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Abstract
Green credit plays a crucial role in reducing energy consumption and environmental degradation in China. Using data on 
China’s new energy listed companies from 2007 to 2018, this study explores the impact of green credit on new energy 
firms’ value, as well as the mediating effects of financing constraints and external supervision on the relationship between 
green credit and new energy companies’ economic benefits. Our results suggest that green credit significantly improved 
new energy firms’ value, and this positive impact can last over the long term. The above result is robust to using alternative 
measures, replacement of fixed effects, exclusion of abnormal samples, and placebo test. Additional tests reveal that green 
credit improves new energy companies’ value by alleviating financing constraints and strengthening external supervision. 
Finally, green credit’s value-enhancement effect is heterogeneous, depending on corporate property rights, business life 
cycle, implementation of Green Credit Guideline policy, and the firms’ geographical location. Our conclusions suggest that 
government should not only pay attention to the continuity of green credit commitment but also the mitigation of financing 
constraints and improvement of external supervision for new energy companies. Moreover, heterogeneous factors should be 
considered to formulate and calibrate related policy rather than a one-size-fits-all policy.
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Introduction

Over the past decade, China’s rapid economic growth, 
which accounts for more than 30% of the world’s economic 
growth, has become an important driving force of the global 
economy (Freeman 2019). However, its growth has been 
accompanied by a sharp increase in energy consumption 
(Bai et al. 2020). As the world’s largest energy consumer 
and producer (Zhou et al. 2020), China accounted for 23.2% 
of global energy consumption in 2017 (BP Energy Outlook 
2018), leading to significant greenhouse gas emissions and 

acute environmental pollution (Aizawa and Yang 2010; Li 
and Ramanathan 2018; Li et al. 2019; Song et al. 2020). 
Therefore, it is imperative for China to reduce environmental 
pollution and develop new energy companies (NECs)includ-
ing solar, hydrogen, wind power, biomass, and geothermal 
energy to facilitate domestic and global green development.

Although NECs can generate environmental benefits 
and are pivotal to achieving the objective of the economy’s 
green development, related long-term development not only 
requires the advancement of NECs to foster environmental 
benefits but also to enhance profitability, as the firm is essen-
tially the “economic man” (Smith 1776). Boosting NECs’ 
profitability can provide a feasible path toward achieving a 
win–win situation between environmental performance and 
economic benefit.

One of the crucial criteria for evaluating NECs’ profitabil-
ity is the long-term growth in firm value. Thus, it is vital to 
study the determining factors of NECs’ value to achieve the 
dual objectives of economic performance and environmental 
protection. Among these factors, debt financing can be an 
essential element influencing NECs’ value. Based on Mod-
igliani and Miller (MM) theory, due to the tax shield effect 
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of debt financing, the higher the debt of a firm, the lower 
its weighted average cost of capital, which can significantly 
promote the growth of firm value (Modigliani and Miller 
1963). In China, the bank-led indirect financing system 
has always been the primary mean for enterprises to obtain 
external financing, indicating that increasing bank credit to 
NECs can be employed as an important measure to increase 
their firm value. However, traditional bank credit provides 
loans to enterprises based on their economic performance; 
environmental performance has been largely neglected by 
banks. This can lead to severe financing constraints for 
NECs due to their high financial and business risks.

To address the financial resource scarcity experienced 
by NECs and other eco-friendly companies, green credit 
(GC)-related policies,1 which encourage banks to give more 
loans to the environmental protection industries in China 
(Xu and Li 2020), were enacted to simultaneously achieve 
economic growth and environmental protection (Wang et al. 
2020). Extensive research has been conducted to examine 
the impact of GC on firms’ economic or environmental per-
formance (Zhang et al. 2011; He and Liu 2018; Kang et al. 
2020), including the pollution-abatement effect of GC from 
the perspective of environmental benefits (Wang et al. 2019; 
Li and Gan 2021) and the influences of GC on firms’ invest-
ment decisions, financing activities, and innovation behav-
iors from the perspective of economic benefit (Geddes et al. 
2018; Liu et al. 2019; Guo et al. 2019).

However, there are still gaps in the previous literature. 
First, there is a dearth of research on the impact of GC on 
NECs’ value; second, the underlying mechanism between 
GC and NECs’ value has not been clearly identified by prior 
studies. Although studies have explored the intermediary 
paths between GC and firm value (Ge et al. 2016; He et al. 
2019a, 2019b; Liu et al. 2017; Wang et al. 2020), they have 
not examined the internal and external mechanisms in a 

unified analytical framework simultaneously. This limits 
a more comprehensive understanding of the influencing 
mechanism of GC on NECs’ value, which is conducive to 
improving the efficiency of GC resource allocation; third, 
GC does not enhance the value of all NECs; however, exist-
ing research has largely ignored the heterogeneous effect 
of GC on NECs’ value (Li et al. 2018a, 2018b; Wang et al. 
2020), facilitating the optimal distribution of GC resources.

This study, therefore, seeks to address the following three 
questions: first, can GC enhance NECs’ profitability? Sec-
ond, if GC can promote NECs’ value, what are the under-
lying mechanisms through which GC influences NECs’ 
value? Third, does the value-enhancement effect of GC 
on NECs vary based on corporate characteristics and the 
external environment? To answer the above questions, we 
use the data on 175 new energy listed companies in China’s 
A-shares, from 2007 to 2018, as a sample to explore the 
correlation between GC and NECs’ value.

We are motivated to conduct this research owing to the 
continuing interest in GC. In recent years, the Chinese 
government has attached great strategic importance to GC 
development to achieve low carbon transformation. Previ-
ous studies have frequently been conducted to evaluate the 
effectiveness of GC development, including its environmen-
tal benefits (Zhou et al. 2010; Sun et al. 2019) as well as 
the economic effects (Guo et al. 2019). We are particularly 
interested in its influence on NECs’ value growth because 
their sustained value growth can achieve both environmen-
tal and economic benefits. The growth of firm value is a 
crucial indicator to assess whether the company can obtain 
long-term economic benefits; moreover, NECs can generally 
generate environmental benefits due to their green attrib-
utes. Therefore, analyzing the relationship between GC and 
NECs’ value can help determine whether GC can achieve 
the win–win situation between environmental and economic 
benefits.

China provides a suitable setting for our research for the 
following two reasons: first, at present, China’s GC policy 
is basically in line with international GC standards (Wen 
et al. 2021). Between 2013 and 2018, the GC balance of 21 
major Chinese banks rose from RMB 5.20 trillion to RMB 
9.66 trillion, according to the “China Green Finance Devel-
opment Report (2018)” published by the People’s Bank of 
China. China, therefore, provides a robust setting to inves-
tigate the role of GC in enhancing NECs’ value. Given the 
similar environmental deterioration issue faced by other 
emerging market countries and the vital role GC plays in 
improving the natural environment, our results can serve as a 
reference for other countries that are actively promoting GC 
development. Second, the development of new energy has 
gained a national strategic significance in China for energy 
transition and reducing carbon emissions. President Xi pro-
posed that China aimed to hit the CO2 emissions peak before 

1 Taking into account the shortage of financial resources in the devel-
opment of the green industry and urging microeconomic entities to 
pay more attention to environmental benefits, the Chinese govern-
ment has formulated a series of green credit development policies to 
make banks incorporate environmental factors into the credit deci-
sion-making process. One of the most representative policies, named 
“Opinions on Implementing Environmental Protection Policies and 
Regulations and Preventing Credit Risks,” jointly promulgated by 
China’s Environmental Protection Administration (renamed Minis-
try of Ecology and Environment of the People’s Republic of China 
in 2018), the People’s Bank of China, and the China Banking and 
Insurance Regulatory Commission in 2007, was used as an important 
market tool for environmental protection, energy conservation, and 
emission reduction, marking the official launch of the green credit 
policy. Green Credit Guidelines policy, which is issued by the China 
Banking and Insurance Regulatory Commission in 2012, formulated 
the detailed standards and norms for financial institutions to imple-
ment green credit policy, signifying a leap in the strategic level of GC 
development.
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2030 and achieve carbon neutrality before 2060 at the 75th 
session of the UN General Assembly. Since NECs play a 
critical role in achieving low-carbon development owing to 
their advantages of energy conservation and environmen-
tal enhancement, our findings can be generalized to other 
emerging countries attempting to achieve low-carbon devel-
opment through NECs.

The contributions of this paper are as follows: first, this 
study complements the prior literature on the environmental 
and economic effects of GC. While previous studies examine 
the environmental benefits (Zhou et al., 2010; Sun et al., 
2019) and the economic consequences (Guo et al. 2019) 
of GC, they do not answer whether GC can enable NECs 
to realize economic and environmental benefits simultane-
ously. We fill this research gap by linking GC with NECs’ 
value. Firm value can evaluate corporate economic benefits; 
besides, NECs have the property of generating environmen-
tal benefits themselves; therefore, exploring the association 
between GC and the value of NECs can explain whether 
GC contributes to the co-development of the environment 
and economy.

Second, we examine the internal and external interme-
diary mechanisms between GC and NECs’ value simul-
taneously in a unified analytical framework, facilitating a 
more comprehensive understanding of the influencing path 
between them. Although studies have explored the interme-
diary between them (Ge et al. 2016; He et al. 2019a, 2019b; 
Liu et al. 2017; Wang et al. 2020), internal and external 
factors are considered at the same time, thus presenting an 
incomplete picture of how GC affect NECs’ value, which 
may diminish the efficiency of GC allocation. This study 
examines two mediators including easing internal financ-
ing constraints and strengthening the external supervision, 
which can more comprehensively elaborate the mechanisms 

between GC and NECs’ value, thereby strengthening the 
financial resource allocation function of GC.

Third, we fully analyze the heterogeneous effect of GC in 
enhancing NECs’ value, which is important for the government 
to promote GC development and enable GC to better contribute 
to NECs’ value enhancement. Factors including corporate internal 
characteristics and external environment may make GC produce 
significant variation in the process of promoting the firm value of 
NECs, which are largely ignored in prior studies. We incorporate 
ownership properties, growth stages, policy environment, and 
geographic location into the heterogeneity analysis, which can 
identify which categories of NECs benefit from GC development, 
facilitating policymakers to promote the development of GC.

The rest of this paper is organized as follows: “Litera-
ture review and hypothesis development” section reviews 
relevant literature and hypothesis development; “Empirical 
methodology and data” section presents the research design 
and data description; “Empirical results and analysis” sec-
tion discusses the empirical results, including baseline 
regression, underlying mechanism, and heterogeneity anal-
ysis (Fig. 1 summarizes the relationship between GC and 
NECs’ value2); and “Conclusions, policy implications, and 
future research directions” section summarizes the conclu-
sions and provides policy implications.

Fig. 1  Logical diagram of the 
relationship between GC and 
NEC’s value

2 Figure 1 includes the following contents: first, the “Overall effect” 
part shows the results of the baseline regression and dynamic effect of 
GC on NECs’ value, aiming to explore the influence of GC on NECs’ 
value and the duration of this effect. The second part is “Intermedi-
ary mechanisms,” which examines the influencing mechanism of GC 
on NECs’ value, including internal financing constraints and external 
monitoring. Thirdly, the section of “Heterogeneity factors” analyzes 
the heterogeneous effect of GC on firm value of NECs, including 
the internal factors (property rights and life cycle) and external fac-
tors (the implementation of Green Credit Guidelines policy and geo-
graphic attributes) to identify which types of NECs’ value are more 
likely to be enhanced by GC.
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Literature review and hypothesis 
development

Literature review

From a theoretical perspective, previous studies have dem-
onstrated that the financial system is the main source of 
external funds for companies and profoundly affects cor-
porate financing decisions (Faulkender and Petersen 2006; 
Lemmon and Roberts 2010). The history of global economic 
development has also verified the importance of the finan-
cial system’s role in easing firms’ financing constraints. 
Especially for China, the bank-led indirect financing sys-
tem has always been the primary source for enterprises to 
obtain external funds. According to data from the People’s 
Bank of China, bank-led RMB loans accounted for 66.15% 
of the social financing scale in 2019, while corporate bond 
and stock financing represented only 14.04%. Banks may 
increase NECs’ value because they monitor and supervise 
firms’ financial performance before and after the loans are 
granted (He et al. 2019a, 2019b). However, the value growth 
of NECs has been plagued by financing difficulties because 
NECs, as capital- and technology-intensive enterprises, are 
different from other enterprises due to their need for vast 
research and development (R&D) funds, high failure risk of 
technological innovation, and long payback period.

Fortunately, governments worldwide began introducing 
an array of policy initiatives to promote GC development 
and address the increasingly serious consequences of energy 
consumption and environmental pollution. The environ-
mental and economic benefits offered by GC have also been 
widely discussed by many scholars.

Research on GC’s environmental benefits mainly focuses 
on the reduction in pollutant emissions, the establishment 
of a green management system, and improvement of the 
regional ecological environment (Zhou et al. 2010; Sun 
et al. 2019; Xing et al. 2020). For example, Wang et al. 
(2019) suggested that heavy-polluting enterprises would 
be compelled to reduce pollution and improve their envi-
ronmental performance since GC policy makes it clear that 
banks should evaluate companies’ environmental perfor-
mance before credit funds are approved. Moreover, Xing 
et al. (2020) found that GC policy can also stimulate enter-
prises to employ green management, as companies with 
green management are more likely to obtain bank credit. 
Some research looked beyond firm level to the regional 
level, finding that GC cannot only improve the local eco-
logical environment but also of surrounding areas due to 
spatial spillover effect (Li and Gan 2021). Overall, GC is 
of great significance to the development of low-carbon and 
green economy (Soundarrajan and Vivek 2016) because it 
requires banks to make loan decisions not only based on the 

firms’ economic performance but also their environmental 
performance, which can effectively force enterprises to take 
measures to reduce environmental pollution.

Research on GC’s economic benefits mainly empha-
sizes its impact on firms’ investment behavior (Geddes 
et al. 2018), debt financing (Hu et al. 2020), and innovation 
activities (Guo et al. 2019). For example, Liu et al. (2017) 
introduced a financial computable general equilibrium 
model and reported that the high interest rate imposed on 
energy-intensive industries by GC policy can significantly 
inhibit their investment activities. This shows that, with the 
backdrop of GC-related policies, banks may exert influence 
on firms’ financing cost by applying differential interest rate 
to pollution-intensive enterprises and environmental protec-
tion companies. Specifically, taking pollution-intensive firms 
as a sample, Liu et al. (2019) claimed China’s GC policy 
implemented in 2012 imposed long-term credit constraints 
on high-pollution enterprises. Using data on environmental 
protection enterprises, Xu and Li (2020) reported that the 
development of GC can reduce their debt financing cost. 
Additionally, the injection of GC funds into environmental 
protection enterprises can ease their financing bottleneck 
and provide cash flow for R&D, thereby promoting green 
technology innovation (Chen et al. 2019). In sum, while GC 
effectively impedes the development of high-pollution and 
high-emission enterprises, it provides financial support for 
environmental protection enterprises to generate economic 
benefits.

Although GC’s environmental and economic benefits 
have been recognized, as the main GC implementation enti-
ties, financial institutions cannot fully develop GC without 
economic incentives (Biswas 2011). This is because GC 
has both “green” and “finance” attributes, which has a com-
plex impact on both financial institutions and green firms 
(He et al. 2019a, 2019b). From the perspective of “green” 
attributes, GC guides capital flows to environmental protec-
tion companies and promotes green economic development; 
however, from the perspective of “finance” attributes, finan-
cial institutions, who are the providers of GC, also pursue the 
objective of maximizing profit. Due to the long investment 
cycle and strong uncertainty of returns from new energy-
related projects, GC providers are more likely to consider 
“finance” (profit maximization) than the “green” attributes. 
Therefore, the development of GC policy is still at an initial 
phase (He et al. 2019a, 2019b), and its implementation effi-
ciency is far below anticipation (Zhang et al. 2011), resulting 
in the insufficient financing of green companies, which may 
ultimately be detrimental to the enhancement of firm value.

Undoubtedly, the current literature provides extensive 
evidence on the relationship between GC and economic or 
environmental benefits. However, as an important part of 
green environmental protection enterprises, the association 
between GC and NECs’ value has been under-researched. 
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Moreover, intermediary mechanisms of GC, which play 
an important role in promoting the implementation of GC 
and NECs’ value growth, on NECs’ value have been largely 
neglected in the existing literature. Lastly, heterogeneity 
studies on the effect of GC on NECs’ corporate value are 
scant as well.

In response to the above research gap, we used the data 
on 175 new energy listed enterprises on the Shanghai and 
Shenzhen Stock Exchanges from 2007 to 2018 to explore 
the relationship between GC and the value of NECs. To the 
best of our knowledge, no research has been conducted thus 
far exploring how GC impacts NECs’ value.

Hypothesis development

The MM theory provides a theoretical foundation for our 
research. In 1958, Modigliani and Miller proposed that, in 
the absence of income taxes, the firm’s overall weighted 
average cost of capital and corporate value is not influenced 
by changes in its capital structure (Modigliani and Miller 
1958). In 1963, Modigliani and Miller considered the exist-
ence of the corporate income tax and developed a modified 
MM theory, which argues that after taking into account the 
income tax, the higher a firm’s debt, the lower its weighted 
average cost of capital due to the tax shield effect (Modigli-
ani and Miller 1963). In other words, as the level of gearing 
increases, the larger proportion of debt in the capital struc-
ture means that there is a larger proportion of lower-cost 
finance, thereby exerting a favorable effect on corporate 
value growth. GC, as a loan service carried out by com-
mercial banks, aims to provide low interest debts to green 
companies. It has not only the property of debt but also the 
feature of low interest rate, which can further strengthen the 
tax shield benefit brought by debt and thus exerting a sig-
nificant positive impact on the enhancement of NECs’ value.

GC may improve NECs’ value by reducing their financ-
ing constraints. First, GC can increase NECs’ access to debt 
finance. In recent years, the Chinese government has been 
actively advocating the concept of green development and 
has promulgated a battery of policies and regulations, such as 
“Opinions on Implementing Environmental Protection Policies 
and Regulations to Prevent Credit Risks” and “Green Credit 
Guidelines (GCGs),” to guide commercial banks to increase 
loan scale for NECs and other environmentally friendly enter-
prises. The development of new energy industries is usually 
accompanied by intensive technological upgrading, which 
has considerable uncertainty and requires substantial up-front 
R&D funds, making it difficult for them to obtain financing 
from the traditional financial sector. GC, as an important sup-
plement to traditional financing sources, can provide addi-
tional capital for NECs’ innovation activities, promoting 
their value creation. Furthermore, GC development restricts 
the credit limits of traditional finance to high-pollution and 

high-emission enterprises, which triggers the restructuring of 
the bank credit and helps to direct part of the traditional credit 
funds to NECs, further alleviating the NECs’ financing con-
straints, which is conducive for their value growth.

In addition to the value-enhancing effect of the reduced 
financing constraint imposed by GC on firm value of NECs, 
GC may also contribute to the value growth of NECs 
through strengthened external oversight. As NECs’ access 
to GC is often seen as a positive investment signal, financial 
market analysts, as the information-advantaged party, can 
capture information about GC as well as NECs more quickly 
and provide advisory services to investors, thereby reduc-
ing the information asymmetry between NECs and investors 
(O’Brien and Bhushan 1990; Cheng et al. 2016). The strong 
external supervision created by these analysts’ continu-
ous tracking can effectively prevent NECs from using GC 
funds for non-environmental activities and may force NECs 
to operate in compliant and efficient manner. Meanwhile, 
this external supervision can also reduce the profit-seeking 
behavior and moral risk of the managers of NECs, thus 
improving the corporate governance environment, which 
can ultimately facilitate the value growth of NECs. Based 
on the above analysis, we propose the following hypothesis:

Hypothesis 1: GC can significantly promote NECs’ value.

Empirical methodology and data

Regression modeling

To test the impact of GC on the value of NECs, the following 
ordinary least squares (OLS) linear regression model was set3:

In Eq. (1), the dependent variable FVit is the market value 
of firm i in year t; the primary independent variable GCit rep-
resents the GC scale of the province where firm i is located 
in year t; CVs are the control variables; and αj represents 
the coefficients of the control variable groups (CVs), which 

(1)
FVit=consit

+ �1 × GCit + �j × CVs +
∑

Year +
∑

Industry + �it

3 We choose to use the OLS regression method based on the follow-
ing two considerations: first, referring to the previous studies on firm 
value, e.g., Desai and Dharmapala (2009), Tambe (2014), Servaes 
and Tamayo (2013), and Li et al. (2018a, 2018b), we find that OLS 
regression method is widely used to analyze the influencing factors of 
enterprise value, which provides important clues and reference basis 
for our choice of OLS method; second, dependent variables (FV), 
core explanatory variables (GC), and control variable (CVs) of this 
study are all continuous variables, which makes classical OLS esti-
mation method in linear regression models may be more appropriate 
than the truncated tail regression with a right-skewed data structure 
(e.g., Tobit model) and logit regression with dummy variables (e.g., 
Probit model).
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reflect the effect of each control variable on the value of 
NECs. _consit and εit represent the constant and the residu-
als, respectively. Additionally, year fixed effect (Year) and 
industry fixed effect (Industry) are also controlled. α1 denotes 
the coefficient on GCit. If α1 is positive and significant, it sug-
gests that GC can effectively improve NECs’ value.

Variable definition

Dependent variables

Consistent with prior literature, we use Tobin Q, which is 
calculated as the stock market capitalization plus book value 
of liabilities as a ratio of total assets, as a proxy for firm 
value (FV). Tobin Q reflects external stakeholders’ evalua-
tion on corporate operation and management activity and has 
been widely used in empirical research related to firm value 
(MacKay and Moeller 2007; Nekhili et al. 2017; Aboud and 
Diab 2018; Gerged et al. 2021).

Main independent variables

GCit
4 is the primary explanatory variable of our study, which 

is calculated as Eq. (2):

Here, GC0t is the basic indicator of the measurement of 
GC and gauged using the “loan balance of project and service 
of energy conservation and environmental protection” data 
disclosed by the former China Banking Regulatory Commis-
sion (CBRC).5 FIit refers to the number of financial institu-
tion branches in province i in year t, and FIt refers to the total 
number of financial institution branches in China in year t.

(2)GCit = Ln

(

GC0t ×
FIit

FIt

)

Control variables

To further improve the regression accuracy and minimize the 
endogenous bias caused by missing variables, we introduce 
the following control variables: firm size (Size) is measured 
using the natural logarithm of total assets; leverage ratio 
(Lev) represents the ratio of total liabilities to total assets; 
return on assets (ROA) is calculated as net profits divided 
by total assets; intuitional shareholding (Ins_hold) indicates 
the proportion of institutional shareholding; independent 
director ratio (Independent) denotes the ratio of number of 
independent directors to total number of directors; based 
on Amihud (2002), stock liquidity (Fluidity) is calculated 
as Eq. (3):

Here, ritd is the returns of stock i on day d of year t, Vitd 
represents the trading volume of RMB (in millions) of stock 
i on day d of year t, and Dit is the number of trading days of 
stock i in year t; operating cost ratio (Cost) is computed as 
the ratio of operating costs to revenue from operating activi-
ties; level of economic development (GDP) is defined as the 
logarithm of GDP per person. In addition, time fixed effect 
(Year) and industry fixed effect (Industry) are also added to 
our baseline model. The descriptive statistics of the main 
variables are shown in Table 1.

Data source

We used the NECs listed on the Shanghai and Shenzhen 
Stock Exchanges in China from 2007 to 2018 as a research 
sample. The sample period of 2007–2018 was selected to 
cover the longest available time period due to data avail-
ability. In 2007, the CBRC issued the “Opinions on Imple-
menting Environmental Protection Policies and Regulations 
to Prevent Credit Risks,” and in the same year, commer-
cial banks began to disclose GC-related data in their Social 
Responsibility Reports such as loan balance of project and 
service of energy conservation and environmental protec-
tion. Hence, we chose 2007 as the starting point of the 
period. The reason for setting 2018 as the cut-off point is 
that the data on GC of major banking institutions in the 
China Stock Market & Accounting Research (CSMAR) 
database ends in June 2019; annual GC data for 2019 has 
not yet been disclosed. Thus, we finally set the study period 
as 2007–2018.

(3)Fluidityit =
1

Dit

Dit∑

d=1

(||ritd||
Vitd

)

4 The distribution of GC funds to provinces is executed by finan-
cial institutions, but the number of financial institutions in different 
regions of China varies greatly. For example, among the 31 provinces 
and municipalities in China, Tibet had only 723 financial institution 
branches as of 2019, whereas Guangdong Province, the province 
with the largest number of financial institution branches, has 16,959. 
It is generally believed that GC resources obtained by NECs located 
in areas with more financial institution branches tend to have more 
abundant GC financing than firms in other areas.
5 The former China Banking Regulatory Commission (CBRC) has 
been renamed as China Banking and Insurance Regulatory Commis-
sion in 2018. In addition, the “Report on Corporate Social Responsi-
bility of the Banking Industry in China” began disclosing GC data in 
2013. Before 2013, only data on the national “loan balance of energy 
conservation and environmental protection project and service” can 
be obtained, which accounts for an important part of the GC balance 

(in recent years, the proportion of loan balance of energy conserva-
tion and environmental protection project and service in GC has been 
consistently maintained at about 70%), which can reasonably reflect 
the GC development situation.

Footnote 5 (continued)

18707Environmental Science and Pollution Research  (2022) 29:18702–18720

1 3



Companies whose operating activities or products involve 
new energy vehicles, wind energy, solar energy, biomass 
energy, geothermal energy, lithium power, and other new 
energy-related fields are defined as NECs. A total of 175 
NECs were finally selected by examining their annual 
reports. These 175 NECs are considered highly representa-
tive because their operation is stable and their growth speed 
and changes in profitability are primarily synchronized with 
the overall new energy industry. Additionally, the informa-
tion and data disclosed by listed NECs are more accurate and 
complete and also easier to obtain. The data we used was 
acquired from the CSMAR database, Wind database, and 
the website of the National Bureau of Statistics of China. To 
ensure the reliability of the empirical test, special treatment 
(ST)6 firms and delisted firms or with initial public offerings 
from 2007 to 2018 are excluded from the sample. Variables 
are winsorized at the top and bottom 1% levels to eliminate 
the impact of extreme values.

Correlation coefficient matrix

The correlation coefficient matrix of the main variables is 
reported in Table 2. The correlation coefficient between GC 
and FV is 0.021, which suggests that GC is positively asso-
ciated with NECs’ value. Meanwhile, the absolute values 
of the correlation coefficients range from 0.001 to 0.456, 
implying that there is no serious multicollinearity between 
the variables in the regression model.

Empirical results and analysis

Preliminary test results

Baseline results

Table 3 reports the baseline regression results. Column (1) 
of Table 3 reports the estimation results of Eq. (1) with-
out control variables. Column (2) of Table 3 exhibits the 
regression results of Eq. (1) with all control variables added. 
The coefficients of GC in both columns are positive at a 

Table 1  Descriptive statistics of main variables

Variable Symbol Abbreviations Mean P50 Sd Min Max N

Dependent variable Firm value FV 1.703 1.310 1.377 0.194 9.343 1423
Explanatory variable Scale of green credit GC 7.149 7.499 1.161 2.840 8.679 1423
Control variables Firm size Size 22.354 22.182 1.269 19.874 26.054 1423

Leverage ratio Lev 0.477 0.494 0.181 0.052 0.859 1423
Return on assets ROA 0.050 0.046 0.049 -0.137 0.235 1423
Institutional investor shareholding Ins_hold 0.327 0.308 0.239 0.000 0.864 1423
Independent director ratio Independent 0.366 0.333 0.048 0.308 0.571 1423
Stock liquidity Fluidity 0.060 0.036 0.074 0.003 0.466 1423
Operating cost ratio Cost 0.774 0.789 0.097 0.346 0.984 1423
Economic development level GDP 10.952 11.044 0.496 9.244 11.851 1423

Table 2  Correlation coefficient matrix

Variable FV GC Size Lev ROA Ins_hold Independent Fluidity Cost GDP

FV 1
GC 0.021 1
Size  − 0.193  − 0.013 1
Lev  − 0.456  − 0.104 0.232 1
ROA 0.199  − 0.106 0.070  − 0.238 1
Ins_hold  − 0.066 0.014 0.268 0.164 0.131 1
Independent 0.039 0.095 0.070  − 0.100  − 0.051  − 0.021 1
Fluidity 0.110  − 0.081  − 0.088  − 0.079  − 0.036  − 0.127 0.001 1
Cost  − 0.305  − 0.190 0.066 0.301  − 0.361 0.052  − 0.038  − 0.012 1
GDP  − 0.023 0.442 0.171  − 0.065  − 0.109 0.098 0.045  − 0.106  − 0.106 1

6 ST stands for special treatment and refers to listed companies that 
have had two consecutive years of negative net profits.
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1% significance level (β = 0.403 and 0.121, respectively), 
suggesting that GC has a significant and positive impact on 
the improvement of NECs’ value, which validates the above 
hypothesis 1.

There are two possible explanations for the above results. 
First, GC cannot only increase the availability of external 
financing for NECs but also reduce their financing cost 
because of low-interest GC capital which can provide fund-
ing support for NECs’ value growth. Lyon and Maxwell 
(2011) argue that if a company lacks socially responsible 
behavior, it is likely to be targeted by regulators and envi-
ronmentalists, which may exert a negative impact on firm 
image, reducing their access to environmental subsidy 
granted by government and capital provided by environmen-
tal participants in the capital market. In contrast, since GC 
aims at providing loans to environmentally friendly compa-
nies (Chen et al. 2019), the acquisition of GC can deliver a 
positive signal about corporate social responsibility. Thus, 
it is likely that government subsidies and environmental 
investments gained by NECs would increase, which can 

reduce NECs’ financing constraints, thereby driving their 
value growth.

Second, in recent years, the Chinese government has 
incorporated “green development” into its national devel-
opment strategy, and NECs, as one of the major entities 
implementing this strategy, receive lots of attention from 
market investors and regulators. This attention would be 
further strengthened after obtaining GC funds, which can 
create adequate external market supervision, reducing the 
information asymmetry between enterprises and investors 
(Li et al. 2021). The mitigated information asymmetry can 
improve the corporate governance environment (Cornett 
et al. 2007), mitigating the adverse selection concern and 
reduce the moral hazard arisen from agency conflict (Smith 
and Warner 1979), which would ultimately enhance the firm 
value of NECs.

Dynamic effects

The baseline regression results demonstrate the positive 
impact of GC on enhancing NECs’ value, but it is unclear 
whether the impact we observe endures over a long period 
of time.

To test the dynamic effect of GC on NECs’ corporate 
value, we investigate the nexus between current year GC 
with the preceding 1-period dependent variable (F. FV), 
2-period dependent variable (F2. FV), 3-period dependent 
variable (F3. FV), and 4-period dependent variable (F4. FV), 
respectively. The empirical results are shown in Table 4. 
The coefficients of GC in columns (1) to (4) are all positive 
at the 1% significance level (β = 0.048, 0.053, 0.055, and 
0.216, respectively), indicating that GC has a significant and 
positive effect on NECs’ value during all four periods. This 
indicates that, by issuing GC, banks cannot only provide 
financial support for NECs’ short-term development but also 
help NECs increase their long-term firm value.

External supervision and internal incentives are two 
important reasons for GC’s long-term positive impact 
on NECs’ value. First, bank credit is the main source for 
enterprises to obtain external financing in China’s bank-
led indirect financing system. However, due to the scar-
city of credit resources, banks often strictly review and 
scrutinize companies’ financial and non-financial positions 
before providing funds to the company, thereby forming 
effective external supervision of NECs. This continuous 
external supervision will not only contribute to the accu-
mulation of credit data of NECs by banks but also reduce 
the information asymmetry between banks and NECs. As 
a result, stable GC business transactions can be formed 
between banks and NECs, which is favorable for increasing 
the availability of financing for NECs and reducing their 
financing cost, providing financial impetus for the value 
growth of NECs. Second, to obtain low-cost GC funds and 

Table 3  Effect of GC on NECs’ value: baseline regression

The model is estimated using ordinary least squares (OLS). Robust 
standard errors are presented in parentheses. *, **, and *** denote 
significance at the 10%, 5%, and 1% levels, respectively. Year FE and 
Industry FE represent year fixed effects and industry fixed effects, 
respectively

Variable (1) (2)

GC 0.403*** 0.121***

(0.054) (0.042)
Size  − 0.483***

(0.037)
Lev  − 1.257***

(0.191)
ROA 3.072***

(0.811)
Ins_hold 0.542***

(0.114)
Independent 1.122**

(0.565)
Fluidity  − 2.203***

(0.775)
Cost  − 2.623***

(0.414)
GDP 0.165**

(0.068)
Year FE Yes Yes
Industry FE Yes Yes
_cons 0.233 13.374***

(0.455) (0.998)
N 1423 1423
adj. R2 0.299 0.570
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prevent them from being excluded from the banks’ loan list, 
NECs have strong internal incentives to invest GC funds 
into green practices and take an array of measures to ensure 
the implementation effectiveness of their green practices, 
which is beneficial to the enhancement of NECs’ value.

To ensure the robustness of the dynamic effects results 
and for further comprehension of the impact of GC on 
NECs’ value, we also added GC time lags to the regression 
models: 1 year (L1. GC), 2 years (L2. GC), 3 years (L3. 
GC), and 4 years (L4. GC). The results in columns (5) to (8) 
show that the regression coefficients of these four lagged 
GC are all significantly positive at the 1% level, confirming 

the above conclusion about the positive impact of GC on the 
firm value of NECs.

Robustness tests

To verify the robustness of the conclusions of the baseline 
regression results, the following tests are conducted.

Alternative measures of GC

Variable measurement bias may interfere with our findings. 
The explanatory variable of this study, firm value (FV), is 

Table 4  Effect of GC on NECs’ firm value: dynamic effects

The model is estimated using ordinary least squares (OLS). Robust standard errors are presented in parentheses. *, **, and *** denote signifi-
cance at the 10%, 5%, and 1% levels, respectively. Year FE and Industry FE represent year fixed effects and industry fixed effects, respectively

Variable (1) (2) (3) (4) (5) (6) (7) (8)
F1. FV F2. FV F3. FV F4. FV FV FV FV FV

GC 0.164*** 0.172*** 0.217*** 0.216***

(0.048) (0.053) (0.055) (0.061)
L1. GC 0.141***

(0.043)
L2. GC 0.123***

(0.046)
L3. GC 0.153***

(0.048)
L4. GC 0.136***

(0.050)
Size  − 0.428***  − 0.444***  − 0.444***  − 0.399***  − 0.478***  − 0.512***  − 0.492***  − 0.508***

(0.042) (0.048) (0.053) (0.054) (0.040) (0.044) (0.047) (0.051)
Lev  − 1.133***  − 1.179***  − 1.259***  − 1.156***  − 1.217***  − 1.263***  − 1.390***  − 0.967***

(0.221) (0.247) (0.271) (0.285) (0.215) (0.253) (0.291) (0.329)
ROA 1.704* 1.470* 0.915 0.391 1.689** 1.494* 1.231 1.448

(0.898) (0.840) (0.924) (0.968) (0.769) (0.862) (0.977) (0.886)
Ins_hold 0.549*** 0.550*** 0.474*** 0.543*** 0.656*** 0.741*** 0.648*** 0.680***

(0.124) (0.140) (0.162) (0.192) (0.116) (0.132) (0.143) (0.158)
Independent 0.992* 0.911 0.668 0.619 0.987* 1.067* 1.006 0.777

(0.583) (0.653) (0.722) (0.918) (0.539) (0.578) (0.637) (0.695)
Fluidity  − 0.785  − 0.084  − 0.488  − 0.066  − 3.316***  − 3.586***  − 3.083***  − 3.754***

(0.680) (0.629) (0.433) (0.555) (0.540) (0.797) (0.818) (1.050)
Cost  − 2.553***  − 1.554***  − 0.824  − 0.793  − 3.041***  − 2.836***  − 2.400***  − 2.236***

(0.491) (0.495) (0.517) (0.600) (0.457) (0.525) (0.575) (0.579)
GDP 0.231*** 0.246*** 0.242*** 0.290*** 0.210*** 0.198** 0.196** 0.204**

(0.071) (0.083) (0.087) (0.093) (0.070) (0.080) (0.088) (0.087)
Year FE Yes Yes Yes Yes Yes Yes Yes Yes
Industry FE Yes Yes Yes Yes Yes Yes Yes Yes
_cons 9.377*** 9.701*** 9.375*** 7.099*** 11.810*** 12.805*** 13.107*** 11.831***

(1.095) (1.190) (1.183) (1.292) (1.043) (1.177) (1.418) (1.353)
N 1212 1060 917 777 1212 1060 917 777
adj. R2 0.538 0.505 0.503 0.495 0.586 0.580 0.574 0.580
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measured by the Tobin Q indicator, which has been widely 
recognized and used by researchers (e.g., Desai and Dhar-
mapala 2009; Servaes and Tamayo 2013; Li et al. 2018a, 
2018b); we therefore focus on the alternative measures of 
green credit (GC). First, based on Wen et al. (2021), we 
use the ratio of “the sum of borrowings of environmen-
tal enterprises of province i in year to the sum of borrow-
ings of enterprises of all industries in province i in year t” 
as a proxy for GC (GC2); second, green finance index is 
used as the alternative measure of GC.7 Following Zhou 
et al. (2020), global principal component analysis (GPCA) 
method is employed to measure the development of green 
finance (GC3), six indicators regarding green credit (total 
liabilities of listed companies in environmental protec-
tion industry), green securities (total stock market value 
of listed companies in environmental protection industry), 
green investment (total energy and environmental protec-
tion expenditures, total investment in pollution control, total 
equity investment of listed companies in environmental 
protection industry), and carbon finance (transaction vol-
ume of carbon finance) are selected to measure the green 
finance development level in various regions of China. The 
estimation results are reported in Table 5; the regression 
coefficients of GC2 and GC3 are significantly positive at 
significance level of 5%, suggesting GC has a significant 
positive impact on NECs’ value, which is in line with our 
main findings.

The replacement of fixed effect

To further mitigate the interference of provincial factors on 
the robustness of our results, we further control the province 
fixed effects in addition to year and industry fixed effects, 
and the results are shown in column (1) of Table 6. Addition-
ally, since the industry in which a firm is located may also 
change over time, we also substitute year fixed effects (Year 
FE) and industry fixed effects (Industry FE) with industry-
by-year fixed effects (Year × Industry FE), the results are 
shown in column (2) of Table 6. The coefficients of GC on 
NECs’ value remain positive and significant, indicating that 

GC significantly promotes NECs’ value, further confirming 
the baseline results.

The exclusion of abnormal samples

The international financial crisis in 2007–2008 and the 
“stock market crash” that occurred in the Chinese capital 
market in 2015 not only had a significant impact on the 
capital market but also posed great challenges to the busi-
ness environment of many listed companies, which may 
affect the enhancement of the NECs’ value. To exclude 
the sample from these special periods, we remove the data 
from the three years of 2007, 2008, and 2015; the results 
are shown in column (1) of Table 7. In addition, the four 
municipalities in China (Beijing, Shanghai, Tianjin, and 
Chongqing) and the major provincial capitals have greater 
economic and political specificities than other cities, and 
there may be significant differences in the number of GC 

Table 5  Robustness test I: alternative measures of GC

The model is estimated using ordinary least squares (OLS). Robust 
standard errors are presented in parentheses. *, **, and *** denote 
significance at the 10%, 5%, and 1% levels, respectively. Year FE and 
Industry FE represent year fixed effects and industry fixed effects, 
respectively

Variable (1) (2)

GC2 0.939**

(0.474)
GC3 0.206***

(0.039)
Size  − 0.516***  − 0.516***

(0.040) (0.042)
Lev  − 1.321***  − 1.340***

(0.189) (0.232)
ROA 3.684*** 3.272***

(0.813) (0.993)
Ins_hold 0.530*** 0.521***

(0.125) (0.126)
Independent 0.958* 0.749

(0.561) (0.620)
Fluidity  − 2.258***  − 2.590**

(0.761) (1.214)
Cost  − 2.149***  − 2.557***

(0.419) (0.519)
GDP 0.114*  − 0.079

(0.066) (0.102)
Year FE Yes Yes
Industry FE Yes Yes
_cons 14.856*** 16.449***

(1.008) (1.330)
N 1423 1045
adj. R2 0.543 0.580

7 China’s financial system is mainly dominated by indirect financ-
ing. Direct financing accounts for a relatively small share. In 2020, 
the share of direct financing such as stocks and bonds in the scale of 
social financing in China’s capital market was only 12.59%, imply-
ing that the indirect financing system dominated by commercial 
banks has become the primary way of corporate external financing. 
This not only determines that the GC business conducted by com-
mercial banks dominates the overall green financial system (which 
is an important reason why this study uses GC as the main explana-
tory variable), but also reflects the close correlation between GC and 
green finance. Therefore, we use the green finance indicator (GC3) as 
a proxy for GC in robustness tests.
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funds and government subsidies. To avoid the possible 
interference of these factors on the value of NECs, we also 
exclude the sample of NECs in provincial capitals and 
municipalities, and the results are shown in column (2) of 
Table 7. It is found that the regression coefficients of GC 
on NECs’ value in columns (1) and (2) are still signifi-
cantly positive at the 1% level, which verifies the baseline 
regression findings.

The placebo test

Drawing on the approach used by Li et al. (2016), we use 
the placebo test to mitigate the concern of omitted vari-
ables. Specifically, the order of CVs is kept constant and GC 
is randomly disrupted to generate a set of random numbers 
(Random-GC), which is used as the proxy for GC; we then 

conduct the baseline regression and the results are shown in 
Table 8. If Random-GC still has a significant effect on the 
primary explanatory variable (FV), it implies that there may 
be a serious omitted variable problem. Conversely, if the effect 
of the random variable (Random-GC) on the explanatory vari-
able (FV) is not significant, it means that GC has an impact on 
the value of NECs. The coefficient of Random-GC in Table 8 
is − 0.001, which is close to 0 and does not pass the signifi-
cance test, indicating that the placebo effect does not exist, 
which suggests that the baseline regression results are robust.

Mediating effect analysis

The above findings demonstrate that GC can improve NECs’ 
short- and long-term value; however, the underlying mecha-
nisms of this impact are unclear. To reveal these mechanisms, 
this study draws on the method proposed by Baron and Kenny 
(1986) and sets up the following ordinary least squares (OLS) 
linear regression models:

Table 6  Robustness test II: the replacement of fixed effect

The model is estimated using ordinary least squares (OLS). Robust 
standard errors are presented in parentheses. *, **, and *** denote 
significance at the 10%, 5%, and 1% levels, respectively. Year FE, 
Industry FE, and Province FE represent year fixed effects, industry 
fixed effects, and province fixed effects, respectively

Variable (1) (2)

GC 0.107** 0.214**

(0.045) (0.104)
Size  − 0.479***  − 0.588***

(0.039) (0.044)
Lev  − 1.216***  − 0.929***

(0.213) (0.210)
ROA 3.379*** 3.799***

(0.859) (0.865)
Ins_hold 0.484*** 0.513***

(0.132) (0.129)
Independent 1.396** 1.204*

(0.634) (0.645)
Fluidity  − 2.369**  − 3.342***

(1.017) (0.708)
Cost  − 2.594***  − 2.325***

(0.472) (0.460)
GDP 0.183**  − 0.508*

(0.075) (0.260)
Year FE Yes No
Industry FE Yes No
Province FE Yes No
Year FE × Industry FE No Yes
_cons 13.473*** 21.113***

(1.033) (2.777)
N 1423 1423
adj. R2 0.557 0.501

Table 7  Robustness test III: the exclusion of abnormal samples

The model is estimated using ordinary least squares (OLS). Robust 
standard errors are presented in parentheses. *, **, and *** denote 
significance at the 10%, 5%, and 1% levels, respectively. Year FE and 
Industry FE represent year fixed effects and industry fixed effects, 
respectively

Variable (1) (2)

GC 0.121*** 0.450***

(0.042) (0.102)
Size  − 0.483***  − 0.480***

(0.037) (0.047)
Lev  − 1.257***  − 1.629***

(0.191) (0.266)
ROA 3.072*** 2.733***

(0.811) (0.995)
Ins_hold 0.542*** 0.682***

(0.114) (0.142)
Independent 1.122** 1.618**

(0.565) (0.733)
Fluidity  − 2.203***  − 2.560***

(0.775) (0.524)
Cost  − 2.623***  − 3.061***

(0.414) (0.533)
GDP 0.165**  − 0.247*

(0.068) (0.130)
Year FE Yes Yes
Industry FE Yes Yes
_cons 13.374*** 15.402***

(0.998) (1.582)
N 1423 872
adj. R2 0.570 0.600
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In Eq. (4) and (5), where FVit represents the dependable 
variable, GCit denotes the level of regional GC development, 
and Mediator indicates the mediating variable, definitions of 
the remaining variables are consistent with the above descrip-
tion in the model (1). Based on the hypothesis development 
and the analysis of baseline regression results, we chose two 
possible mediators to study: financing constraint (SA) and 
external market supervision (Ex_sup).

First, concerning the mediator of financing constraints, 
based on the method used by Hadlock and Pierce (2010), 
financing constraint is quantified using the SA index, which 
is calculated as Eq. (6):

(4)

Mediatorit= _consit + �1 + GCit + �j

× CVs +
∑

Year +
∑

Industry + �it

(5)

FVit= _consit + �1GCit + �2 ×Medaitorit

+ +�j × CVs +
∑

Year +
∑

Industry + �it

where LnSize is the natural logarithm of total assets and 
Age is the number of years since the company was established.

Second, following Chen et al. (2016), we use the natural 
logarithm of the number of following analysts to represent 
the degree of firms’ external market supervision (Ex_sup). 
The data on the number of tracing analysts is obtained from 
CSMAR database. In the capital market, analysts play an 
important role in monitoring and processing financial infor-
mation; the reports published by them can increase investors’ 
access to information for decision-making. The greater the 
number of analysts tracking, the greater the accessibility and 
transparency of the corporate information. Thus, a higher level 
of attention paid by analysts indicates stronger external market 
supervision.

Table 9 reports the mediating results of financing con-
straints and external market supervision. Column (1) and 
column (2) reveal the mediating effect of financing con-
straints on the nexus between GC and firm value of NECs. 
Column (1) of Table 9 shows the coefficient of GC on 
financing constraints (SA) as − 0.041 at the 1% signifi-
cance level; column (2) of Table 9 exhibits the coefficient 
of financing constraints (SA) on firm value as − 0.730 at the 
1% significance level. These results indicate that financ-
ing constraint negatively mediates the relationship between 
GC and corporate value of NECs, which means GC can 
reduce NECs’ value partly through reducing NECs’ finan-
cial constraint.

There are two possible explanations for the mediating 
role of financing constraint. First, the new energy indus-
try is capital-intensive, characterized by a large amount 
of investment in innovation, production, and operation 
activities. GC, as an important supplement to traditional 
financing sources, can provide additional capital for NECs’ 
value creation. Second, the new energy industry also fea-
tures strongly in intensive technological upgrading, which 
has considerable uncertainty and requires a large number 
of up-front R&D funds, making it difficult for new energy 
industries to obtain financing from the traditional financial 
sector. Loans and funds provided by GC can ease financing 
constraint, thereby providing assistance for NECs’ R&D 
activities and ultimately achieving the objective of value 
growth.

Columns (3) and (4) in Table 9 validate the mediating 
effect of external market supervision on the association 
between GC and NECs’ value. As mentioned above, the 
level of external market supervision is measured by the 
natural logarithm of the number of following analysts. The 
results in column (3) shows that there is a positive and sig-
nificant nexus between GC and external market supervision 

(6)
SA = abs − 0.737 × LnSize + 0.043 × (LnSize)2 − 0.04 × Age

Table 8  Robustness test IV: the placebo test

The model is estimated using ordinary least squares (OLS). Robust 
standard errors are presented in parentheses. **, and *** denote sig-
nificance at the 5%, and 1% levels, respectively. Year FE and Industry 
FE represent year fixed effects and industry fixed effects, respectively

Variable (1)

Random-GC  − 0.001
(0.023)

Size  − 0.492***

(0.037)
Lev  − 1.282***

(0.192)
ROA 3.177***

(0.810)
Ins_hold 0.519***

(0.115)
Independent 1.252**

(0.564)
Fluidity  − 2.265***

(0.771)
Cost  − 2.625***

(0.416)
GDP 0.167**

(0.069)
Year FE YES
Industry FE YES
_cons 14.197***

(0.977)
N 1423
adj. R2 0.568
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(Ex_sup) (β = 0.181, ρ = 1%), and the results in column 
(4) suggest that external market supervision (Ex_sup) and 
NECs’ value are positively and significantly correlated 
(β = 0.119, ρ = 1%). These estimation results suggest that 
external market supervision positively mediates the relation-
ship between GC and firm value of NECs. In other words, 
approving GC funds to NECs can strengthen external mar-
ket supervision (Ex_sup), which can lead to corporate value 
appreciation.

One of the possible reasons for the above results is that 
analysts collect and interpret information about corporate 
decisions, policies, and governance, which can help reduce 
information asymmetry between companies and inves-
tors (O’Brien and Bhushan 1990; Cheng et al. 2016). The 
strong external supervision formed by analysts’ continuous 

following can generate tremendous pressure on NECs 
because negative news about any violations of laws and 
regulations would severely negatively affect NECs’ image 
(Ball and Shivakumar 2008). Therefore, the increased exter-
nal supervision resulting from analysts can compel NECs to 
comply with regulations and operate efficiently, which helps 
drive their value growth.

Heterogeneity analysis

To further examine the impact of GC on NECs’ value, a 
heterogeneity analysis was conducted by clustering the sam-
ple on the basis of internal (property rights and life cycle) 
and external factors (implementation of GCGs policy and 
geographical location). The estimated results are shown in 
Table 10 and Table 11.8

Property rights

As indicated in panel A in Table  10, the sample is 
divided into state-owned enterprises (SOEs) and non-
state-owned enterprises (NSOEs). The coefficients of GC 
shown in columns (1) and (2) are significantly positive, 
indicating that GC has a positive impact on firm value 
of both SOEs and NSOEs. Compared with NSOEs, the 
positive relationship between GC and NECs’ value is 
more significant in SOEs (0.233 > 0.126), suggesting that 
GC has a more obvious value-enhancing effect on SOEs 
than NSOEs.

Table 9  Mediating effect of financing constraint and following ana-
lysts

The model is estimated using ordinary least squares (OLS). Robust 
standard errors are presented in parentheses. **, and *** denote sig-
nificance at the 5%, and 1% levels, respectively. Year FE and Industry 
FE represent year fixed effects and industry fixed effects, respectively

Variable (1) (2) (3) (4)
SA FV Ex_sup FV

GC  − 0.041*** 0.091** 0.181*** 0.099**

(0.011) (0.042) (0.038) (0.043)
SA  − 0.730***

(0.100)
Ex_sup 0.119***

(0.033)
Size  − 0.051***  − 0.520*** 0.503***  − 0.542***

(0.009) (0.037) (0.027) (0.041)
Lev 0.344***  − 1.006***  − 1.057***  − 1.132***

(0.039) (0.193) (0.169) (0.195)
ROA 0.102 3.146*** 3.586*** 2.647***

(0.129) (0.799) (0.593) (0.842)
Ins_hold 0.194*** 0.684*** 0.270*** 0.510***

(0.028) (0.113) (0.102) (0.112)
Independent  − 0.389*** 0.838  − 1.066** 1.248**

(0.135) (0.543) (0.478) (0.566)
Fluidity  − 0.680***  − 2.699***  − 2.236***  − 1.938**

(0.087) (0.758) (0.411) (0.777)
Cost 0.289***  − 2.412***  − 2.033***  − 2.382***

(0.075) (0.411) (0.313) (0.421)
GDP  − 0.097*** 0.094  − 0.055 0.172**

(0.017) (0.069) (0.061) (0.067)
Year FE Yes Yes Yes Yes
Industry FE Yes Yes Yes Yes
_cons 5.186*** 17.157***  − 6.659*** 14.164***

(0.294) (1.156) (0.925) (1.024)
N 1423 1423 1423 1423
adj. R2 0.331 0.582 0.520 0.575

8 The basis for the heterogeneity clustering is as follows: as far as the 
attributes of enterprises are concerned, given  the  widespread  pres-
ence  of  “credit discrimination” in banking institutions, SOEs are 
likely to have easier access to bank loans than NSOEs because SOEs 
possess lower default risk due to their government-related attribute. 
Additionally, because of the profit-driven nature of capital, banks and 
other financial institutions tend to allocate credit resources to com-
panies in growth stage due to their better development prospects and 
companies in mature stage as a result of their high repayment capa-
bilities. Meanwhile, those companies in the shakeout stage usually 
are deemed as having high financial risk and thereby have difficulty 
in obtaining bank loans. These conjectures are only on a theoretical 
level. Whether GC has different impacts on NECs’ value for NECs 
with different property rights and life cycles need to be verified 
through empirical evidence.
 Regarding the external environment of enterprises, the CBRC issued 
the “Green Credit Guidelines” in 2012, which detailed the standards 
and principles for banks carrying out GC. The implementation of 
this policy encouraged the concentration of bank credit resources to 
environmentally friendly enterprises (Xing et al. 2020), but whether 
it can strengthen the value-enhancement effect of GC on NECs is 
still unknown. Moreover, there is a serious spatial misallocation of 
credit resources in the developed eastern regions and the less-devel-
oped areas, including central and western regions; thus, it is valuable 
to examine whether the differences in geographic attributes produce 
significant differences in the relationship between “GC and NECs’ 
value.”.

18714 Environmental Science and Pollution Research  (2022) 29:18702–18720

1 3



A possible explanation is that SOEs undertake the 
political responsibility of developing new energy busi-
nesses to actively advocate the green development 
emphasized by the Chinese government; moreover, under 
the indirect financing system dominated by the Chinese 
banking sector, SOEs have implicit government assur-
ance, so they enjoy more abundant credit resources than 
NSOEs (Song et al. 2011). Given that GC has the char-
acteristic of low interest rate, driven by the profit-seek-
ing motive, SOEs would prefer to mobilize government 
resources to obtain more GC funds, which provides capi-
tal reserves for SOEs’ value-creation process. Compared 
with SOEs, NSOEs may take advantage of the concept 
of “new energy” to boost their stock prices. After GC is 
approved and obtained, they may bypass bank supervi-
sion and engage in other unrelated business activities 
because new energy-related operating activities usually 
require a substantial amount of initial investment, with 
a long capital recovery period and high levels of uncer-
tainty about the return. They may use the obtained GC 

to invest in financial assets because they are likely to 
yield higher returns in the short term. This may expose 
NECs to higher business risks because their management 
is unlikely to have enough expertise to invest in non-
core business projects. As a result, their market share 
and competitiveness may be reduced, making GC less 
effective in enhancing NSOEs’ firm value.

Life cycle

Panel B of Table 10 reports variant impacts of GC on NECs’ 
value during the growth, maturity, and shakeout period.9 

Table 10  Heterogeneity 
analysis I: considering NECs’ 
internal attributes

The model is estimated using ordinary least squares (OLS). Robust standard errors are presented in paren-
theses. *, **, and *** denote significance at the 10%, 5%, and 1% levels, respectively. Year FE and Indus-
try FE represent year fixed effects and industry fixed effects, respectively

Variable Panel A: property rights Panel B: life cycle

SOEs NSOEs Growth period Maturity period Shakeout period

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

GC 0.233*** 0.126** 0.140*** 0.185**  − 0.001
(0.070) (0.050) (0.052) (0.086) (0.192)

Size  − 0.348***  − 0.598***  − 0.369***  − 0.451***  − 0.885***

(0.065) (0.049) (0.042) (0.083) (0.128)
Lev  − 1.360***  − 1.108***  − 1.306***  − 0.952**  − 1.409**

(0.392) (0.221) (0.245) (0.376) (0.673)
ROA 4.339 2.634*** 1.923 4.641*** 3.650*

(2.845) (0.819) (1.203) (1.361) (2.146)
Ins_hold  − 0.031 0.649*** 0.092 0.377 1.720***

(0.176) (0.133) (0.124) (0.266) (0.317)
Independent  − 0.515 2.177*** 0.113 1.086 3.507*

(0.571) (0.700) (0.677) (1.034) (1.955)
Fluidity  − 2.798***  − 2.360***  − 2.925***  − 0.554  − 4.321***

(0.974) (0.883) (0.584) (2.030) (1.429)
Cost  − 1.523***  − 2.644***  − 2.766***  − 3.201***  − 1.631

(0.579) (0.479) (0.551) (0.701) (1.529)
GDP 0.531***  − 0.151  − 0.056 0.426*** 0.265

(0.101) (0.095) (0.086) (0.137) (0.291)
Year FE Yes Yes Yes Yes Yes
Industry FE Yes Yes Yes Yes Yes
_cons 5.265*** 18.410*** 13.479*** 9.766*** 19.253***

(0.968) (1.476) (1.333) (1.665) (4.593)
N 318 1105 759 433 224
adj. R2 0.623 0.570 0.585 0.591 0.543

9 Regarding the division of companies’ life cycle, drawing on the 
practice employed by Dickinson (2011), cash flow pattern is used to 
capture the cycle, considering the characteristics of listed companies 
in China. “Introduction stage” and “growth stage” are deemed as the 
“growth stage”; the definition of the maturity stage is the same as that 
of Dickinson (2011); the “shakeout stage” and “decline stage” are 
merged as the “shakeout period.” The whole life cycle is finally dis-
played as three stages of growth, mature, and shakeout periods.
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The results show that GC has a positive influence on NECs’ 
value during the growth and maturity stages (the regression 
coefficients of GC in column (3) and column (4) are 0.140 at 
a 1% significance level and 0.185 at a 5% significance level, 
respectively). However, the coefficient of GC in column (5) 
is not significant, indicating that the value-adding effect of 
GC is not obvious for NECs during the shakeout period. This 
shows that the economic benefits of GC vary greatly across 
different life cycle stages of NECs. Specifically, GC has 
the most obvious effect on the value growth of NECs in the 
mature period, followed by companies in the growth stage, 
and no significant influence on those in the shakeout period.

Berger and Udell (1998) suggest that firms adopt differ-
ent financing modes at various life cycle stages. Venture 
capital and debt financing are the main financing modes 
for firms at the growth stage. NECs, as technology-
intensive firms, have relatively small amounts of tangible 
assets, which means that NECs during the growth stage 

probably have severe financing constraints due to insuffi-
cient eligible collateral to pledge as security for bank loans 
and higher operational risks. As an important supplement 
to firms’ lending sources, GC can provide funds for inno-
vation activities and promote NECs’ value appreciation. 
When NECs enter the maturity stage, they usually have 
higher operational efficiency, improved corporate govern-
ance, effective internal control, and a thorough risk man-
agement system. Thus, GC capital can be utilized more 
efficiently and generate a higher return, enhancing NECs’ 
value. However, when NECs are in the shakeout period, 
product competitiveness, profit margins, and internal 
organizational flexibility are likely to diminish, leading 
to lower capital utilization efficiency. Even if GC funds 
are obtained, the return generated may not be as much as 
in the maturity period; consequently, the positive effect 
of GC on NECs’ value enhancement may be significantly 
reduced.

Table 11  Heterogeneity analysis 
II: considering NECs’ external 
environment

The model is estimated using ordinary least squares (OLS). Robust standard errors are presented in paren-
theses. *, **, and *** denote significance at the 10%, 5%, and 1% levels, respectively. Year FE and Indus-
try FE represent year fixed effects and industry fixed effects, respectively

Variable Panel A: time attributes Panel B: geographic attributes

Before the implementa-
tion of GCGs

After the implementa-
tion of GCGs

Eastern region Central and 
western 
regions

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

GC 0.013 0.181*** 0.189** 0.097
(0.073) (0.054) (0.091) (0.072)

Size  − 0.453***  − 0.482***  − 0.450***  − 0.446***

(0.053) (0.048) (0.041) (0.063)
Lev  − 1.157***  − 1.334***  − 1.541***  − 0.689*

(0.263) (0.276) (0.233) (0.373)
ROA 3.887** 2.979*** 3.949*** 2.576**

(1.606) (0.892) (0.962) (1.063)
Ins_hold 0.614*** 0.471*** 0.583*** 0.356

(0.206) (0.147) (0.135) (0.224)
Independent 1.273 1.141* 1.489** 1.545**

(1.035) (0.674) (0.723) (0.740)
Fluidity  − 2.830***  − 1.296  − 2.205**  − 1.280

(0.691) (1.421) (1.013) (0.880)
Cost  − 2.478***  − 2.746***  − 2.487***  − 2.795***

(0.760) (0.516) (0.487) (0.765)
GDP 0.227** 0.111 0.219 1.045***

(0.095) (0.095) (0.255) (0.244)
Year FE Yes Yes Yes Yes
Industry FE Yes Yes Yes Yes
_cons 12.379*** 11.902*** 10.911*** 4.154

(1.513) (1.363) (3.153) (2.659)
N 526 897 1017 406
adj. R2 0.570 0.567 0.589 0.577
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The implementation of GCGs policy

In addition to a company’s internal attributes, the exter-
nal environment may also have a significant impact on the 
relationship between GC and NECs’ value; therefore, we 
included external factors (implementation of GCGs policy 
and geographical locations) into our heterogeneity analysis. 
In 2012, CBRC issued the GCGs policy, indicating that the 
banking sector needs to implement it from a strategic and 
operational level. Therefore, we divided the sample into 
two periods, before and after 2012, to examine whether the 
implementation of GCGs policy would influence the correla-
tion of GC and NECs’ value.

Panel A of Table 11 presents the heterogeneity study 
regarding the implementation of GCGs policy. Column (1) 
(Year < 2012) of Table 11 shows the estimated coefficient of 
GC as 0.013 before the implementation of GCGs policy, fail-
ing the significance test; however, the coefficient of GC in 
column (2) (Year ≥ 2012) is significantly positive (β = 0.181) 
at the 1% significance level, indicating that implementation 
of GCGs policy is conductive to the improvement of NECs’ 
value.

There may be two reasons for the above results. First, 
from the regulatory perspective, the implementation of GCG 
policy results in more low-interest GC capital is allocated to 
NECs. NECs can deploy this capital in green R&D activi-
ties, thus improving their green technology innovation capa-
bility, which is important for improving their competitive 
advantage in the market and thus achieving value growth. 
Second, from the perspective of NECs, after the implemen-
tation of GCGs policy, whether companies can obtain GC 
finance may depend on whether they comply with environ-
mental protection laws and regulations and engage in operat-
ing activities related to environmental protection (Sun et al. 
2019). This can provide motivation for them to upgrade their 
production lines, invest in green innovation, and improve 
their environmental performance, increasing competitive-
ness and exerting a positive impact on NECs’ value.

Regional differences

Panel B of Table 11 presents the heterogeneity study regard-
ing different regions.10 Based on the estimation results of 
column (3) in Table 11, the regression coefficient of GC 
on NECs’ value is 0.189 at the 5% significance level in the 
developed eastern regions. In contrast, in the less developed 

central and western regions (column (4) in Table 11), the 
impact of GC on NECs’ corporate value is not significant.

A possible explanation is that the level of economic and 
financial development in the eastern region is much higher 
than that in the central and western regions (Zhang et al. 
2021). China’s eastern region has an open and favorable 
investment environment and significant human capital; 
additionally, technology and other production factors are 
also concentrated in the eastern region. Thus, NECs in the 
eastern region have more comparative advantages and higher 
labor productivity. After acquiring GC from banks, NECs 
in these areas can introduce more advanced management 
practices and systems, which can improve the efficiency of 
GC capital utilization and reduce firms’ redundancy costs, 
contributing to corporate value growth. Meanwhile, NECs 
of eastern regions are able to employ abundant human capi-
tal and technology accumulation to conduct production and 
investment activities. Hence, the economic performance of 
NECs in the eastern region is likely to be better than those in 
the central and western regions. (In fact, among 175 NECs in 
our sample, 129 of them are located in 11 eastern provinces, 
while only 46 NECs are located in 20 central and western 
provinces. This reflects a possible preference among NECs 
for the eastern region as their corporate site due to various 
regional advantages, including human capital, technology 
and finance sources, etc.).

Conclusions, policy implications, and future 
research directions

Currently, GC has become an important means for NECs 
to obtain economic benefits. Previous literature related to 
the impact of GC on NECs’ economic performance mainly 
focuses on their investment decisions, financing behaviors, 
and innovation activities. However, in reality, behind these 
economic behaviors, the long-term objective of NECs is 
to increase firm value, and that has not been sufficiently 
scrutinized. Therefore, this study examined whether GC 
can promote NECs’ value using data on 175 new energy 
listed companies from 2007 to 2018 as a research sample. 
The empirical results show the following conclusions: 
first, GC can significantly improve NECs’ value, and the 
effect of this improvement can last for a long period of 
time. These empirical results remain robust to using alter-
native measures, replacement of fixed effects, exclusion 
of abnormal samples, and placebo test, supporting the 
aforementioned hypothesis 1. Second, the positive impact 
of GC on the corporate value of NECs is negatively medi-
ated by internal financing constraints and positively by 
external market supervision. Third, a heterogeneity study 
from the perspective of internal factors manifests that GC 

10 Drawing on the National Bureau of Statistics of China, Hebei, Bei-
jing, Tianjin, Shandong, Jiangsu, Shanghai, Zhejiang, Fujian, Guang-
dong, and Hainan are classified as the eastern region. The remaining 
provinces of mainland China are categorized as the central and west-
ern regions.
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has a more positive impact on NECs’ value for SOEs and 
NECs in the growth and maturity stages. Fourth, from the 
point of view of NECs’ external environment, the results 
of the heterogeneity analysis suggest that GC exerts a more 
positive influence on NECs’ value after the implementa-
tion of GCGs policy and has a more obvious effect on the 
value enhancement of NECs located in the eastern region.

Based on the above conclusions, the following policy 
implications are put forth to ensure reasonable allocation 
of GC funds and promote NECs value growth:

First, long-term incentives should be established to 
advance GC development. The new energy industry is 
capital- and technology-intensive and with high innovation 
risk, which may reduce the commercial banks’ motiva-
tion to issue GC to NECs, thus hindering the sustainable 
improvement of NECs’ value. Therefore, it is necessary 
to set long-term incentives from the following aspects: 
first, the central bank can incentivize commercial banks 
to actively engage in GC services by developing meas-
ures, such as reducing reserve ratio and granting inter-
est discounts for GC. Second, local governments should 
make full use of their administrative functions to build a 
big data platform that collects NECs’ credit data from the 
environmental protection authorities, the industrial and 
commercial sectors, and the taxation authority to reduce 
the information asymmetry between commercial banks 
and NECs, thereby facilitating NECs with good credit to 
obtain GC funds. Third, commercial banks should increase 
the application of digital technologies, such as artificial 
intelligence and big data in GC approval, fund allocation 
management and post-credit management, reducing the 
cost of GC service and improving the risk control of GC 
products; besides, differentiated GC products based on dif-
ferent types of NECs can be designed to provide diversi-
fied financing modes for NECs’ value growth. Fourth, as 
far as regulators are concerned, policies aimed to improve 
the quality of NECs’ environmental information disclosure 
should also be developed to enhance information transpar-
ency, thereby strengthening external market supervision 
and promoting NECs’ value growth.

Second, the government should increase fiscal invest-
ment in the new energy industry. The development of the 
new energy industry not only requires GC from the financial 
market but also needs fiscal funds to be distributed from 
the government to form a continuous economic stimulus. 
Firstly, special assistance funds for the new energy indus-
try can be created to provide financial support for the new 
energy industry’s value-creation activities. Secondly, gov-
ernment departments should actively establish and improve 
the development of regional new energy industry incubators, 
which focus on cultivating the head enterprises in the new 
energy field; this would guide the head NECs to undertake 
supply-chain finance business and enhance the new energy 

industrial chain’s financing security, thereby providing a 
superior financing environment for NECs’ value growth. 
Thirdly, the government should guide financial institutions, 
social capital, and international capital to cooperate with 
NECs to optimize investment portfolios in the new energy 
field, continuously improving the supportive policies for 
investment and financing of NECs, and ultimately boosting 
their sustainable development.

Third, the development of GC policies should fully con-
sider regional differences and corporate characteristics, 
avoiding a “one-size-fits-all” pattern of GC allocation. For 
starters, the government should formulate differentiated GC 
policies based on regional divergence. Central and western 
regions of China have relatively scarce traditional financial 
resources; NECs in these regions may suffer from more 
severe financing constraints, impeding their value enhance-
ment. As an important supplement to traditional financial 
sources, government departments should moderately loosen 
the GC threshold for NECs located in central and western 
regions to support their sustainable value growth. Further-
more, GC allocation should also consider NECs’ life cycle 
stages. For NECs in the growth and maturity stages, credit 
limits for their green projects should be increased; measures 
should be taken to guide commercial banks to provide long-
term financial support to promote their value growth.

Our study also has some limitations and offers new 
avenues for future research. This study mainly focuses on 
listed Chinese NECs, which does not cover unlisted Chi-
nese NECs or those in other countries. Future studies can 
expand the sample to obtain more generalized findings. 
Furthermore, the heterogeneous analysis in this research 
is not sufficiently comprehensive. Although we included 
corporate property rights, business life cycle, the imple-
mentation of GCGs policy, and firms’ geographical loca-
tion in the analysis, other factors, such as firm size, corpo-
rate profitability, and local government behavior, can also 
affect GC’s impact on NECs’ value. Thus, future studies 
can focus on additional factors to gain a deeper understand-
ing of the impact of GC. Lastly, due to the limitation of 
data and the dominance of China’s indirect financing sys-
tem, we only examined the role of GC in promoting NECs’ 
value; therefore, it is recommended to consider other types 
of green finance, such as green funds and green bonds, for 
a more comprehensive understanding of the influence of 
green finance on NECs’ value.
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