other robustness tests
Counterfactual construction: The effect of policy

implementation is first tested by the counterfactual method by
advancing the year of policy implementation to 2010 and matching
and regressing again, and the regression results for 2008 to
2015 and 2008 to 2020 are recorded in columns (1) and (2) of
Table 6, respectively. The coefficients of the difference-in-
difference items for both time periods are not significant,
indicating that the level of technological innovation did not

produce significant changes before the implementation of the
green credit policy and that the changes in technological
innovation were not caused by exogenous variables.

Excluding part of the sample: the sample of enterprises registered in
Guangdong Province and Beijing accounted for about 30% of the total
sample, and there might be sample selection bias, so the enterprises in
these two places were excluded and regressed again, and the regression
results for 2008 to 2015 and 2008 to 2020 were recorded in columns (3)
and (4) of Table 6, respectively. The sign and significance of the
coefficients of the difference-in-difference items were consistent with
the original results to support the hypothesis of this paper.

Replacing the matching method: To avoid the effect of green credit
policy implementation being affected by the sample division, the sample is
re-screened using the nearest neighbour 1:1 matching method and
regressed again based on the matched results. Regression results for

TABLE 6 Robustness test results.

Counterfactual construction Reject some samples Replace matching method

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

Treat*post 0.000 0.039 0.083*** 0.104*** 0.065*** 0.093***

(0.016) (1.259) (3.778) (4.622) (3.383) (4.712)

size 0.184*** 0.168*** 0.186*** 0.173*** 0.183*** 0.168***

(12.320) (17.690) (10.360) (15.170) (12.370) (17.820)

lev −0.001* 0.000 −0.001 0.001*** −0.001* 0.000

(−1.672) (0.950) (−0.853) (2.705) (−1.711) (0.969)

ROA 0.011*** 0.006*** 0.010*** 0.007*** 0.011*** 0.006***

(10.280) (7.849) (8.072) (7.275) (10.300) (7.794)

growth 0.001*** 0.001*** 0.001*** 0.001*** 0.001*** 0.001***

(3.109) (6.825) (4.127) (5.836) (3.187) (6.855)

board −0.224* −0.111 −0.241 −0.0286 −0.215 −0.103

(−1.694) (−1.098) (−1.544) (−0.228) (−1.639) (−1.021)

hold 0.000 −0.002*** −0.000 −0.003*** 0.000 −0.002***

(0.135) (−2.740) (−0.054) (−4.564) (0.125) (−2.769)

cash 0.737*** 0.909*** 0.748*** 0.882*** 0.723*** 0.898***

(11.220) (14.960) (9.917) (12.320) (11.000) (14.770)

fix 0.075 −0.196*** 0.044 −0.233*** 0.053 −0.217***

(1.145) (−3.695) (0.605) (−3.916) (0.821) (−4.157)

GDP 0.260*** 0.178*** 0.283*** 0.172*** 0.258*** 0.180***

(3.864) (2.930) (4.132) (2.844) (3.855) (2.992)

Constant −1.041 0.161 −1.287 0.107 −1.009 0.132

(−1.291) (0.244) (−1.516) (0.161) (−1.256) (0.203)

Firm YES YES YES YES YES YES

Year YES YES YES YES YES YES

Observations 3,275 6,153 2,346 4,310 3,277 6,158

R-squared 0.817 0.737 0.809 0.735 0.819 0.738
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2008 to 2015 and 2008 to 2020 are recorded in columns (5) and (6) of
Table 6, respectively, which are still consistent with the previous paper.

5 Further disscusion

5.1 Test of influence mechanism

To study the channels of green credit policy’s influence on clean energy
enterprises’ technological innovation, this paper refers to the study ofWen
et al. (2004) and constructs a mediating effect model from the channels of
credit cost and financing constraint. The indicator of credit cost is chosen
as the interest expense of the enterprise in the current year. The indicator of
financing constraint refers to Hadlock and Pierce (2010) and Miao et al.
(2019), and the SA index is selected to measure the degree of financing
constraint. The SA index is a negative indicator, and the larger its absolute
value, the greater the financing constraint of the enterprise. The
intermediary effect model is constructed as follows:

Mit � φ0 + φ1treatit*postit + φ2controlsit + Firmi + Yeart + εit (2)
TIit � ψ0 + ψ1treatit*postit + ψ2Mit + ψ3controlsit + Firmi + Yeart

+ εit

(3)
Where M is the mediating variable, it is denoted by the cost of credit
(cc) and financing constraint (fc) respectively. φ is the estimated
coefficient of each item in model (2), ψ is the predicted coefficient of

each item in model (3). The rest of the definitions are the same as in
model (1).

According to the test procedure of mediating effects, firstly
model (1) is regressed and if it is significant then it indicates the
existence of aggregate effects and the test can be continued. Next,
model (2) is regressed to determine the effect of explanatory
variables on mediating variables, and finally, model (3) is
regressed to test the direct effect of green credit policy on
technological innovation and the indirect effect transmitted
through mediating variables. If φ1, ψ1 and ψ2 are significant
and ψ1 less than β1, it means that the mediating variable M is
the mechanism of action but not the only them mechanism for
green credit policy to affect technological innovation of clean
energy enterprises. If φ1 and ψ2 are significant, it means that the
mediating variable M is the only mechanism for green credit
policy to affect technological innovation of clean energy
enterprises. If φ1 and ψ2 at least one of is insignificant, further
tests are needed. If the test passes, it means that M is the
mechanism of action.

Given the significance of the impact of green credit policy on
technological innovation, the sample for the period 2008 to
2020 were regressed in this paper, with the results shown in
Table 7. The regression coefficients of the control variables are
not shown due to space constraints, and the regression results of
the total effect in columns (1) and (4) are consistent with the
baseline regression in the previous section. The coefficients of the
difference-in-difference item and the mediating variables in

TABLE 7 Test results of intermediary effect based on credit cost and financing constraints.

Credit cost channel Financing constraint channel

Variable TI CC TI TI FC TI

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

Treat*post 0.093*** 0.626 0.095*** 0.093*** 0.011* 0.091***

(4.726) (1.553) (4.803) (4.726) (1.664) (4.611)

M −0.003*** 0.154***

(−3.258) (2.796)

Control variable YES YES YES YES YES YES

Constant 0.139 −55.210*** −0.002 0.139 −2.393*** 0.508

(0.213) (−4.962) (−0.002) (0.213) (−9.708) (0.767)

Firm YES YES YES YES YES YES

Year YES YES YES YES YES YES

Observations 6,153 6,153 6,153 6,153 6,153 6,153

R-squared 0.738 0.610 0.738 0.738 0.997 0.738

Sobel Test −0.004***(z = −2.634) 0.006***(z = 3.487)

Goodman Test 1 −0.004***(z = −2.611) 0.006***(z = 3.461)

Goodman Test 2 −0.004***(z = −2.658) 0.006***(z = 3.513)

Indirect effect coefficient −0.004***(z = −2.634) 0.006***(z = 3.487)

Direct effect coefficient −0.039***(z = −2.866) 0.067***(z = 4.145)

Total effect coefficient −0.043***(z = −3.128) 0.073***(z = 4.496)
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columns (3) and (6) are both significant at the 1% level, but the
regression coefficients of green credit policy on the mediating
variables in columns (2) and (5) are not significant. Therefore,
further tests are needed. In this paper, the coefficients of the
mediating effects are tested and calculated by using the Sobel
test at the 1% level of significance. The results show that the
mediating effect of credit cost is negative, and the mediating
effect of financing constraints is positive. It indicates that the
green credit policy leads to the reduction of interest expenses
and credit cost of clean energy enterprises, while the SA index
of clean energy enterprises increases and credit constraints are
reduced, thus promoting technological innovation. Hypothesis 2 is
therefore verified.

In addition, in order to eliminate the dimension influence, the method
of deviation standardization is used to process all variables, and also brings
them into the abovemodels for inspection. The results can still support the
conclusions, and the process is not shown to save space.

5.2 Heterogeneity analysis

5.2.1 Sub-sample regression based on the difference
in ownership nature of enterprises

Considering the different financing environments and strategic
goals, the enterprises are divided into state-owned and non-state-
owned based on the nature of property rights. Sub-sample
regressions are conducted in model (1), and the regression
results are shown in Table 8. (1) and (2) are the regression
results for SOEs from 2008 to 2015 and 2008 to 2020; (3) and
(4) are the regression results for non-SOEs for the years
2008–2015 and 2008 to 2020. For SOEs, the effect of the green
credit policy on technological innovation was not significant from
2008 to 2015 but showed a significant effect from 2008 to 2020,
indicating that the green credit policy did not significantly
promote technological innovation of state-owned clean energy
enterprises in the first years of implementation, and the

TABLE 8 Regression results of heterogeneity analysis.

State-owned enterprises Non-state-owned
enterprise

Developed regions Less developed regions

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

Treat*post 0.044 0.080*** 0.081*** 0.080*** 0.047** 0.082*** 0.067** 0.076**

(1.403) (3.346) (3.208) (3.346) (2.147) (3.867) (1.983) (2.037)

Size 0.227*** 0.137*** 0.151*** 0.137*** 0.138*** 0.151*** 0.221*** 0.191***

(9.549) (10.720) (6.984) (10.720) (8.971) (15.490) (8.588) (10.390)

Lev −0.001* 0.0015** −0.000 0.001** −0.000 0.000 −0.002** 0.001

(−1.741) (2.147) (−0.622) (2.147) (−0.246) (0.735) (−2.351) (0.853)

ROA 0.009*** 0.006*** 0.012*** 0.006*** 0.011*** 0.005*** 0.010*** 0.007***

(5.315) (7.302) (8.396) (7.302) (8.875) (6.671) (5.339) (4.077)

Growth 0.001** 0.001*** 0.001** 0.001*** 0.001*** 0.001** 0.001** 0.001**

(2.175) (5.118) (2.513) (5.118) (2.689) (6.489) (2.027) (2.547)

Board −0.350* −0.068 −0.140 −0.068 −0.020 −0.130 −0.570** 0.016

(−1.736) (−0.484) (−0.791) (−0.484) (−0.135) (−1.209) (−2.298) (0.0705)

Hold 0.002 −0.003*** −0.001 −0.003*** −0.003*** −0.002*** 0.005** −0.001

(1.501) (−4.315) (−1.077) (−4.315) (−2.978) (−3.497) (2.569) (−0.521)

Cash 0.626*** 0.900*** 0.795*** 0.900*** 0.683*** 0.832*** 0.848*** 1.201***

(6.512) (11.460) (8.944) (11.460) (8.916) (12.190) (6.523) (9.094)

Fix 0.112 −0.424*** −0.078 −0.424*** −0.075 −0.272*** 0.156 −0.188**

(1.242) (−6.230) (−0.895) (−6.230) (−1.072) (−4.868) (1.642) (−2.028)

Constant 0.278*** 0.146* 0.195 0.146* 0.356** 0.604*** 0.239*** 0.0919

(3.098) (1.733) (1.546) (1.733) (2.269) (4.819) (2.613) (1.390)

Firm YES YES YES YES YES YES YES YES

Year YES YES YES YES YES YES YES YES

Observations 1,316 3,894 1,949 3,894 2,329 4,407 946 1,746

R-squared 0.843 0.725 0.806 0.725 0.826 0.754 0.812 0.702
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enhancement effect of the green credit policy on technological
innovation was only shown in the longer years of policy
implementation. This may be because the financing constraints
of state-owned enterprises are relatively light, and they are not
sensitive to the green credit policy at first. The unique strategy
adopted by state-owned enterprises to improve environmental
performance is highly responsive to government objective
(Wang Q et al., 2022), rather than making profits in the
market. For the non-state-owned enterprises, the effect of the
green credit policy on technological innovation is significant in
both the years, from 2008 to 2015 and 2008 to 2020. From the
short-term to long-term implementation of the green credit policy,
the level of technological innovation of non-state clean energy
enterprises has been improved. This is because non-state-owned
enterprises are facing a worse financing environment for a long
time. At the same time, market competition requires enterprises to
continue technological innovation, and there is a gap in R&D
funds. Private enterprises are more vulnerable to the impact of
policies, and have relatively high requirements for green
technological innovation, which is easy to produce technical
and economic effect (Wang Y et al., 2021). When the green
credit policy is implemented, non-state-owned enterprises can
immediately utilize these policies to ease the pressure in the
past. On the whole, the green credit policy has no obvious
impact on state-owned enterprises before 2015, and has obvious
impact on both state-owned and non-state enterprises before 2020.
Therefore, the implementation effect of green credit policy in non-
state enterprises is better. Hypothesis 3 is verified.

5.2.2 Sub-sample regression based on the difference
in regional economic development levels

Considering that the imbalance of regional economic
development affects the financing and innovation behaviors of
enterprises, this paper conducts a heterogeneous study based on
regional economic development levels. Referring to the study by
Chen Z et al. (2022), a total of eight provincial regions, namely
Zhejiang, Jiangsu, Shanghai, Fujian, Shandong, Guangdong,
Beijing, and Tianjin, are classified as developed regions and
other provincial regions as less developed. Samples are classified
according to the registered locations of enterprises and substituted
into the model (1) for regression respectively. The obtained results
are shown in Table 8. (5) and (6) are the regression results for the
developed regions from 2008 to 2015 and 2008 to 2020, and (7) and
(8) are the regression results for the less developed regions for
2008 to 2015 and 2008 to 2020. In developed regions, the
significance and influence coefficient of green credit policy on
technological innovation have been improved. This is because
the effect of green credit policy needs a certain period of time.
Developed regions have good innovation endowment and financial
resources, which is very suitable for enterprises to benefit from
green credit. In less developed regions, the impact between the
2 years is not very significant., indicating that the effect of green
credit policy on technological innovation of clean energy
enterprises in less developed regions is weak. The possible
reason is that the transmission of green credit policy in less
developed region is too slow, the local financial development
level and enterprise strength are also poor, and it is not easy to
make progress in technological innovation. The performance of

green credit policy in developed regions is obviously better than
that in less developed regions, so Hypothesis 4 is verified.

6 Conclusion and implications

Green credit policy, as an important environmental regulation
tool, can promote green economic transformation through the
rational allocation of credit resources and guide clean energy
enterprises’ technological innovation. This paper examines the
impact and mechanism of green credit policy on the
technological innovation of clean energy enterprises. It uses the
difference-in-difference method with the introduction of the
2012 Green Credit Guidelines as a quasi-natural experiment
and Chinese A-share listed clean energy enterprises as the
research objects. The study shows that: 1) the green credit
policy represented by the Green Credit Guidelines has a
significant positive effect on the technological innovation of
clean energy enterprises, and the longer the policy is
implemented, the more significant the effect is. 2) The green
credit policy represented by the Green Credit Guidelines
significantly reduces the financing cost and the degree of
financing constraint of clean energy enterprises as a mechanism
to influence the technological innovation of clean energy
enterprises. 3) Heterogeneity analysis shows that the effect of
green credit policy on the technology innovation of clean energy
enterprises is more significant in non-state enterprises and
economically developed regions.

Based on the above conclusions, this paper has the following
implications for the green credit policy and the development of
clean energy industry in China and other developing countries and
emerging economies. Firstly, it is vital to enhance the level of green
credit development and formulate long-term effective development
plans. At present, the implementation period of green credit policy
in China is still relatively short, and the positive effect on
technological innovation and industrial guidance needs to be
further promoted. It is necessary to insist on the
implementation of a green credit system and to guide China’s
energy transformation and sustainable economic development
with a higher level of green credit. Secondly, in the process of
policy implementation, it should be considered that the impact of
green credit on enterprise innovation is achieved through credit
costs and financing constraints. To this end, the government and
financial institutions need to strengthen policy support, provide
more preferential interest rates for enterprises in need, and try to
improve the cooperative relationship between banks and
enterprises, open up the channels of policy influence, and
stimulate innovation vitality. Thirdly, the green credit policy
should be paid more attention in state-owned enterprises and
underdeveloped areas. State-owned clean energy enterprises
should seize the policy opportunities, make proper use of green
credit funds, strengthen technological innovation, and make
contributions to the high-quality development of the clean
energy industry. It is also important to increase policy support
in underdeveloped areas and expand the coverage of green credit.
Stimulate the innovation impetus of clean energy enterprises in
underdeveloped regions, and further allocate green credit resources
in a reasonable way.
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