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Abstract

Green credit policy is the primary means for financial institutions to fulfill their environmental responsibilities. It is an issue
worthy of attention whether green credit policy can achieve the effect of energy conservation, efficiency improvement, pol-
lution reduction, and carbon reduction. This study uses the difference-in-difference method to test the impact of green credit
policy on energy efficiency. The results show that green credit policy led to a significant decrease in energy intensity of green
credit-restricted sectors while impeding the advancement of green total factor energy efficiency. The heterogeneity results
show that the energy efficiency of large-scale, light textile manufacturing, resource processing industries, and clean industries
are more significantly affected. Green credit policy can achieve energy conservation and has a linkage effect on pollution
and carbon reduction. Although the constraint effect of green credit policy has effectively suppressed energy intensity, it
also leads some industries to face a vicious cycle of “enhanced financing constraints-weakened innovation impetus,” which
in turn makes it challenging to improve green total factor energy efficiency. The above findings confirm the effectiveness of
green credit policy in energy conservation and emission reduction. Also, they indicate the necessity of further improvement
of the green financial policy system.

Keywords Green credit - Energy conservation and efficiency improvement - Pollution reduction and carbon reduction -
Financing constraints - Innovation impetus

Abbreviations Introduction

GCP Green credit policy

EE Energy efficiency To promote climate and environmental governance and
EI Energy intensity sustainable development, China explicitly stated the
GTFEE Green total factor energy efficiency objectives of “carbon peaking” and “carbon neutrality.”
DID Difference-in-difference Therefore, China’s economic development is facing the
FE Fixed effect model dual challenges of energy structure adjustment and green

transformation of industrial structure. While strengthen-
ing the real economy, it is also necessary to actively pro-
mote its energy conservation, efficiency improvement,
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to effectively achieve synergy in reducing pollution and
carbon dioxide emissions (Nasir et al. 2021; Tan et al.
2022a, b). Green credit policy has a deterrent effect on
industries with high pollution and energy consumption.
It promotes credit structure transferring to clean and
low-carbon industries through environmental regulations
and credit quota control (Tan et al. 2022a, b). Besides,
it increases the merger and reorganization of industries
with serious overcapacity, integrates excess capacity, pro-
motes industrial transformation, adjusts product structure,
and transforms traditional technologies. Energy utiliza-
tion efficiency is a crucial carrier of the transition to
a low-carbon, environmentally friendly economy that
involves decreasing energy consumption and maximiz-
ing the benefits of energy utilization (Song et al. 2021;
Wu et al. 2021). It is a crucial theoretical and practical
issue whether green credit policy can help the realization
of “carbon peaking and carbon neutrality” by improving
energy utilization efficiency or not. And it is a new task
to overcome resource and environmental constraints, to
achieve sustainable high-quality development.

Compared to the previous research, this article attempts
to integrate green credit policy and energy efficiency
into a unified analytic framework, takes 29 manufactur-
ing sub-industries from 2004 to 2019 as research sam-
ples, and uses difference-in-difference method to test the
impact of China’s GCG2012 on energy intensity and green
total factor energy efficiency. Based on previous studies,
this paper may have three marginal contributions. First,
we investigate the “energy conservation and efficiency
improvement” effect of green credit policy more compre-
hensively from the theoretical and empirical perspectives
and further enrich the research of environmental economic
policy. Second, in an attempt to grant additional evidence
for understanding the link between green credit policy and
energy efficiency, we employ the difference-in-difference
approach to empirically assess the influence of green
credit policy on energy intensity and green total factor
energy efficiency in the manufacturing industry. Third,
we verify the transmission mechanism and heterogeneity
analysis of the impact of green credit policy on energy effi-
ciency and further investigate the linkage effect of green
credit policy on energy efficiency, which is to test whether
the green credit policy has the synergistic effect of reduc-
ing pollution and carbon, to perfect the green financial
policy system.

The remaining contents are categorized into five parts.
The literature review is presented in Part 2, the fundamen-
tal mechanism and hypothesis are presented in Part 3, the
model approach and data interpretation are shown in Part
4, the estimate findings are presented and discussed in Part
5, and some policy implications are summarized and drawn
in Part 6.
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Literature review

Green credit policy intends to stop blind growth and mini-
mize energy consumption by restricting the financial expo-
sure of enterprises with excess capacity and “high pollu-
tion and high energy consumption” (Wu et al. 2021, 2022;
Tan et al. 2022a, b). It is a specific form of environmen-
tal regulation (Cui et al. 2022). In terms of implementa-
tion effects, green credit policy has significant binding and
punitive impacts on green credit-restricted industries. This
is reflected by increasing the cost of financing, reducing
investment, and making the allocation of bank credit in these
industries less efficient (Wen et al. 2021; Yao et al. 2021).
Green credit policy has also demonstrated a noticeable
improvement effect, which has benefited heavy-polluting
enterprises significantly move ahead in green innovation
(Hu et al. 2021; Chen et al. 2022). It promotes the emis-
sion reduction of sulfur dioxide and wastewater and plays
a positive effect on environmental quality improvement
(Zhang et al. 2021). Besides, it also significantly reduces
the industrial carbon emission intensity (Zhang et al. 2022),
while the latter reflects the green innovation effect and the
pollution reduction and carbon reduction effect of green
credit policy. Additionally, other researchers investigated
the connection between green credit and energy use. Using
the spatial measurement approach, Song et al. (2021) exam-
ined the beneficial effects of green credit on China’s energy
use under environmental restrictions. Tan et al. (2022a, b)
verified that green credit policy has effectively improved the
total factor energy efficiency of China’s “two high and one
surplus” industries.'

There are still some shortcomings although previous arti-
cles provided references and research perspectives. First,
there is a lack of a more comprehensive assessment of the
impact of green credit policy on energy efficiency from the
perspective of energy intensity and green total factor energy
efficiency. It should be noted that energy intensity, i.e.,
energy consumption per unit of economic output, belongs
to single-factor energy efficiency, while green total factor
energy efficiency belongs to multifactor energy efficiency
covering labor, capital, energy, desirable output, and unde-
sirable output. Therefore, the impact of green credit policy
on energy intensity and green total factor energy efficiency
may be different. Second, energy efficiency, as a critical fac-
tor that directly affects resource utilization, pollution reduc-
tion, and carbon emissions, is still to be supplemented in
terms of direct, indirect, and linkage effects of green credit
policy. Pollutants and carbon dioxide have the same source
and process in terms of emission; the same frequency, effect,

! “Two high and one surplus” refers to high pollution, high energy
consumption, and overcapacity industries.
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and path in terms of governance; and the synchronization
and same goal in management. Their root cause is all in
the whole process of energy production and consumption.
Third, the manufacturing industry is the primary produc-
tion sector of production and living materials required for
economic development and social operation; a large number
of high-energy-consuming industries are concentrated. Con-
sequently, it is crucial to research the impact effect, transmis-
sion mechanism, and heterogeneity analysis of green credit
policy on energy efficiency in the manufacturing industry.

Theoretical mechanisms and research
hypotheses

Direct effect of GCP on EE

GCP takes compliance with environmental testing standards,
pollution control effects, and ecological protection as essen-
tial preconditions for credit approval. It sets differential pric-
ing in the loan amount and interest rate to guide the alloca-
tion of funds, thereby affecting the environmental behavior
of enterprises in pollution reduction and EE improvement
(Wen et al. 2021). As a binding policy, the role of GCP on
EE is mainly reflected in signal transmission and dynamic
supervision (Chang et al. 2019; Yao et al. 2021; Zhang et al.
2022).

From signal transmission standpoint, GCP serves as a
“warning” to “two high” industries, which is reflected in the
implementation of punitive loan interest rates by commercial
banks to stimulate production technology innovation in the
two high industries. GCP can also transmit the “signal” to
the market about the country’s adherence to green develop-
ment, thus directing private investments into green sectors
(Tian et al. 2022), and optimizing the financial distribution
of resource management (Luo et al. 2021). Furthermore,
GCP promotes environmental disclosures and information-
sharing mechanism improvement. It helps to weaken the
information asymmetry between the government, financial
institutions, and enterprises and can further increase the
attention of cleaner production in the two high industries.
Based on the signal transmission effect of GCP, the two high
enterprises are motivated to shift from end-of-pipe treat-
ment to cleaner production. This helps to reduce financing
costs and maintain their market reputation, which stimulates
them to increase investment in R&D and boosts innovation
output. The two high enterprises promote cleaner production
and green manufacturing through green technology innova-
tion, so that they can regain more market share and obtain
the innovation compensation effect, which can also further
stimulate enterprises to develop green technologies. This
virtuous cycle process is bound to optimize the allocation of
capital, energy, and other factors and improve EE.

From credit supervision standpoint, financial institutions,
as external creditors, restrict enterprises’ adverse selection
and moral hazard while increasing their investment effi-
ciency. Whenever two highs firms request fresh investment
loans from financial institutions, they will be subject to a
stringent environmental evaluation and multiple super-
vision of media and capital market. Moreover, pollution
charges and fines will also reduce the investment available
to enterprises. These external uncertainties may encourage
two highs industries to optimize the investment structure
and improve investment efficiency (Zhang et al. 2021). The
information communication and dynamic tracking mecha-
nism will promote the production and operation of enter-
prises to become more standardized. Once environmental
problems occur, financial institutions will not grant credit,
suspend credit, or even terminate credit (Hu et al. 2021). If
so, enterprises will face difficulties in financing, as well as
the risk that previous investments may be converted into
sunk costs, and be forced to reduce production or even with-
draw from the market.

From the theoretical analysis above, it is indeed clear
that GCP has a considerable constraining effect, which can
prevent the unchecked growth of high energy—consuming
industries and significantly lower EI. Besides, it is also clear
that GCP has an improvement effect, which encourages the
development of green technologies and optimizes resource
allocation. However, due to the increasing financing costs,
the difficulty of green technology innovation and resource
allocation also increases. The enterprise will seek benefit
maximization between production costs and innovation
compensations. Therefore, it is difficult for GCP to improve
GTFEE including the capital, energy, labor, and other fac-
tors in the short term. Based on this, the following research
hypotheses are proposed.

Hypothesis Hla. GCP promotes the reduction of EI in
green credit—restricted industries.

Hypothesis Hl1b. GCP inhibits the improvement of
GTFEE in green credit—constrained industries.

Indirect effect of GCP on EE
Financing constraints

As far as financing cost is concerned, GCP has both
constraint and incentive effects. GCP will reduce credit
support or adopt high-interest rate credit for two high
industries, or even stop new credit support. These prac-
tices raise the credit financing threshold and transaction
cost (Yu et al. 2021) and produce a “punitive effect” to
curb their blind development (Yao et al. 2021; Wu et al.
2022). It also forces two high industries to carry out tech-
nological innovation and product upgrading to promote
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green transformation. Meanwhile, GCP provides looser
financing constraints and more convenient financing chan-
nels for green, low-carbon, and environmental protection
industries (Cui et al. 2022). It provides financial support
for technological innovation in green industries, and also
disperses the risks of enterprises’ energy-saving and envi-
ronmental protection technological innovation. It is con-
ducive to optimizing resource allocation, promoting R&D
efforts, and boosting the transformation and application
of scientific and technological achievements. The GCP’s
incentive and constraint effects will steer capital towards
eco-friendly, low-carbon businesses, support the two high
sectors’ greening, improve the social and economic struc-
ture, and promote EE.

Hypothesis H2. GCP affects the allocation of credit
resources through financing constraints, which in turn
affects EE.

Innovation impetus

As an incentive-based environmental regulation tool, GCP
heartens enterprises to engage in technological innovation.
Enterprises will obtain innovation compensation effect after
technological innovation, which can offset the additional
costs brought by GCP financing constraints (Porter 1991).
Technological innovation can enable enterprises to improve
their market competitiveness while achieving energy con-
servation and efficiency improvement. Additionally, GCP’s
assistance helps ease the lack of innovation investment,
particularly for small-to-medium businesses with financial
issues (Zhang et al. 2021). On another scale, the techno-
logical innovation of enterprises promotes the generation of
cleaner production technologies, which can improve green
performance of enterprise. With the acceleration of techno-
logical progress and the promotion of equipment upgrading,
the green transformation of enterprises will be promoted.
It will create conditions for obtaining green credit support.
For green, low-carbon, and environmental protection indus-
tries, green credit from financial institutions is tilted to these
industries and can effectively allocate credit resources and
inject a steady stream of impetus into their development. For
“two high and one surplus” industries, GCP’s supervision
effect curbs their blind expansion, and the signaling effect
of GCP also makes them face stricter pressure on environ-
mental protection and public opinion. Therefore, the stress
of cleaner production weakens the driving force of techno-
logical innovation.

Hypothesis H3. GCP limits the industry’s innovation

impetus by affecting green credit, which in turn affects
EE.

@ Springer

Linkage effect of GCP on EE

Energy usage is the principal cause of CO, and pollutant
emissions, with some studies suggesting that 88.4% of Chi-
na’s CO, emissions in 2020 come from fossil energy com-
bustion. In terms of major sources of air pollutant emissions,
sulfur dioxide in the industrial sector is also generated by
energy combustion and the chemical reactions driven by
it. Therefore, the energy utilization is the key and focus of
achieving the synergistic reduction of pollution and carbon
emissions. As previous research shows, energiewende and
strict implementation of end-of-pipe controls can collabo-
rate to reduce air pollution and CO, emissions (Yuan et al.
2022); besides, financial policies which promote renewable
energy sources can also assist in lowering CO, emissions
and boosting environmental quality (Wang et al. 2022a, b).
High-quality energy development not only directly restrains
CO, emissions, but also indirectly stems CO, emissions,
improving EE (Wang et al. 2022a, b). Based on this, it can
be inferred that EE improvement is a viable path to promote
the synergy of pollution and carbon reduction. When GCP
has a significant impact on EE, whether it can have a linkage
effect on pollution reduction and carbon reduction remains
to be verified.

Hypothesis H4. GCP not only affects EE, but also has a
linkage effect on pollution and carbon reduction (Fig. 1).

Research methods and data analysis
Model specification
DID model

The difference-in-difference (DID) model is used to test the
effect of GCP on EE. China Banking Regulatory Commis-
sion (CBRC) first launched the GCP in 2007. However, GCP
has not been properly carried out due to the ambiguity of
the implementation standards and the stress of economic
growth (Guo 2014; Wen et al. 2021). Since then, CBRC has
formally put forward Green Credit Guidelines (GCG2012).
At the same time, the banking industry has indeed promoted
green credit as a strategy, which is regarded as a milestone
of China’s GCP (Liu et al. 2019). Therefore, 2012 is chosen
as the policy implementation year in this study. The model
is constructed as

Y, =ay+ a;DID; + a, Z Control, + p; + 6, + €;, €))

In Eq. (1), Y;, refers to EE, including EI and GTFEE, and
i and ¢ refer to industry and year.
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Fig. 1 The transmission mechanism of green credit policy on energy efficiency

DID;, = treat;, X post;, is the primary explanatory vari-
able, where treat is used to evaluate whether the industry
belongs to GCP or not. And the green credit restriction
industry is set as 1; otherwise, it is 0; post is used to judge
whether the period is affected by GCP. After the implemen-
tation of GCG2012, it is 1; otherwise, it is 0. Control is
the control variable. y; is the time-fixed effect and ¢, is the
industry-fixed effect. g;, represents a random error term.

5 5
Yit =0 + Zi:laprestprefs + acurrentDcurrent + Zi:laposzstposLs + a Z COntrOlit + Hi + 5t + Eir

Dynamic effect model

Due to periodical and non-equilibrium characteristics of
GCP implementation, the dynamic effect model is utilized
to further investigate the dynamic impact of GCP on EE. Not
only can we explore whether the EE is related to the impact
time of GCP, but also verify the parallel trend hypothesis of
DID. The model is constructed as

@

Table 1 Description of input—output indicators

Elements Input—output indica- Calculation method
tors

Energy Energy consumption Use coal and other six kinds of energy to convert energy consumption according to standard coal

Capital Capital input According to the perpetual inventory method: K;, = K;,_, (1 — 6;,) + I,,/P;. K, and K,_, denote the
real capital stock at the end of year t and year 1 — 1, §;, is the rate of fixed capital depreciation.
Referring to the depreciation rate of 9.6% proposed by Zhang et al. (2004). I,, is the fixed capital
investment amount, P;, is the fixed asset investment price index

Labor The number of Select the number of employees in each sub-sector of the manufacturing industry

employees
Desirable Output  Sales value of Consider the year 2004 to be the base year, and use the price index of industrial manufacturers in

industry

Undesirable Output CO,, COD, NH3-N,

industrial SO,
emissions

various industries to adjust

€Oy = XL E, X CEF, X NCV, x COF, x (£) . .

According to 2 ZiiB ! ! ! 12/ E, is the consumption of various types
of energy, CEF, is the carbon emission coefficient of the unit average low calorific value, NCV; is
the average low calorific value of each energy, and COF; is the carbon oxidation factor

@ Springer
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In Eq. (2), Do 55 Dewrrenss Dpost s TEPTEsent the cross
product of the year dummy variables and the policy dummy
variables before, at the time and after the implementation
of GCG2012. @, i, Aeyprens> Xpoy_ denote the correspond-
ing estimated values. The rest of the variables are the same

as Eq. (1).

Variable design
Explained variables

1. Energy intensity (EI) is expressed by the energy con-
sumption per unit sales value of the manufacturing
industry.

2. Green total factor energy efficiency (GTFEE) is com-
puted using Global-Malmquist-Luenberger (GML)
method according to Chen and Wang (2022). The base
period of 2004 is set to 1 and multiply them to get the
specific GML index from 2004 to 2019. The indicators
used are shown in Table 1.

Explanatory variables

Considering that CBRC formally proposed GCG in 2012,
2012 is regarded as the year of policy impact. The DID
variables are constructed by taking the industries with
two high and one surplus as the treatment group, which
is covered by the “Key Indicators of Green Credit Per-
formance,” and the rest of the industries as the control

group.

Mechanism variables

Financing constraint (Constraint) is measured by the indus-
trial asset-liability ratio, and innovation impetus (Innovation)
is assessed by the proportion of industrial R&D investment
in the primary business income (Tan et al. 2022a, b). Car-
bon dioxide intensity (CI) and sulfur dioxide intensity (SI)
are selected as the dependent variables to verify the linkage
effect of GCP on pollution and carbon reduction.

Control variables

According to the relevant research in the existing literature,
we select the following control variables. (1) Fuel price
index (FP): Select the industry-wide fuel price index and
establish a fixed-base index with 2004 as the base period
(Tan et al. 2022a, b). (2) Environmental regulation (ER):
It is measured by the proportion of wastewater and waste
gas treatment operation costs in industrial sales (Wang et al.
2020a, b). (3) Internal financing (IF): The growth rate of
self-financing among the sources of fixed asset investment
in each industry is chosen to measure IF (Wu et al. 2022).
(4) Industry size (IS): It is measured by the logarithm of the
number of industrial enterprises above the scale (Wang et al.
2020a, b). (5) Ownership structure (OS): The ratio of total
assets of state-owned enterprises above the scale to that of
industrial enterprises above the scale is selected to meas-
ure OS (Wang et al. 2020a, b). (6) Foreign investment (FI):
This paper selects the proportion of foreign capital used by
each industry in the investment capital of the industry to
measure FI (Wang et al. 2020a, b; Zhang et al. 2022). (7)
Labor productivity (LP): The ratio of industrial sales output
to employees is used to calculate LP (Zhang et al. 2022). (8)

Table 2 Descriptive statistics

Variables All samples Treatment group Control group
Mean Std. Dev Mean Std. Dev Mean Std. Dev

EI 0.3928 1.1219 0.9946 1.7548 0.0760 0.1245
GTFEE 1.2079 0.7386 1.3460 0.6301 1.1352 0.7809
CI 0.9797 3.0185 2.5326 4.7663 0.1624 0.2411
SI 0.0015 0.0028 0.0033 0.0040 0.0006 0.0010
FP 1.4870 0.3121 1.4151 0.2926 1.5249 0.3158
ER 0.0016 0.0021 0.0031 0.0025 0.0009 0.0014
IF 0.2481 0.2407 0.2044 0.1965 0.2711 0.2584
IS 8.9204 1.1583 9.3156 0.8002 8.7124 1.2602
oS 0.3399 0.3161 0.3946 0.3028 0.3112 0.3197
FI 0.0440 0.0607 0.0387 0.0473 0.0468 0.0665
LP 13.4470 0.7559 13.5261 0.7281 13.4054 0.7679
GP 0.1455 0.1989 0.1414 0.1977 0.1477 0.1998
Constraint 0.5389 0.0788 0.5767 0.0508 0.5190 0.0835
Innovation 0.0075 0.0056 0.0065 0.0039 0.0081 0.0063
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(1 ) 3) 4)

DID —0.1639*** (0.0325) —0.1387*** (0.0273) —0.0779* (0.0390) —0.1024** (0.0379)

Control NO YES NO YES

Year FE YES YES YES YES

Industry FE YES YES YES YES

_cons 0.0925*** (0.0087)  4.5267*** (0.9144)  0.7257*%* (0.1042) -10.2549%*%** (3.4498)

R-squared 0.9831 0.9863 0.5757 0.6153

Observations 464 464 464 464

The standard errors are displayed in parentheses. The following tables are the same.

*Significance at the *10% level; **significance at the 5% level; *** significance at the 1% level.

Growth potential (GP): The growth rate of the primary busi-
ness income of industrial enterprises above the designated
size is selected to measure GP (Wang et al. 2020a, b).

Data source

According to National Economical Industry Classification
(GB/T 4754-2017), the manufacturing industry is further
divided into 29 sub-industries. According to this, we select
29 manufacturing sub-industries from 2004 to 2019 as the
research objects. According to Key Indicators of Green
Credit Performance, and on the basis of availability of data,
the quartile industries involving two high and one surplus
are merged into two sub-industries.

Since the industrial sales output value data is only avail-
able up to 2016, the geometric mean method is used to esti-
mate the industrial sales output value from 2017 to 2019.
Table 2 is variable descriptive statistics.

Empirical findings and analysis
Benchmark results

The average effect of GCP on EI and GTFEE is shown in
Table 3. Columns (1) and (2) show that after controlling for
industry and year fixed effects, the DID regression coeffi-
cient of the impact of GCP on EI is notably negative, regard-
less of the addition of control variable. It indicates that the
implementation of GCP can effectively reduce EI. Column
(3) demonstrates that after controlling for industry and year
fixed effects, the DID regression coefficient of the impact of
GCP on GTFEE is notably negative. After the control vari-
able is included, the DID regression coefficient in column
(4) is still negative, indicating that the implementation of
GCP has suppressed the advancement of GTFEE.

The above results show that GCP has significantly
reduced EI, and the possible reason is that GCP restricts

the blind expansion of the two high and one surplus indus-
try by setting the financing threshold, forcing enterprises
to save energy. Those effectively control energy consump-
tion and contribute to the reduction of EI. Thus, Hypothesis
Hla is verified. GCP has significantly suppressed GTFEE
for the following reasons. First, GCP has restricted the credit
financing of the two high and one surplus, resulting in capi-
tal investment limitation and production scale reduction.
Moreover, the “signal transmission” role of GCP has weak-
ened the ability of the restricted industries to attract social
capital, making it difficult to play the scale economy effect.
Second, GCP has restricted the financing of the two high and
one surplus industry, resulting in the lack of financial sup-
port for technological innovation, especially for enterprises
with high reliance on external financing. This makes it diffi-
cult to play the Porter effect. Consequently, it causes a reduc-
tion in GTFEE. Therefore, Hypothesis H1b is confirmed.

Dynamic effect analysis

Figure 2 demonstrates the dynamic effect of GCP on EI
and GTFEE, which is also a parallel trend test. As can be
seen from Fig. 2, the DID coefficients of EI are insignificant
before and in the year of adoption of GCP, and the regression
coefficients are around 0. After the implementation of GCP
for 1 year, the DID coefficients pass the significance test, and
the significance has an increasing trend, and the impact of
GCP on EI has a time-lag effect. The reason is that it takes
some time for the implementation of GCP to take effect, and
enterprises will adjust their production and reduce EI only
when the financing constraints and threshold effects of GCP
take effect, thus promoting the reduction of EI. The DID
coefficients of GTFEE in the 2 years before the implemen-
tation of GCP are not significant; however, the DID coef-
ficients achieved the significance test in the previous year.
Those demonstrate that the impact of GCP on GTFEE has
an expected effect. The reason is that although GCP has not
been fully implemented, the signal transmission effect of
GCP has begun to control the production scale of the two

@ Springer



56886 Environmental Science and Pollution Research (2023) 30:56879-56892
Parallel trend test Parallel trend test
y T ;
: T I T ' Y T T
| 1 ! s | | |
-~ : ! ! l I + @e T T +
BT~ A~ ' ' . 3 B[ &1 AN i
g I . 4 ! ¢ ! ¢ | I - i~ N ! I
2 : I I ! ! | | - X gl L N~ | I\ T
S | ! ! E N l [ [ [ | 5 [ ! LR : =
g ! ! 1 o | 1 | ‘5 \ T 1 ] T T
° 1 | | =1 I 1\ I
87 I 1 ! ! ¢\ | | | T | 8 I '\ | v ! I | |
< L ! ! e e L | [ | g [ Lo\ ! [ ! ‘ :
k) 1 ! 1 N | o~ 1 \ ! | S| | i 47
2 | l !  Ne 1 A g I LT T~
4 ~ 2 /
B 1 { i : I S | / 1 § ‘? -y ¢ | i | 1
S ! ! Y : I | I L
o 1 | | | | ) | |
v I 1 I I I a4 I I 1 . !
: 1 1 I i | | |
1 | 1 1 1
I
. 1
# T T T T T r T T T T T Tl T T T T t+ T T T T r
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
Policy point Policy point

Fig.2 Parallel trend test

high and one surplus industry, and the difficulty of attract-
ing social capital has increased, resulting in the decline of
the GTFEE of the two high and one surplus industry ahead
of schedule.

Robustness estimations
Placebo test

To further test whether the effect of GCP on EE in the manu-
facturing industry is induced by other unobservable factors,
this study builds on the research of Chetty et al. (2009) and
uses the non-parametric substitution approach to conduct a
placebo test. The mean values of the estimated coefficients
derived from 500 random samplings are close to zero, and
the empirical cumulative distribution of the coefficients

Kernel density estimate
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Fig.3 Empirical cumulative distribution of placebo test coefficient
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from the placebo test in Fig. 3 shows that the estimated
coefficients in columns (2) and (4) of Table 3 (—0.1387
and —0.1024, respectively) are located in the low tails in
the permutation test. It means that the benchmark regression
results pass the placebo test.

PSM-DID estimation

Considering that DID method is prone to “selective bias,”
this study further uses the PSM-DID method to screen
samples from restricted industries (treatment group) and
non-restricted industries (control group). Firstly, the char-
acteristic variables of restricted industries and non-restricted
industries are regressed, and the predicted value is taken
as the score. Secondly, for matching, the nearest neighbor
matching approach is utilized. Finally, the regression is
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carried out according to Eq. (1). Columns (1) and (2) of
Table 4 demonstrate that GCP has effectively weakened EI;
however, it also has a restraint effect on the advancement of
GTFEE. This indicates the robustness of the conclusions in
this study.

—0.1418*** (0.0276)

—2.0563 (1.3764)

GTFEE
YES
YES
YES
0.8004
377

©

Change the experimental group

Since the transportation equipment manufacturing industry
covers metal ship manufacturing and green transportation
projects, there may be two opposite directions of restric-
tion and support. Therefore, the transportation manufactur-
ing industry is excluded from the treatment group to verify
the impact of GCP on EE. As shown in columns 3 and 4 of
Table 4, after changing the experimental group, the effects of
GCP on EI and GFTEE still match the results of the bench-
mark regression. It means that the conclusions of this study
are reliable.

Exclude data from 2017-2019
—0.1619%** (0.0276)

3.2065*** (0.9123)

EI

5
YES
YES
YES
0.9897
377

Exclude data from 2017 to 2019

The industrial sales output value data from 2017 to 2019
are obtained by estimation. To exclude possible errors in
the research sample data, the data for these 3 years are
dropped. The data sample ranges from 2004 to 2016, and
the remaining research methods and steps are unchanged.
In columns (5) and (6) of Table 4, it can be observed that
after changing the sample period, the impact of GCP on
EI and GFTEE remains consistent with the findings of the
benchmark regression.

—0.1623%*%* (0.0341)
—9.6554%*%* (3.1629)

GTFEE
YES
YES
YES
0.6201
448

(C)]

Change the experimental group
—0.1658**%* (0.0342)

4.7702%*%* (0.9797)

EI
3)
YES
YES
YES
0.9866
448

Heterogeneity analysis
Heterogeneity analysis of industrial scale

Considering the differences in business scope, operating
efficiency, and financing ability, different scale industries
will make different choices in end-of-pollution treatment,
technological innovation and upgrading, and curtailment of
production to exit the market. Therefore, there are also dif-
ferences in EE of GCP for different scale industries. Accord-
ing to the median of total industrial assets in 2012, the sam-
ple is divided into large-scale and small-scale industries, and
the heterogeneity analysis is carried out.

The impact of GCP on EI of large-scale and small-scale
industry is negative, as shown by the test results from the
standpoint of industrial scale heterogeneity in Table 5. And
the absolute value of the former coefficient is greater than
the latter, indicating there is an inhibition effect of GCP on
EI of large-scale industries. The possible reason is that the
production and operation of large-scale industries need to
invest a large amount of energy and capital. GCP has led
to more obvious restrictions on financing in large-scale

—0.1229%*%* (0.0365)
—18.1690** (6.5982)

GTFEE
YES
YES
YES
0.5662
404

(@)

—0.1011%%* (0.0251)

5.7992%** (1.4432)

0.9909

PSM-DID estimation
404

YES
YES
YES

EI
)

cons

Note: * * *_* * and * indicate significance at the confidence levels of 1%, 5%, and 10%, respectively. The values in brackets are standard errors

Table 4 Robustness estimations

DID

Control

Year FE
Industry FE
R-squared
Observations
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Table 5 Heterogeneity analysis El GTFEE
of industrial scale
Large scale Small scale Large scale Small scale
DID —0.1215%* (0.0432) —0.0533** (0.0211)  —0.1928** (0.0839) —0.0763 (0.0530)
Control YES YES YES YES
Year FE YES YES YES YES
Industry FE~ YES YES YES YES
_cons 8.8389*** (1.6719)  —1.0750*** (0.3410) —8.1889* (4.4420)  —9.2189%** (3.4620)
R-squared 0.9916 0.9621 0.5595 0.6939
Observations 192 272 192 272

Note: * * * * * and * indicate significance at the confidence levels of 1%, 5%, and 10%, respectively. The

values in brackets are standard errors

industries, and the reduction of energy input and production
output has weakened EI. From the perspective of GTFEE,
the impact of GCP on GFTEE of large-scale industries is
negative; however, the impact on small-scale industries is
not significant. The possible reason is that GCP not only
dramatically reduces the energy and capital investment of
large-scale industries, but also affects the investment in
green technology innovation, further inhibiting the improve-
ment of GFTEE.

Heterogeneity analysis of industrial category

Due to the differences in the development stage, produc-
tion characteristics, market scale, and other aspects of
the manufacturing industry segments, there are differ-
ences in profitability and innovation efficiency among
different categories of industries. It will make the impact
effect of GCP vary depending on the industry catego-
ries. With reference to GB/T 4754-2017, this paper
divides 13 sectors including agricultural and sideline
food processing industry into light textile manufacturing

Table 6 Heterogeneity analysis of industrial category

industry; 9 sectors including petroleum processing, cok-
ing, and nuclear fuel processing industry into resource
processing industry; and 7 sectors including metal prod-
ucts industry into machinery and equipment manufactur-
ing industry.

Table 6 shows the results of industrial category heteroge-
neity. The impact of GCP on EI of light textile manufactur-
ing industry and resource processing industry is negative,
and the absolute value of the latter coefficient is greater
than the former; however, the impact on EI of machinery
and equipment manufacturing industry is not obvious. The
reason may be that it is a technology-intensive industry, and
its own resource consumption is relatively low, leading the
effect of GCP on its EI is not significant. However, light
textile manufacturing industry belongs to labor-intensive
industry, while resource processing industry belongs to
resource-intensive industry. Those two are high labor input
and resource-dependent industries. They are restricted by
GCP and effectively reduce EI. In terms of GTFEE of the
subsectors, the effect of GCP on GTFEE of the light tex-
tile manufacturing industry is negative, while that of the

El GTFEE
Light textile Resource process- ~ Machinery and Light textile Resource process- ~ Machinery and
industry ing industry equipment manu-  industry ing industry equipment manu-
facturing industry facturing industry
DID —0.0515** —0.1220** 0.0083 (0.0050) —0.4039%** 0.3761%* (0.1739)  0.4710** (0.1911)
(0.0180) (0.0463) (0.1254)
Control YES YES YES YES YES YES
Year FE YES YES YES YES YES YES
Industry FE. YES YES YES YES YES YES
_cons 0.6398 (0.8558) 12.7953*** 0.2131 (0.3436) —18.6930%** —7.8208 (4.4614)  —35.0094%%*
(2.9772) (3.1115) (15.0072)
R-squared 0.8534 0.9911 0.8386 0.7056 0.6394 0.5568
Observations 208 144 112 208 144 112

Note: * * *_* * and * indicate significance at the confidence levels of 1%, 5%, and 10%, respectively. The values in brackets are standard errors
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Table 7 Heterogeneity analysis of pollution level

EI

GTFEE

Clean industry

Pollution-intensive industry

Clean industry

Pollution-intensive industry

DID —0.0031* (0.0015) —0.0539 (0.0332)
Control YES YES

Year FE YES YES

Industry FE YES YES

_cons 0.7141*%*%* (0.1205) 9.7569*** (2.0916)
R-squared 0.7834 0.9903
Observations 256 208

—0.2479%** (0.0672)
YES

YES

YES

—9.4552%* (4.0660)
0.6465

256

0.0998 (0.0814)
YES

YES

YES

—3.0587 (3.7404)
0.7088

208

Note: * * *, * * and * indicate significance at the confidence levels of 1%, 5%, and 10%, respectively. The values in brackets are standard errors

resource processing industry and the machinery and equip-
ment manufacturing industry is positive. Therefore, in the
former, GCP inhibits GTFEE, while opposite in the latter.
The reason is that the light textile manufacturing industry
belongs to low and medium technology-added fields. There
is a little technical barrier within this field, and the enter-
prises are highly substitutable for each other’s imitation.
Therefore, under the constraint of GCP, there is no incen-
tive for technological innovation to improve GTFEE. The
resource processing industry, which is highly dependent
on resources, is subject to the constraining effect of GCP.
It makes the cost of energy consumption rise, and there-
fore promotes the rise of GTFEE by actively promoting
R&D investment and the transformation and application of
R&D results. The machinery and equipment manufactur-
ing industry itself belongs to the high-technology field and
has obtained more convenient financing under the incentive
effect of GCP, which has promoted technological innovation
and equipment renewal, and therefore, enhanced GTFEE.

Heterogeneity analysis of element type
The heterogeneity of policy effects may arise from the differ-

ences in pollution intensity among industries. The sunk cost of
the clean industry in the production process is relatively low,

and the upgrading of technology and equipment is relatively
easy, while the environmental technology cost of the pollution-
intensive industry is relatively high, and the impact of policy
may be more significant. According to the median of pollution
intensity in 2012, the sample is divided into clean industry and
pollution-intensive industry for heterogeneity analysis.

Table 7 shows the results of pollution degree heteroge-
neity. GCP has a significant inhibitory effect on the EI and
GFTEE of clean industries, but has no significant effect on
the energy efficiency of pollution-intensive industries. The
reason is that the cleaning industry is more motivated by the
policy to upgrade equipment to promote the reduction of
EI, while GFTEE needs the drive of technological innova-
tion, which is difficult to be effectively improved in the short
term. For pollution-intensive industries, they may choose to
scale down rather than focus on technological innovation
and equipment upgrading at the initial stage, so they will
not be significantly affected by policies.

Transmission mechanism and linkage effect of GCP
Transmission mechanism analysis

In accordance with the findings of the benchmark results
research, GCP decreases EI and GFTEE. On this foundation,

Table 8 The transmission

. X Constraint Innovation
mechanism analysis of GCP
D 2 3 G}
DID 0.0274*** (0.0050)  0.0283*** (0.0051) —0.0012*** (0.0004) —0.0013** (0.0004)
Control NO YES NO YES
Year FE YES YES YES YES
Industry FE YES YES YES YES
_cons 0.5443" (0.0041)  0.7922""(0.1920)  0.0028"" (0.0004) 0.0109 (0.0127)
R-squared 0.9108 0.9193 0.8733 0.8852
Observations 464 464 392 392

Note: * * * * * and * indicate significance at the confidence levels of 1%, 5%, and 10%, respectively. The

values in brackets are standard errors
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further clarifying the transmission mechanism is conducive
to a clearer understanding of the relationship between GCP
and EE. Through the preceding theoretical mechanism anal-
ysis, it is found that GCP affects EI and GFTEE through
financing constraints and innovation impetus. Taking financ-
ing constraints (constraint) and innovation impetus (innova-
tion) as dependent variables, the DID approach is employed
to estimate the impact of GCP on these factors. Table 8
shows the results of the transmission mechanism of GCP.

As illustrated in Table 8, the financing constraint coef-
ficient is notably positive regardless of the inclusion of
control variables. It indicates that the implementation
of GCP has strengthened the financing constraint of the
industry. The possible reason for this is that GCP is still
in the exploratory stage. It has increased the financing
constraints encountered by firms because of a shortage in
implementation standards and rules, as well as the “one
vote veto” system for environmental protection in the
credit approval. In columns (3) and (4), the coefficients
of innovation impetus are notably negative. That is, the
implementation of GCP has weakened innovation impetus
of the industry. The reason is that GCP has reduced the
credit resources and business reputation of the two highs
industries and cannot obtain sufficient funds to carry out
technological R&D and innovation. This is inconsistent
with the Potter effect, thereby verifying hypothesis H2
and hypothesis H3.

Linkage effect analysis

Pollutants and carbon dioxide have the same root and
process in terms of emissions, and both are directly tied
to the production and consumption of energy. There-
fore, GCP not only has a significant impact on EE, but
also may have a linkage effect on pollution reduction
and carbon reduction. Given this, this research investi-
gates the linkage effect of GCP on pollution and carbon
reduction.

Table 9 The linkage effect analysis of GCP

As illustrated in Table 9, the DID regression coeffi-
cients of the effects of GCP on CI and SI are significantly
negative. It means the implementation of GCP can effec-
tively reduce CI and SI and realize the synergistic effect
of pollution reduction and carbon dioxide reduction. The
above results indicate that GCP is an effective tool for
environmental regulation, which can achieve energy con-
servation, efficiency improvement, pollution reduction,
and carbon reduction, and is an essential guarantee for
attaining “carbon peaking and carbon neutrality.” Thus,
hypothesis H4 is verified.

Research conclusions and policy
implications

Main conclusions

This study takes 29 manufacturing sub-industries from 2004
to 2019 as research samples, and uses difference-in-difference
method to test the impact of China’s GCG2012 on energy inten-
sity and green total factor energy efficiency. The conclusions are
as follows: First, green credit policy has been proven to dramati-
cally lower energy intensity of green credit—restricted businesses
while simultaneously impeding the advancement of green total
factor energy efficiency. Second, the heterogeneity results show
that the energy efficiency of large-scale, light textile manufac-
turing, resource processing industries, and clean industries are
more significantly affected. Third, through the evaluation of the
policy effect of green credit policy, it is found that there is a link-
age effect of green credit policy on energy conservation, pollu-
tion reduction, and carbon reduction. Finally, through the trans-
mission mechanism analysis of green credit policy, although the
constraint effect of green credit policy has effectively suppressed
energy intensity, it also leads some industries to face a vicious
cycle of “enhanced financing constraints-weakened innovation
impetus,” which in turn makes it challenging to improve green
total factor energy efficiency.

CI SI
9] 2 3 C)]
DID —0.4196%*** (0.0909) —0.3287*** (0.0744) —0.0025%*** (0.0006) —0.0018*** (0.0004)
Control NO YES NO YES
Year FE YES YES YES YES
Industry FE YES YES YES YES
_cons 0.1881%** (0.0222) 10.3502%** (2.6745) 0.0009%*** (0.0001) —0.0020 (0.0134)
R-squared 0.9876 0.9897 0.6945 0.7503
Observations 464 464 464 464

Note: * * *_ * * and * indicate significance at the confidence levels of 1%, 5%, and 10%, respectively. The values in brackets are standard errors
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It can be seen from the above research conclusion that,
unlike the study by Tan et al. (2022a, b), which indicates
that GCP significantly improves the total factor energy effi-
ciency of the two high and one surplus industrial sector, this
study finds that GCP has a significant inhibitory effect on
the green total factor energy efficiency of the manufacturing
sector. One of the reasons is that the manufacturing industry,
which is the most restricted by green credit, is the subject
of this study. The second reason is that Tan et al. (2022a, b)
only consider carbon emissions as undesirable output, while
in fact, GCP not only has a constraining effect on carbon
emissions, but also has a weakening effect on pollutants,
thus CO,, COD, NH3-N, and industrial SO, emissions are
considered as undesirable outputs in this study.

Policy implications

The above research conclusions provide us with many policy
recommendations.

First, it is recommended that the incentive and constraint
effects of green credit policy be brought into play to enhance
the incentive for industrial innovation. The financial structure
should formulate more scientific and detailed green credit
standards and green credit products during credit approval.
Through this way, it can provide sufficient financial support for
the growth of the manufacturing industry, promote enterprises
to increase R&D investment, and improve green technology.

Second, it is recommended to improve the supporting system of
green credit policy and promote the perfect implementation of the
policy, improve the level of financial marketization, and increase the
strength of green credit policies to transmit green signals to enter-
prises through financial markets and product markets. Through the
evaluation of green credit policy, it has effects of energy conserva-
tion, pollution reduction, and carbon reduction. Therefore, it is vital
to strengthen the coordination and collaboration between green credit
policy and energy and environment and climate policies and continu-
ously improve the green financial system.

Third, it is recommended to formulate green credit policy
that is more in line with the specific characteristics based
on the scale and category of the industry and more detailed
standards for different industries in terms of financing
threshold and interest rate differences, to improve the use
efficiency of green credit funds.

Fourth, it is recommended to improve the evaluation sys-
tem of green credit policy, scientifically evaluate and timely
update the key evaluation indicators of green credit, and
reduce the uncertainty risk in the process of green credit.

Limitations and future research directions

Energy efficiency of enterprises is the key to energy conser-
vation and consumption reduction. However, it is difficult to

measure total factor energy efficiency due to the difficulty
of obtaining energy-related data at the micro-enterprise
level. Although Zhang and Tu (2022) first tried to meas-
ure the total factor energy efficiency of micro-enterprises
in China from 2001 to 2007, however, green financial poli-
cies are concentrated after 2012, so it is difficult to examine
the impact of green financial policies on total factor energy
efficiency. However, some studies have been conducted to
measure enterprise energy intensity (Su et al. 2022), so it is
also possible to examine the policy effects of green credit at
the level of enterprise energy intensity. This is the limitation
of this study and also the direction of future research.
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