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Abstract: Under the influence of the dual policies of sustainable economic development and the
national dual-carbon target, the establishment of an environmental protection department for the
treatment of heavily polluting industries is imminent, and the country has launched pollution control
policies and regulations to restrict the emission rights of heavily polluting industries. Therefore, this
paper focuses on whether the restriction of emission rights in key industries has reduced carbon
emissions. To achieve this, this paper uses panel data of prefecture-level cities in China from 2006
to 2019 and adopts a two-way fixed-effects DID model to systematically analyze the impact of the
key pollution industry governance policies launched by the Ministry of Environmental Protection
on CO2 emissions in 2017. And further analyze the role of variables such as green technology
innovation patents and energy efficiency using this model, while parallel trend tests and placebo
tests, and related policies are used to ensure the robustness of the regression results. This paper
reveals that: (1) The heavy pollution industry governance policy implemented in 2017 can effectively
reduce CO2 emissions in the cities of the treated group, and the effect is more significant in the
year of policy implementation; (2) Green utility patents and energy-use efficiency are the effective
mediating mechanisms to reduce CO2 emissions; (3) Over time, the effect of heavy pollution industry
governance policy on CO2 emissions gradually decreases; (4) The reliability of the baseline regression
results of this paper is proved by the use of parallel trend tests, placebo tests, and tests excluding
the influence factors such as relevant policies in the same period. Therefore, the key polluting
industries treatment policy launched by China’s Ministry of Environmental Protection in 2017 under
the recent dual-carbon policy development goals formulated by China, can effectively reduce carbon
emissions; however, in the future economic development process, the government should give more
consideration to the continuity of the policy impact and its coherence on economic development
when implementing the policy.

Keywords: environmental regulation; technological innovation; carbon trading rights; energy effi-
ciency; carbon peaking; carbon neutrality policies

1. Introduction

Since the Industrial Revolution, the intensive use of modern machinery has made it
possible to maximize the output of natural resources such as land, water, and minerals
to their maximum production potential [1]. Along with the accelerated economic devel-
opment, natural resources have been exploited in large quantities, and the unreasonable
use of resources and unrestricted sewage have caused huge changes in the global climate,
creating a huge challenge to the sustainable development of the global economy. In re-
cent years, global warming, droughts, melting glaciers, rising sea levels, and decreasing
food production have become increasingly serious problems, mainly due to the current
overexploitation of resources and increasing air pollution [2,3]. For example, air pollution
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in London, once known as the “fog city”, and the appearance in the 21st century of haze
in the cities of China, are both a consequence of neglecting environmental protection in
economic development. The study of economic development and environmental pollution
has long been the focus of research, and economic growth has always seemed to sacrifice
the natural environment [4,5]. In the process of economic development, we should not only
consider the immediate benefits of over-exploiting resources and discharging sewage, but
also consider the long-term sustainability of economic development and ensure a model of
green products that are inherited from generation to generation. Especially in recent years,
the emission of greenhouse gases such as haze, carbon dioxide, and methane has had a
more drastic impact on the environment and has a serious impact on the global human
living environment.

In the process of rapid economic development, massive coal resources are required
in various production processes. The burning of coal resources increases the emission
of greenhouse gases such as carbon dioxide and methane in the air, which has a serious
impact on the natural environment and human health and is not consistent with the
goal of sustainable development [6]. This aggressive approach to traditional economic
development is not in conformity with the modern view of ecological economics. As
research on environmental pollution deepened, people gradually realized the importance
of changing the economic development model, and organizations such as the United
Nations began to rule on the right to discharge in economic development. In December
1997, the United Nations Framework Convention on Climate Change established the
Kyoto Protocol, with the participation of more than 100 countries worldwide, to develop
carbon reduction plans. This convention stipulates that the Kyoto Protocol would come
into force in 2005, and, thus, the governance of carbon emission trading rights officially
began. Currently, the United Nations regulates the carbon emission authority of each
country in general through policies such as the Kyoto Protocol and the United Nations
Framework Convention on Climate Change [7,8], to promote energy conservation and
emission reduction in countries around the world, rather than in any one country, as a
country’s contribution to energy saving and emission reduction is limited, and we need
to rely on the strength of all countries to build a better living environment for human
production and life.

Since China’s reform and opening, the country’s economy has grown tremendously
and people’s living conditions have improved remarkably, with per capita disposable
income rising from 0.09 thousand yuan in 1990 to 35,100 yuan in 2021, an increase of 38
times year-on-year. Today, with the rapid development of the economy, people’s growing
material and spiritual–cultural needs conflict with the increasingly prominent environmen-
tal pollution problems. The traditional crude economic development model that relies on
natural energy sources such as coal and oil is increasingly being criticized [9]. Especially
since 2010, China’s air quality and water pollution problems have affected people’s health.
For example, haze increases respiratory and other diseases, water pollution seriously affects
people’s daily lives, and carbon emissions from coal energy aggravate the emissions of
SO2, PM2.5, and CO2 in the air, which further affects the life of people [10]. As shown in
Figure 1, China’s CO2 emissions were still at a high level compared to other countries from
1990 to 2019, and further strengthening of environmental management efforts is necessary.
It is also clear from Figure 2 that China’s CO2 emissions are at a high level, both in terms
of CO2 per capita and CO2 per GDP. Therefore, in 1995, China responded positively to
the global demand for carbon emission reduction and promoted green and sustainable
economic development based on the “Outline of New and Renewable Energy Development
1996–2010”. In particular, in September 2020, the Chinese government put forward the dual
goals of carbon peaking and carbon neutrality, with an aim to achieve carbon peaking in
2030 and carbon neutrality in 2060 [11].
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Figure 1. 1990–2019 CO2 emissions of representative countries in the world (MT of CO2 equivalent). 
Data source: World Bank/ourworldindata.org. 

 
Figure 2. 1990–2019 CO2 per capita and CO2 per GDP in China. Data source: World Bank/our-
worldindata.org. 

Economic development and energy consumption are inseparable, and finding a way 
to reduce the harm caused by environmental pollution in the process of economic devel-
opment is the current imperative for China’s economy to take the path of green and sus-
tainable development. At the same time, governments at all levels have also promulgated 
relevant policies, such as Shandong Province, which, during the Eleventh Five-Year Plan, 
promulgated the “2010 Annual Energy Conservation Target Responsibility Book” to as-
sess the performance of each city in the province during this period of energy conservation 
and emission reduction, and Handan City in Hebei Province in 2014, which issued “Fif-
teen Measures on Supporting the Accelerated Development of Energy Conservation and 
Environmental Protection Industry” to complete the requirements of the performance in-
dicators. The promulgations of these policies have put forward relevant policy objectives 
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Figure 1. 1990–2019 CO2 emissions of representative countries in the world (MT of CO2 equivalent).
Data source: World Bank/ourworldindata.org.
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Figure 2. 1990–2019 CO2 per capita and CO2 per GDP in China. Data source: World Bank/
ourworldindata.org.

Economic development and energy consumption are inseparable, and finding a way
to reduce the harm caused by environmental pollution in the process of economic de-
velopment is the current imperative for China’s economy to take the path of green and
sustainable development. At the same time, governments at all levels have also promul-
gated relevant policies, such as Shandong Province, which, during the Eleventh Five-Year
Plan, promulgated the “2010 Annual Energy Conservation Target Responsibility Book” to
assess the performance of each city in the province during this period of energy conserva-
tion and emission reduction, and Handan City in Hebei Province in 2014, which issued
“Fifteen Measures on Supporting the Accelerated Development of Energy Conservation
and Environmental Protection Industry” to complete the requirements of the performance
indicators. The promulgations of these policies have put forward relevant policy objec-
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tives and implemented strict environmental regulations, which provide a guarantee for
promoting the green and sustainable development of the economy. In order to execute the
Implementation Plan of the Pollutant Discharge Permit System (No. 81, 2016), the General
Office of the Ministry of Environmental Protection issued the Pilot Work Plan for Pollutant
Discharge Permit Management for Key Industries in May 2017. In this plan, it is explicitly
stipulated that 11 provincial environmental protection departments and 6 prefecture-level
municipal environmental protection departments take the lead or participate in a pilot
project of the application and issuance of emission permits for the corresponding key
industries. How this pilot performed will affect current emissions regulation, especially
the impact on regional carbon emissions achieved, and is the focus of this study.

2. Literature Review and Theoretical Mechanisms
2.1. Literature Review

Rapid economic development is often at the expense of the local natural environment.
In the process of urban industrialization, enterprise production can take up a large amount
of land, and consume a large number of natural resources such as water and coal, and
problems such as river sewage, land desertification, and air pollution are becoming increas-
ingly prominent. The contradiction between economic development and environmental
protection is becoming more and more prominent, and almost every developed country
has gone through the process of pollution before treatment [12].

In the face of increasingly prominent global environmental problems, international
environmental public interest organizations and various countries around the world have
successively introduced various policies to manage the environmental hazards arising
from the production process. The most typical approach is to determine emissions trading
rights, i.e., enterprises and individuals purchase emissions trading rights for production,
and this practice has to a certain extent alleviated the environmental pollution in the
regions employing this approach. Industrial emissions and industrial discharges have a
huge impact on the living environment and sustainable development of human beings, so
various countries have introduced various rules to regulate environmental pollution [13,14].
Especially in recent years, greenhouse gas emissions have changed the trajectory of the
global ecosystem and forced countries to introduce relevant policy measures. Liu. et al.
& Padhy et al. [15,16] studied carbon emissions and greenhouse gases. Similarly, Wanyi
Chen [17] studied carbon trading rights and environmental regulation and showed that
carbon emissions trading restrains over-investment and promotes the investment efficiency
of enterprises.

The Porter hypothesis supports the idea that stricter environmental regulation may
even encourage innovation. According to Porter, strict environmental regulations have
prompted companies to invest more in R&D and find greener ways of production, which in
turn has accelerated the pace of innovation [18–21]. Qi, S. et al. present evidence in support
of the Porter hypothesis of emissions trading rights through Chinese data [22]; Zhang, T.
Y. demonstrates that the impact of environmental regulation is conducive to innovation
through literature from other countries, and Rongxin Wu & Boqiang Lin have shown which
Chinese policies have a disincentive effect on environmental pollution. The study of the
relationship between technological innovation and carbon emissions has been a popular
topic, and technological innovation can be said to be a product of strict environmental
regulation to a certain extent [23–25].

Technological innovation is mainly reflected in enterprises’ increased investment in
R&D, which can accelerate the birth of new technologies and the efficiency of new energy
use to effectively reduce environmental pollution [26]. Ganda (2018) has studied the im-
pact of green energy investments on carbon emissions in OECD countries for the period
2000–2014. They point out that investments in green energy, i.e., renewable energy, not
only improve energy efficiency but also reduce environmental degradation by lowering
carbon emissions [27,28]. Using data from OECD countries for the period 2000–2014, Ganda
(2019) examines the impact of investment in innovation and technology on environmental
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degradation. They use a generalized method of moments approach and report that inno-
vation and technology investments reduce carbon emissions to improve environmental
quality [29–31]. Their empirical results further show that, although the impact of inno-
vation and technology investment on carbon emissions is not unique, OECD countries
can reduce carbon emissions through innovation and technology investment. Nesta et al.
(2014) found that R&D expenditures have a significant and positive impact on reducing
CO2 emissions [32]. Their empirical analysis suggests that energy R&D investments must
be regulated so that energy intensity, fossil fuel energy consumption, and CO2 emissions
can be minimized.

2.2. Theoretical Mechanisms

The government uses strict environmental regulations to suppress high energy con-
sumption in the production process of enterprises, which can effectively improve the
environmental quality of the region over a certain period. What are the main mechanisms
for these environmental improvements? Existing studies suggest that a strict environmental
regulation policy can make enterprises in the region more productive and increase their
investment in human capital and technological research and development, thus reducing
their emissions and improving the environmental quality of the region [33,34]. At present,
increasing R&D investment in green patented technologies, improving the overall level
of human capital, enhancing energy use efficiency, and accelerating the development of
new energy sources are the main ways to reduce regional environmental pollution. This
paper uses data at the prefectural city level as the research object, thereby studying the
mechanism of energy use efficiency and green patented technology input of the region as
the mediating variables affecting carbon emissions in the region.

2.2.1. Energy Use Efficiency

Energy use efficiency mainly refers to the impact of coal and other natural energy
consumption on the total local GDP in the production process. The higher the energy use
efficiency, the higher the GDP value generated by each unit of coal energy consumption,
which indicates that enterprises can reduce CO2 emissions from the side by making effi-
ciency in the production process. A study by Chen and Lei (2018) examined the impact of
technological innovation and renewable energy consumption on the environment-energy
growth relationship in a panel of 30 countries by applying Johansen co-integration and
quantile regression methods. Their empirical findings point to a significant negative
impact of technological innovation on CO2 emissions. They emphasized the need for
high-producing countries with high CO2 emissions to invest more in innovative energy
technologies by reducing CO2 emissions. A study by Lin and Wang (2015) investigated the
impact of technical efficiency and technological progress on CO2 emissions in China over
the period 2000–2011. Their empirical evidence suggests that total factor CO2 emission
performance is higher in the East and Northeast and lower in the West and Central regions
and that there is considerable potential for minimizing carbon emissions in the East and
West [35,36]. Jin et al. (2017) studied the impact of technological advances in China’s
energy sector on CO2 emissions over the period 1995–2012. Their empirical results confirm
that technological advances in the energy sector have a significant and positive impact on
reducing CO2 emissions, while energy efficiency can significantly reduce CO2 emissions.
They suggest that, based on the empirical results, to achieve low carbon emissions, the gov-
ernment should increase its investment in energy research and improve energy efficiency.
Therefore, this paper adopts energy use efficiency, which is the ratio of energy consumption
to the region’s GDP, as a mediating mechanism to investigate the impact of the pilot work
program for key emission permit management policy on energy use efficiency and thus
determine its impact on carbon emissions in the region.
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2.2.2. Green Utility Patent Technology

Green utility patent technology can effectively reflect R&D into environment-related
patent technology in the region. It can also indicate the importance of R&D investment
and corresponding human capital investment in the region. The ratio of practical green
patented technologies shows the true percentage of technology patent applications used
in the region, and the level of this ratio will regulate the environmental conditions of the
region. Cho and Sohn (2018) researched the impact of green R&D investments and green
patent applications on CO2 emissions in Italy, the UK, France, and Germany over the
period 2004–2012 [37]. They report that CO2 emissions and R&D investment have had
little impact on changing green patent applications. Their empirical results emphasize that
carbon emissions associated with fossil fuel energy can be effectively minimized only by
promoting green technologies. The practical green patent technology index used in this
paper mainly adopts the ratio of green patents applied for in the region to the total number
of patents applied for and uses this index as a mediating mechanism to measure the impact
of environmental policy on the practical green patent index and thus on carbon emissions
of the region.

3. Data Sources
3.1. Structure of the Econometric Model

The relationship between environmental regulation policies and pollution has always
been the focus of our research. The DID model (Details in Abbreviations Section) has been
widely used in the analysis of government policies, as it can readily avoid the possible
endogeneity problems of econometric models. Moreover, the intuitive and vivid analysis
of policy effects can well illustrate the implementation effects of policies. The essence of the
method is to analyze the responses of the treatment and control groups before and after the
policy, to judge the impact of the policy on the actual treatment group and the effect of the
policy. Therefore, this paper uses the DID model to construct a quasi-natural experiment to
study the impact of emission limits on carbon neutrality in key industries. The policy was
issued on 20 May 2017, when the General Office of the Chinese Ministry of Environmental
Protection issued the Pilot Work Program for Key Emission Permit Management, which
identified 11 provincial-level environmental protection departments and 6 prefecture-level
municipal environmental protection departments to take the lead, or participate, in the
corresponding key industry emission permit application and issuance pilot work. To
standardize the pilot work, the task requirements, time points, and scheduling plans were
clarified. For the assumptions of the DID model, the six prefecture-level cities in the policy
of the Key Emission Permit Management Pilot Work Program in 2017 are selected as the
treatment group in this paper because the province-level data are too macroscopic and the
control group data are relatively small. This paper uses 2017 as the policy impact time, lead
cities that were not included in the key polluting industries before 2017 but were included
in the key polluting industries after 2017 as the treatment group, and cities that were not
included in the key polluting industries from 2006 to 2019 as the control group. Using this
approach, the impact of the key emission permit management pilot work policy on the lead
cities is compared. Therefore, the econometric model of this paper is set as follows.

CO2 = β1 + β2Posti + β3Treati + β4Posti × Treati + β5Controli + εit (1)

To reduce the heteroskedasticity in the econometric model setting, the explanatory
variables and significant control variables of Equation (1) are logged in this paper, and the
specific econometric model is shown below.

ln CO2 = β1 + β2Posti + β3Treati + β4Posti × Treati + β5 ln Controli + εit (2)

lnCO2 per capita GDP = β1 + β2Posti + β3Treati + β4Posti × Treati + β5 ln Controli + εit (3)

lnCO2 per unit GDP = β1 + β2Posti + β3Treati + β4Posti × Treati + β5 ln Controli + εit (4)
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lnCO2 percapita = β1 + β2Posti + β3Treati + β4Posti × Treati + β5 ln Controli + εit (5)

ln CO2 is the explained variable of Equation (2), which is the total annual carbon
emissions of each city. lnCO2 per capita GDP is the explained variable in equation (3),
which is the carbon emissions of a city’s GDP per capita. lnCO2 per unit GDP is the
explained variable in Equation (4), which represents the carbon emissions per unit of GDP
for each city. lnCO2 per capita is the explained variable in equation (5), which represents
the per capita carbon emissions of each city. In Equations (2)–(5), Posti is a dummy variable
set to 1 after 2017 and 0 before 2017. Treati is a dummy variable set to 1 for cities included
in the lead of key polluting industries and 0 for all others. The coefficient of Posti × Treati
captures the level of CO2 emissions in the pilot region relative to the non-pilot region
during the policy period and is the core explanatory variable to be estimated in this paper.
ln Controli is the ensemble of control variables in this paper; and εit is the error term.

3.2. Core Variables
3.2.1. Explained Variables

The core explanatory variable in this paper is the shock effect between the pilot policy
of the key emission permit management and the time of policy implementation. By the
data requirements of the DID model for the control group, given that the six cities that
are the lead cities of the environmental policy are the data of the treatment group, the city
policy of the treatment group is 1, and that of the control group is 0, in Table 1. First, our
criterion for selecting cities in both the treatment and control groups was prefecture-level
cities. Secondly, we make a simple comparison between the data of treatment and control
groups according to their geographical location, GDP, GDP per capita, carbon emission per
GDP, the population size of the area, and carbon emission per capita. Table 1 shows the
basic data display for the cities in the treatment and control groups for 2017 according to
the DID data processing requirements.

Table 1. Comparison of data for cities in the treatment and control groups.

Policy City Province

CO2
(Ten

Thousand
Tons)

GDP
(Hundred
Million)

Per
GDP

(Yuan)

CO2
Per Unit

GDP

Population
(Ten

Thousand)

CO2
Per Capita

1 Shenzhen
Guangdong

5895 22438.39 183127 0.03 1252.00 4.71
0 Guangzhou 5559 21500.00 150678 0.04 898.0 6.19
0 Zhuhai 1021 2675.18 155502 0.01 119.00 8.59

0 Shanghai Shanghai 11754 30133.86 124600 0.09 2418.33 4.86

0 Beijing Beijing 12901 28000.40 129000 0.10 2170.70 5.94

1 Baoding

Hebei

942 3449.74 29580 0.03 1199.00 0.79
0 Zhangjiakou 781 1427.02 32219 0.02 465.00 1.68
0 Hengshui 557 1523.19 34177 0.02 454.00 1.23
0 Chengde 458 1465.45 41299 0.01 380.00 1.21

1 Tangshan

Hebei

2486 6530.15 82972 0.03 755.00 3.29
0 Cangzhou 746 3643.40 48384 0.02 778.00 0.96
0 Shijiazhuang 2521 6460.90 59645 0.04 1087.00 2.32
0 Langfang 501 2881.01 61586 0.01 474.00 1.06

1 Xingtai
Hebei

695 2236.36 30486 0.02 735.16 0.95
0 Handan 1709 3379.53 35567 0.05 1051.00 1.63
0 Qinhuangdao 1041 1500.34 48356 0.02 298.00 3.49

0 Anyang Henan 1169 2268.00 44201 0.03 512.85 2.28
1 Zibo

Shandong

2151 4781.30 101781 0.02 470.80 4.57
0 Yantai 1436 7343.53 103771 0.01 654.00 2.20
0 Jinan 2497 7151.63 98275 0.03 644.00 3.88
0 Rizhao 1132 2008.88 69062 0.02 304.00 3.73

Data source: Statistical bulletin of prefecture-level cities in China, China Environmental Statistics Yearbook.
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This paper examines the impact of trading policies on carbon neutrality for the gover-
nance of key polluting industries. In this paper, we construct DID dummy variables using
the pollution control policies of the lead city as the basis. A city is assigned a value of 1 (as
a treatment group) if it was designated as a lead city for the pilot policy in 2017, and a value
of 0 (as a control group) if it was selected as a city that was not designated for inclusion
in the pilot policy in 2017. Our city selections for the control group are based on regional
characteristics, mainly from the perspective of geographic location, GDP, GDP per capita,
etc. Cities that are similar to the treatment group are selected following the principles
assumed by the DID model for the control and treatment group data. First, according to
the geographical location of the cities, cities in the same province as the treatment group
are selected as the control group as much as possible, because the same provinces have
a high degree of similarity in their intrinsic economic development and environmental
policies (except for Anyang City, but this city can be used as a control group city because
of its high degree of similarity). Second, the control group was selected according to the
level of economic development, and cities similar to the treatment group were selected
based on GDP and GDP per capita for comparison (Shenzhen is a mega-city in China, and
its economic volume and development level are comparable to Shanghai and Beijing, so
Shanghai and Beijing are selected as the cities in the control group of Shenzhen). Finally,
comparisons are made based on the characteristics of regional CO2 emissions. As shown in
Table 1, there is a high similarity between the control and treatment group cities, so these
cities can be used as a control group for comparison.

3.2.2. Explained Variables

The focus of this paper is carbon neutrality and carbon emission reduction based on
regional carbon emissions, and the data used are mainly the total annual carbon emissions
of each city. CO2 emissions are mainly generated by direct energy, such as fossil energy
combustion, and indirect energy consumption, such as urban electricity and heat con-
sumption, and energy consumption is generally counted at the provincial and municipal
levels, so this paper uses CO2 emissions at the prefectural level. More specifically, the
carbon emissions of this paper are measured by four basic indicators, including natural
gas, liquefied petroleum, society-wide electricity supply, and society-wide heat supply
(emission coefficient of raw coal heat generation), and then calculated by summing. Among
these, direct carbon emissions, such as those from liquefied petroleum and gas energy
consumption, are mainly measured using the relevant conversion factors provided by IPCC
2006. For carbon emissions generated by the regional power grid, we mainly referred to
the approach of Glaeser and Kahn [38–40], i.e., there is only one emission factor for each
regional power grid, and we measured the carbon emissions according to the baseline
emission factors of the power grid and urban electric energy consumption in the six regions
of the Chinese power grid in previous years. For the emission coefficient of raw coal heat
generation for heating at a national level, the China Urban Construction Statistical Yearbook
provides the statistics of centralized heating in each city in previous years. According to
IPCC2006, the carbon emission factor per kg of raw coal is 2.53 kg(CO2/kg), so the amount
of raw coal consumed for thermal energy can be used to calculate the carbon emissions
from central heating. The carbon emissions from the above consumption types are summed
to obtain the total carbon emissions of each city.

3.2.3. Control Variables

The control variables in this paper are per capita GDP (per GDP), industrial structure
(INS), industrial structure rationalization index (ISRI), the percentage of patents granted for
inventions (IPG), and technology progress level (TPL). The data sources of control variables
are China Environment Statistical Yearbook, China Statistical Yearbook, China Science and
Technology Statistical Yearbook, China Research Data Service Platform (CNRDS), and EPS
database.
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(1) Per capita GDP (per GDP), expressed in this paper as the ratio of local GDP to
the total number of people, and using CPI to eliminate the effect of inflation, is calculated
based on the annual statistical bulletin of each city.

(2) Industrial structure (INS), which is expressed by the ratio of the total output value
of the secondary industry to the total output value of the tertiary industry in the region,
can reflect whether the overall industrial layout of a region is reasonable.

(3) Industrial Structure Rationalization Index (ISRI), industrial structure rationalization
is a measure of whether the setting of industry matches the economic development demand,
a measure of whether the energy utilization efficiency and factor input-output structure
are reasonable, and also the reflection of the level of coordination between industrial
structures [41]. This paper measures the level of rationalization of the industrial structure
of each city based on the Thiel index, which is an indicator of the output value and the
structure of employed persons in the three major industrial structures in China. If the Thiel
index is 0, the industrial structure of the city is more balanced, while, if the Thiel index
is not 0, the industrial structure is not reasonable. This mainly reflects the deviation of
the output value and employment structure of different industries and the merits of the
different economic statuses of each industry. The specific formula is,

Thieli,t = ∑3
m=1yi,m,t ln

(
yi,m,t

li,m,t

)
, m = 1, 2, 3 (6)

where yi,m,t denotes the share of m industries in area i to the regional GDP in period t. This
indicator is a reflection of the high-level industrial structure and reflects the process of the
industrial structure change. li,m,t denotes the share of employees in industry m to the total
employment in area i in period t.

(4) Invention patent granted number ratio (IPG), using the ratio of the number of
invention patent applications to the total number of patent applications, which can reflect
the actual level of progress of regional scientific research.

(5) Science and technology progress level (TPL), which is expressed in this paper as the
ratio of regional science and technology expenditures to general fiscal budget expenditures.
Higher R&D investment could help reduce carbon emissions in key polluting industries by
enabling enterprises to improve R&D innovation, raise productivity levels, and transform
production patterns.

3.2.4. Mediating Variables

(1) Green Utility Patent Share (GUP), the ratio of green utility patents to the total
number of utility patents obtained annually in the region, which measures the actual level
of technology innovation patents used in the region. In this paper, the CNRDS database is
used to express the ratio of the number of green patent applications to the sum of all patent
applications, which is used to measure the impact of green utility technology innovation
on carbon emissions in key polluting industries—a new idea to transform energy use.

(2) Energy Use Efficiency (EUE) is mainly the ratio of regional energy consumption to
GDP (million tons of standard coal/billion yuan), thus measuring the impact of energy use
efficiency in a region’s production process on economic development.

3.3. Data Sources
3.3.1. Data Sources

In this paper, we use data from 25 cities from 2006 to 2019, with a total of 6 lead cities in
the governance of key polluting industries (as the treatment group), 19 cities as the control
group according to the principle of DID treatment, and CO2 data at the prefecture-level
from the China Environmental Statistical Yearbook. The data sources for all variables are
shown in the Table 2.
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Table 2. Data sources of all variables.

Variable Type Variable Name Indicators Data Source

Explained variable CO2
Annual average emissions (ten thousand

tons)
China Environmental

Yearbook

Core explanatory
variable DID Policy / Ministry of Environmental

Protection, China

Intermediate variables
GUP Green Utility Patent Share CNRDS
EUE Energy Use Efficiency EPS

Control variables

Per GDP Real GDP per capita China Statistical Yearbook

INS Industrial structure National Bureau of Statistics
of China

ISRI Industrial Structure Rationalization Index National Bureau of Statistics
of China

IPG Invention patent granted number ratio CNRDS
TPL Science and technology progress level CNRDS

3.3.2. Descriptive Statistics of All Variables

Table 3 provides the descriptive statistics of all variables. Overall, the data are rational
and do not contain any apparent outliers.

Table 3. Descriptive statistics of all variables.

Variable Obs Mean Std. Dev. Min Max Unit

lnCO2 350 7.1363 1.0136 5.2126 9.5329 ten thousand
tons

lnCO2per capita GDP 350 0.0349 0.0301 0.0059 0.1914 %

lnCO2 per unit GDP 350 0.3796 0.1580 0.1257 0.9373 %

lnCO2percapita 350 1.1777 0.5565 0.2771 3.0010 %
lnperGDP 350 10.7358 0.6493 8.3610 12.2233 Yuan

lnISRI 350 0.2219 0.1409 0.0001 0.5734 %
lnINS 350 0.6296 0.2461 0.1693 1.2625 %
lnIPG 350 0.1163 0.0675 0.0094 0.3706 %
lnTPL 350 0.0210 0.0199 0.0011 0.1218 %
lnGUP 350 0.1140 0.0495 0 0.2726 %
LnEUE 350 0.6904 0.2247 0.1886 1.1537 %

4. Empirical Test

Panel data from prefecture-level cities in China from 2006 to 2019 are used to con-
duct the empirical test. A two-way fixed effects DID model is used for the econometric
regressions, which ensures the robustness of the regression results. To a certain extent,
this approach can reduce the statistical bias caused by heteroskedasticity. Considering the
robustness of the regression results, we use the logarithms of the main variables and fix in-
dividual and time effects, because this can better reduce heteroskedasticity and intra-group
autocorrelation.

4.1. Baseline Regression

In this paper, a two-way fixed effects DID model is used to test the effect of pollution
control permit policies in key industries on CO2 emissions. The specific regression results
are shown in Table 4. The results show that a pollution control permit scheme policy for
key industries can significantly reduce the pollutant CO2 emissions in the region, both in
terms of total CO2 emissions and per capita CO2 emissions. More specifically, the indicators
in column 1 of Table 4 are the total CO2 emissions in the region, and they show that the
coefficient of influence of the key polluting industries treatment permit scheme policy
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on the total CO2 emissions is −0.320 and is significant at the 1% level. The indicators in
column 2 of Table 4 are the CO2 emissions of GDP per capita in the region and show that
the coefficient of influence of the policy of governance permits for key polluting industries
on total CO2 emissions is −0.012 and is significant at the 1% level. The fourth column of
indicators in Table 4 shows the CO2 emissions per capita in the region and shows that the
coefficient of influence of the key polluting industries’ governance permit scheme policy
on total CO2 emissions is −0.257 and is significant at the 1% level. The above results of
the benchmark regression illustrated the impact of the key pollution industry governance
permit scheme policy introduced by China’s Ministry of Environmental Protection in 2017
on carbon emissions. Whether in terms of total CO2 emissions, CO2 emissions per capita
GDP, or CO2 emissions per capita, the impact coefficients of the regression results were
significantly negative. This shows that the implementation of the policy was effective in
2017—that is, the heavy pollution industry treatment permit scheme policy has a significant
curbing effect on carbon emissions in lead cities, leading to an improvement in the local
pollution environment.

Table 4. Baseline regression of the impact of pollution permit management in key industries on CO2.

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

lnCO2
lnCO2 Per

Capita GDP
lnCO2 Per Unit

GDP
lnCO2 Per

Capita

DID −0.320 *** −0.012 *** −0.092 *** −0.257 ***
(0.069) (0.003) (0.024) (0.049)

lnperGDP 0.076 −0.056 *** −0.019 0.123 **
(0.084) (0.004) (0.030) (0.060)

lnISRI −0.137 −0.013 0.000 0.045
(0.267) (0.011) (0.094) (0.189)

lnINS 0.289 0.020 ** 0.082 0.127
(0.189) (0.008) (0.066) (0.134)

lnIPG −0.073 0.005 −0.124 0.509
(0.462) (0.020) (0.162) (0.327)

lnTPL 0.283 0.117 * −0.531 −0.355
(1.445) (0.061) (0.507) (1.024)

_cons 5.843 *** 0.598 *** 0.666 ** −0.368
(0.868) (0.037) (0.304) (0.615)

N 350 350 350 350
R2 0.521 0.552 0.457 0.336

time Yes Yes Yes Yes
ind Yes Yes Yes Yes

Note: (1) ***, **, * denote significance levels of 1%,5%, and 10%, respectively; values in square brackets below the
coefficients are robust standard errors; FE denotes fixed-effect models. (2) “time” represents time-fixed effects. (3)
“ind” represent individual fixed effects.

The results of the control variables in Table 4 show that industrial structure, industrial
structure rationalization, patent application share, and technology level are not significant
and have no statistically significant effect on carbon emissions. While this may be limited
by the availability of data in this paper, it suggests that the current levels of science
and technology and technological innovation do not have a significant impact on carbon
emissions, and continuous follow-up studies on these influencing factors are needed.

4.2. Robustness Test
4.2.1. Parallel Trend Test

The parallel trend test is the basis for the use of the DID method of measurement and
is used to ensure that the treatment group and control group are consistent before the policy
is generated. That is, the basis to be satisfied when doing DID model estimation is to be able
to perform consistent estimations, requiring that the treatment and control groups satisfy
the parallel trend assumption, and, therefore, that the overall trends in the treatment and



Atmosphere 2023, 14, 33 12 of 17

control groups need to be essentially the same in the absence of policy intervention [42,43].
Figure 3 shows the parallel trend graph for cities in the treatment and control groups under
the econometric estimation, from 2006 to 2019. This paper found that none of the estimated
coefficients of this econometric test were significant until the policy was implemented in
2017. This means that there is no statistically significant difference between the treatment
and control groups in this paper, which satisfies the parallel trend hypothesis required for
the DID econometric examination. Further study shows that the estimated coefficient for a
lead city in the treatment group is most significant in the year of policy implementation,
i.e., 2017, which is also in line with the basic hypothesis of this paper. The impact of the
pilot was also more significant in the 2nd year after implementation (2018) but gradually
less significant in the 3rd year (2019). This may be explained by the fact that in the year
the policy is implemented, the Chinese government took the impact of the policy as the
performance assessment of local government officials in that year, and, therefore, the policy
was most impactful in that year. In the later stages of the policy’s implementation, it may
be that it was no longer combined with local performance appraisals of local officials, or
that the local environment has been effectively improved, so the impact of the policy is less
significant.
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4.2.2. Placebo Test

To exclude some unobservable factors and ensure the robustness of the regression
results in this paper, we further examined the data through a placebo test [44,45]. Specifi-
cally, in this paper, 6 cities were randomly selected from 27 cities as the treatment group,
and these 6 cities were assumed to be the lead cities in implementing this pollution control
permit scheme policy, while the other 21 cities were the control group. Then, 500 random
samples were taken and a baseline regression was performed according to Equation (2).
Figure 4 shows the estimates of the regression after 500 random assignments. The results
show that the mean value of the estimated coefficient of the policy interaction is almost
zero. We further plotted the distribution of the 500 estimated coefficients and their related
p-values, and we can see that most of them are concentrated around the 0 points, and most
of the p-values are also larger than 0.1. Moreover, the estimated coefficient of the core
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explanatory variables in Table 4 is −0.32, which can be seen as a significant outlier in the
placebo test. All the above results show that the baseline estimation results of this paper
were robust.
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4.3. Mechanism Test

Environmental policies have a dampening effect on carbon emissions, so what are the
main ways in which this mitigation or dampening effect is achieved? This paper examines
the mechanisms by which environmental policies affect carbon emissions by drawing
on the Turken et al. mediating effects model and found that environmental policies can
effectively improve energy efficiency and the use of green and innovative technologies and,
thus, reduce carbon emissions [45,46].

4.3.1. Energy Use Efficiency

Energy use, especially the consumption of coal and oil, has the most significant impact
on the greenhouse gases in the air. Therefore, we measure the value of energy created in the
region as the ratio of the total amount of energy consumed in the region (EUE) to the GDP
of the region. We found that the percentage of energy consumption in the regional GDP
is gradually decreasing, while the total regional GDP is increasing. This shows that the
energy efficiency of the region is gradually increasing, which in turn can effectively reduce
the carbon emissions of the region. This paper draws on the mediating effects model to
identify whether the pilot work program for key emission permit management policy in
the region had an impact on the efficiency of energy use in the region and, thus, on carbon
emissions, as shown in the following econometric model.

lnEUE = β1 + β2Posti + β3Treati + β4Posti × Treati + β5 ln Controli + εit (7)

lnEUE is the explained variable of Equation (7), which is the efficiency of energy
use in the region. Posti, Treati, and Posti × Treati have the same meaning as in Equations
(2)–(5), ln Controli is the ensemble of control variables in this paper; and εit is the error
term. Table 5, shows that the coefficient of the effect of the policy on energy use efficiency
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is significantly positive, so the implementation of the policy can effectively improve the
efficiency of regional energy use and, thus, reduce the carbon emissions of the region.

Table 5. Tests for the mediating role of energy use efficiency and the share of green patented
technologies in carbon emissions.

(1) (2)

lnEUE lnGUP

DID 0.376 *** 0.011 **
(0.110) (0.004)

lnperGDP −0.142 0.015 ***
(0.089) (0.003)

lnISRI −0.357 −0.000
(0.307) (0.013)

lnINS 0.411 *** −0.026 ***
(0.107) (0.007)

lnIPG 0.564 0.086 ***
(0.469) (0.025)

lnTPL −0.906 −0.147 *
(1.848) (0.086)

_cons 2.728 *** −0.060 **
(0.921) (0.028)

N 350 350

time Yes Yes

ind Yes Yes
Note: (1) ***, **, * denote significance levels of 1%,5%, and 10%, respectively; values in square brackets below the
coefficients are robust standard errors; FE denotes fixed-effect models. (2) “time” represents time-fixed effects. (3)
“ind” represent individual fixed effects.

4.3.2. Percentage of Practical Patents for Green Technology

Green utility patent technology has a significant effect on carbon emission reduction.
This paper explores the impact of pollution control permitting policies on green utility
patent technology in key industries concerning the Turken et al. intermediary effect model,
and then explores the role of the intermediary mechanism of green utility patent technology,
and the specific econometric model shown below.

ln GUP = β1 + β2Posti + β3Treati + β4Posti × Treati + β5 ln Controli + εit (8)

ln GUP is the explained variable of Equation (8), which is the Green utility patent
technology in the region. Posti, Treati, and Posti × Treati have the same meaning as in
Equations (2)–(5), ln Controli is the ensemble of control variables in this paper; and εit is
the error term. Table 5 shows that the estimated coefficient of this policy is significantly
positive, indicating that the implementation of this policy can improve the efficiency of the
use of green utility patent technology and thus reduce CO2 emissions. This is because the
use of green practical patent technology can itself indicate the importance of technological
innovation in the region, which can effectively improve the productivity of enterprises and
reduce the carbon emissions of the region.

5. Conclusions and Suggestions
5.1. Conclusions

This paper uses a two-way fixed effect DID econometric model using panel data of
prefecture-level cities in China from 2006 to 2019. This paper systematically investigates
the relationship between the permit policy of emission management in key industries and
carbon emissions. Robustness tests such as the parallel trend test and placebo test were
carried out to ensure the reliability of the regression results. The results of the benchmark
regressions in this paper show that permit scheme policies for emission management of



Atmosphere 2023, 14, 33 15 of 17

key industries can effectively reduce carbon emissions in the area where the policies are
implemented, and accelerate the rate of carbon neutrality and carbon peaking in the region.
Through further study, it is found that the regression results of this paper are consistent
with the results of the parallel trend test and the placebo test, and the results of this paper
remain robust after excluding the effects of relevant environmental regulatory policies in
the same period. Meanwhile, the study of control variables such as ISRI and IPG found
that, although the direction of their regression coefficients was negative, the significance
was not yet prominent, and the short-term impact on carbon emissions in the region was
not yet evident. Furthermore, the parallel trend test results show that the policy has the
largest impact on regional carbon emissions in the year of implementation, and its policy
effect decreases in significance as time goes on. Finally, the two mediating variables—green
patent technology application and energy use efficiency—have shown that the permit
scheme policy for emission management of key industries can effectively reduce the carbon
emissions of the region through these two mediating mechanisms. This paper is limited by
the availability of data and will continue to follow up on the sustainable impacts of this
policy and related variables on carbon emissions in future studies to make more practical
recommendations.

5.2. Suggestions

In summary, considering China’s dual-carbon target policy and the demand for sustain-
able development, it is necessary to further promote the power of science and technology,
accelerate the production technology of green new energy, and fundamentally reverse the
current high pollution and high energy consumption production mode, which requires
the collaborative efforts of both the Chinese government and enterprises. On the part of
the government, firstly, it needs to develop practical technologies that encourage green
innovation, increase support for researchers and encourage scientific and technological
innovation; and secondly, provide appropriate encouragement to scientific and technolog-
ical innovation enterprises, while developing stricter environmental regulation policies.
For enterprises, we should speed up the conversion rate of green and innovative patents,
increase R&D investment, optimize the working environment of researchers, and make use
of government policies to enhance the green production efficiency of enterprises.

Moreover, after the new policy is introduced, the government should consider the
sustainability effect of the policy, which could be added to the performance appraisal of
local government officials to strengthen the continuity of the policy effect. At the same
time, considering the goal of the dual-carbon target policy, alternative new energy sources
can be found at the national level to further reduce the consumption of energy with high
pollution and energy consumption. Within the framework of sustainable development
goals, we should further optimize the industrial structure and the proportion of industries
among regions, accelerate the agglomeration of high and new technologies, and reduce the
proportion of polluting industries, making economic development move in the direction of
becoming green and sustainable.

Author Contributions: Conceptualization, J.L. and H.Z.; methodology, J.L.; software, J.L.; validation,
J.L.; formal analysis, J.L. and H.Z.; investigation, J.L.; data curation, J.L.; writing—original draft
preparation, J.L.; writing—review and editing, J.L.; supervision, H.Z.; project administration, J.L. and
H.Z. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the “Fundamental Research Funds for the Central Universities”
from Zhongnan University of Economics and Law (grant No.202111015).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: All data generated or analyzed during this study are included in this
published article.



Atmosphere 2023, 14, 33 16 of 17

Conflicts of Interest: The authors declare no conflict of interest. They also declare no financial or
personal relationships with other people or organizations that could inappropriately bias the results
presented in this manuscript.

Abbreviations
The following abbreviations are used in this manuscript:
DID Difference-in-Differences Model
GDP Gross Domestic Product
R&D Research and Development

References
1. Fernihough, A.; O’Rourke, K.H. Coal and the European Industrial Revolution. The Institute for International Integration Studies

Discussion Paper Series iiisdp439, IIIS; The Institute for International Integration: Moscow, Russia, 2014.
2. Zandalinas, S.I.; Fritschi, F.B.; Mittler, R. Global Warming, Climate Change, and Environmental Pollution: Recipe for a Multifacto-

rial Stress CombinationDisaster. Trends Plant Sci. 2021, 26, 588–599. [CrossRef] [PubMed]
3. Pascual, L.S.; Segarra-Medina, C.; Gómez-Cadenas, A.; López-Climent, M.F.; Vives-Peris, V.; I Zandalinas, S. Climate change-

associated multifactorial stress combination: A present challenge for our ecosystems. J. Plant Physiol. 2022, 276, 153764. [CrossRef]
[PubMed]

4. Li, X.; Gao, Z.; Li, Y.; Gao, C.Y.; Ren, J.; Zhang, X. Meteorological conditions for severe foggy haze episodes over north China in
2016–2017 winter. Atmos. Environ. 2019, 199, 284–298. [CrossRef]

5. Zhang, X.; Jie, X.; Ning, S.; Wang, K.; Li, X. Coupling and coordinated development of urban land use economic efficiency and
green manufacturing systems in the Chengdu-Chongqing Economic Circle. Sustain. Cities Soc. 2022, 85, 104012. [CrossRef]

6. Chen, Z.; Tan, Y.; Xu, J. Economic and environmental impacts of the coal-to-gas policy on households: Evidence from China. J.
Clean. Prod. 2022, 341, 130608. [CrossRef]

7. Kim, Y. Technological Innovation, the Kyoto Protocol, and Open Innovation. J. Open Innov. Technol. Mark. Complex 2021, 7, 198.
[CrossRef]

8. Bakhtiari, F. International Cooperative Initiatives and the United Nations Framework Convention on Climate Change. Regular
Section. 2016, 18, 655–663. [CrossRef]

9. Arslan, H.; Baltaci, H.; Sahin, U.A.; Onat, B. The relationship between air pollutants and respiratory diseases for the western
Turkey. Atmos. Pollut. Res. 2022, 13, 101322. [CrossRef]

10. Ye, P.; Li, J.; Ma, W.; Zhang, H. Impact of Collaborative Agglomeration of Manufacturing and Producer Services on Air Quality:
Evidence from the Emission Reduction of PM2.5, NOx and SO2 in China. Atmosphere 2022, 13, 966. [CrossRef]

11. Xinhuanet: Speech by President Xi at the General Debate of the 75th United Nations General Assembly (full text). 2020. (In
Chinese). Available online: http://www.xinhuanet.com/english/2020-09/23/c_139388686.htm (accessed on 11 November 2022).

12. Li, M.; Wang, Q. Does industrial relocation alleviate environmental pollution? A mathematical economics analysis. Environ. Dev.
Sustain. 2020, 22, 4673–4698. [CrossRef]

13. Antweiler, W. Emission trading for air pollution hot spots: Getting the permit market right. Environ. Econ. Policy Stud. 2017, 19,
35–38. [CrossRef]

14. Ledyard, J.O.; Szakaly-Moore, K. Designing organizations for trading pollution rights. J. Econ. Behav. Organ. 1994, 25, 167–196.
[CrossRef]

15. Liu, J.; Chen, Y.; Wang, Y.; Du, M.; Wu, Z. Greenhouse gases emissions and dissolved carbon export affected by submarine
groundwater discharge in a maricultural bay, Hainan Island, China. Sci. Total Environ. 2022, 857, 159665. [CrossRef] [PubMed]

16. Padhy, S.; Bhattacharyya, P.; Dash, P.; Reddy, C.; Chakraborty, A.; Pathak, H. Seasonal fluctuation in three mode of greenhouse
gases emission in relation to soil labile carbon pools in degraded mangrove, Sundarban, India. Sci. Total Environ. 2020, 705,
135909. [CrossRef]

17. Chen, W.; Zhang, L.; Shi, L.; Shao, Y.; Zhou, K. Carbon emissions trading system and investment efficiency: Evidence from China.
J. Clean. Prod. 2022, 358, 131782. [CrossRef]

18. Zhao, S.; Cao, Y.; Feng, C.; Guo, K.; Zhang, J. How do heterogeneous R&D investments affect China’s green productivity:
Revisiting the Porter hypothesis. Sci. Total Environ. 2022, 825, 154090.

19. Porter, M.; Linde, C. Toward a new conception of the environment-competitiveness relationship. J. Econ. Perspect. 1995, 9, 97–118.
[CrossRef]

20. Rassier, D.; Earnhart, D. The effect of clean water regulation on profitability: Testing the Porter hypothesis. Land Econ. 2010, 86,
329–344. [CrossRef]

21. Feess, E.; Taistra, G. Porter’s Hypothesis on Environmental Policy in an Oligopoly Model with Cost Asymmetry Caused by
Innovation. Jahrbücher für Nationalökonomie und Statistik 2000, 220, 1. [CrossRef]

22. Qi, S.; Lin, S.; Cui, J. Do environmental rights trading schemes induce green innovation? Evidence from listed firms in China.
Econ. Res. J. 2018, 53, 129–143. (In Chinese)

23. Zhang, T.Y. Study on the green innovation incentive: Based on the porter hypothesis. Sci. Technol. Ind. 2020. (In Chinese)

http://doi.org/10.1016/j.tplants.2021.02.011
http://www.ncbi.nlm.nih.gov/pubmed/33745784
http://doi.org/10.1016/j.jplph.2022.153764
http://www.ncbi.nlm.nih.gov/pubmed/35841741
http://doi.org/10.1016/j.atmosenv.2018.11.042
http://doi.org/10.1016/j.scs.2022.104012
http://doi.org/10.1016/j.jclepro.2022.130608
http://doi.org/10.3390/joitmc7030198
http://doi.org/10.1080/14693062.2017.1321522
http://doi.org/10.1016/j.apr.2022.101322
http://doi.org/10.3390/atmos13060966
http://www.xinhuanet.com/english/2020-09/23/c_139388686.htm
http://doi.org/10.1007/s10668-019-00403-7
http://doi.org/10.1007/s10018-015-0138-x
http://doi.org/10.1016/0167-2681(94)90009-4
http://doi.org/10.1016/j.scitotenv.2022.159665
http://www.ncbi.nlm.nih.gov/pubmed/36302414
http://doi.org/10.1016/j.scitotenv.2019.135909
http://doi.org/10.1016/j.jclepro.2022.131782
http://doi.org/10.1257/jep.9.4.97
http://doi.org/10.3368/le.86.2.329
http://doi.org/10.1515/jbnst-2000-0103


Atmosphere 2023, 14, 33 17 of 17

24. Wu, R.; Lin, B. Environmental regulation and its influence on energy-environmental performance: Evidence on the Porter
Hypothesis from China’s iron and steel industry. Resour. Conserv. Recycl. 2022, 176, 105954. [CrossRef]

25. Yang, M.; Yuan, Y.; Yang, F.; Patino-Echeverri, D. Effects of environmental regulation on firm entry and exit and China’s industrial
productivity: A new perspective on the Porter Hypothesis. Environ. Econ. Policy Stud. 2021, 23, 915–944. [CrossRef]

26. Zhao, A.; Wang, J.; Sun, Z.; Guan, H. Environmental taxes, technology innovation quality and firm performance in China—A test
of effects based on the Porter hypothesis. Econ. Anal. Policy 2022, 74, 309–325. [CrossRef]

27. Guo, K.; Zhang, T.; Liang, Y.; Zhao, J.; Zhang, X. Research on the promotion path of green technology innovation of an enterprise
from the perspective of technology convergence: Configuration analysis using new energy vehicles as an example. Environ. Dev.
Sustain. 2020, 1–20. (In Chinese) [CrossRef]

28. Ganda, F. The effect of carbon performance on corporate financial performance in a growing economy. Soc. Responsib. J. 2018, 14,
895–916. [CrossRef]

29. Ganda, F. The influence of green energy investments on environmental quality in OECD countries. Environ. Qual. Manag. 2018,
28, 17–29. [CrossRef]

30. Ganda, F. Carbon emissions, diverse energy usage and economic growth in South Africa: Investigating existence of the environ-
mental Kuznets curve (EKC). Environ. Prog. Sustain. Energy 2019, 38, 30–46. [CrossRef]

31. Nesta, L.; Vona, F.; Nicolli, F. Environmental policies, competition and innovation in renewable energy. J. Environ. Econ. Manag.
2014, 67, 396–411. [CrossRef]

32. Ghasemi-Mobtaker, H.; Sharifi, M.; Taherzadeh-Shalmaei, N.; Afrasiabi, S. A new method for green forage production: Energy
use efficiency and environmental sustainability. J. Clean. Prod. 2022, 363, 132562. [CrossRef]

33. Li, X.; Du, K.; Ouyang, X.; Liu, L. Does more stringent environmental regulation induce firms’ innovation? Evidence from the
11th Five-year plan in China. Energy Econ. 2022, 112, 106110. [CrossRef]

34. Jefferson, G.; Tanaka, S.; Yin, W. Environmental regulation and industrial performance: Evidence from unexpected externalities in
China. (February 1, 2013). 1 February. [CrossRef]

35. Chen, W.; Lei, Y. The impacts of renewable energy and technological innovation on environment-energy-growth nexus: New
evidence from a panel quantile regression. Renew. Energy 2018, 123, 1–14. [CrossRef]

36. Long, X.; Wan, W. Environmental regulation, corporate profit margins and compliance cost heterogeneity of different scale
enterprises. China Industr. Econ. 2017, 6, 155–174. (In Chinese)

37. Kahn, J. Carbon nation. Harper’s Magazine 2004, 308, 83–84.
38. Krüger, J.J. Productivity and Structural Change: A Review of the Literature. J. Econ. Surv. 2008, 22, 330–363. [CrossRef]
39. Jacobson, L.; LaLonde, R.; Sullivan, D. Earnings losses of displaced workers. Am. Econ. Rev. 1993, 83, 685–709.
40. Beck, T.; Levine, R.; Levkov, A. Big Bad banks? The Winners and Losers from Bank Deregulation in the United States. J. Financ.

2010, 65, 1637–1667. [CrossRef]
41. Chetty, R.; Looney, A.; Kroft, K. Salience and taxation: Theory and evidence. Am. Econ. Rev. 2009, 99, 1145–1177. [CrossRef]
42. Li, P.; Lu, Y.; Wang, J. Does flattening government improve economic performance? Evidence from China. J. Dev. Econ. 2016, 123,

18–37. [CrossRef]
43. Turken, N.; Carrillo, J.; Verter, V. Strategic Supply Chain Decisions under Environmental Regulations: When to Invest in End-Of

Pipe and green Technology. Eur. J. Oper. Res. 2020, 283, 601–613. [CrossRef]
44. Debnath, S.C. Environmental Regulations Become Restriction or a Cause for Innovation—A Case Study of Toyota Prius and

Nissan Leaf. Proced. Soc. Behav. Sci. 2015, 195, 324–333. [CrossRef]
45. Gonzalez, O.; Mackinnon, D.P. A Bifactor Approach to Model Multifaceted Constructs in Statistical Mediation Analysis. Educ.

Psychol. Meas. 2016, 78, 5–31. [CrossRef] [PubMed]
46. Li, C. How Does Environmental Regulation Affect Different Approaches of Technical Progress?-Evidence from China’s Industrial

Sectors from 2005 to 2015. J. Clean. Prod. 2019, 209, 572–580. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1016/j.resconrec.2021.105954
http://doi.org/10.1007/s10018-021-00310-0
http://doi.org/10.1016/j.eap.2022.02.009
http://doi.org/10.1007/s10668-022-02253-2
http://doi.org/10.1108/SRJ-12-2016-0212
http://doi.org/10.1002/tqem.21595
http://doi.org/10.1002/ep.13049
http://doi.org/10.1016/j.jeem.2014.01.001
http://doi.org/10.1016/j.jclepro.2022.132562
http://doi.org/10.1016/j.eneco.2022.106110
http://doi.org/10.2139/ssrn.2216220
http://doi.org/10.1016/j.renene.2018.02.026
http://doi.org/10.1111/j.1467-6419.2007.00539.x
http://doi.org/10.1111/j.1540-6261.2010.01589.x
http://doi.org/10.1257/aer.99.4.1145
http://doi.org/10.1016/j.jdeveco.2016.07.002
http://doi.org/10.1016/j.ejor.2019.11.022
http://doi.org/10.1016/j.sbspro.2015.06.360
http://doi.org/10.1177/0013164416673689
http://www.ncbi.nlm.nih.gov/pubmed/29335655
http://doi.org/10.1016/j.jclepro.2018.10.235

	Introduction 
	Literature Review and Theoretical Mechanisms 
	Literature Review 
	Theoretical Mechanisms 
	Energy Use Efficiency 
	Green Utility Patent Technology 


	Data Sources 
	Structure of the Econometric Model 
	Core Variables 
	Explained Variables 
	Explained Variables 
	Control Variables 
	Mediating Variables 

	Data Sources 
	Data Sources 
	Descriptive Statistics of All Variables 


	Empirical Test 
	Baseline Regression 
	Robustness Test 
	Parallel Trend Test 
	Placebo Test 

	Mechanism Test 
	Energy Use Efficiency 
	Percentage of Practical Patents for Green Technology 


	Conclusions and Suggestions 
	Conclusions 
	Suggestions 

	References

