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How do environmental regulations affect carbon emission
and energy efficiency patterns? A provincial-level analysis of Chinese

energy-intensive industries

Thanh Quang Ngo'

Abstract

This study measures the environmental regulation effect and pattern of carbon emission and energy efficiency through
data envelopment analysis and econometric estimation. One of the most important ways to achieve a green transition is
promoting technical progress through environmental regulation. Though China has witnessed rapid economic growth over
the last two decades, the country can improve it further through adopting sustainable green energy and establishing more
energy-efficient industries to strike a good balance between economic and social developments. The oil and carbon dioxide
emission perfor-mances form the most important metrics. This study uses panel data from 30 Chinese provinces from 2008 to
2017 to assess the effect of environmental regulation on energy production. The nonradial directional distance function
(NDDF) is used to measure the total factor energy efficiency index (TFEEI). The panel system GMM model, which can
effectively address endogenous problems and regional variability, is utilized to research the nonlinear relationship between
environmental regulations and EEI under various environmental regulations to study it. The findings reveal a considerably
modest total average EEI amount for energy-intensive industries, averaging between 0.55 and 0.58, which is way below
the ideal value (i.e., 1). Furthermore, the results of the dynamic panel data model revealed a significant U-shaped
relationship between China’s EEI and environmental regulation. The results show that as the values of market-based
environmental regulations (MERs) and command and control environmental regulations (CCERs) exceed the
corresponding levels, the impact of environmental regulation on the TFEEI increases gradually. This study will aid
policymakers in better understanding the efficacy of different levels of environmental regulations to make more educated

decisions.

Keywords Total factor energy efficiency - High energy-intensive industries - Environmental regulation - Nonradial directional

distance function

Introduction

China has experienced phenomenal economic growth after the
implementation of reform and openness. However, Chinese
economic development is clearly dualistic. In other words, the
industry is subsidized by agriculture. Further, the GDP share
continued to decrease from 27.7% in 1978 to 8.6% in 2016
(Liu etal. 2020a; Akbar et al. 2021; Zhang et al. 202 1c). In the
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primary industry, the Chinese economy’s rapid growth relies
heavily on industrial production (Othman et al. 2020; Sadiq
etal. 2020; Zhang et al. 2020b). The Chinese industry’s strong
growth has clear characteristics, which are high investments,
high energy consumption, and high emissions (Zhang et al.
2020b; Li et al. 2021b). China has become increasingly influ-
ential in the context of rapid economic growth in terms of
environmental pollution and climate change (Anser et al.
2020b; Khokhar et al. 2020; Mohsin et al. 2021a; Anser
et al. 2020b; Anh Tu et al. 2021). The Chinese government
proposes the “below China” goal, integrating ecological civi-
lization in economic Mi et al. (2020), political Liu et al.
(2020b), cultural, and social (Nguyen et al. 2021; Li et al.
2021b; Zhao et al. 2020) developments to shape the global
structure of sustainable development in order to achieve sus-
tainable economic growth and environmental conservation
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(Igbal et al. 2019a, b; Hou et al. 2019; Chien et al. 2020;
Huang et al. 2020; Sadiq et al. 2020; Tiep et al. 2021). The
Chinese Government has simultaneously assured a 2020 car-
bon dioxide emission intensity that is 40%—45% lower than in
2005 (Asbahi et al. 2019; Igbal et al. 2019b; Chien et al.
2021b; Nguyen et al. 2021). The Chinese government has
successively implemented a set of environmental policies lim-
iting the carbon dioxide emission activities of companies and
guiding the market process to correct the carbon dioxide re-
lease response by introducing a policy on environmental reg-
ulation to achieve the objective of developing China and re-
ducing carbon dioxide emissions (Huang et al. 2020; Mohsin
et al. 2018a, b; Ikram et al,. 2019). However, some scholars
have questioned whether environmental regulation is neces-
sary and efficient in reducing carbon emissions (Chien et al.
2021f, g; Xu et al. 2020a; Yang et al. 2020; Zuo et al. 2020). A
consensus has still not been reached on the matter (Mohsin
et al. 2018a, b; Mohsin et al. 2020; Mohsin et al. 2021b ).
During the Paris Climate Conference, the Chinese govern-
ment stressed that the growth of the green economy must
actively respond to global changes. The primary cause of
global warming and climate change is carbon dioxide emis-
sions (He et al. 2020; Li et al. 2021a; Mohsin et al. 2021b;
Yang et al. 2021; Xia et al. 2020). China is also the world's
largest producer of energy and the second-largest global ener-
gy user. It has high carbon levels and their reduction is ex-
tremely necessary (Chien et al. 202 1c; Purba et al. 2021; Yuan
et al. 2021). A key method adopted by China to maintain its
position as a major power is strongly encouraging savings in
electricity, reduction in emissions, and a low carbon economy.
The Chinese government has established a set of environmen-
tal standards and policies to improve its investment in envi-
ronmental pollution management from RMB 25661011 in
2006 to RMB 9, 2 201011 in 2016 to resolve its growing
environmental problems and fulfill its major obligations.
The investment focuses on “three overlapping” investments
in building schemes, urban environmental infrastructure, and
industrial emission source control (Ikram et al. 2019; Shah
et al. 2019). The Chinese authorities have committed to im-
proving the atmosphere, manufacturing processes, fossil ener-
gy use efficiency (such as coal, oil, and natural gas), and CO,
emission reduction in production through these policy chang-
es (He et al. 2020; Mohsin et al. 2020; Yang et al. 2021).
Promoting technological development across enter-
prises through environmental policies is one of the most
important means to achieve sustainable development and
address issues including resource scarcity and pollution
(Sun et al. 2020, d, e). Technological advances are critical
to striking a balance between environmental sustainability
and economic benefits for businesses (Chandio et al. 2020;
Sun et al. 2020c). For example, a company can minimize
the cost of pollution treatment by minimizing wastewater,
flue gas, and solid waste emissions while also simplifying

the manufacturing process (Alemzero et al. 2020a, b; Sun
et al. 2020c). Technological advances are now widely ac-
knowledged to benefit environmental pollution manage-
ment and economic growth (Sun et al. 2020a, b). The
Porter hypothesis supports the establishment of environ-
mental legislation from the perspective of the impact of
environmental policies on sustainable development
(Baloch et al. 2020; Sun et al. 2020e¢).

This research considers the output scale of the total factor
energy efficiency indicator (EEI) for six extremely energy-
centric industries in each of China’s provinces from 2008 to
2017. The accuracy of the above indices is measured using the
nonradial directional distance function (NDDF). This study
uses panel data from China’s six energy-intensive industries
to test the current level of the TFEEL First, we applied the
NDDF to quantify the EEI of China’s energy-intensive indus-
tries. Second, we applied the System GMM method to inves-
tigate the impact of environmental regulations (ER) and other
important factors on EEI. Furthermore, environmental regula-
tions are divided into market-based environmental regulations
(MER) and command and control environmental regulations
(CCER). The interaction term between environmental policy
and green finance (GF) is adopted to determine the potential
innovation offset and test the innovation offset results.

The rest of the paper is arranged as follows: The “Literature
review” section discusses the literature review, “Methodology
and variable selection” section the data and methods, “Results
and Discussions” section the report results analysis, and
“Conclusion and policy implication” section the conclusions
and policy recommendations.

Literature review

The literature proposes three key points for determining
whether environmental policies can help minimize carbon
emissions (El-Aziz 2018; Zhang et al. 2021a). The first view-
point holds that environmental policy will not only fail to
minimize carbon dioxide emissions but also increase them.
Lam et al. (2020) proposed the idea of the “green paradox”
effect, arguing that policies aimed at limiting climate change
would lead to increased fossil oil extraction and aggravated
greenhouse gas emissions (Agyekum et al. 2021; (Zhang et al.
2021b). Environmental regulation, according to the second
viewpoint, will increase ecological productivity, foster techni-
cal progress in businesses, and achieve the objective of energy
conservation and pollution reduction. Zhang et al. (2020a)
studied 30 Chinese provinces and cities and discovered a
strong environmental regulatory framework to be the most
important factor in ensuring regional eco-efficiency (Hsu
et al. 2021; (Ehsanullah et al. 2021). The third point of view
is that the effect of environmental regulations on carbon emis-
sions is speculative. Environmental regulations can improve



the green total factor in the short term, but they can also
squeeze out R&D input in the long run, according to Shan
and Wang (2019). Labor productivity and green total factor
productivity fall as energy use efficiency rises (Chien et al.
2021d; Igbal et al. 2021; Li et al. 2021b).

Due to the extensive acceleration of ecological degrada-
tion, governments have undertaken a panoply of corrective
measures to tackle and promote sustainable development.
Research by Poudineh et al. (2020) claims that the application
of taxation can internalize the cost of external pollution, and
according to this proposition, several policies have been
adopted, such as command and CCER and MER. Other stud-
ies have shown that the formulation of regulations forces com-
panies to increase expenditures or conduct environmental
management and governance, and such enforcement inflates
their operating costs and reduces economic benefits
(Greenstone and Hanna 2014; Peng 2020; Zhang et al.
2021d). However, according to Porter’s hypothesis, a well-
structured environmental regulatory framework can accelerate
technological innovation, thereby reducing compliance costs.

Environmental regulations have a significant causal rela-
tionship with both energy and environmental performance.
For example, Jefferson et al. (2013) state that in China, such
regulations can improve the performance of the industry sec-
tor. Bi et al. (2014) also propose that the thermal power gen-
eration sector of China can be made energy efficient if a well-
regulated environmental atmosphere is in place. Recently, Lin
and Chen (2020) showed that for both long-run and short-run
energy efficiency, the contribution of MER is noteworthy, but
CCER performed better in the short run. Zhang and Song
(2021) also explored the nexus between environmental
regulations and environmental control in the metal sector of
Chinese territory and confirmed a nonlinear causal
relationship between CCER and environmental control.
However, they also concluded that CCER had no causality
with environmental control. Moreover, few studies measure
the degree of relationship between other control factors of
energy efficiency. For example, Antonietti and Fontini
(2019) considered economic development level, Zhang et al.
(2020b) considered technology enhancement, and Xin-gang
and Shu-ran (2020) considered energy price as the affecting
variable in measuring energy efficiency. Particularly, it is cur-
rently unclear from the existing studies how different types of
environmental regulations affect the TFEEI of the Chinese
high energy-intensive industries. These are the most polluting
industries in China. Therefore, investigating the effect of en-
vironmental regulations on these industries is a timely attempt
at ensuring an environmentally sustainable developed econo-
my in China.

Furthermore, China’s environmental regulation policies
can generally restrain carbon emissions, and the average en-
vironmental protection investment exceeds the threshold of
5.73%. The following are the key contributions of this

research to the current literature: The marginal and
heterogeneous effects of environmental regulation on
technological progress are first examined by Ding et al.
(2018) and Costa et al. (2018). This research examines not
only the marginal effect of environmental regulation on tech-
nological innovations by resource allocation but also the het-
erogeneous effects of environmental regulation on technolog-
ical innovations by influencing the technological spillover ef-
fect of foreign enterprises, the scale effect of large enterprises,
the human capital innovation effect, and the market clout
effect.

Methodology and variable selection

The nonradial directional distance function (NDDF)
model

The DEA method is mainly an input—output-based measure of
production efficiency. The importance of environmental man-
agement sophistication in improving internal oversight of
managers, restricting “pure profit-seeking” and opportunistic
activities of enterprise managers, and promoting environmen-
tal conservation practices of enterprises is asserted in this re-
port, which uses the environmental management system as an
internal control mechanism for enterprises. It confirms that
enterprise environmental control is an important signal system
and transmission tool for resolving agency issues (Dlalisa and
Govender 2020; Li et al. 2017; Malla and Brewin 2020;
Niyimbanira et al. 2020). First, enterprises can strengthen in-
ternal environmental control, actively improve the enterprise
environmental management system and methods based on
their own characteristics, and implement voluntary environ-
mental management and improvements, according to the re-
search findings of (Lin and Chen 2020 ; Liu et al. 2020c).
Second, corporate managers’ environmental consciousness
should be recognized as a significant internal impetus for fair
use of slack capital to encourage businesses to effectively
pursue their environmental obligations (Forrester and
Reames 2020, Jun et al. 2020). By embedding the environ-
mental management scheme, business owners will im-
prove the oversight and rewards of enterprise adminis-
trators, as well as correctly directing managers to effec-
tively assume environmental conservation obligations
and spend slack capital in environmental protection pro-
grams (Chien et al. 2021a; Chien et al. 2021e¢;Zhang
et al. 2021c). Third, this essay emphasizes the value
of identifying and judging the various life cycles of an
organization and proposes that organizations should fol-
low environmental management strategies appropriate
for their internal and external environments, enhancing
the critical function of internal governance capacities in
achieving long-term development (Anke et al. 2020).



Capital (KC), labor (L), and electricity (E) are considered
inputs in the NDDF approach, whereas business production
(ZY) is considered the output. CO2, on the other hand, is
viewed as unacceptable or poor performance. The develop-
ment of an output possibility set (PPS) is required before ap-
plying DEA in any efficiency measure. Resultantly, this re-
search develops a PPS expressed as an equation (Yousaf et al.
2020; Tehreem et al. 2020; Wasif Rasheed and Anser 2017;
Xu et al. 2020b).

P={(L,CC,E,GDP,CO2) : (L,CC,E) can produce (GDP,CO2)}
(1)

P stands for the PPS whereas L, C, and E stand for
labor, money, and resources in the above equation.
According to the PPE, the inputs C, L, and E may be
used to generate Z and C.

Furthermore, eco-environmental governance forms a criti-
cal component of achieving the long-term sustainability of a
society with a common vision for humanity. It necessitates the
government’s strengthening of environmental regulations and
guidelines to encourage society’s green and concerted growth
(Anseretal. 2018; Anser 2019; Anser et al. 2020b). This study
examines the important factors and transmission pathways
influencing business environmental security expenditure from
the perspective of internal management. It is critical for the
government to develop relevant environmental policies, link
the organization’s internal governance system organically,

N
P= {(L,CC,E, GDP,C02): S

n=1 =

communicate the efficacy of external restrictions, and correct-
ly direct the enterprise to effectively engage in environmental
activities (Ahmad et al. 2020; Wasif Rasheed and Anser 2017,
Xu et al. 2020a)

1: If (L, CC, E, GDP, CO2€ P and 0<6<1 when (L,
CC,E,0GDP, 0CO2)
2:1If L, CC, E, GDP, CO2 € P and GDP=0, CO2=0)

First, the government should concentrate on creating
a favorable business environment by promoting the im-
plementation of preferential policies such as government
environmental protection subsidies, environmental pro-
tection taxes, corporate income tax on special equipment
for environmental protection, third-party governance
corporate income tax, and so on, as well as comprehen-
sively strengthening governmental support for entrants.
Second, the government can develop differentiated envi-
ronmental legislation focused on differences in business
voluntariness and zeal for environmental sustainability,
as well as differences in enterprise life cycles. For ex-
ample, to increase the actual operational efficiency of
environmental legislation, the government should devise
various government incentives and green financial
policies.

It is assumed that there are n DMUs and that T is repre-
sented by the constant return to scale in Eq. (2):

N N N N
7,CC,<CC, Y Z,L,<L, Y Z,E,<E, Y Z,GDP,>GDP, Y Z,CO2, = CO2 (2)
n=1 n=1

n=1 n=1

Z, stands for the intensity variable to form constructing T
as a convex expression. The NDDF is further used to calculate
the EEP of each DMU which is represented as Eq. (3):

_
D(L,CC,E,GDP,CO2)
=sup{W'B: (L,CC,E,GDP,CO2) + G x dkagonal(j3) }eT

(3)

where W is regarded as a normalized weight vector; and G
as the directional vector and (3 as the vector for scaling factor.
Third, the government can periodically hold workshops for
businesses to develop new environmental management skills
and enable businesses to implement advanced environmental
conservation technology. During the slowdown, the govern-
ment could allow highly polluting businesses to pursue tech-
nical advancement in environmental protection, create inno-
vative green technologies to boost economic benefits, and
channelize environmental protection and renewable energy
efficiency into the market competition. In terms of internal

organization priorities, it will monitor the organizational man-
agement’s impacts on environmental policies, processes, and
operations, and ensure that all workers are aware of the
company’s environmental responsibilities. In terms of exter-
nal agency priorities, it will disseminate knowledge regarding
environmental enterprises to external audiences and demon-
strate its authority. If a company wants to receive an environ-
mental protection fund, it must thoroughly evaluate its envi-
ronmental policies, follow environmental laws to avoid emis-
sions, and dedicate itself to continuous environmental prog-
ress. After obtaining approval, businesses must obey the
“plan-do-check-act” method. Furthermore, to achieve the cre-
dential, businesses must allow periodic third-party testing to
ensure their compliance with the environmental requirement.
Enterprises must also conduct a rigorous recertification audit
every three years if they wish to keep their credentials current.

The total-factor NDDF (TNDDF) is constructed to evaluate
the EEI by taking into account the existence substitution effect
between the energy and other variables. According to the



resource-based perspective, heterogeneous services are criti-
cal to achieving business sustainability objectives (Sadiq et al.
2021; Li et al. 2021c). The environmental management sys-
tem constantly raises environmental knowledge to managers
and enhances managers’ environmental consciousness across
the cycle and environmental management engagement. The
environmental consciousness of corporate management has
been more consistent as the operational time of the environ-
mental management system has increased, which inevitably
raises the heterogeneous tools separate from the environmen-
tal agreement of other organizations, which would ultimately
mitigate the department’s dilemma and the restrain manager’s
opportunistic conduct. Therefore, the environmental manage-
ment system is critical in directing administrators to spend
slack capital. Managers must adopt the general investing
criteria when making environmental investment choices,
much as they must when making other conventional project
investments. They must note both stakeholder pressure and
the benefit impact of environmental sustainability investments
(Ang and Wang 2015; Choi and Ang 2012; Wang and Feng
2018; Xueying et al. 2021). The gains of environmental ex-
penditure are also larger in heavy-polluting industries than in
non-heavy-polluting industries, since heavy-polluting indus-
tries experience higher levels of environmental protection and
public interest. Consequently, having a higher level of envi-
ronmental policy maturity in heavy-polluting sectors would
reduce knowledge asymmetry, raise managers’ environmental
consciousness, and pay heed to the advantages of business

1 GDP, /Cu GDP, /L,,

environmental conservation spending. To accomplish the op-
timization of business value, managers are more inclined to
consciously spend slack capital on environmental conserva-
tion programs. Companies with a poor level of environmental
policy sophistication, on the other hand, are more prone to
spend slack capital in private programs, neglecting adequate
oversight and rewards. The construction of the model is
portrayed below:

Dr (L,CC,E,GDP,CO02;G) = max.wi 3 + w3, + weBr + weprBapp + Weo2Beoa
N N N
sow. Z] Z,C,<C—Pcge, Zl Z,L,<L—Pg;, Zl Z,E,<E-frgg,
e = n—

N N
Y. Z,GDP,>GDP + B;ppg€cpp, 2. ZnCO2, = CO2—[3,8,
n=1 =1

fra
Z,20,n=1,2,3,....N, B¢, B1, B, Beppr Beor =0

co2

(4)

If D(L, CC,E, GDP, CO2) = 0, it denotes that the DMU
moves toward the efficient frontier in the G direction. Here the
weight vectoris W/ = (§,4,5,1,1). By following the studies
undertaken by Zhao et al. (2020) and Baloch et al. (2020), this
study treats the inputs and both the desirable and undesirable
outputs with the same weight. Therefore, each of the variables
is assigned a weight of 1/3. Moreover, the weight of the input
variables is evenly distributed through C, L, and E; i.c., the
weight for each input factor is 1/9. Furthermore, the direction-
al vector is set as G=(—C,—L,—E,—~GDP,—CO2). The opti-
mal solution might be attained through solving Eq. (4) to get
the EEL

GDP, /E,, GDP"/(‘()Z,,

TFEEI, = — .
4 | (GDP, + 3,0GDP,)/(Cy + 3,.Cy) *

ne

TFEEI, =

(GDP, + B,0GDP,) [ (L + By Ln) +

1= Bac+ Bu+ B+ Bre)

(GDP, + 3,,GDP,) | (Es + B,zEx) * (GDP, + 3,,GDP,)/(CO2, + B,,,,CO2,)

n=1,23...N

L+ 5,

(5)

An environmental challenge significantly impacts the
investment decisions of modern businesses. Managers
are more inclined to make personal benefits by slack
capital in companies lacking effective rewards or super-
vision mechanisms. Internal management capabilities
must be strengthened, internal operating performance
improved, and organization expenses reduced.
Businesses often use environmental management to en-
hance internal construction and increase the quality of
corporate processes when coping with environmental
problems. According to existing evidence, an enter-
prise's internal management capability will successfully
facilitate the accomplishment of corporate social respon-
sibility. The maturity in environmental protection is one
of them and represents an organization's internal control
capability.

Econometric modeling and variable selection
The dynamic panel data model effect

The following equation is constructed to establish the relation-
ship between environmental regulation and total factor energy
efficiency:

TFEEl; = « + BTFEEIL; ;1 + YER; 4 0X; + u, + v,
+ €ir (6)

In this equation, « represents the intercept and 3y and 6 are
coefficients to be estimated. ER;, is the independent variable,
i.e., the vector that represents the CCER and MER stringency?
EEI; ,—, is the first lag term of EEI,,. This lagged dependent



variable EEI; ,_; is added as the independent variable in con-
structing the equation considering the impact of lagged EEI on
the current EEI and lagged environmental performance index
on the current environmental performance index. X;; matrix
indicates the control variables set. u, is fixed time effect, v; is
a single fixed-effect, and ¢;, is a random error term.

The dynamic threshold model

The above-mentioned study has some limitations as the model
of moderating effects fails to identify the key areas and rele-
vant breaks of environmental regulation. This study considers
a single threshold model in line with the idea of (Hansen 1999;
Pifleros 2020; van Vuuren 2020) nondynamic panel threshold
model, to explore the nonlinear causality between the environ-
mental regulation and TFEEI, to confirm the rationality of the
sample interval segment and reduce the errors in the model
estimate. The following section of this study addresses the
environmental regulation variable as the threshold dependent
variable to form a threshold effect model as below:

TFEEl; = o+ 3,EElL;1 + 3,ER; - 1(Q,<C)
5
+0ER 1(Q;>C)+ ¥ X + oy +uy
k=1

+ €ir (7)

In this model above, C is the estimated threshold value, and
1(*) is the symptomatic function that will be true if the corre-
sponding condition equals 1 and false if the value is 0. The
results of the test might come up with the presence of multiple
thresholds that can further be stretched to double and multiple
threshold models from the base single threshold model.

Variable and data source

For two reasons, this study chose Chinese energy-
intensive industries as observational samples (e.g., iron
and steel, nonmetallic, chemical, power, petroleum and
cooking, and nonfurious metal industry). First, because
energy-intensive industries produce and process certain
pollutants, they must adhere to environmental regula-
tions. Second, energy-intensive industries have more fre-
quent innovation activities and more innovation output
than traditional industries. We chose 2008 as the
starting year of the data because this study requires
environmental data from industry reports that have not
been formally standardized since 2008. Furthermore,
due to a severe lack of innovation data after 2018 in
the China statistical year book, the data's end year has
been set to 2017.

Dependent variable
The explanatory variable in this paper is the TFEEL
Independent variable

This study takes (i) command and control environmental
regulation (CCER) and (ii) market-based environmental
regulation (MER) as the independent variables. The ra-
tionale behind choosing CCER as one of the independent
variables is that the significant part of the funding for
environmental protection in China comes from public
finance and the rest from corporate and social financing.
Therefore, the opportunity to invest in environmental de-
velopment projects is huge, and investment in this sector
can be in concurrent avenues such as infrastructure, fix-
ing problems with industrial pollution generation sites,
and ensuring environmental safety. Funding in identify-
ing the source of industrial pollution (water or air dis-
posal points, for example) involves investing in environ-
mental protection for a particular year and may also in-
volve investing in the previous years’ pollution treatment
projects. Present studies revealed a positive link between
the CCER and technological advancements and total fac-
tor production performance on the environmental front.
The cost of pollution control in the form of spending in
pollution treatments was considered a proxy for CCER
measurement by the previous researchers. Therefore, this
study follows the earlier studies in framing the CCER
index. Meanwhile, the market incentive environmental
regulation (MIER) is considered with the thought that
sewerage charges are in many cases substituted for the
pollution tax and this choice is adopted by the govern-
ment to internalize the environmental cost and stop in-
dustrial pollution. In this regard, the MIER offers eco-
nomic incentives to attain environmental quality by dis-
guising the cost. Some studies have also considered levy-
ing fees on pollution to encourage companies to be in-
novative, thereby helping the government to strengthen
environmental governance.

Control variables

This study considers exports, foreign direct investment (FDI),
R&D spending, energy use, inflation, and economic growth as
the control variables. All these variables are taken in support
of the previous studies showing that these variables have ei-
ther a unidirectional or a bidirectional relationship with energy
and environmental efficiency. This study uses the panel data
for thirty Chinese provinces from 2003 to 2017. All the data
were collected from the National Bureau of Statistics of
China. In Table 1, the descriptive statistics of all the variables
are presented and can be checked.



Table 1 input and output indicators for energy efficiency

Bad output Good output Input 1  Input2  Input3
2008 Max 9.775 127.19 44.16 519.57  71.53
0.115 1.495 0.69 0.805 0.0575  0.05
299 23.805 12.19 150.65 1541 13.4
2415 27.255 9.66 115345 17595 153
2012 Max 18.4 329.245 51.52 1213.825 89.01
0.115 345 0.575 20.125  0.115 0.1
4255 56.465 12.995 249435 2438 21.2
4.14 76475 11.73 24449 23 20.0
2015 Max 27.485 861.235 75.21 3395.145 231.035
0.115 9.085 0.46 44.62 1.38 12
5.865 144.44 18.17 800.285 37.72 32.8
6.555 199.985 17.94 756.7 49.68 432
2017 Max 20.7 1673.48 80.96 14651.23 265.42
0.115 20.815 0.46 61.87 1.955 1.7

5.52 26542
529  391.805

18.86
19.205

3233.455 46.46 40.4
3428265 61.18 53.2

Results and discussions

Table 2 depicts the results of the federal government retaining
only political control over urban planning and leaving local
councils with considerable independence in implementing en-
vironmental policies. Local officials would evade sustainabil-
ity policies by protecting polluting manufacturing businesses
contributing significantly to community economic develop-
ment if promotion benefits were based only on GDP. The
Chinese central government introduced the Mandatory
Target System (MTS) as a modern environmental governance
measure in the 11th Five-Year Plan (2006-2010). MTS creat-
ed a top-down hierarchical staff appraisal structure by estab-
lishing highly prioritized environmental quantitative priorities
to encourage municipal governments to safeguard the atmo-
sphere. The MTS’ environmental performance-based com-
pensation and penalty policies have few clear effects on offi-
cials’ core priorities, implying that they cannot effectively
affect their promotion. The introduction of municipal environ-
mental policies was also inadequate within the system of en-
vironmental decentralization. Environmental policies were of-
ten only partly enforced, and polluting mining businesses con-
tinued to be protected by municipal councils.

Table 2 The average EEI of China’s high energy intensive industries
from 2008 to 2017

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

EEI 0. 04 039 08 049 043 038 0.60 049 0.7

The empirical findings endorse the hypothesis that the new
law’s enforcement has a greatly impacts green innovation be-
havior of state-owned enterprises than that of private compa-
nies. Furthermore, variability is primarily seen in patent appli-
cations for inventions. Patents on inventions are most apt to
give businesses a comparative edge. This finding is in line
with a number of studies on China’s tight relations between
state-owned businesses and the government. The findings re-
inforce the bureaucratic hypothesis, which states that compa-
nies owned by the government pay greater heed to fulfilling
the government’s wishes. This research has many shortcom-
ings, including the fact that it was done in a novel setting and
coincides with current studies that rule out the effects of all
subsequent events influencing corporate green creativity.
Second, we looked at how the new legislation affected busi-
nesses with a variety of features, such as different ownership
structures, economic reliance on secondary industries, and
commodity sector rivalry. Future studies will look at this pro-
cess to see if the incentive for corporate green creativity differs
depending on the various variables contributing to the firms’
heterogeneity.

Table 2 and Fig. 1 presents the provincial level EEL. EEI
has the following features as opposed to previous campaign-
style compliance in China’s environmental governance. The
EEI squad, for starters, represents the CPC Central Committee
and the State Council. Members of the team are influential
politicians from the party’s main offices and government
agencies. They also serve as heads of regional governments
and central ministries, as well as judges and prosecutor gen-
erals. Second, the EEI wields unparalleled authority. It mon-
itors the leading representatives of the party and government
in the inspected regions, in addition to overseeing polluting
businesses. This means that the EEI team can not only prose-
cute polluting companies contributing to lax implementation
of environmental laws but also tackle local protectionism.
Third, EEI assigns target appraisal and oversight structures
to municipal councils, exerting significant political leverage
on them to ensure that environmental quality laws are
enforced and that they are sensitive to popular demand.
Table 3 shows energy efficiency score.

The empirical results of the benchmark model

The system GMM approach is applied to fix the issues rele-
vant to dynamic panel estimation stated in Eq. (5). It takes into
consideration the absence of autocorrelation within the distur-
bance terms. This approach also solves the endogeneity issue
by taking lag variables. Apart from GMM, the study also
conducted Arellano-bond (AR), Sargan-Hansen, and Wald
chi-square tests to attain a more robust estimation result. The
Arellano-Bond (AR) test comprises both first and second-
order autocorrelation of residuals tests known as AR (1) and
AR (2), respectively. The residuals of the equation are



Table 3 The EEI of China’s six

high energy-intensive industries Province 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 Mean

at the provincial level from 2008

102017 Anhui 051 055 059 051 055 059 055 069 059 063 055
Beijing 088 087 094 08 097 093 088 1 1 1 0.94
Chongging 047 045 041 051 037 044 026 034 033 038 04
Fujian 0.88 082 08 077 069 077 072 066 074 076 0.77
Gansu 052 054 061 045 026 026 021 024 019 022 035
Guangdong 1 1 1 099 1 1 098 1 095 098  0.99
Guangxi 046 045 041 046 034 035 037 039 037 039 04
Guizhou 04 024 025 03 017 02 0.15 032 027 037 027
Hainan 1 1 1 1 1 1 1 1 1 1 1
Hebei 0.58 0.5 048 058 05 052 056 052 052 054 053
Heilongjiang 021 018 016 0.18 013 013 04 0.12 009 012 0.17
Henan 0.62 0.7 059 061 047 05 044 043 038 042 052
Hubei 043 039 043 04 038 044 039 051 047 057 044
Hunan 028 028 03 025 03 035 03 034 031 068 034
Inner 0.3 027 035 042 038 039 039 052 044 036 038

Mongolia

Jiangsu 1 1 099 099 098 097 097 099 1 1 0.99
Jiangxi 047 048 062 052 049 052 057 048 046 051 051
Jilin 033 037 041 054 052 053 051 055 036 053 047
Liaoning 058 055 056 059 055 055 055 06 053 039 055
Ningxia 062 046 055 052 042 038 031 037 032 043 044
Qinghai 076 078 073 085 076 075 058 06 059 059 07
Shaanxi 044 025 029 027 021 075 02 027 028 036 033
Shanghai 1 1 1 1 1 1 0.9 1 1 1 0.99
Shanxi 0.18 016 015 0.5 014 012 011 0.11 0.08 0.1 0.13
Sichuan 051 057 051 039 031 035 027 027 022 032 037
Tianjin 092 088 08 078 079 092 078 086 082 089 0385
Xinjiang 024 018 018 043 0.9 012 012 0.17 0.09 023 02
Yunnan 023 024 024 02 018 018 019 022 019 024 021
Zhejiang 1 1 1 1 099 1 095 094 097 092 098

regarded as not autocorrelated if AR (2) is accepted and AR
(1) is rejected. Meanwhile, to check exogeneity among the
variables, the Sargan-Hansen test is applied. Moreover, the
Wald test is performed to check the significance level of each
regression. Table 4 shows dynamic threshold regression.

We discovered that environmental compliance in the form
of'a campaign is linked to significant improvements in corpo-
rate environmental behavior. Many polluting businesses have
shut down within a short period after EEI was implemented.
Furthermore, EEI greatly decreased the surviving firms’ car-
bon emissions while having a negligible effect on their pollu-
tion efficiency. These findings are consistent with a series of
checks which can be used in emission situations characterized
by COD and SO,. Our findings suggest that campaign-style
regulation encourages businesses to comply with central gov-
ermment targets by reducing end-of-pipe costs, but it can also
stifle local markets due to “one-size-fits-all” issues. Our study
has drawbacks, including the fact that we offer proof of the

effect of campaign-style compliance on corporate conduct.
First, due to data constraints, we can only look at EEI’s
short-term effect. As EEI becomes a more popular instrument
for environmental regulation in China, considering the long-
term effect of EEI on time-series data in the future is critical.
Second, since we just use data from a single province, we
disregard regional variability. Since each province in China
has a different level of growth, campaign-style compliance
can have different effects, and distinct firm-level strategies
may produce different outcomes in each province. Future ob-
servational research may be required to bolster the case any
further. Third, this article focuses solely on the effects of EEI
on firms’ carbon efficiency and emissions, leaving the influ-
ence of EEI on other aspects of businesses to be studied in the
future. Fourth, one problem of utilizing regression discontinu-
ity in time for annual records is that other confounding vari-
ables that have been modified after the cut-off point will in-
fluence the estimate performance. To minimize the effect of



Fig. 1 The EEI of China's six
high energy-intensive industries
from 2008 to 2017
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other variables, one approach is to use higher frequency data
(quarterly, weekly, or daily). However, the best we can do
right now is yearly emission results.

The empirical results of the moderating effect of R&D

We check the cross term of the R&D and environmental reg-
ulation on green efficiency. Table 5 presents the results of
moderating effect of R&D on green efficiency. The findings
showed that all the moderating coefficients are seen positive,
only MER and R&D are statistically significant with a 5%
level. This proposes that the moderating effect pretty existent
for environmental regulation. The result of the regression es-
timation shows that more R&D spending can boost green
efficiency and contemplate the innovation offset effect
steamed from market-based environmental regulation. R&D
spending has both direct and indirect impact on the green
efficiency of manufacturing sector. China controls the indus-
trial pollution emission through command-and-control envi-
ronment regulation by setting stringent emission limits and
advanced technological standards. However, unlike MER,
the command-and-control environmental regulation has little
flexibleness and this makes the improvement of green effi-
ciency through accelerating the effect of “innovation offset”
for the short run. Porter argues that, by making well-structured
environmental regulation based on the innovation effect, a
positive effect can be established on R&D and technology
empowerment. Therefore, the impact of moderation effect of
R&D and environmental regulation on green efficiency needs
to be studied further to enhance green efficiency to the highest
level possible in view of that, the moderating factors of R& D

and CER are includes in the dynamic panel modeling of this
study.

Policymakers, administrators, and investors should all be
aware of the findings of this report. We believe that the
Environmental Protection Law is an important tool for encour-
aging renewable energy growth and that market forces alone
will be insufficient to encourage high-quality economic pro-
duction. First, our findings indicate that the new
Environmental Protection Law in China has a smaller effect
on businesses in cities where secondary industries are more
significant. Both GDP growth and carbon emissions are aided
by secondary industries. Local officials would be required to
choose between environmental conservation and economic
growth as the current legislation takes effect. To ensure a
broad policy effect, central government policymakers can rec-
ommend adopting comprehensive complementary plans as
part of the new Environmental Protection Law, taking into
account firm characteristics and local officials’ tenure.
Furthermore, the federal government could allow municipali-
ties to create specific environmental conservation institutions
tailored to their communities’ unique features, as well as im-
proving government audits of the new law’s enforcement.
This would help determine the true consequences of the
Environmental Protection Law by reducing the knowledge
asymmetry between the federal and local governments.
Second, our cross-sectional findings reveal that under the cur-
rent regulation, SOEs are consistently engaged in green inno-
vation practices. Concentrated industry firms have more op-
portunities and incentives to nurture green technologies than
competitive industry firms do. Table 5 shows Regression re-
sults of green finance effect on EEL



Table 4  The result of the Dynamic panel threshold regression Table 5 Regression results of R&D effect on EEI
CCER MER CER MER
9] @) 3) ) ) ©) @) @)
Green Efficiency 0.3625%%%  (03837##%  ()3802%#% (5255%* Green Efficiency 0.2811%%%  (0.4028%%%  (02996%#%  (.4]64%*
0.0025)  (0.0027)  (0.0033)  0.0038) 0.0026)  (0.0021)  (0.0011)  (0.0012)
CCER 0.0386 CCER 0.0373
(0.2552) (0.2706)
CCER Lag 1 0.0353 CCER*R&D 0.0426%
(0.2237) (0.0602)
MER 0.0785% MER 0.0743%
(0.0882) (0.0937)
MER Lag 1 0.0302 MER*R&D 0.041
(0.0325) (0.0069)
Export 0.0252%%  0.0260%%%  0.0308%%* (0352 Export 0.02625%  0.0260%%%  0.0308%%% (0352
0.0025)  (0.0027)  (0.0258)  (0.0033) 0.0035)  (0.0027)  (0.0258)  (0.0033)
FDI 0.3352%  03607#%%  (0.5352%%%  ().5388%* FDI 0.3752%%%  03657#%%  (0.5452%%% () 5488
0.0555)  (0.0550)  (0.0635)  (0.0662) 0.0555)  (0.0550)  (0.0635)  (0.0662)
R&D —0.0008%*  —0.0022%%* —0.0020%** —0.0023%*%*  R&D —0.0008%#%  —0,0022%%% —0,0020%%% —(.0023%**
(0.0006)  (0.0008)  (0.0008)  (0.0020) (0.0006)  (0.0008)  (0.0008)  (0.0020)
EU 0.0220%%%  0.0245%#%  0.0202%%%  (.0254%4* EU 0.0220%%%  0.0245%#%  0.0202%%  (.0254%%*
(0.0048)  (0.0040)  (0.0224)  (0.0228) (0.0048)  (0.0040)  (0.0224)  (0.0228)
Inflation —0.0284%#%  —0,0422%%% —0,0424% 5% —0.0448%%%  Inflation —0.0289%%  —(.0483%#* —(0,0432%F* —(,0438%
(0.0045)  (0.0054)  (0.0058)  (0.0058) (0.0045)  (0.0054)  (0.0058)  (0.0058)
Constant 2.0484%%% D 0585% Ik D 2DpwkE D DAT TR Economic -0.2491*  -02168  —0.2466  0.0112
0.2270)  (0.2225)  (0.0528)  (0.0702) growth
AR (1) test 20542 20842 24248  —2.5244 00248 ~0.0246  —0.0616  ~0.1828
[0.024] [0.024] [0.025] [0.024] -0.0177  -0.0186  —0.017 -0.0188
AR (2) test 22582 22474 22580  —2.4002 Constant lL1agames - Laasqmes - LIoBs = LO724%
[0272] [0.248] [0.255] [0.254] -0.048 -0.048 -0.038 -0.038
Sargan test 224787 288804 245522 285542 AR() test 22842 24024 2373 721243
[0.058] [0.058] [0.22] [0.248] [0.024] [0.024] [0.018] [0.014]
Wald test 275485 280448 282244 405255 ARQ) test “1ad0l - —12332 12480 11883
(0] [0] (0] [0] [0.1748]  [0.1411]  [0.1482]  [0.1412]
Sargan test 21.4771 20.1088 17.8683 13.386
Note: Standard errors are in parentheses (). ***= 1% significant level; [0.0732] [0.0706] [0.1124] [0.1268]
*##*= 5% significant level and *=10% significant level Wald test 1884724 4002482 242216 281644.1

Product industry rivalry is an effective mechanism for ex-
ternal corporate governance and significantly affects firm con-
duct. In economics, the relationship between competitiveness
and creativity is a well-known yet contentious subject. The
fundamental guiding factor of creativity, according to is rival-
ry. Through R&D spending, firms in dynamic industries may
gain better returns than firms in consolidated industries.
Perfect rivalry, on the other hand, is not always the most
effective business structure for promoting research and devel-
opment; according to (Igbal et al. 2020) the desire to innovate
is determined by the availability of capital and the potential to
innovate. We selected a panel of companies from the eight
most polluting sectors as well as a control group of non-

[0] [0] [0] [0]

Note: Standard errors are in parentheses (). ***= 1% significant level;
**= 5% significant level and *=10% significant level

high-polluting classified companies to evaluate our hypothe-
ses. The eight most polluting sectors were chosen based on the
Ministry of Ecology and Environment of the People’s
Republic of China’s ‘Notice on the Introduction of the
Detailed Emission Norm for Industrial Emissions Sources’
released in November 2016 (Anser et al. 2020a). Steel, ther-
mal power, cement, gas, paper, printing, and dyeing, as well as
sewage treatment and waste incineration facilities, are among
them. The two-digit industry codes referring to these indus-
tries were listed by the China Securities Regulatory



Commission (CSRC), and a list of Chinese companies belong-
ing to these industries was collected from China Stock Market
and Accounting Research (CSMAR). Firms that did not oper-
ate between 2010 and 2017, those whose sector codes were
modified during that period, and those that did not fall into one
of the eight most polluting sectors according to the CSRC’s
quarterly revised industry classification for classified firms
were all exempt.

The results of the threshold model

Results present the threshold econometric results. In three as-
pects, our research adds to the current body of knowledge. The
treatment category consists of eight high-polluting sectors,
while the control group comprises companies chosen through
a propensity score matching strategy. Omitted variable bias
and other endogeneity problems may be mitigated with this
study design. Second, data from microenterprises were select-
ed for analytical research. Analyzing the firm-level economic
effects of environmental policy, as opposed to macro and
market statistics, has significant consequences for
policymakers, lawmakers, administrators, and investors seek-
ing to make the best choices possible. Second, it made gov-
ermnment agencies and leaders more accountable. The new leg-
islation explicitly holds the government liable for environ-
mental quality in its regulatory region; the law’s ecological
protection red line establishes the bottom line for environmen-
tal sustainability requirements and critical benchmarks for
evaluating government officials’ environmental responsibility
during their tenure. Furthermore, state environmental author-
ities are authorized to close down activities violating environ-
mental regulations. Third, it significantly improved polluters’
transparency. According to the new legislation, businesses
must discourage and mitigate emissions and ecological harm,
as well as taking liability. It proposes a daily basis penalty
scheme ensuring that companies embroiled in emissions law-
suits may be liable to penalties assessed and added on a daily
basis with no upper cap before they amend their unlawful
contaminants discharge conduct.

Our conclusions, as a research report on environmental
conservation and performance, have many policy conse-
quences. First, environmental degradation presents a signifi-
cant challenge to the atmosphere as well as human and animal
well-being, necessitating the creation of metrics that can aid in
improving environmental sustainability. According to this re-
port, spending on environmental protection significantly im-
pacts environmental performance, implying that policymakers
can invest more in environmental protection. Even if environ-
mental spending improves the environmental performance in
the long run, the impact is insignificant in the short term,
meaning that policymakers can rely primarily on the short-
term effectiveness of environmental spending to increase en-
vironmental performance. Furthermore, policymakers can

continue to invest in environmental conservation, such as by
developing long-term policies for environmental spending.
Additionally, according to our findings, other countries are
unable to drive environmental performance through spending
on environmental protection, and policymakers in those coun-
tries, especially China, could make greater efforts to effective-
ly utilize environmental expenditure. Furthermore, since the
relationship between environmental protection spending and
environmental performance is long-term, lawmakers can pri-
oritize environmental quality while managing public spend-
ing. Finally, developing countries can invest more in environ-
mental conservation than industrialized countries, which is
important to boost their long-term environmental efficiency.
Table 6 Regression results of the threshold effect model.

Sensitivity analysis

The other point of view, known as the Porter Hypothesis,
proposes that stringent and effective environmental control
will offer possible rewards for an individual firm’s technical
advancement. Firms can deliberately select strategies satisfy-
ing environmental protection requirements after the govern-
ment imposes effective environmental regulation. Resultantly,
environmental regulations could incentivize innovation bene-
ficial to environmental conservation. These activities not only
comply with applicable laws and legislation but also improve
the efficiency of the manufacturing process. Meanwhile, ex-
pense cuts were necessary to cover enforcement expenses.
This is one of the main reasons that environmental policy is
portrayed as a win—win approach improving both environ-
mental sustainability and business productivity. As a result,
stringent environmental legislation is likely to influence a
firm’s strategic judgment and further encourage innovation
activity, thus impacting the pace of green innovation.
Furthermore, the results of sensitivity analysis are displayed
in Table 7.

Prior to 2015, while the current environmental regu-
lation was not in place, large polluters had a much
lower degree of green creativity than regulated compa-
nies. Green engineering is a time-consuming and expen-
sive endeavor with a poor performance rate. With the
lack of proper oversight, polluting companies are more
likely to flee rather than take the opportunity to pursue
green creativity. The recent environmental conservation
bill significantly affects emission practices and makes
stringent provisions for environmental knowledge trans-
parency and encourages certain highly polluting compa-
nies to go green. This suggests that the current environ-
mental conservation bill has a stronger incentive influ-
ence on highly polluting companies’ green creativity.
Furthermore, missing variables could also affect the an-
alytical findings of this article. We often use the lagged-
one and lagged-two terms of the dependent variable in



Table 6 Regression results of the threshold effect model

Variable CCER MER
©)] (10)
SYS-GMM SYS-GMM
Green Efficiency lagl 0.7317%%x 0.7743%%x
—44.43 —42.4
CCER<-3.3403 0.571
(0.004)
—2.2223<CCER< —2.231 1.200%**
(0.011)
CCER>-2.332 2.232%*
(0.007)
MER<3.336 0.132%%*
(0.025)
MER>5.331 0.078
(0.131)
Export 0.025%** 0.017 #**
(0.013) (0.022)
FDI 0.051 % 0.0827%#*
(0.000) (0.001)
R&D —0.320%%* —0.553%**
(0.017) (0.128)
EU —0.007*** —0.014%*
(0.002) (0.010)
Inflation 0.012 *** 0.022%**
(0.138) (0.207)
Economic growth 0.073%%* 0.081#%**
(0.054) (0.030)
Constant 0.733 %% 1.052%**
(0.234) (0.521)
AR(2) 1.1 1.11
[0.271] [0.237]
Hansen test 27.85 27.13
[0.758] [0.828]
Wald test 182,845.17xxx 120,553.07 %%
[0.000] [0.000]
N 220 220

Note: Standard errors are in parentheses (). ***= 1% significant level,
**= 5% significant level and *=10% significant level

the panel regression model, as suggested by to monitor
the effect of certain missing variables and unobserved
causes. After correcting for the possible effect of lagged
corporate green innovation, the coefficients of Post are
still significantly optimistic. The above findings suggest
that mentioned firms’ new green innovation is influ-
enced by their previous green innovation successes in
the short term (2 years). Our regression findings are still
stable when accounting for the effects of previous
causes.

Conclusion and policy implication

This work examines the environmental regulations of China’s
energy-intensive industries in the light of the country’s
expanding economy and global warming issues, sourcing pan-
el data from China’s 30 provinces from 2008 to 2017. The
NDDF is used to calculate the TFEEI, which is then used to
evaluate two environmental laws using dynamic panel
models. While the EEI of the chosen industries has increased
significantly, there is still more space for growth, with the total
average EEI between 0.55 and 0.58. Compared to the western
and north-eastern provinces, most eastern provinces have a
higher EEI. Furthermore, due to backward infrastructure and
a poor economic base, the EEI of the western provinces is
lower than that of the central and eastern provinces as the
old industrial areas of north-eastern China, Heilongjiang and
Liaoning, established high energy-intensive factories first. As
a consequence of the obsolete technologies in these industries,
the EEI is poor. During the study era, the nonmetallic and
ferrous metal sectors produced the most, while the chemical
and nonferrous metal sectors produced a mixed trend. This is
ascribed to rising economic trends, more modern manufactur-
ing and energy structures, and higher technical levels in coun-
tries with higher economic levels. Hence, in the eastern area,
the current legislation could be more effective in promoting
businesses to engage in green innovation. Pollution-related
issues have altered people’s lifestyles and harmed land, earth,
trees, natural processes, and even whole economies.
Environmental performance is now the subject of an increas-
ing body of research since it is at the center of human
wellbeing, plant efficiency, firm behavior, manufacturing op-
erations, and a sustainable economy. Thus, boosting environ-
mental sustainability has become a priority for people, busi-
nesses, academics, and politicians alike. Since people are less
able to engage in environmental conservation because of its
optimistic externality and noninclusive nature, policymakers
must take meaningful steps to have adequate environmental
protection spending to create a low-carbon economy.

The findings reveal that in high-energy-intensive indus-
tries, CCER, MER, and EEI have a good inverted U-shaped
relationship. Both the CER and MER coefficients (0.0286 and
0.0304) were statistically significant. Only MER is statistical-
ly relevant at a 5% range, implying that market-based envi-
ronmental policy could positively impact EEI enhancement
and that appropriate regulations help to improve EEIL. The
study’s findings support the effectiveness of environmental
legislation in promoting EEI in China’s energy-intensive
industries.

Policymakers should be aware of the different de-
grees of effectiveness of environmental regulation to
make more educated choices, according to the conclu-
sions of this report. CCERs are necessary, resulting in a
scarcity of renewable innovative technology for the



Table 7 The regression results of

robustness test Variables 10th 20th 30 50 70" 90"
Green efficiency lagl ~ 1.771%%  0.026 0.875%+%  0.568%* 0.878%* 1,762+
(0.4704)  (0.468) (0.226) (0.278) (0.402) (0.588)
CCER 1.484 1.484% 1.484% 1.084%% 1.0867+%%  1.0654%%*
(1.036) (1.276) (1.346) (0.276) (1.246) (0.0846)
MER 1484w ] 48405 1.484%w% | 484k ] 44k 14845
(0.2846)  (0.2846) (0.2846)  (0.2846)  (0.2846) (0.2846)
Export 0.148wx 0,028 0.070%%%  0.104%%%  (.156%* 0.212%
(0.0475 (0.062) (0.0282)  (0.0287)  (0.0622) (0.0668)
FDI 0.439%+ 0.008 0.167%* 0.180%%  (.243%# 0.173%
(0.0642)  (0.128) (0.0982)  (0.0636)  (0.0872) (0.0903)
R&D —0.63%%  —0.446% % —0.447FF  —0.482%%  —0.408%FE  —0.409%*
(0.017) (0.129) (0.871) (0.241) (0.343) (0.647)
EU 0.008%#%  0.014%%* 0.014% 0.008*#%  0.014%* 0.014:
(0.0026)  (0.0123) (0.0187)  (0.0182)  (0.0266) (0.0246)
Inflation 0.012%%%  (,033%%* 0.033%%%  0.044%8%  .074%%% 0.074
—0.169 -0.208 -0.208 —0.247 (0.286 —0.286
Economic growth 0.086%**  0.091%%* 0.091%%% 0,086  0.091%%* 0.091
(0.044) (0.06) (0.94) (0.066) (0.072) (0.928)
Constant 3284w 0.169%* 0.126%%%  0.464%% 0.701%% 1,218
(0.9409)  (0.3268) (0.1417)  (0.1686)  (0.2804) (0.2909)

Note: Standard errors are in parentheses (). ***= 1% significant level; **= 5% significant level and *=10%

significant level

organization. Policymakers can use market-based envi-
ronmental policies actively to extend the regional mar-
ket platform, promote fresh studies on emissions taxes
and carbon pricing, and achieve better pollution reduc-
tion in the long run. The government should take effec-
tive environmental governance measures to increase the
EEI of energy-intensive sectors and pay close attention
to each sector at the regional level.

We discovered that after EEI was implemented, the
number of polluting companies decreased by 48% (and
the shrinkage may be even greater for small and micro-
businesses). EEI also decreases agricultural COD pollu-
tion by at least 46.5% without impacting COD output in
remaining businesses. Our findings indicate that compli-
ance in the form of a campaign may change corporate
environmental behavior while slowing down local econ-
omies. This discovery has regulatory consequences for
EEI practice in the future. First, our findings warn the
government to understand the long-term consequences
of large-scale manufacturing plant closures. Meanwhile,
the government could stop taking short-term policy de-
cisions in favor of long-term inspection systems for
manufacturing companies. Last but not the least, rather
than depending on end-of-pipe abatement, the govern-
ment can direct businesses toward renewable transitions
and industrial upgrades.

Policy implications

The following are the policy recommendations in this article:

To begin with, increase the severity of environmental reg-
ulations as required. The environmental regulation has had the
anticipated “back-forced reduction” impact at this stage. As a
result, improving environmental policies would aid in the re-
duction of carbon emissions.

Second, the government should set the level of environ-
mental regulation based on regional economic growth and
carbon intensity heterogeneity. It is recommended that the
eastern developed provinces adopt a higher degree of environ-
mental regulation severity, considering the growing demand
for environmental quality and green goods.

Third, technical innovation should positively impact car-
bon emission reduction. The empirical findings indicate that
technological progress has not substantially decreased carbon
emissions under the constraints of environmental regulation.
As a result, the government should build an external climate
conducive to corporate environmental protection technology
innovation as well as direct the transition of innovation inputs
to environmental protection technologies based on local con-
ditions. Enterprises should aggressively adopt environmental
management technologies compatible with their own produc-
tivity levels and technical absorption capability, undertake
reverse learning and secondary growth, fully exploit the



advantages of late development, and realize the dynamic evo-
lution from technology import to technology imitation to in-
dependent innovation.

Author contribution Thanh Quang, Ngo: Conceptualization, Data
curation, Methodology, Writing—original draft, Data curation,
Visualization. review and editing, Writing—review and editing and soft-
ware, Visualization, supervision, editing.

Funding This research is funded by University of Economics Ho Chi
Minh City, Vietnam.

Data availability The data that support the findings of this study are
openly available on request.

Declarations

Ethical approval and consent to participate The authors declare that
they have no Known competing financial interests or personal relation-
ships that seem to affect the work reported in this article. We declare that
we have no human participants, human data or human tissues.

Consent for publication We do not have any individual person’s data in
any form.

Competing interest The authors declare no competing interests.

References

Agyekum EB, Amjad F, Mohsin M, Ansah MNS (2021) A bird’s eye
view of Ghana’s renewable energy sector environment: a Multi-
Criteria Decision-Making approach. Util Policy 70:101219. https://
doi.org/10.1016/j.jup.2021.101219

Ahmad M, Li H, Anser MK, Rehman A, Fareed Z, Yan Q, Jabeen G
(2020) Are the intensity of energy use, land agglomeration, CO2
emissions, and economic progress dynamically interlinked across
development levels? Energy Environ 32:690-721. https://doi.org/
10.1177/0958305X20949471

Akbar U, Li QL, Akmal MA, Shakib M, Igbal W (2021) Nexus between
agro-ecological efficiency and carbon emission transfer: evidence
from China. Environ Sci Pollut Res 28:18995-19007. https:/doi.
org/10.1007/s11356-020-09614-2

Alemzero DA, Igbal N, Igbal S, Mohsin M, Chukwuma NJ, Shah BA
(2020a) Assessing the perceived impact of exploration and produc-
tion of hydrocarbons on households perspective of environmental
regulation in Ghana. Environ Sci Pollut Res 28:5359-5371. https://
doi.org/10.1007/s11356-020-10880-3

Alemzero DA, Sun H, Mohsin M, Igbal N, Nadeem M, Vo XV (2020b)
Assessing energy security in Africa based on multi-dimensional
approach of principal composite analysis. Environ Sci Pollut Res
28:2158-2171. https://doi.org/10.1007/s11356-020-10554-0

Ang BW, Wang H (2015) Index decomposition analysis with multidi-
mensional and multilevel energy data. Energy Econ 51:67-76.
https://doi.org/10.1016/j.eneco0.2015.06.004

Anh Tu, C., Chien, F., Hussein, M. A., Ramli MM, Y., Psi MM, M. S. S.,
Igbal, S., & Bilal, A. R. (2021). Estimating role of Green Financing
on Energy Security, Economic and Environmental Integration of
BRI member countries. Singap Econ Rev. https://doi.org/10.1142/
S0217590821500193

Anke CP, Hobbie H, Schreiber S, Most D (2020) Coal phase-outs and
carbon prices: interactions between EU emission trading and nation-
al carbon mitigation policies. Energy Policy 144:111647. https:/doi.
org/10.1016/j.enpol.2020.111647

Anser MK (2019) Impact of energy consumption and human activities on
carbon emissions in Pakistan: application of stirpat model. Environ
Sci Pollut Res 26:13453—13463. https://doi.org/10.1007/s11356-
019-04859-y

Anser MK, Zhang Z, Kanwal L (2018) Moderating effect of innovation
on corporate social responsibility and firm performance in realm of
sustainable development. Corp Soc Responsib Environ Manag 25:
799-806. https://doi.org/10.1002/csr.1495

Anser MK, Igbal W, Ahmad US, Fatima A, Chaudhry IS (2020a)
Environmental efficiency and the role of energy innovation in emis-
sions reduction. Environ Sci Pollut Res 27:29451-29463. https://
doi.org/10.1007/s11356-020-09129-w

Anser MK, Yousaf Z, Nassani AA, Abro MMQ, Zaman K (2020b)
International tourism, social distribution, and environmental
Kuznets curve: evidence from a panel of G-7 countries. Environ
Sci Pollut Res 27:2707-2720. https://doi.org/10.1007/s11356-019-
07196-2

Antonietti R, Fontini F (2019) Does energy price affect energy efficien-
cy? Cross-country panel evidence. Energy Policy 129:896-906.
https://doi.org/10.1016/j.enpol.2019.02.069

Asbahi AAMHA, Gang FZ, Igbal W et al (2019) Novel approach of
Principal Component Analysis method to assess the national energy
performance via Energy Trilemma Index. Energy Rep 5:704-713.
https://doi.org/10.1016/j.egyr.2019.06.009

Baloch ZA, Tan Q, Igbal N, Mohsin M, Abbas Q, Igbal W, Chaudhry IS
(2020) Trilemma assessment of energy intensity, efficiency, and
environmental index: evidence from BRICS countries. Environ Sci
Pollut Res 27:34337-34347. https://doi.org/10.1007/s11356-020-
09578-3

BiGB, Song W, Zhou P, Liang L (2014) Does environmental regulation
affect energy efficiency in China’s thermal power generationx
Empirical evidence from a slacks-based DEA model. Energy
Policy 66:537-546. https://doi.org/10.1016/j.enpol.2013.10.056

Chandio AA, Jiang Y, Rehman A, Twumasi MA, Pathan AG, Mohsin M
(2020) Determinants of demand for credit by smallholder farmers’: a
farm level analysis based on survey in Sindh, Pakistan. J Asian Bus
Econ Stud ahead-of-print. https://doi.org/10.1108/jabes-01-2020-
0004

Chien F, Wang CN, Nguyen VT, Chau KY (2020) An Evaluation Model
of Quantitative and Qualitative Fuzzy Multi-Criteria Decision-
Making Approach for Hydroelectric Plant Location Selection.
Energies /3(11):1-14

Chien F, Ajaz T, Andlib Z, Chau KY, Ahmad P, Sharif A (2021a) The
role of technology innovation, renewable energy and globalization
in reducing environmental degradation in Pakistan: a step towards
sustainable environment. Renew Energy 177:308-317. https:/doi.
org/10.1016/j.renene.2021.05.101

Chien F, Anwar A, Hsu CC, Sharif A, Razzaq A, Sinha A (2021b) The
role of information and communication technology in encountering
environmental degradation: proposing an SDG framework for the
BRICS countries. Technol Soc 65:101587

Chien F, Chau KY, Ady SU, Zhang Y, Tran QH, Aldeehani TM (2021c)
Does the combining effects of energy and consideration of financial
development lead to environmental burden: social perspective of
energy finance? Environ Sci Pollut Res. https://doi.org/10.1007/
s11356-021-13423-6

Chien F, Pantamee AA, Hussain MS et al (2021d) Nexus between finan-
cial innovation and bankruptcy: evidence from information, com-
munication and technology (ict) sector. Singap Econ Rev:1-22.
https://doi.org/10.1142/S0217590821500181

Chien F, Ngo QT, Hsu CC, Chau KY, Iram R (2021e) Assessing the
mechanism of barriers towards green finance and public spending


https://doi.org/10.1016/j.jup.2021.101219
https://doi.org/10.1016/j.jup.2021.101219
https://doi.org/10.1177/0958305X20949471
https://doi.org/10.1177/0958305X20949471
https://doi.org/10.1007/s11356-020-09614-2
https://doi.org/10.1007/s11356-020-09614-2
https://doi.org/10.1007/s11356-020-10880-3
https://doi.org/10.1007/s11356-020-10880-3
https://doi.org/10.1007/s11356-020-10554-0
https://doi.org/10.1016/j.eneco.2015.06.004
https://doi.org/10.1142/S0217590821500193
https://doi.org/10.1142/S0217590821500193
https://doi.org/10.1016/j.enpol.2020.111647
https://doi.org/10.1016/j.enpol.2020.111647
https://doi.org/10.1007/s11356-019-04859-y
https://doi.org/10.1007/s11356-019-04859-y
https://doi.org/10.1002/csr.1495
https://doi.org/10.1007/s11356-020-09129-w
https://doi.org/10.1007/s11356-020-09129-w
https://doi.org/10.1007/s11356-019-07196-2
https://doi.org/10.1007/s11356-019-07196-2
https://doi.org/10.1016/j.enpol.2019.02.069
https://doi.org/10.1016/j.egyr.2019.06.009
https://doi.org/10.1007/s11356-020-09578-3
https://doi.org/10.1007/s11356-020-09578-3
https://doi.org/10.1016/j.enpol.2013.10.056
https://doi.org/10.1108/jabes-01-2020-0004
https://doi.org/10.1108/jabes-01-2020-0004
https://doi.org/10.1016/j.renene.2021.05.101
https://doi.org/10.1016/j.renene.2021.05.101
https://doi.org/10.1007/s11356-021-13423-6
https://doi.org/10.1007/s11356-021-13423-6
https://doi.org/10.1142/S0217590821500181

in small and medium enterprises from developed countries. Environ
Sci Pollut Res. https://doi.org/10.1007/s11356-021-14907-1

Chien FS, Kamran HW, Albashar G, Igbal W (2021f) Dynamic planning,
conversion, and management strategy of different renewable energy
sources: a Sustainable Solution for Severe Energy Crises in
Emerging Economies. Int ] Hydrog Energy 46:7745-7758. https://
doi.org/10.1016/j.ijhydene.2020.12.004

Chien F, Sadiq M, Kamran HW, Nawaz MA, Hussain MS, Raza M
(2021g) Co-movement of energy prices and stock market return:
environmental wavelet nexus of COVID-19 pandemic from the
USA, Europe, and China. Environ Sci Pollut Res 2021:32359—
32373. https://doi.org/10.1007/s11356-021-12938-2

Choi KH, Ang BW (2012) Attribution of changes in Divisia real energy
intensity index—an extension to index decomposition analysis.
Energy Econ 34:171-176. https://doi.org/10.1016/j.eneco.2011.04.
011

Costa O, Fuerst F, Robinson SJ, Mendes-Da-Silva W (2018) Green label
signals in an emerging real estate market. A case study of Sao Paulo,
Brazil. J Clean Prod 184:660-670. https://doi.org/10.1016/j.jclepro.
2018.02.281

Ding H, Huang H, Tang O (2018) Sustainable supply chain collaboration
with outsourcing pollutant-reduction service in power industry. J
Clean Prod 186:215-228. https://doi.org/10.1016/j.jclepro.2018.
03.039

Dlalisa SF, Govender DW (2020) Challenges of acceptance and usage of
a learning management system amongst academics. Int. J eBus.
eGovernment Stud 12(1):63-78. https://doi.org/10.34111/ijebeg.
202012105

Ehsanullah S, Tran QH, Sadiq M, Bashir S, Mohsin M, Iram R (2021)
How energy insecurity leads to energy poverty? Do environmental
consideration and climate change concerns matters. Environ Sci
Pollut Res. https://doi.org/10.1007/s11356-021-14415-2

El-Aziz SHA (2018) Application of traditional method and water quality
index to assess suitability of groundwater quality for drinking and
irrigation purposes in south-western region of libya. Water Conserv
Manag 2:20-32. https://doi.org/10.26480/wcm.02.2018.20.32

Forrester SP, Reames TG (2020) Understanding the residential energy
efficiency financing coverage gap and market potential. Appl
Energy 260:114307. https://doi.org/10.1016/j.apenergy.2019.
114307

Greenstone M, Hanna R (2014) Environmental regulations, air and water
pollution, and infant mortality in India. Am Econ Rev 104:3038—
3072

Hansen BE (1999) Threshold effects in non-dynamic panels: estimation,
testing, and inference. J Econ 93:345-368. https://doi.org/10.1016/
S0304-4076(99)00025-1

He W, Abbas Q, Alharthi M, Mohsin M, Hanif I, Vinh Vo X,
Taghizadeh-Hesary F (2020) Integration of renewable hydrogen in
light-duty vehicle: nexus between energy security and low carbon
emission resources. Int J Hydrog Energy 45:27958-27968. https://
doi.org/10.1016/j.ijhydene.2020.06.177

Hou Y, Igbal W, Shaikh GM et al (2019) Measuring energy efficiency
and environmental performance: a case of South Asia. Processes 7:
325. https://doi.org/10.3390/pr7060325

Hsu CC, Quang-Thanh N, Chien FS, Li L, Mohsin M (2021) Evaluating
green innovation and performance of financial development: medi-
ating concerns of environmental regulation. Environ Sci Pollut Res.
https://doi.org/10.1007/s11356-021-14499-w

Huang SZ, Chau KY, Chien F, Shen H (2020) The Impact of Startups’
Dual Learning on Their Green Innovation Capability: the Effects of
Business Executives’ Environmental Awareness and Environmental
Regulations. Sustainability /2(16):1-17

Ikram M, Mahmoudi A, Shah SZA, Mohsin M (2019) Forecasting num-
ber of ISO 14001 certifications of selected countries: application of
even GM (1,1), DGM, and NDGM models. Environ Sci Pollut Res.
https://doi.org/10.1007/s11356-019-04534-2,

Igbal W, Altalbe A, Fatima A, Ali A, Hou Y (2019a) A DEA approach
for assessing the energy, environmental and economic performance
of top 20 industrial countries. Processes 7:902. https://doi.org/10.
3390/PR7120902

Igbal W, Yumei H, Abbas Q, Hafeez M, Mohsin M, Fatima A, Jamali M,
Jamali M, Siyal A, Sohail N (2019b) Assessment of wind energy
potential for the production of renewable hydrogen in Sindh
Province of Pakistan. Processes. 7. https://doi.org/10.3390/
pr7040196

Igbal W, Fatima A, Yumei H, Abbas Q, Iram R (2020) Oil supply risk
and affecting parameters associated with oil supplementation and
disruption. J Clean Prod 255:255. https://doi.org/10.1016/j.jclepro.
2020.120187

Igbal W, Tang YM, Chau KY, Irfan M, Mohsin M (2021) Nexus between
air pollution and NCOV-2019 in China: application of negative
binomial regression analysis. Process Saf Environ Prot 150:557—
565. https://doi.org/10.1016/j.psep.2021.04.039

Jefferson GH, Tanaka S, Yin W (2013) Environmental Regulation and
Industrial Performance: Evidence from Unexpected Externalities in
China. SSRN Electron J. https://doi.org/10.2139/ssr.2216220

Jun W, Waheed J, Hussain H et al (2020) Working women and per capita
household consumption expenditures; an untouched reality. Zb Rad
Ekon Fak au Rijeci. https://doi.org/10.18045/zbefri.2020.1.35

Khokhar M, Hou Y, Rafique MA, Igbal W (2020) Evaluating the social
sustainability criteria of supply chain management in manufacturing
industries: a role of BWM in MCDM. Probl Ekorozwoju

Lam CM, Hsu SC, Alvarado V, Li WM (2020) Integrated life-cycle data
envelopment analysis for techno-environmental performance evalu-
ation on sludge-to-energy systems. Appl Energy 266:114867.
https://doi.org/10.1016/j.apenergy.2020.114867

Li D, Cao C, Zhang L, Chen X, Ren S, Zhao Y (2017) Effects of corpo-
rate environmental responsibility on financial performance: the
moderating role of government regulation and organizational slack.
J Clean Prod 166:1323-1334. https://doi.org/10.1016/j.jclepro.
2017.08.129

Li W, Chien F, Hsu CC, Zhang YQ, Nawaz MA, Igbal S, Mohsin M
(2021a) Nexus between energy poverty and energy efficiency: esti-
mating the long-run dynamics. Res Policy 72:102063. https:/doi.
org/10.1016/j.resourpol.2021.102063

Li W, Chien F, Kamran HW, Aldeehani TM, Sadiq M, Nguyen VC,
Taghizadeh-Hesary F (2021b) The nexus between COVID-19 fear
and stock market volatility. Economic Research-Ekonomska
Istrazivanja:1-22. https://doi.org/10.1080/1331677X.2021.
1914125

Li W, Chien F, Ngo QT, Nguyen TD, Igbal S, Bilal AR (2021c) Vertical
financial disparity, energy prices and emission reduction: empirical
insights from Pakistan. J Environ Manag 294:112946. https:/doi.
org/10.1016/j.jenvman.2021.112946

Lin B, Chen X (2020) Environmental regulation and energy-
environmental performance—empirical evidence from China’s
non-ferrous metals industry. J Environ Manag. https://doi.org/10.
1016/j.jenvman.2020.110722

Lin K, Peng MYP, Anser MK, Yousaf Z, Sharif A (2020) Bright harmo-
ny of environmental management initiatives for achieving corporate
social responsibility authenticity and legitimacy: glimpse of hotel
and tourism industry. Corp Soc Responsib Environ Manag 28:
640-647. https://doi.org/10.1002/csr.2076

Liu J, Liu Y, Wang X (2020a) An environmental assessment model of
construction and demolition waste based on system dynamics: a
case study in Guangzhou. Environ Sci Pollut Res 27:37237—
37259. https://doi.org/10.1007/s11356-019-07107-5

LiuJ, YiY, Wang X (2020b) Exploring factors influencing construction
waste reduction: a structural equation modeling approach. J Clean
Prod 276:123185. https://doi.org/10.1016/j.jclepro.2020.123185

Liu X, Peng MYP, Anser MK, Chong WL, Lin B (2020c) Key Teacher
Attitudes for Sustainable Development of Student Employability by


https://doi.org/10.1007/s11356-021-14907-1
https://doi.org/10.1016/j.ijhydene.2020.12.004
https://doi.org/10.1016/j.ijhydene.2020.12.004
https://doi.org/10.1007/s11356-021-12938-2
https://doi.org/10.1016/j.eneco.2011.04.011
https://doi.org/10.1016/j.eneco.2011.04.011
https://doi.org/10.1016/j.jclepro.2018.02.281
https://doi.org/10.1016/j.jclepro.2018.02.281
https://doi.org/10.1016/j.jclepro.2018.03.039
https://doi.org/10.1016/j.jclepro.2018.03.039
https://doi.org/10.34111/ijebeg.202012105
https://doi.org/10.34111/ijebeg.202012105
https://doi.org/10.1007/s11356-021-14415-2
https://doi.org/10.26480/wcm.02.2018.20.32
https://doi.org/10.1016/j.apenergy.2019.114307
https://doi.org/10.1016/j.apenergy.2019.114307
https://doi.org/10.1016/S0304-4076(99)00025-1
https://doi.org/10.1016/S0304-4076(99)00025-1
https://doi.org/10.1016/j.ijhydene.2020.06.177
https://doi.org/10.1016/j.ijhydene.2020.06.177
https://doi.org/10.3390/pr7060325
https://doi.org/10.1007/s11356-021-14499-w
https://doi.org/10.1007/s11356-019-04534-2
https://doi.org/10.3390/PR7120902
https://doi.org/10.3390/PR7120902
https://doi.org/10.3390/pr7040196
https://doi.org/10.3390/pr7040196
https://doi.org/10.1016/j.jclepro.2020.120187
https://doi.org/10.1016/j.jclepro.2020.120187
https://doi.org/10.1016/j.psep.2021.04.039
https://doi.org/10.2139/ssrn.2216220
https://doi.org/10.18045/zbefri.2020.1.35
https://doi.org/10.1016/j.apenergy.2020.114867
https://doi.org/10.1016/j.jclepro.2017.08.129
https://doi.org/10.1016/j.jclepro.2017.08.129
https://doi.org/10.1016/j.resourpol.2021.102063
https://doi.org/10.1016/j.resourpol.2021.102063
https://doi.org/10.1080/1331677X.2021.1914125
https://doi.org/10.1080/1331677X.2021.1914125
https://doi.org/10.1016/j.jenvman.2021.112946
https://doi.org/10.1016/j.jenvman.2021.112946
https://doi.org/10.1016/j.jenvman.2020.110722
https://doi.org/10.1016/j.jenvman.2020.110722
https://doi.org/10.1002/csr.2076
https://doi.org/10.1007/s11356-019-07107-5
https://doi.org/10.1016/j.jclepro.2020.123185

Social Cognitive Career Theory: the Mediating Roles of Self-
Efficacy and Problem-Based Learning. Front Psychol 11. https://
doi.org/10.3389/fpsyg.2020.01945

Malla S, Brewin DG (2020) An Economic Account of Innovation Policy
in Canada: a Comparison of Canola, Wheat, and Pulses.
AGBIOFORUM 22(1):25-36

Mi C, Cao L, Zhang Z, Feng Y, Yao L, Wu Y (2020) A port container
code recognition algorithm under natural conditions. J Coast Res
103:822-829. https://doi.org/10.2112/S1103-170.1

Mohsin M, Rasheed AK, Saidur R (2018a) Economic viability and pro-
duction capacity of wind generated renewable hydrogen. Int J
Hydrog Energy 43:2621-2630. https://doi.org/10.1016/j.ijhydene.
2017.12.113

Mohsin M, Zhou P, Igbal N, Shah SAA (2018b) Assessing oil supply
security of South Asia. Energy 155:438-447. https://doi.org/10.
1016/J.ENERGY.2018.04.116

Mohsin M, Taghizadeh-Hesary F, Panthamit N, et al (2020) Developing
Low Carbon Finance Index: Evidence From Developed and
Developing Economies. Financ Res Lett. https://doi.org/10.1016/].
1r1.2020.101520,

Mohsin M, Hanif I, Taghizadeh-Hesary F, Abbas Q, Igbal W (2021a)
Nexus between energy efficiency and electricity reforms: a DEA-
Based way forward for clean power development. Energy Policy
149:112052. https://doi.org/10.1016/j.enpol.2020.112052

Mohsin M, Kamran HW, Atif Nawaz M, Sajjad Hussain M, Dahri AS
(2021b) Assessing the impact of transition from nonrenewable to
renewable energy consumption on economic growth-environmental
nexus from developing Asian economies. J Environ Manag 284:
111999. https://doi.org/10.1016/j.jenvman.2021.111999

Nguyen CH, Ngo QT, Pham MD, Nguyen AT, Huynh NC (2021)
Economic linkages, technology transfers, and firm heterogeneity:
the case of manufacturing firms in the Southern Key Economic
Zone of Vietnam. Cuad Econ 44(124):1-25

Niyimbanira F, Eggink ME, Nishimwe-Niyimbanira R (2020) The iden-
tification of the key sub-industries among coastal metropolitan cities
of South Africa: an application of the location quotient technique.
Int J Appl Econ Financ Stud 12(1):50-70. https://doi.org/10.34109/
jefs.202012104

Othman Z, Nordin MFF, Sadiq M (2020) GST fraud prevention to ensure
business sustainability: a Malaysian case study. J Asia Bus Econ
Stud 27(3):245-265

Peng X (2020) Strategic interaction of environmental regulation and
green productivity growth in China: green innovation or pollution
refuge? Sci Total Environ 732:139200. https://doi.org/10.1016/].
scitotenv.2020.139200

Pifieros ML (2020) Economic sectors and the risk-taking channel of
monetary policy. Cuadernos de Economia 43(123):275-290

Poudineh R, Sen A, Fattouh B (2020) An integrated approach to electric-
ity sector reforms in the resource rich economies of the MENA.
Energy Policy 138:111236. https://doi.org/10.1016/j.enpol.2019.
111236

Purba YSBR, Puja IN, Sumarniasih MS (2021) Erosion prediction and
conservation planning in the bubuh sub-watershed, bangli regency.
Water Conserv. Manag, In

Sadiq M, Singh J, Raza M, Mohamad S (2020) The Impact of
Environmental, Social and Governance Index on Firm Value:
Evidence from Malaysia. Int J Energy Econ Policy 10(5):555-562

Sadiq M, Hsu CC, Zhang Y, Chien FS (2021) COVID-19 fear and vol-
atility index movements: empirical insights from ASEAN stock
markets. Environ Sci Pollut Res. https://doi.org/10.1007/s11356-
021-15064-1

Shah SAA, Zhou P, Walasai GD, Mohsin M (2019) Energy security and
environmental sustainability index of South Asian countries: a com-
posite index approach. Ecol Indic 106:105507. https://doi.org/10.
1016/j.ecolind.2019.105507

Shan W, Wang J (2019) The effect of environmental performance on
employment: evidence from china’s manufacturing industries. Int J
Environ Res Public Health 16. https://doi.org/10.3390/
jerph16122232

Sun H, Awan RU, Nawaz MA, Mohsin M, Rasheed AK, Igbal N (2020a)
Assessing the socio-economic viability of solar commercialization
and electrification in south Asian countries. Environ Dev Sustain 23:
9875-9897. https://doi.org/10.1007/s10668-020-01038-9

Sun H, Jiang J, Mohsin M, Zhang J, Solangi YA (2020b) Forecasting
Nitrous Oxide emissions based on grey system models. Environ
Geochem Health 42:915-931. https://doi.org/10.1007/s10653-019-
00398-0

Sun H, Pofoura AK, Adjei Mensah I, Li L, Mohsin M (2020c¢) The role of
environmental entrepreneurship for sustainable development: evi-
dence from 35 countries in Sub-Saharan Africa. Sci Total Environ
741:140132. https://doi.org/10.1016/j.scitotenv.2020.140132

Sun L, Cao X, Alharthi M, Zhang J, Taghizadeh-Hesary F, Mohsin M
(2020d) Carbon emission transfer strategies in supply chain with lag
time of emission reduction technologies and low-carbon preference
of consumers. J Clean Prod 264:121664. https://doi.org/10.1016/].
jclepro.2020.121664

Sun L, Qin L, Taghizadeh-Hesary F et al (2020e) Analyzing carbon
emission transfer network structure among provinces in China:
new evidence from social network analysis. Environ Sci Pollut
Res. https://doi.org/10.1007/s11356-020-08911-0

Tehreem HS, Anser MK, Nassani AA, Abro MMQ, Zaman K (2020)
Impact of average temperature, energy demand, sectoral value
added, and population growth on water resource quality and mortal-
ity rate: it is time to stop waiting around. Environ Sci Pollut Res 27:
37626-37644. https://doi.org/10.1007/s11356-020-09822-w

Tiep NC, Wang M, Mohsin M, Kamran HW, Yazdi FA (2021) An as-
sessment of power sector reforms and utility performance to
strengthen consumer self-confidence towards private investment.
Econ Anal Policy 69:676-689. https://doi.org/10.1016/j.eap.2021.
01.005

van Vuuren HJ (2020) The Disclosure of Corporate Governance: a Tick-
Box Exercise or Not? Int J] Bus Manag Stud 12(1):50-65 0000-
0003-4609-6071

Wang M, Feng C (2018) Using an extended logarithmic mean Divisia
index approach to assess the roles of economic factors on industrial
CO2 emissions of China. Energy Econ 76:101-114. https://doi.org/
10.1016/j.eneco.2018.10.008

Wasif Rasheed HM, Anser MK (2017) Effect on Brand Loyalty in
Mobile Phone Purchasing (A Case Study In Bahawalpur,
Pakistan). J Public Adm Gov 7. https://doi.org/10.5296/jpag.v7il.
11042

Xia Z, Abbas Q, Mohsin M, Song G (2020) Trilemma among energy,
economic and environmental efficiency: can dilemma of EEE ad-
dress simultaneously in era of COP 21? J Environ Manag 276:
111322. https://doi.org/10.1016/j.jenvman.2020.111322

Xin-gang Z, Shu-ran H (2020) Does market-based electricity price affect
China’s energy efficiency? Energy Econ 91:104909. https://doi.org/
10.1016/j.enec0.2020.104909

Xu Q, Zou Z, Chen Y, Wang K, du Z, Feng J, Ding C, Bai Z, Zang Y,
Xiong Y (2020a) Performance of a novel-type of heat flue in a coke
oven based on high-temperature and low-oxygen diffusion combus-
tion technology. Fuel 267:267. https://doi.org/10.1016/j.fuel.2020.
117160

Xu Y, Chen Z, Peng MYP, Anser MK (2020b) Enhancing Consumer
Online Purchase Intention Through Gamification in China:
Perspective of Cognitive Evaluation Theory. Front Psychol 11.
https://doi.org/10.3389/fpsyg.2020.581200

Xueying W, Sadiq M, Chien F, Ngo TQ, & Nguyen AT (2021) Testing
role of green financing on climate change mitigation: evidences
from G7 and E7 countries, https://doi.org/10.1007/s11356-021-
15023-w


https://doi.org/10.3389/fpsyg.2020.01945
https://doi.org/10.3389/fpsyg.2020.01945
https://doi.org/10.2112/SI103-170.1
https://doi.org/10.1016/j.ijhydene.2017.12.113
https://doi.org/10.1016/j.ijhydene.2017.12.113
https://doi.org/10.1016/J.ENERGY.2018.04.116
https://doi.org/10.1016/J.ENERGY.2018.04.116
https://doi.org/10.1016/j.frl.2020.101520
https://doi.org/10.1016/j.frl.2020.101520
https://doi.org/10.1016/j.enpol.2020.112052
https://doi.org/10.1016/j.jenvman.2021.111999
https://doi.org/10.34109/ijefs.202012104
https://doi.org/10.34109/ijefs.202012104
https://doi.org/10.1016/j.scitotenv.2020.139200
https://doi.org/10.1016/j.scitotenv.2020.139200
https://doi.org/10.1016/j.enpol.2019.111236
https://doi.org/10.1016/j.enpol.2019.111236
https://doi.org/10.1007/s11356-021-15064-1
https://doi.org/10.1007/s11356-021-15064-1
https://doi.org/10.1016/j.ecolind.2019.105507
https://doi.org/10.1016/j.ecolind.2019.105507
https://doi.org/10.3390/ijerph16122232
https://doi.org/10.3390/ijerph16122232
https://doi.org/10.1007/s10668-020-01038-9
https://doi.org/10.1007/s10653-019-00398-0
https://doi.org/10.1007/s10653-019-00398-0
https://doi.org/10.1016/j.scitotenv.2020.140132
https://doi.org/10.1016/j.jclepro.2020.121664
https://doi.org/10.1016/j.jclepro.2020.121664
https://doi.org/10.1007/s11356-020-08911-0
https://doi.org/10.1007/s11356-020-09822-w
https://doi.org/10.1016/j.eap.2021.01.005
https://doi.org/10.1016/j.eap.2021.01.005
https://doi.org/10.1016/j.eneco.2018.10.008
https://doi.org/10.1016/j.eneco.2018.10.008
https://doi.org/10.5296/jpag.v7i1.11042
https://doi.org/10.5296/jpag.v7i1.11042
https://doi.org/10.1016/j.jenvman.2020.111322
https://doi.org/10.1016/j.eneco.2020.104909
https://doi.org/10.1016/j.eneco.2020.104909
https://doi.org/10.1016/j.fuel.2020.117160
https://doi.org/10.1016/j.fuel.2020.117160
https://doi.org/10.3389/fpsyg.2020.581200
https://doi.org/10.1007/s11356-021-15023-w
https://doi.org/10.1007/s11356-021-15023-w

Yang Y, Li Y, Yao J, Iglauer S, Luquot L, Zhang K, Sun H, Zhang L,
Song W, Wang Z (2020) Dynamic pore-scale dissolution by CO2-
saturated brine in carbonates: impact of homogeneous versus frac-
tured versus vuggy pore structure. Water Resour Res 56. https://doi.
org/10.1029/2019WR026112

Yang Z, Abbas Q, Hanif I, Alharthi M, Taghizadeh-Hesary F, Aziz B,
Mohsin M (2021) Short- and long-run influence of energy utiliza-
tion and economic growth on carbon discharge in emerging SREB
economies. Renew Energy 165:43-51. https://doi.org/10.1016/;.
renene.2020.10.141

Yousaf S, Anser MK, Tariq M, Sahibzada Jawad SUR, Naushad S,
Yousaf Z (2020) Does technology orientation predict firm perfor-
mance through firm innovativeness? World J Entrep Manag Sustain
Dev 17:140-151. https://doi.org/10.1108/WJEMSD-11-2019-0091

Yuan H, Wang Z, Shi Y, Hao J (2021) A dissipative structure theory-
based investigation of a construction and demolition waste minimi-
zation system in China. J Environ Plan Manag:1-27. https://doi.org/
10.1080/09640568.2021.1889484

Zhang Y, Song Y (2021) Environmental regulations, energy and environ-
ment efficiency of China’s metal industries: a provincial panel data
analysis. J Clean Prod 280:124437. https://doi.org/10.1016/j.
jclepro.2020.124437

Zhang W, Hu Y, Liu J, Wang H, Wei J, Sun P, Wu L, Zheng H (2020a)
Progress of ethylene action mechanism and its application on plant
type formation in crops. Saudi J Biol Sci 27:1667—1673. https:/doi.
0rg/10.1016/.5jbs.2019.12.038

Zhang Y, Xiong Y, Li F, Cheng J, Yue X (2020b) Environmental regu-
lation, capital output and energy efficiency in China: an empirical

research based on integrated energy prices. Energy Policy 146:
111826. https://doi.org/10.1016/j.enpol.2020.111826

Zhang D, Mohsin M, Rasheed AK, Chang Y, Taghizadeh-Hesary F
(2021a) Public spending and green economic growth in BRI region:
mediating role of green finance. Energy Policy 153:112256. https://
doi.org/10.1016/j.enpol.2021.112256

Zhang L, Wang Q, Zhang M (2021b) Environmental regulation and CO2
emissions: based on strategic interaction of environmental gover-
nance. Ecol Complex 45:100893. https://doi.org/10.1016/j.
ecocom.2020.100893

Zhang Y, Abbas M, Igbal W (2021c) Analyzing sentiments and attitudes
toward carbon taxation in Europe, USA, South Africa, Canada and
Australia. Sustain Prod Consum 28:241-253. https://doi.org/10.
1016/j.spc.2021.04.010

Zhang Y, Abbas M, Koura YH, Su Y, Igbal W (2021d) The impact
trilemma of energy prices, taxation, and population on industrial
and residential greenhouse gas emissions in Europe. Environ Sci
Pollut Res 28:6913-6928. https://doi.org/10.1007/s11356-020-
10618-1

Zhao X, Gu B, Gao F, Chen S (2020) Matching model of energy supply
and demand of the integrated energy system in coastal areas. J Coast
Res 103. https://doi.org/10.2112/S1103-205.1

Zuo X, Dong M, Gao F, Tian S (2020) The modeling of the electric
heating and cooling system of the integrated energy system in the
coastal area. J Coast Res 103. https://doi.org/10.2112/S1103-213.1

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.


https://doi.org/10.1029/2019WR026112
https://doi.org/10.1029/2019WR026112
https://doi.org/10.1016/j.renene.2020.10.141
https://doi.org/10.1016/j.renene.2020.10.141
https://doi.org/10.1108/WJEMSD-11-2019-0091
https://doi.org/10.1080/09640568.2021.1889484
https://doi.org/10.1080/09640568.2021.1889484
https://doi.org/10.1016/j.jclepro.2020.124437
https://doi.org/10.1016/j.jclepro.2020.124437
https://doi.org/10.1016/j.sjbs.2019.12.038
https://doi.org/10.1016/j.sjbs.2019.12.038
https://doi.org/10.1016/j.enpol.2020.111826
https://doi.org/10.1016/j.enpol.2021.112256
https://doi.org/10.1016/j.enpol.2021.112256
https://doi.org/10.1016/j.ecocom.2020.100893
https://doi.org/10.1016/j.ecocom.2020.100893
https://doi.org/10.1016/j.spc.2021.04.010
https://doi.org/10.1016/j.spc.2021.04.010
https://doi.org/10.1007/s11356-020-10618-1
https://doi.org/10.1007/s11356-020-10618-1
https://doi.org/10.2112/SI103-205.1
https://doi.org/10.2112/SI103-213.1

	How...
	Abstract
	Introduction
	Literature review
	Methodology and variable selection
	The nonradial directional distance function (NDDF) model
	Econometric modeling and variable selection
	The dynamic panel data model effect
	The dynamic threshold model

	Variable and data source
	Dependent variable
	Independent variable
	Control variables


	Results and discussions
	The empirical results of the benchmark model
	The empirical results of the moderating effect of R&D
	The results of the threshold model
	Sensitivity analysis

	Conclusion and policy implication
	Policy implications

	References


