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Abstract 14 
Green credit policy (GCP) has dual attributes of being both an “environmental regulation” and a “financial 15 
instrument”. Understanding its role in facilitating industrial green transformation is crucial. However, there 16 
is limited theoretical and empirical evidence on the impact of GCP on industrial green transformation. This 17 
research fills this gap by comprehensively investigating the impacts and mechanisms of GCP on industrial 18 
energy intensity (EI) in China, considering both incentive and constraint effects. Theoretically, the 19 
environmental and financial impacts of GCP are merged into a unified analytical framework based on a 20 
heterogeneous enterprise model. Empirically, diverse empirical methods, including difference-in-21 
differences (DID), difference-in-differences-in-differences (DDD), and mediating effects models, are 22 
adopted to examine whether GCP can promote green innovation or accelerate financial constraints. Results 23 
show that (1) GCP significantly decreases EI, especially among high-polluting enterprises (HPEs). The 24 
impact of incentives is far greater than that of constraints. (2) Regarding the incentive effect, energy 25 
substitution and innovation offsets exert a primary influence on reducing EI. (3) The constraint effect is 26 
caused primarily by rising financing and pollution abatement costs. (4) Heterogeneity analysis shows that 27 
the inhibiting effect of GCP is more significant in non-state-owned enterprises, underdeveloped financial 28 
markets, and abundant energy endowments. This paper provides a theoretical framework and new 29 
empirical evidence for policymakers to design effective policies for promoting industrial green 30 
transformation. 31 
Keywords Green credit policy · Energy intensity · Heterogeneous enterprise model ·	Incentive effect ·	32 
Constraint effect 33 

Introduction 34 

Emerging nations are keen to finding solutions to the major issue of the deterioration of the natural 35 
environment brought about by industrial economic expansion, necessitating the call for green 36 
industrialization. For instance, industrialization and urbanization have led to an exponentially rising level 37 
of economic development in China. However, with credence to the environmental Kuznet curve, it is 38 
ascertained that rapid economic expansion may lead to severe ecological deterioration (Zhang et al. 2021a). 39 
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Improving energy efficiency is generally considered a critical way to improve ecological environment 40 
while stimulating economic growth (Zeinab et al. 2022). However, according to the International Energy 41 
Agency (IEA), global energy efficiency investment in 2022 was only $560 billion, which is far less than 42 
$1 trillion in the demands for energy efficiency investment (IEA 2022). China's government has launched 43 
a series of energy and environmental policies designed to improve energy efficiency and achieve the carbon 44 
neutrality target, which require significant financial support (Zhu et al. 2021). Yet, the ecological bane 45 
remains continuous and industrial emissions continue to soar exponentially (Duceux, 2023). This situation 46 
has led to the need to assess prior conventional financial models, leading to the revolutionary concept of 47 
green finance.  48 

In contrast to conventional Chinese finance prioritizing economic growth, China's green finance 49 
focuses more on sustainable development by encouraging green innovation among Chinese businesses (Lu 50 
et al. 2022). As embodied by green credit, green financing is more successful than traditional policies in 51 
terms of enhancing environmental quality. The rationale behind this finding is that green financing 52 
initiatives strive to lower the intensity of carbon emissions via economic restructuring and advancements 53 
in pollution control technology rather than by directly limiting the overall amount of carbon emissions 54 
(Jiakui et al. 2023; Li et al. 2022). The National Climate Strategy Centre predicts that China's demand for 55 
additional climate investments will reach 139 trillion yuan by 2060. Among these investments, the 56 
development of green finance is crucial for raising funds that might be used to assist environmental 57 
improvement and address climate change (Pan et al. 2021). 58 

The Chinese government has implemented many green financing measures since 2007, including 59 
green bonds (He et al. 2023) and green credits (Guo et al. 2023), to supplement existing environmental 60 
regulations. As a vital component of green finance, green credit financing accounts for more than 90% of 61 
total green financing and plays a major role in realizing the carbon neutrality target. GCP refers to the 62 
differentiated credit policies adopted by banks and other financial institutions for various businesses. These 63 
policies provide financial support for non-high-polluting enterprises (non-HPEs) with favourable loan 64 
interest rates while placing financial restrictions on HPEs with punitively high loan interest rates. Through 65 
green credit allocation, GCP can direct funds from HPEs to non-HPEs to support carbon emission 66 
reductions. Along with providing financial funds, GCP also has some regulatory responsibilities regarding 67 
environmental preservation. In this respect, GCP is both an "environmental regulation" and a "financial 68 
instrument" (Wang et al. 2021). 69 

There has been a hot debate over the relationship between GCP and EI (Ma et al. 2021; Song et al. 70 
2021; Shen et al. 2020). Most scholars argue that GCP can significantly decrease EI of HPEs. GCP can 71 
guide more capital to flow to green industries such as clean energy industry and foster the transition from 72 
fossil fuels to clean energy alternatives, effectively improving the energy consumption structure and reduce 73 
the consumption of fossil energy (Tan et al. 2022; Cheng et al. 2023). In addition, GCP includes the 74 
environmental performance of enterprises as a prerequisite for credit approval, forcing enterprises to surge 75 
in terms of their demand for green technology innovation. So, GCP can motivate enterprises to launch 76 
green technology innovation by increasing R&D investment and enhancing energy efficiency (Guo et al. 77 
2023; An et al. 2023). Other scholars believe that GCP can significantly increase EI of HPEs. As an 78 
environmental regulation, GCP internalizes the negative externality costs of environmental pollution. The 79 
resulting increase in costs not only undermines the incentive of HPEs to engage in energy efficiency 80 
technology innovation, but also crowds out their energy efficiency investments (Dirckinck-Holmfeld 2015; 81 
Li et al. 2023a), which is detrimental to the energy efficiency of HPEs. Luo et al. (2023) found that GCP 82 
aggravated financing constraints and limited the innovation impetus of HPEs, which greatly prevented 83 
them from taking energy conservation initiatives, even directly giving up green credit financing (Wen et 84 
al. 2021), or unethically defrauding green credit financing by means of greenwashing (Flammer 2021; Xing 85 
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et al. 2021). Some scholars have also found that there is a significant positive U-shaped relationship 86 
between GCP and EI of HPEs. When GCP was first proposed during the initial period, it was not conducive 87 
to decreasing EI of HPEs, instead having the constraint effect. When GCP is gradually perfect during the 88 
mature period, a large amount of green capital can be put towards energy conservation projects, which can 89 
significantly promote EI of HPEs and transform into the incentive effect (Zhang et al. 2021b; Ma et al. 90 
2022; Meng et al. 2023). 91 

The differences in research samples, especially for HPEs, may be to blame for this dispute. As the 92 
dominant source of industrial carbon emissions, HPEs are essential in lowering industrial carbon 93 
emissions. On the one hand, the high-carbon attributes of HPEs and the low-carbon investment 94 
requirements of GCP make it more difficult for HPEs to obtain green credit financing (Sai et al. 2023); on 95 
the other hand, HPEs have a more urgent need for green credit financing due to their great technical 96 
difficulty and long cycle in terms of carbon reduction activities (Fan et al. 2021; Li et al. 2023b). The 97 
majority of previous research ignores the characteristics of HPEs in favour of focusing on the emission 98 
reduction effect of GCP from the micro perspective of enterprises (Zhang et al. 2020). 99 

The differences in observed objects may be another main reason for this debate. The literature focuses 100 
mainly on the impact of GCP on carbon emission reduction (Zhang et al. 2022a). Most studies advocating 101 
the effectiveness of GCP on carbon emission reduction believe that “energy efficiency” plays an important 102 
intermediary role in this relationship (Lee et al., 2022; Gao et al. 2022a).  However, the improvement in 103 
energy efficiency may not be synchronized with the decrease in carbon emission, which can be verified by 104 
energy rebound (Steren et al., 2016). It is mainly because that technological progress improves energy 105 
efficiency and decrease energy consumption, which in turn stimulates energy demand and causes energy 106 
consumption to rebound. Therefore, it is a crucial theoretical and practical issue whether GCP can improve 107 
energy efficiency or reduce EI and further help enterprises to achieve industrial green transformation. 108 

However, the exploration of GCP affecting EI of HPEs is inadequate. First, the theoretical foundation 109 
is insufficient. Most previous studies evaluate the effects of GCP based on the effectiveness of public 110 
policies (Ren et al. 2020; Wang et al. 2022). This analytical paradigm is difficult to compare horizontally 111 
and cannot be falsified. Among the few referential researchers, Raberto et al. (2019) adopted the Eurace 112 
model to integrate households, enterprises, government, commercial banks, and central banks into a unified 113 
analytical framework and found that credit regulation policies promote capital accumulation and 114 
investment in the short term, thereby lowering EI. However, the Eurace model is a multi-agent 115 
macroeconomic model and does not correctly depict how enterprises respond to GCP or explain how GCP 116 
affects EI. 117 

Second, the dual attributes of GCP are disregarded, especially in the institutional context of China. 118 
The majority of previous research analyses the effect of GCP from a single attribute, which makes it easy 119 
to draw partial conclusions (Su et al. 2022). The immature market environment and unique institutional 120 
background make GCP with dual attributes in the Chinese context both an "environmental regulation" and 121 
a "financial instrument". Few studies have systematically analysed the dual attributes of GCP in a unified 122 
research framework, and even fewer studies have explored the micromechanisms from the perspectives of 123 
both "the incentive effect" and "the constraint effect". 124 

Third, it is challenging to resolve the conflict between the incentive and constraint effects of GCP. 125 
From the perspective of financial instruments, scholars have largely concurred that GCP aggravates the 126 
financial constraints of HPEs (Jiang et al. 2022). However, it is still controversial whether the effect of 127 
financial constraints imposed by GCP on EI of HPEs is an incentive or constraint (Zhou et al. 2022; Pang 128 
et al. 2022). Some scholars believe that the incentive effect of GCP on EI of HPEs is achieved mainly by 129 
increasing financing constraints and debt financing costs (Tan et al. 2022). In contrast, other scholars hold 130 
the opposite viewpoint that GCP has a constraining effect on HPEs and enhances their EI by increasing 131 
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financial constraints and decreasing investment levels (Yao et al. 2021). From the perspective of 132 
environmental regulation, researchers have generally accepted that GCP influences the green innovation 133 
of HPEs based on the Porter hypothesis. However, there is controversy regarding whether the effect of 134 
GCP on the green innovation of HPEs is incentivized or constrained. Supporters assert that GCP can 135 
promote the green innovation of HPEs and produce the Porter effect (Gao et al. 2022c), mainly because 136 
GCP increases the degree of R&D investment of HPEs (Zhang et al. 2022b). The resulting incentive effect 137 
can significantly decrease EI of HPEs (Song et al. 2021). Opponents claim that GCP can inhibit the green 138 
innovation of HPEs and fail to exert the Porter effect, mainly because GCPs decrease the level of debt 139 
financing of HPEs, particularly long-term debt financing (Hong et al. 2021). The resulting constraint effect 140 
can markedly increase EI of HPEs (Yu et al. 2022). In brief, existing debates are divided on whether GCP 141 
affects EI of HPEs by incentive or constraint effects. Few studies have considered the two effects 142 
simultaneously and reasonably unified the controversy between them. 143 

Against the above background, this paper focuses on the relationship between GCP and EI of 144 
industrial enterprises and analyses the following crucial inquiries: (i) Does GCP promote the sustainable 145 
development of industry in China? (ii) Does GCP serve as a motivator or a barrier for enterprise prospects 146 
to switch to a low-carbon economy? Finally, (iii) does GCP foster innovation or accelerate financial 147 
constraints inside the Chinese industrial structure? To solve these problems, this paper introduces energy 148 
factors and green credit into the enterprise production function on the basis of a heterogeneous enterprise 149 
theoretical model and reveals the microcosmic mechanism and potential impact of GCP on EI of HPEs. 150 
Taking the implementation of GCP in 2007 as a quasi-natural experiment, we employ the microeconomic 151 
database from 2001-2011 and adopt DID and DDD approaches and a mediating effects model to 152 
empirically examine the above theoretical mechanism. 153 

Our study answers pertinent issues to offer cogent policy reforms, including whether GCPs can 154 
support the green transformation of HPEs by altering China's growth model. Investigating how HPEs 155 
change in response to GCP based on data at the business level advances our knowledge of the micro 156 
dynamism mechanism of GCP and speeds up the accomplishment of the aforementioned objectives. 157 
Additionally, decision-makers will gain insight into how to manage the green industrial transition from a 158 
GCP viewpoint by comprehending the connection between GCP and the green revolution of HPEs. This 159 
approach will help maintain the focus of the industrial transformation on green development. Specific 160 
contributions and innovations are concentrated primarily in the below three areas. 161 

First, this study offers a comprehensive and unified theoretical framework for analysing the 162 
environmental and financial impacts of GCP. By integrating these two dimensions into a single analytical 163 
framework, we are able to provide a complete understanding of the mechanism behind GCP. Specifically, 164 
we examine the impact of GCP on EI of industrial enterprises and explore the mechanisms through which 165 
GCP affects EI. This analysis allows us to better understand how GCP can promote green industrialization 166 
in emerging economies and identify areas where policy interventions may be most effective. 167 

Second, building on the literature, we also provide a unified explanation of the debate between the 168 
incentive and constraint effects of GCP. By considering both the environmental and financial properties of 169 
GCP, we propose a feasible explanation for the existing research controversy. Specifically, we argue that 170 
GCP can act as both an incentive and a constraint, depending on the specific context and the targeted 171 
enterprise type. We provide empirical evidence to support this argument and discuss the implications for 172 
policymakers and researchers. 173 

Finally, through an empirical examination of the concrete effects of GCP on Chinese industrial 174 
enterprises, we provide new and comprehensive support for current empirical research. Our analysis is 175 
based on the microscopic data of industrial enterprises, which allows us to explore the influencing 176 
mechanism of GCP in greater detail. Specifically, we examine the impact of GCP on EI of industrial 177 
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enterprises in China and identify the factors that mediate this relationship. Our analysis provides important 178 
insights into how GCP can be used to promote green industrialization in emerging economies and 179 
highlights the need for targeted policy interventions to address the specific challenges faced by different 180 
types of enterprises. 181 

The remainder of this paper is organized as follows. Section 2 conducts a theoretical analysis and 182 
proposes research hypotheses. Section 3 introduces the methodology and describes the data and variables. 183 
Section 4 presents the empirical findings and emphatically discusses the influencing mechanism. Section 184 
5 summarizes our key findings and proposes some policy implications. 185 

Theoretical analysis and research hypotheses 186 

Existing heterogeneous enterprise models mostly adopt Melitz's (2003) model under the assumption 187 
of the Constant Elasticity of Substitution utility function. Although Melitz's (2003) model is simplified and 188 
easy to solve, the price elasticity of demand derived from the Constant Elasticity of Substitution utility 189 
function is constant, which means that the cost-plus pricing of different enterprises is the same. This 190 
situation is obviously contrary to economic reality and does not truly reflect the difference in the impact of 191 
different cost-plus pricing on enterprises' energy-saving and consumption-reduction behaviours. On the 192 
one hand, the incentive effect of green technology investment on different cost-plus enterprises will be 193 
different, and on the other hand, exogenous shocks, such as the intensification of market competition and 194 
the implementation of environmental policies, will affect the cost-plus of enterprises. Based on the research 195 
objectives of this paper, GCP, as an exogenous shock, is more suitable for the heterogeneous enterprise 196 
model based on quasilinear preferences, and energy and GCP are simultaneously introduced into the 197 
enterprise production function for extended research. 198 

Consumer preferences 199 

Referring to Melitz and Ottaviano (2008), we assume that there are L identical consumers and that 200 
the utility function of representative consumers is the quasi-linear form: 201 

𝑈 = 𝛼 ∫ 𝑞!"!∈$ 𝑑𝑖 − %
&
𝛾 ∫ (𝑞!")&!∈$ 𝑑𝑖 − %

&
𝜂-∫ 𝑞!"!∈$ 𝑑𝑖.& − ∫ 𝑧!!∈$ 𝑑𝑖							(𝛼, 𝛾, 𝜂 > 0)        (1) 202 

In Eq. (1), 𝑞!" represents the consumption of each consumer in heterogeneous product category i; 	𝛺 203 
represents the set of heterogeneous product categories; 		𝛼,𝛾,𝜂 is the given demand parameter; 𝑧! is the 204 
pollution emission of each enterprise;	∫ 𝑧!!∈$ 𝑑𝑖 is the disutility brought to consumers by pollution; and 205 
' ∫ )!!∈# *!

')!
> 0. Then, for each category i in the heterogeneous product industry, the market inverse demand 206 

function faced by each enterprise is as follows: 207 
𝑝! = 𝐴 − 𝑏𝑞!                                                            (2) 208 

In Eq. (2), 𝐴 = +,-./
,-.0

, 𝑏 = ,
1
, and 𝑃 = ∫ 𝑝!!∈$∗ 𝑑𝑖 is the total price index, and	𝑁 is the total number 209 

of heterogeneous product categories. 210 

Enterprise production behaviour 211 

It is assumed that the heterogeneous product industry has a monopolistic competitive market structure 212 
and that enterprises have the freedom to enter or exit the market; however, these enterprises need to pay 213 
entry cost 𝑓2 and randomly acquire productivity 𝜑!. According to Helpman et al. (2004), 𝜑! follows the 214 

Pareto distribution 𝐺(𝜑!) = 1 − ?3%
3!
@
4

, where 𝜑5  is the scale parameter, equal to the minimum 215 

productivity of the enterprise engaged in industrial production activities, and 𝜌 is the shape parameter of 216 
the Pareto distribution function. 217 



6 
 

Assume that enterprises use three factors: labour, capital and energy. It may be assumed that 	𝐾 = 1; 218 
then, 𝑙 = 1

6
 and 𝑒 = 7

6
 represent labour and energy per unit of capital, respectively, that is, efficient labour 219 

and efficient energy. The unit prices of 𝐿 and 𝐸 are 𝑝8 and 𝑝2 , respectively. 220 
The original intention of GCP is to increase the energy and production costs of HPEs by strengthening 221 

credit constraints and incentivizing HPEs to carry out green technology innovation to achieve green and 222 
low-carbon development. Therefore, GCP forces HPEs to bear not only the same energy costs as those 223 
before but also the additional energy cost due to policy internalization. This paper adopts 𝜏 = 1 +224 
𝜎(𝜏 ≥ 1) to represent the unit variable cost of energy under GCP, where 𝜎 is the increasing energy cost 225 
due to policy internalization. The larger the value of 𝜏 is, the greater the increase in energy costs caused by 226 
policy implementation. In addition, following Forslide et al. (2018), the corporate green technology 227 
investment functional is 	ℎ(𝑓9) = 𝑓9

4	(𝜌 > 0, 𝑓9 ≥ 1). 228 
Referring to Copeland and Taylor (1994), the production function of intermediate input is 𝑥! =229 

𝑒! :𝑙!
%;:(0 < s < 1), and the variable production cost function is 𝑐!𝑥! = 𝜏𝑝2𝑒! + 𝑝8𝑙!. According to the 230 

principle of cost minimization, the unit variable cost of intermediate input can be deduced as 𝑐%! =231 
<&

:&(%;:)'(&
, '"!
'<
> 0. The production function of the final product is 𝑥! =

?(@!)
3!?)

* under the given productivity 232 

and green technology investment levels. Usually, we assume that 𝑓(𝑞!) = 𝑞!&; then, enterprise production 233 

unit 𝑞! of the final product production function is 𝑞! = P𝜑!𝑓9
4𝑒! :𝑙!

%;:, and the variable cost function is 234 

𝑐!𝑥! =
A+"'!@!,

3!?)
* ?A-

A+
@
:
. Additionally, enterprises have to pay fixed costs 𝜏B𝑓, where 𝛽 > 0 measures the 235 

elasticity of fixed cost expenditure to GCP regulation. 236 

Equilibrium analysis under GCP 237 

When GCP is implemented, the profit maximization problem faced by HPEs is as follows: 238 
𝑚𝑎𝑥$𝑝!𝑞! − 𝜏𝑝"𝑒! − 𝑝#𝑙! − 𝑎𝑓$

%𝑞! − 𝜏&𝑓, 239 

         = 𝑚𝑎𝑥 .(𝐴 − 𝑏𝑞!)𝑞! −
'!("#)#$

*#+%
& 3''

'!
4
,
− 𝑎𝑓$

%𝑞! − 𝜏&𝑓5	(𝑎 > 0)	                (3) 240 

By solving the above profit maximization problem, the optimal EI of HPEs can be deduced as follows: 241 

𝑒𝑒-!∗ (𝜑!; 𝑓$, 𝑐-!) =
"#
∗

)#
∗ =

,("#/$01+%
&23)')!

4
*+"

5678*#+%
&9'!("#3

)'
)!
4
*
:
                                          (4) 242 

Comparative static analysis 243 

The chain rule is adopted to further analyse how GCP affects EI of HPEs. The partial derivative of 244 
Eq. (4) with respect to 𝜏	can be obtained as follows: 245 

;""#
∗

;6
=

,3)')!
4
*+"

5678*#+%
&9'!("#3

)'
)!
4
*
:
=−

("#/$01+%
&27(-0,)8*#+%

&9'!("#3
)'
)!
4
*
:

78*#+%
&9'!("#3

)'
)!
4
*
:3)')!

4

;3)')!
4

;6
 246 

 247 

 −
%+%

&+"("#7$8*#91'!("#3
)'
)!
4
*
:

8*#+%
&9'!("#3

)'
)!
4
*

;+%
;6
+ 8*#+%

&/$01+%
&2

8*#+%
&9'!("#3

)'
)!
4
*
;("#
;6

− ("#/$01+%
&2

6
? < 0    (5) 248 

 249 
 250 

In Eq. (5), "'!
<
− '"'!

'<
= <&('(%;:)&

:&
> 0. 251 

Innovation offsets＜0	 Financial constraints＞0	

Energy substitution＜0	
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Based on the above analysis, we propose Hypothesis 1. 252 
Hypothesis 1. GCP can effectively reduce EI of HPEs. 253 
As seen from Eq. (5), there are two main paths through which GCP can affect EI of HPEs. One path 254 

is through the incentive effect represented by energy substitution and innovation offsets, which is reflected 255 
in the first and second items on the right of Eq. (5), and another path is the constraint effect that includes 256 
both financing and pollution abatement costs, which are reflected in the third item on the right of Eq. (5). 257 
The two paths jointly affect EI of HPEs, but the effects are completely opposite. 258 
Incentive effect 259 

The incentive effect of GCP prompts the green transformation of HPEs by strengthening the 260 
substitution relationship between energy and non-energy and stimulating green technology innovation to 261 
reduce energy consumption and increase output, which is favourable for reducing EI. 262 

Specifically, the incentive effect has two main mechanisms. The first mechanism is energy 263 
substitution, which refers to the substitution relationship between energy and non-energy caused by 264 
changes in relative energy prices, thus changing the energy structure. If there is a substitution relationship 265 
between energy and non-energy, then it indicates that the similarity of the two factors in the production 266 
process of enterprises is extremely high. When the relative price of energy rises due to the price discovery 267 
function of the GCP, it can timely guide HPEs in fully adjusting the proportion of energy according to the 268 
price signal, increase the use of non-energy with a low relative price, conserve the use of energy with a 269 
high relative price, and finally improve the efficiency of energy utilization to expand output. Therefore, a 270 
decrease in the relative input of energy and an increase in output significantly reduce EI. 271 

The second mechanism is innovation offsets, which focus mainly on the “Porter hypothesis”. 272 
According to the “Porter hypothesis”, stringent but properly designed environmental regulations can 273 
trigger technology innovation and improve productivity and competitiveness, thus partially or more than 274 
fully offsetting the costs of complying with them; that is, these regulations produce innovation offsets 275 
(Porter, 1991; Porter and Linde, 1995). GCP increases the production cost of HPEs in the short term, which 276 
would stimulate HPEs to incorporate green technology innovation into their production decisions. Hence, 277 
GCP can incentivize HPEs to carry out process and product innovation by increasing green innovation 278 
investment and developing green innovation technology in the long run. The resulting innovation benefits 279 
exceed compliance costs, which is conducive to achieving a “win‒win” situation of increasing output and 280 
reducing energy consumption, thus reducing EI (Zhang et al. 2021c).!Based on these analyses, we propose 281 
Hypothesis 2 as follows: 282 

Hypothesis 2. GCP can reduce EI of HPEs through the incentive effect. 283 
Constraint effect 284 

The constraint effect of GCP internalizes the externality of environmental pollution by affecting the 285 
investment and financing behaviours of HPEs. The increase in cost will force HPEs to change their optimal 286 
decision, thus hindering energy conservation behaviour, which is the negative factor leading to an increase 287 
in EI. 288 

The constraint effect has the following two main mechanisms. First, GCP increases the financing cost 289 
of HPEs. Based on signal transmission theory, the GCP adopts the differentiated high interest rate policy 290 
for HPEs, which in essence conveys the green credit supply to the financial market and directly influences 291 
credit allocation for HPEs. The weakening of investment intention and the reduction of capital supply 292 
sharply decrease the level of external financing and increase financing costs. In addition, the green flow of 293 
credit funds increases the environmental costs and investment risks of HPEs and decreases the willingness 294 
of external creditors to provide debt capital (Chai et al. 2022). As a result, non-traditional bank loans, such 295 
as private loans and social financing, are gradually moving away from HPEs and flowing more towards 296 
non-HPEs, which further raises the financing costs of HPEs. 297 
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Second, GCP increases the pollution abatement cost of HPEs. The essence of pollution emissions is 298 
energy consumption (Wan 2022). GCP requires financial institutions to make "environmental compliance, 299 
energy conservation, carbon reduction and social responsibility conditions for credit approval", which 300 
forces HPEs to bear additional costs for energy consumption and pollution emissions (Lin et al. 2021). 301 
Driven by the goal of profit maximization, HPEs tend to temporarily increase their level of investment in 302 
terminal pollution treatment, such as by paying pollution taxes or purchasing pollution treatment facilities, 303 
rather than continuously improving the capacity of front-end pollution abatement, such as relying on green 304 
technology innovation to improve energy efficiency. However, terminal pollution abatement is 305 
disconnected from the production process of enterprises, which may force HPEs to transfer factors, such 306 
as labour, capital, and energy originally used in the production process, to energy-saving activities and 307 
further crowd out productive investment; thus, it is not conducive to reducing EI of HPEs. 308 

In short, the simultaneous increase in financing costs and pollution abatement costs makes HPEs face 309 
tighter financial constraints, the external financing demands cannot be met, and the incentive effect of 310 
pollution abatement is difficult to achieve. Therefore, HPEs will eventually be forced to reduce their level 311 
of production due to the reduction in loans and the increase in costs, which will lead to a decline in actual 312 
output. Under the given energy situation, the increased financing cost and pollution abatement cost caused 313 
by the constraint effect of GCP significantly increase EI of HPEs. Based on these analyses, we propose 314 
Hypothesis 3 as follows: 315 

Hypothesis 3. GCP can improve EI of HPEs by the constraint effect. 316 
Fig. 1 clearly shows the mechanism and effect of GCP on EI of industrial enterprises. 317 
 318 

 319 
Fig. 1. Mechanism and effect of GCP on EI of industrial enterprises. 320 

Methodology and data 321 

Econometric methodology 322 

DID model 323 
By creating a quasi-natural experimental scenario with differences between the experimental and 324 

control groups and between the pre- and post-experiment, the DID method has been widely used in policy 325 
evaluations to precisely identify the effect of policies. Although GCP is an unanticipated “exogenous 326 
shock”, it directly influences the energy consumption behaviour of enterprises, offering an ideal quasi-327 
natural experimental scenario. Given this situation, non-HPEs, which are less affected by GCP, are used 328 
as the control group, and HPEs, which are more affected by GCP, are used as the experimental group†. 329 

 
† The identification of the experimental group is based mainly on the Guidance on Industry Classification of Listed Companies revised by China Securities 
Regulatory Commission in 2012, the Management List of Industry Classification of Environmental Verification of Listed Companies formulated by the 
Ministry of Environmental Protection in 2008, and the Guidance on Environmental Information Disclosure of Listed Companies published in 2012, which 
includes 16 high-polluting industries: thermal power, steel, cement, electrolytic aluminium, coal, metallurgy, chemical, petrochemical, building materials, 

GCP

Environmental regulation

Financial instrument

Attribute Path

Incentive effect

Constraint effect

Energy substitution

Innovation offsets

Mechanism

Decreasing the EI

Increasing the EI

EI

Influence of 
sub-mechanism

Total influence

Financing cost

Pollution abatement cost

Policy
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Taking the implementation of the GCP in 2007 as an exogenous policy shock, this paper empirically tests 330 
the effect of the GCP on EI of HPEs. The following econometric model is suggested in accordance with 331 
the above theoretical analysis: 332 

𝑒_𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦!C = 𝛼5 + 𝛼%𝑑𝑖𝑑!C +∑ 𝛼DD 𝑐𝑜𝑛𝑡𝑟𝑜𝑙!C + 𝜆C + 𝜇! + 𝜀!C                  (6) 333 
Specifically, subscripts i and t denote region i and year t, respectively. 𝑒!𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦!C, or EI of industrial 334 

enterprises, is the dependent variable. 𝑑𝑖𝑑!C  is the key independent variable, which is obtained by 335 
multiplying two dummy variables, 𝑡𝑟𝑒𝑎𝑡! and 𝑝𝑜𝑠𝑡C.	𝑡𝑟𝑒𝑎𝑡! is the dummy variable of the treatment group, 336 
while	𝑡𝑟𝑒𝑎𝑡! = 1 indicates that the enterprise belongs to the polluting industry; otherwise, it is 0. 𝑝𝑜𝑠𝑡C is 337 
the dummy variable of the experimental period, while 𝑝𝑜𝑠𝑡C = 1 indicates that the year is 2007 or later; 338 
otherwise, it is 0. Thus, only if GCP has been implemented and the firm is in a polluting industry does 339 
𝑑𝑖𝑑!C = 1; otherwise, it is 0. 𝑐𝑜𝑛𝑡𝑟𝑜𝑙!C is a series of control variables, including firm- and city-level control 340 
variables. 𝜆C is the year-time fixed effect, 𝜇! is the individual fixed effect, and 𝜀!C is the random disturbance 341 
term. 𝛼% is the effect of GCP on EI of HPEs, and the expected sign is negative. 342 
DDD model 343 

To effectively alleviate the endogenous interference that cannot be excluded from DID, referring to 344 
Lu et al. (2021), this paper selects “net receivable/total assets” to quantitatively measure the commercial 345 
credit constraint of enterprises and construct a DDD model. The higher the value of this indicator is, the 346 
more likely the enterprise is to become a supplier of commercial credit, the less dependent it is on external 347 
financing, and the less affected it should be by GCP. Accordingly, the dummy variable 𝑐𝑟𝑒𝑑𝑖𝑡!C  is 348 
generated, while 𝑐𝑟𝑒𝑑𝑖𝑡!C = 1 indicates that the enterprise's commercial credit constraint is tight and is 349 
greatly affected by GCP; otherwise, it is 0. 𝑑𝑑𝑑!C, the multiplication term of 𝑐𝑟𝑒𝑑𝑖𝑡!C and 𝑑𝑖𝑑!C, is the triple 350 
difference term in this paper, and the DDD model is shown in Eq. (7). 351 

𝑒_𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦!C = 𝛼5 + 𝛼%𝑑𝑖𝑑!C + 𝛼&𝑑𝑑𝑑!C +∑ 𝛼DD 𝑐𝑜𝑛𝑡𝑟𝑜𝑙!C + 𝜆C + 𝜇! + 𝜀!C		           (7) 352 

Variable selection 353 

The dependent variable is EI of industrial enterprises (e_intensity), which reflects the energy 354 
consumption per unit output value and is obtained by dividing industrial coal consumption by total 355 
industrial output value. The core independent variable is GCP (did), which is logistically generated based 356 
on the DID model. 357 

Control variables consider mainly certain important factors that may affect EI of enterprises, except 358 
for GCP, and eleven control variables are selected based on both macro and micro perspectives (Lv et al. 359 
2020; Wu et al. 2021). 360 

The firm-level control variables from the micro perspective include mainly the following: (1) Firm 361 
age (lnage) is measured by the current year minus the year of firm establishment. The earlier the firm is 362 
established, the less willingness it has to introduce pollution treatment equipment and reduce EI (Yuan 363 
2023). (2) The assets-to-liabilities ratio (lia_ratio) is expressed by the ratio of total liabilities to total assets, 364 
which reflects the long-term solvency of enterprises. The higher this ratio is, the greater the risk of creditors 365 
funding enterprises and the less willing they are to reduce EI (Tian et al. 2022). (3) Return on equity (roe) 366 
is generated by the ratio of total profit to the owner's equity, which reflects the profitability of enterprises. 367 
The higher the return on equity is, the greater the willingness to increase production efficiency and reduce 368 
EI (Cui et al. 2022). (4) The turnover of total assets (turnover) is measured by the ratio of total revenue to 369 
total assets, which reflects the operational capacity of enterprises. The faster the speed of asset turnover is, 370 
the greater the willingness to increase R&D investment and reduce EI (Feng et al. 2022). 371 

The city-level control variables from the macro perspective specifically include the following: (1) 372 

 
papermaking, brewing, pharmaceutical, fermentation, textile, tanning and mining. 
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Economic development (lnpgdp) is measured by GDP per capita. The greater the regional economy 373 
develops, the more it can provide strong support for enterprises to decrease EI (Li et al. 2023c). (2) 374 
Industrial structure (ind_constr) is gained by the ratio of industrial output value to GDP. Given 375 
the tremendous energy consumption of industry, the proportion of industrial output value in the national 376 
economy is an important factor affecting EI (Hu et al. 2020; Gao et al. 2022b). (3) Financial development 377 
(finance_level) is represented by the ratio of RMB loan balance by financial institutions to GDP. Regional 378 
financial development can provide strong financial support for enterprises to reduce EI (Liu et al. 2017). 379 
(4) Openness to the outside world (openness) is expressed as the ratio of foreign direct investment (FDI) 380 
to GDP. The impact of FDI on EI of industrial enterprises is uncertain. If foreign-invested enterprises bring 381 
about more efficient production methods, they will reduce EI; however, if foreign-owned enterprises invest 382 
in high-polluting projects, they will increase EI (Guo et al. 2022). (5) Pollution treatment (wuranzhi) is 383 
measured by the ratio of investment in pollution treatment to GDP. Investment in pollution treatment can 384 
trigger the innovation of cleaner production technology and reduce EI (Ma et al. 2021). The descriptive 385 
statistics for each variable are shown in Table 1. 386 

 387 

Table 1 Descriptive Statistics. 388 

Variable type Variables 
abbreviation Variable definition Observation Mean St.dev 

Dependent variable e_intensity Logarithm of the ratio of energy consumption 
to industrial output 262,991 0.1284 0.1995 

Independent 
variables did Cross-product of treat and post 262,991 0.4391 0.4963 

 ddd Cross-product of treat, post and credit 207,642 0.1731 0.3784 
Firm-level control 
variable lnage Logarithm of enterprise age 262,991 2.1833 0.9454 

 lia_ratio Logarithm of the ratio of total liabilities to total 
assets 262,991 0.6181 0.2970 

 roe Logarithm of the ratio of total profit to 
ownership interest 262,991 0.2175 0.6366 

 turnover Logarithm of the ratio of operation revenue to 
average total assets 262,991 1.8307 2.0711 

City-level control 
variable lnpgdp Logarithm of GDP per capita by region 262,991 9.7778 0.7839 

 ind_constr Logarithm of the ratio of secondary sector 
output to GDP by region 262,991 0.6127 0.1515 

 finance_level Logarithm of the ratio of loans from 
financial institutions to GDP by region 262,991 1.2580 0.7250 

 openness Logarithm of the ratio of FDI to GDP by 
region 262,991 0.0334 0.0400 

 wuranzhi • Logarithm of the ratio of investment in 
pollution abatement to GDP by region 262,991 0.0279 0.0576 

Data sources 389 

Enterprise-level data are from the Chinese Industrial Enterprise Database and Chinese Enterprise 390 
Pollution Emission Database, and city-level data are from the China City Statistical Yearbook. With 391 
reference to the sequential identification and matching method of Brandt et al. (2012), we match the 392 
Chinese Industrial Enterprise Database with the Chinese Enterprise Pollution Emission Database according 393 
to legal person codes and enterprise names and further delete the following samples: (1) enterprises with 394 
missing, negative or abnormal key variables, such as gross industrial output value, consumption of all kinds 395 
of energy, total assets and fixed assets; (2) enterprises with fewer than 5 employees; and (3) enterprises 396 
that appear less than twice in the sample period. In addition, since the industry classification standard of 397 
the national economy was adjusted in 2003 and 2011, we use the latest Industry Classification of the 398 
National Economy (GB/T 4754-2011) to unify industry codes. With China’s access to the WTO beginning 399 

javascript:;
javascript:;


11 
 

in 2001, the concept of green finance began to be introduced in China. Moreover, the data on coal 400 
consumption by industrial enterprises were only disclosed up until 2011, and thus, the sample period is 401 
determined to be 2001-2011. Generally, five years is enough to show the effectiveness of macroeconomic 402 
policies. If the research window is too long, then it is easy to introduce other interfering factors, confuse 403 
the net effect of policies, and only add endogeneity problems. At the data level, in addition to generating 404 
corresponding variables, the following processes are also carried out: (1) for missing variables for a few 405 
years (mainly 2010), a linear interpolation method is used to complete the missing values; (2) in view of 406 
the large difference in price levels among different industries, the industrial output value is deflated by the 407 
producer price index of different industries, the fixed assets are deflated by the fixed asset investment price 408 
index, urban GDP is deflated by the GDP deflator, and foreign direct investment is converted according to 409 
the RMB/US dollar exchange rate over the years, after which the GDP deflator is used to deflate, and all 410 
are converted to comparable prices based on 2001; (3) for continuous variables, shrinking-tail treatment at 411 
the 1% level is carried out to preliminarily eliminate the influence of extreme values in the data; and (4) 412 
logarithms are taken for all data using absolute values to alleviate the heteroscedasticity and deviation 413 
problems that may be caused by differences in data magnitude. 414 

Empirical results 415 

Benchmark regression 416 

This paper examines the impact of GCP on EI of HPEs. The benchmark regression results are 417 
displayed in Table 2 under the entity fixed and time fixed effects. Columns (1-2) show the benchmark 418 
regression results of the DID method; Column (1) does not include any additional control variables, while 419 
Column (2) joins control variables at the enterprise and city levels to alleviate omitted variable bias. The 420 
regression coefficient of GCP is significantly negative at the 1% level, regardless of whether the control 421 
variable is added, indicating that GCP significantly reduces EI of HPEs. Similarly, Columns (3-4) reflect 422 
the benchmark regression results of the DDD method under the introduction of the intersection term. 423 
Hypothesis 1 is verified. 424 

 425 

Table 2 Results of benchmark regression. 426 

Variables (1) (2) (3) (4) 
e_intensity e_intensity e_intensity e_intensity 

did -0.0081*** 
(0.0015) 

-0.0064*** 
(0.0015) 

-0.0068*** 
(0.0017) 

-0.0055*** 
(0.0017) 

ddd   -0.0038** 
(0.0015) 

-0.0030** 
(0.0015) 

Constant 0.1448*** 
(0.0009) 

0.2198*** 
(0.0182) 

0.1479*** 
(0.0008) 

0.2071*** 
(0.0240) 

Firm control NO YES NO YES 
City control NO YES NO YES 
Year fixed effects YES YES YES YES 
Firm fixed effects YES YES YES YES 
N 262,991 262,991 207,642 207,642 
R2 0.0128 0.0263 0.0107 0.0261 
F 154.3 147.3 89.04 102.5 

Note: The standard error of the corresponding coefficient is shown in parentheses; *, **, *** represent significance at the levels of 10%, 5%, and 427 
1%, respectively. Unless otherwise specified, the following is the same and will not be repeated. 428 
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Robustness tests 429 

Parallel trend test 430 
Treatment and control groups must adhere to the parallel trend test for the effectiveness of the DID 431 

approach; that is, EI of high-polluting and green enterprises had a similar or even parallel development 432 
trend before GCP. According to Jin and Chen (2022), dummy variables six years before the GCP and five 433 
years after the GCP were introduced, and 11 annual DID variables were generated as explanatory variables 434 
by multiplying them by the treatment variable. EI of enterprises was still taken as the explained variable, 435 
and the following model was built to check whether the parallel trend hypothesis is satisfied. 436 

Figure 2 shows the coefficients of the regression results under the 95% confidence interval. The 437 
impact of virtual GCP on EI was zero, fluctuating up and down at zero before GCP. In addition, the 438 
regression coefficient is non-significant before the GCP but significantly negative after the GCP. This 439 
finding not only indicates that there is no systematic difference between high-polluting and green 440 
enterprises before GCP but also further demonstrates that EI of HPEs significantly decreased after GCP. 441 
Moreover, the regression coefficient generally continued to increase after 2007, which also indicates that 442 
the effect of GCP presents a certain time lag. As time passes, the vitality of GCP becomes stronger, which 443 
plays a greater role in reducing EI of HPEs. 444 

 445 
Fig. 2 Test of the parallel trend hypothesis for HPEs and non-HPEs. 446 

PSM-DID 447 
Although the results of the parallel trend hypothesis indicate that there is no significant difference 448 

between high-polluting and green enterprises before GCP, the potential difference between high-polluting 449 
and green enterprises may still interfere with the estimation results of DID. However, propensity score 450 
matching (PSM) can help in the choice of the most similar green enterprises for HPEs through observable 451 
covariates and minimize the difference between high-polluting and green enterprises as much as possible. 452 
Therefore, the combination of the PSM and DID approaches can better mitigate intergroup bias to obtain 453 
more robust results. Based on Huang and Guo (2021), the dummy variable of whether an enterprise belongs 454 
to the high-carbon industry is taken as an explained variable, the covariates of enterprise and city 455 
characteristic control variables are treated as explanatory variables, probit regression is carried out, and the 456 
propensity score values of each enterprise are obtained. After matching, enterprises with large differences 457 
that fail to match the corresponding samples are eliminated, and then, DID estimation is carried out on the 458 
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matched samples. The estimation results are shown in Table 3. Columns (1)-(3) use the one-, two- and 459 
four-nearest-neighbour-matching methods, respectively. 460 
Placebo test 461 

As mentioned above, before 2007, when GCP was not implemented, there was no significant 462 
difference between HPEs and non-HPEs. Therefore, if the policy implementation time lags several periods, 463 
then according to the previous inference, the coefficient of did will no longer be significant at this time; if 464 
the opposite is true, then it indicates that there are other unobservable potential factors or ignored 465 
interference factors, which lead to the decline in the level of EI of HPEs, rather than GCP only reducing 466 
EI of HPEs. Columns (4)-(5) of Table 3 report the estimation results of the DID model under the 467 
assumption that GCP was implemented in 2006 and 2005, respectively. It can be seen that the regression 468 
coefficients are not significant, and even assuming that the coefficient when the policy was implemented 469 
in 2006 is positive, there is still a large deviation. Therefore, to a certain extent, the influence of other 470 
potential and interference factors is excluded, and the policy effect of GCP is once again confirmed to 471 
reduce EI of HPEs. 472 

 473 
Table 3 PSM-DID approach and placebo test 474 

Variables 

(1) (2) (3) (4) (5) 
One-Nearest-
Neighbour Matching 

Two-Nearest-
Neighbour Matching 

Four-Nearest-
Neighbour Matching e_intensity e_intensity 

e_intensity e_intensity e_intensity 

L1did -0.0071*** 
(0.0023) 

-0.0051*** -0.0051***   (0.0009) (0.0009) 

L2did    -0.0020 
(0.0015)  

L3did     -0.0022 
(0.0015) 

Constant 0.1498*** 
(0.0247) 

0.1661*** 
(0.0131) 

0.1654*** 
(0.0131) 

0.2196*** 
(0.0182) 

0.2196*** 
(0.0182) 

Firm control YES YES YES YES YES 
City control YES YES YES YES YES 
Year fixed effects YES YES YES YES YES 
Firm fixed effects YES YES YES YES YES 
N 79,812 261,792 262,843 262,991 262,991 
R2 0.0112 0.0186 0.0186 0.0262 0.0262 
F 29.23 155.1 155.0 147.4 146.9 

 475 
Eliminating the interference of contemporaneous factors 476 

In terms of eliminating the interference of the 2008 international financial crisis, the severe impact of 477 
the international financial crisis is mainly through inhibiting the investment and financing demands of 478 
HPEs and then affecting EI. On the one hand, referring to Durnev and Kim (2005), the potential external 479 
financing needs of enterprises 𝐸𝑥𝑡𝑒𝑟𝑛𝑎𝑙‡	are used to measure the scale of funds that HPEs need to raise 480 
from the capital market through financial activities. On the other hand, referring to Ding and Knight (2011), 481 
𝑆𝑎𝑙𝑒𝑔𝑟𝑜𝑤𝑡ℎ is measured by the annual growth rate of enterprises' main business revenue, which could 482 
reflect changes in the investment demand of HPEs. Two control variables are introduced simultaneously 483 
in Eq. (10), and the estimation results are shown in Columns (1)-(2) of Table 4. After considering the 484 
interference of the 2008 international financial crisis, whether other control variables are added or not, the 485 
impact of GCP on EI of HPEs is still significantly negative. 486 

The “dual control of energy consumption” policy was first proposed during the 11th Five-Year Plan, 487 

 
‡ The potential external financing needs of enterprises (𝐸𝑥𝑡𝑒𝑟𝑛𝑎𝑙):	𝐸𝑥𝑡𝑒𝑟𝑛𝑎𝑙 = (𝐴𝑠𝑠𝑒𝑡! − 𝐴𝑠𝑠𝑒𝑡!"#)/𝐴𝑠𝑠𝑒𝑡!"# − 𝑅𝑂𝐸!/(1 − 𝑅𝑂𝐸!)，where 𝐴𝑠𝑠𝑒𝑡 is 
the total assets of enterprises and 𝑅𝑂𝐸 is the return on equity of enterprises. 
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aiming to implement the dual control of total energy consumption and EI for key energy-using units. Given 488 
the similarity in time and goal between the “dual control of energy consumption” policy and GCP, it is 489 
necessary to eliminate its interference. According to the list of key industries with outdated production 490 
capacity eliminated during the 11th Five-Year Plan period defined in the Comprehensive Work Plan for 491 
Energy Conservation and Emission Reduction in 2007§, this paper conducts regression analysis on the 492 
basis of excluding the enterprise samples covered by the above industries. The estimated results are shown 493 
in columns (3)-(4) of Table 2. Regardless of whether some samples are excluded, the regression results 494 
after alleviating the interference of the “dual control of energy consumption” policy are still significant at 495 
the 1% level, which again supports the robust impact of GCP on EI of HPEs. 496 

 497 
Table 4 Eliminating the interference of contemporaneous factors. 498 

Variables (1) (2) (3) (4) 
e_intensity e_intensity e_intensity e_intensity 

did 0.0049*** 
(0.0015) 

0.0056*** 
(0.0015) 

0.0057*** 
(0.0010) 

0.0061*** 
(0.0010) 

external 0.0006 
(0.0004) 

0.0005 
(0.0004)   

salegrowth -0.0001*** 
(0.0000) 

-0.0001*** 
(0.0000)   

Constant 0.1270*** 
(0.0009) 

0.2083*** 
(0.0148) 

0.0721*** 
(0.0007) 

0.1379*** 
(0.0184) 

Firm control NO YES NO YES 
City control NO YES NO YES 
Year fixed effects NO YES NO YES 
Firm fixed effects NO YES NO YES 
N 165,521 165,521 157,454 157,454 
R2 0.0129 0.0249 0.0146 0.0271 
F 127.91 130.51 113.5 87.08 

 499 

Heterogeneity analysis 500 

Heterogeneity of enterprise property rights 501 
There are significant differences between state-owned and non-state-owned enterprises in terms of 502 

financing channels and financing structures, which have a great impact on the effectiveness of GCP. Thus, 503 
according to the differing nature of property rights, this paper divides sample enterprises into state-owned 504 
and non-state-owned enterprises and carries out regressions by group. Column (1) takes state-owned 505 
enterprises and HPEs as the regression samples, and Column (2) takes non-state-owned enterprises and 506 
HPEs as the regression samples. The estimated coefficient of non-state-owned HPEs is significantly 507 
negative, while the estimated coefficient of state-owned HPEs is not significant, indicating that the effect 508 
of GCP on reducing EI of non-state-owned HPEs is more significant than is that of state-owned HPEs. 509 
Perhaps due to the narrow financing channels of non-state-owned enterprises and their strong dependence 510 
on bank loans, the implementation of GCP forces enterprises to carry out green transformation and 511 
undertake social responsibilities to obtain more green credit financing. 512 
Heterogeneity of the degree of financial marketization 513 

The financial marketization environment faced by enterprises largely affects their financing 514 
convenience and costs. Therefore, this paper takes the median of the financial marketization index of each 515 
province as the standard and divides enterprises into HPEs with a high degree of financial marketization 516 

 
§ The elimination of backwards production capacity during the 11-th Five-Year Plan period involves mainly 13 industries: power, iron, steel, electrolytic 
aluminium, ferroalloy, calcium carbide, coke, cement, glass, papermaking, alcohol, monosodium glutamate and citric acid. 
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and those with a low degree of financial marketization for grouped regressions. In Column (3), HPEs with 517 
a high degree of financial marketization are used as regression samples, and in Column (4), HPEs with a 518 
low degree of financial marketization are used as regression samples. GCP has a greater effect on reducing 519 
EI of HPEs with a low degree of financial marketization. A possible explanation for this is that the more 520 
developed the financial market is, the more convenient the financing for HPEs, and the lower the financing 521 
cost. When the extra cost of GCP is higher than the cost of other financing methods, the profit-seeking 522 
nature of HPEs guides them not to pursue green credit financing, and thus, HPEs are less affected by GCP 523 
in an environment with a high level of financial marketization. 524 
Heterogeneity of energy endowments 525 

The richness of energy endowments in the province where the enterprise is located directly determines 526 
the energy cost and factor structure, thus making the impact of GCP on EI show obvious differences. 527 
Therefore, this paper takes the median of the energy self-sufficiency rate of each province as the standard 528 
and divides enterprises into HPEs with a high level of energy endowments and those with a low level. The 529 
results of the grouping regression are shown in Columns (5)-(6) of Table 5. In Column (5), HPEs with a 530 
high level of energy endowments are used as regression samples, and in Column (6), HPEs with a low 531 
level of energy endowments are used as regression samples. The effect of GCP on reducing EI of HPEs 532 
with a high level of energy endowments is more significant. A possible reason for this is that when the 533 
energy endowment is relatively abundant, the cost of enterprises to obtain energy is relatively low. 534 
However, to obtain green credit financing, enterprises are forced to greatly reduce the input of polluting 535 
energy, and thus, GCP has a greater impact on HPEs in an environment with a high level of energy 536 
endowments. 537 

Table 5 538 
Heterogeneity analysis. 539 

Variables 

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

State-owned 
HPEs 

Non-state-
owned HPEs 

High degree of 
financial 
marketization 

Low degree of 
financial 
marketization 

High level of 
energy 
endowments 

Low level of 
energy 
endowments 

e_intensity e_intensity e_intensity e_intensity e_intensity e_intensity 

did -0.0030 
(0.0028) 

-0.0054*** 
(0.0009) 

-0.0041*** 
(0.0010) 

-0.0081*** 
(0.0018) 

-0.0089*** 
(0.0018) 

-0.0037*** 
(0.0010) 

Constant 0.2254*** 
(0.0380) 

0.1509*** 
(0.0141) 

0.1553*** 
(0.0146) 

0.2326*** 
(0.0315) 

0.2310*** 
(0.0256) 

0.1444*** 
(0.0153) 

Firm control YES YES YES YES YES YES 
City control YES YES YES YES YES YES 
Year fixed effects YES YES YES YES YES YES 
Firm fixed effects YES YES YES YES YES YES 
N 40,860 222,131 198,497 64,494 90,237 172,754 
R2 0.0129 0.0200 0.0174 0.0235 0.0196 0.0190 
F 12.16 143.4 109.5 49.25 59.63 101.3 

 540 

Test of incentive effect 541 

According to the above theoretical analysis, on the one hand, the incentive effect can reduce energy 542 
consumption by changing the energy structure, that is, by energy substitution; on the other hand, it can 543 
increase output by promoting green technology innovation, that is, innovation offsets, effectively reducing 544 
EI of HPEs. Referring to Sun et al. (2012), this paper takes industrial coal consumption, the number of 545 
employees at the end of year and capital stock as input variables and the total industrial output value as the 546 
output variable and decomposes energy efficiency into energy substitution efficiency and technical 547 
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efficiency**. Energy substitution efficiency is the proxy variable for energy substitution, while technical 548 
efficiency is the proxy variable for innovation offsets. 549 

The test results of the incentive effect are shown in Table 6. In Column (1), the coefficient representing 550 
GCP on the energy substitution efficiency of HPEs is significantly positive, indicating that GCP adjusts 551 
the proportion of energy and non-energy and further improves the energy substitution efficiency of HPEs. 552 
In Column (2), the coefficients representing GCP and energy substitution efficiency in terms of EI of HPEs 553 
are both significantly negative, indicating that energy substitution presents a significant mediating effect 554 
between GCP and EI of HPEs. In Column (3), the coefficient representing GCP on the technical efficiency 555 
of HPEs is significantly positive, indicating that GCP can effectively guide capital to increase R&D 556 
investment and improve the technical efficiency of HPEs. This finding is inconsistent with the analysis of 557 
Lu et al. (2021), which adopts the number of invention patent applications or grants as a proxy variable for 558 
technology innovation and pays more attention to product innovation, while we use technical efficiency 559 
after energy efficiency decomposition and pay more attention to process innovation, which is more 560 
consistent with the original intention of the incentive effect. In Column (4), the coefficients representing 561 
GCP and technical efficiency in terms of EI of HPEs are both significantly negative, thus verifying the 562 
positive path of “GCP→(improving) technical efficiency→(reducing) EI”. The overall empirical results of 563 
the incentive effect are consistent with the research conclusion of Chen et al. (2021) that GCP has an 564 
incentive effect on the green transformation of brown enterprises, and thus, Hypothesis 2 is verified. 565 

Table 6 Test results of the incentive effect. 566 

Variables (1) (2) (3) (4) 
energy substitution efficiency e_intensity technical efficiency e_intensity 

did 0.0115*** 
(0.0028) 

-0.0081*** 
(0.0012) 

0.0019*** 
(0.0005) 

-0.0075*** 
(0.0012) 

energy substitution efficiency  -0.0088*** 
(0.0018)   

technical efficiency    -0.3993*** 
(0.0148) 

Constant 0.8126*** 
(0.0416) 

0.1828*** 
(0.0203) 

0.0049 
(0.0180) 

0.1776*** 
(0.0209) 

Firm control YES YES YES YES 
City control YES YES YES YES 
Year fixed effects YES YES YES YES 
Firm fixed effects YES YES YES YES 
N 184,961 184,961 184,961 184,961 
R2 0.3627 0.0330 0.1807 0.0572 
F 3713 121.1 536.8 132.9 

 567 

Test of constraint effect 568 

It can be seen from the above theoretical model that the constraint effect is essentially a cost constraint. 569 
GCP is not only directly limited by financing costs but also indirectly affected by pollution abatement 570 
costs. Thus, we intend to conduct an empirical test on the intermediary path of “GCP→the constraint effect571 
→EI”. The ratio of interest expenditure to total debt is used as the proxy variable of financing cost (Pittman 572 
and Fortin,2004). Given the differences in enterprise scale, the number of emission reduction facilities per 573 
10,000 persons is used as the measurement standard of pollution abatement cost, including the number of 574 
wastewater and waste gas treatment facilities per capita (Liu et al. 2021). 575 

The test results of the constraint effect are shown in Table 7. In Column (1), the coefficient of GCP 576 
on the financing cost of HPEs is significantly positive, indicating that the constraint effect narrows the 577 

 
** Due to space limitations, the decomposition process is tedious and will not be displayed here. Interested readers are requested from the author. 
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financing channel and sharply increases financing costs. This finding is basically consistent with the 578 
research conclusion of Si and Cao (2022). In Column (2), the coefficients of GCP and financing cost on EI 579 
of HPEs are both significant, indicating that financing costs play a negative intermediary role in the 580 
relationship between GCP and EI. In Column (3), the coefficient of GCP on the pollution abatement cost 581 
of HPEs is significantly positive, indicating that GCP triggers HPEs to invest more in energy conservation 582 
activities through the internalization of pollution externalities. The resulting “resource crowding effect” 583 
increases the pollution abatement cost. In Column (4), the coefficients of GCP and pollution abatement 584 
cost on EI of HPEs are both significant, thus verifying the negative transmission path of “GCP→585 
(increasing) pollution abatement cost→(increasing) EI”, which is consistent with the findings of Lin et al. 586 
(2021). Thus, Hypothesis 3 is verified. 587 

Table 7 Test results of the constraint effect. 588 

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

financing cost e_intensity pollution abatement 
cost e_intensity 

did 0.0023*** 
(0.0004) 

0.0069*** 
(0.0011) 

0.0144** 
(0.0074) 

-0.0056*** 
(0.0014) 

financing cost  0.0753*** 
(0.0090)   

pollution abatement cost    0.0118*** 
(0.0024) 

Constant 0.0685*** 
(0.0018) 

0.3224*** 
(0.0083) 

0.5256*** 
(0.1161) 

0.1279*** 
(0.0258) 

Firm control YES YES YES YES 
City control YES YES YES YES 
Year fixed effects YES YES YES YES 
Firm fixed effects YES YES YES YES 
N 173,655 173,655 115,335 115,335 
R2 0.0469 0.0400 0.0801 0.0377 
F 263.5 121.4 269.2 67.33 

 589 
In summary, the incentive and constraint effects brought about by GCP indeed coexist but play an 590 

opposite mediating role in reducing EI of HPEs. The sum effects of energy substitution and innovation 591 
offsets far exceed financing and pollution treatment costs, and thus, the incentive impact is significantly 592 
greater than is the constraint effect in general. This finding may be due to the following two reasons: on 593 
the one hand, compared with the constraint effect, the incentive effect plays an intermediary role in 594 
promoting fundamental changes, such as the optimization of the energy structure and the innovation of 595 
energy-saving technology, and the corresponding impact will be larger, while on the other hand, the 596 
incentive effect promotes HPEs to transfer from the original passive reduction to the current proactive 597 
reduction. The resulting positive effect brought about by the incentive effect will be far greater than the 598 
negative effect brought about by the constraint effect, which is exactly consistent with the intention of 599 
GCP. 600 

Conclusions and implications 601 

Green credit has the dual attributes of “environmental regulation” and “financial instruments”; 602 
therefore, it is very important to discuss its role in the process of industrial green transformation. However, 603 
the majority of previous research analyses the effectiveness of GCP from the perspective of a single 604 
attribute; furthermore, the evaluation of the policy effects remains controversial, and the exploration of 605 
specific microcosmic mechanisms is inadequate. To fill the research gap, energy factors and green credit 606 
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are introduced into the enterprise production function, and the environmental and financial impacts of green 607 
credit are incorporated into the unified analytical framework on the basis of a heterogeneous enterprise 608 
theoretical model to reveal the comprehensive mechanisms and impacts of GCP on EI of HPEs in terms of 609 
the incentive and constraint effects, respectively. Taking the implementation of the GCP in 2007 as a quasi-610 
natural experiment, we employ the Chinese Industrial Enterprise Database and Chinese Enterprise 611 
Pollution Emission Database during 2001-2011 as research samples and construct DID and DDD methods 612 
and mediating effect models to empirically examine whether GCP can promote innovation or accelerate 613 
financial constraints. 614 

The main research conclusions are as follows. First, the theoretical model and empirical analysis are 615 
mutually verified, with both indicating that GCP has a significant inhibiting effect on EI of HPEs. Second, 616 
the analysis of the mediating mechanism shows that the incentive and constraint effects of GCP coexist 617 
but are opposites. Specifically, the incentive effect significantly reduces EI of HPEs, while the constraint 618 
effect obviously enhances EI of HPEs. Furthermore, the impact of incentives is far greater than is that of 619 
constraints, which indicates that industrial enterprises have produced offset benefits exceeding compliance 620 
costs. Third, the incentive effect originates mainly from energy substitution and innovation offsets, while 621 
the constraint effect stems primarily from the increase in financing costs and pollution abatement costs. 622 
Finally, heterogeneity analysis shows that the inhibiting effect of GCP on EI of HPEs is more significant 623 
in non-state-owned enterprises, underdeveloped financial markets and abundant energy endowments. 624 

Based on the above conclusions, the following policy implications are proposed. First, the government 625 
should further improve the incentive and constraint mechanism of GCP to stimulate the green 626 
transformation of HPEs. GCP has both incentive and constraint effects, but the constraint effect is merely 627 
the means, while the incentive effect is the ultimate goal, aiming to trigger HPEs to realize green 628 
transformation and sustainable development (Wu et al. 2022). Hence, financial management departments 629 
should formulate subsidy and reward standards for green credit and take incentives, such as green 630 
refinancing, discount interest on green credit, and targeted rate reduction on green credit, to guide funds to 631 
invest more in green fields to better play the incentive effect of GCP. 632 

Second, the clean energy substitution and green technology innovation of HPEs should be positively 633 
encouraged. The financial management department should prompt banks to incorporate the indicators of 634 
social responsibility, such as energy saving and environmental protection, into the GCP rating system and 635 
take differentiated financing measures according to the evaluation results. For HPEs using clean energy 636 
and innovating green technologies, financial institutions should prioritize providing green credit to 637 
accelerate their green industrialization. 638 

Third, mitigation of the financial constraints of HPEs is necessary. For the serious financial 639 
constraints and strong intention to green transform of HPEs, financial institutions should try their best to 640 
meet reasonable credit demands, such as by appropriately lowering the risk weight of green assets, giving 641 
priority to the compensation of green assets' equities, and carrying out energy efficiency financing, carbon 642 
emission right financing and pollution emission right financing, to alleviate financial constraints and guide 643 
them to transform into green enterprises. 644 

Finally, the differences in enterprises and their levels of financial marketization and energy 645 
endowments should be fully considered to promote GCP according to local conditions. For non-state-646 
owned enterprises, the underdeveloped financial market and scarce energy endowments, their demand 647 
elasticity for green credit is relatively small. Hence, financial institutions should moderately relax loan 648 
conditions, lower loan thresholds, broaden loan channels and lower loan costs to better guide 649 
heterogeneous HPEs to decrease their level of EI. 650 

However, there are also several limitations in our research that represent potential directions for future 651 
research. First, the data in this paper are from 2001-2011 due to data availability. With the disclosure of 652 
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the coal consumption of industrial enterprises in the future, the data will be updated. Additionally, this 653 
paper is unable to empirically verify the difference between the short- and long-term impacts of incentive 654 
and constraint effects due to the limitations of the utilized research methods. In practice, the impact of the 655 
incentive and constraint effects may not be synchronized. The constraint effect often plays a role in the 656 
short run, while the incentive effect usually takes a relatively long time to come to fruition. This finding 657 
means that the incentive effect may usually lag behind the constraint effect. 658 
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