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Abstract: Improving environmental efficiency is the key to solving the contradiction between eco-
nomic development and environmental degradation. In the process of realizing the “dual carbon”
goal, the development of the new energy industry is typically characterized by having low carbon
and is an important way to improve environmental efficiency. In this study, based on panel data
from 2009 to 2018, the agglomeration levels of the new energy industry and the levels of environ-
mental efficiency were measured. Moreover, the linear and nonlinear relationships between the
agglomeration of the new energy industry and environmental efficiency were investigated, and
the mediation effect model was used to verify the mechanism of action from a two-dimensional
perspective. The results showed that (1) the levels of the agglomeration of the new energy industry
(NEA) and environmental efficiency (EE) have generally increased with obvious “regional hetero-
geneity” and “polar characteristics”; (2) NEA can promote EE, with a marginal effect of 0.0347, but
a strong positive driving effect only exists in the eastern region at present, which is higher than
the national average level; (3) there is a double threshold effect within the process and the driving
trend is “weak negative→ weak positive→ strong positive”; and (4) the advancement of industrial
structures and direct foreign investments are the critical intermedia. Accordingly, this paper puts
forward corresponding policy recommendations.

Keywords: new energy industry agglomeration; environmental efficiency; double threshold;
mediation effect

1. Introduction

The “carbon peaking and carbon neutrality” goal reflects China’s active responsibil-
ities and feelings of being a major country responsible for promoting the construction
of a community with a shared future for mankind. With recent rapid economic growth,
environmental problems caused by the excessive emission of carbon dioxide and other
greenhouse gases, which has in turn been caused by the massive consumption of traditional
energy, have become increasingly serious [1,2]. According to statistics, China’s greenhouse
gas emissions reached the equivalent of 14 billion tons of carbon dioxide in 2019. The
average annual growth rate of China’s total greenhouse gas emissions in the ten years from
2010 to 2019 was about 2.3%, which was higher than the global average, and the total green-
house gas emissions increased by about 24%, of which carbon dioxide emissions increased
by 26%. The World Organization for Sustainable Development put forward the concept
of “environmental efficiency” in 1992 to evaluate the environmental costs of economic
growth, which has become an effective indicator for the coordinated development of both
the economy and the environment [3,4]. At the same time, new energy is considered to be
an effective means to reduce carbon dioxide emissions and the environmental pollution
that is caused by traditional energy [5]. The development of the related new energy vehicle
industry is now a major strategy for China to meet the severe challenge of oil shortage
and seize a new source of economic high ground. The high-performance energy storage
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devices that are applied in this industry have many advantages, such as environmental
compatibility, long lives, and lower costs. They are an “important bridge” that the new
energy vehicle industry can use to promote environmental efficiency. Therefore, over recent
years, China has made efforts to promote the new energy industry and implement the
concept of green development in order to realize low-carbon development and the “carbon
peaking, carbon neutrality” goal.

Existing research has shown that the new energy industry has begun to agglomerate
in some areas of China. By October 2021, the installed capacity of wind power and solar
power generation that was connected to the grid in China reached 300 million kilowatts
and 282 million kilowatts, respectively. The goal of the “Carbon Peaking Action Plan
before 2030” requires the total installed capacity of wind power and solar power generation
to reach more than 1.2 billion kilowatts, which means that China’s new energy industry
still has huge room for development and potential for agglomeration development. The
development of environmental efficiency in China is currently at a bottleneck and lacks
growth momentum. The new energy industry has a typical low-carbon characteristic and
its agglomeration would inevitably promote improvements in environmental efficiency [6].
However, in the early stages of the agglomeration of the new energy industry, significant
investments in research and development are needed; therefore, there is a certain lag in the
technology spillover effects [7,8]. In addition, the scale effect plays a dominant role in the
expansion of production capacity, resulting in a resource consumption rate that is faster than
the speed of resource regeneration and the carrying capacity of the environment, which is
not conducive to environmental efficiency [9]. When the agglomeration of the new energy
industry reaches a mature stage, the technology spillover effects become more obvious and
promote the development of ecological technology, thereby improving the environment.
Therefore, could the agglomeration of China’s new energy industry promote environmental
efficiency? If so, are there spatially differentiated features? Is there a nonlinear relationship
within the process? What is the mechanism of action? Answering these questions would be
significant for the stable development of China’s new energy industry and the realization
of the “dual carbon” goal.

The possible marginal contributions of this paper are as follows: (1) this study adopted
the SBM-DEA model to measure environmental efficiency and analyze the spatial dis-
tribution characteristics of the agglomeration of the new energy industry; (2) from the
perspective of industrial agglomeration, this study explored the linear relationship between
the agglomeration of the new energy industry and environmental efficiency; (3) the Hansen
model was used to explore the nonlinear relationship, using the marketization level as a
threshold variable; (4) from the two perspectives of industrial structure advancement and
foreign direct investment, the impact mechanisms were examined using the mediation
effect model.

The structure of the rest of the article is arranged as follows: The Section 2 is a
literature review. The Section 3 theoretically analyzes the level of marketization as an
external factor from the two perspectives of foreign direct investment and industrial
structure advancement. The Section 4 is a description of the variables. The Section 5
presents the empirical results and analysis and Section 6 presents the results of a robustness
test. Section 7 is a further analysis of the mediation effects and Section 8 summarizes
our conclusions and puts forward corresponding policy recommendations. The specific
research framework is shown in Figure 1.
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2. Literature Review

Since China promulgated the “Decision on Accelerating the Cultivation and Devel-
opment of Strategic Emerging Industries” in 2010, scholars have begun to gradually pay
attention to the new energy industry as one of the strategic emerging industries. Research
on the agglomeration of the new energy industry and environmental efficiency mainly
focuses on the following aspects:

(1) Measurement and influencing factors of the development and agglomeration of
the new energy industry.

Early research on the new energy industry mainly focused on the factors affecting the
development of the new energy industry. Scholars mainly focused on policy making [10–13],
financial support [14] and other aspects [15–17]. With the continuous development of the
new energy industry, related research has expanded to include the agglomeration of the
new energy industry, mainly focusing on measurement methods and influencing factors.
Li and Long used the Gini coefficient and location entropy to measure the agglomeration
level of China’s new energy industry from 2003 to 2012, and further explored the spatial
effect [18]. Guo and Shen further added the market concentration of the industry, the
Herfindahl index and the N index for a more comprehensive analysis and came to the
conclusion that the new energy industry has agglomerated in China [19].

In addition, regarding the influencing factors of industrial agglomeration, existing
research considers factors such as regional specialization [20], and other aspects. A typical
example is Qiu et al. taking the EU’s new energy industry as the research object, and the
results show that policy coefficients, energy dependence and energy prices will affect the
agglomeration of new energy industries [21]. Wang et al. measured the location entropy
and conducted cluster analysis and spatial autocorrelation analysis [22]. The study found
that the spatial differences in the agglomeration level of China’s new energy industry are
not randomly generated but depend on the level of economic development and industrial
foundation, resource advantages and other factors.

(2) Measurement and influencing factors of environmental efficiency.
The concept of environmental efficiency was first proposed by Fare et al. [23]. It is one

of the important indicators used for measuring the standards for the ecological environ-
ment. The related research mainly focuses on the measurement method and influencing
factors [22]. Most scholars use the DEA model to measure environmental efficiency [24–26].
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The evaluation of environmental efficiency based on the traditional DEA method cannot
eliminate the influence of random errors and external environmental factors. Some schol-
ars choose three-stage DEA to solve the random error problem or SBM-DEA to consider
undesired output.

In addition, the influencing factors of environmental efficiency are more abundant.
Existing research studies use economic scale [27], population scale [28], industrial struc-
ture [29,30], Internet development [31] and other aspects to explore the influencing factors
of environmental efficiency [32], or green total factor energy efficiency. Yang et al. explored
the effect of urban agglomeration on environmental efficiency in northeast China based
on the DEA model [33]. Feng et al. investigated the internal impact mechanism of indus-
trial agglomeration on environmental efficiency [34]. Mya et al. further concluded that
upgrading the industrial structure, urbanization, and environmental pollution control, as
well as decreasing the proportion of coal in energy consumption, are all rational solutions
for improving China’s environmental efficiency [35].

(3) The research on the relationship between industrial agglomeration and the environment.
As a kind of regional economic behavior, there are many research studies on the

relationship between industrial agglomeration and the environment, which can be roughly
divided into the viewpoints discussed below.

Some scholars believe that industrial agglomeration can reduce the deterioration of
the environment. New economic geography believes that the external economy is the cause
of industrial agglomeration, and the “technology spillover effect” is one of the essences of
the external economy, which brings about the improvement of clean technology research
and development efficiency and promotes the level of regional pollution control. Xu used
a bilateral stochastic frontier model to measure the net effect of industrial agglomeration
on the environment on the basis of considering externalities [36]. The results show that
industrial agglomeration can effectively reduce urban pollution. Some scholars have
reached similar conclusions [37,38].

However, there are scholars who object to this, believing that industrial agglomeration
will exacerbate environmental pollution. Wang and Nie took the development zone as the
research object and argued that the development zone would significantly deteriorate the
water quality of the surrounding rivers [39]. Wei and Hou believe that the concentration of
diversified industries will inhibit the level of green development in the region [40]. Yin et al.
used the spatial Durbin model to analyze how agricultural industrial agglomeration has a
significant negative impact on agricultural green total factor productivity and has obvious
spatial spillover effects [41].

In addition, some scholars believe that there is a nonlinear or uncertain relationship
between industrial agglomeration and environmental pollution. Yan et al. believe that
the agglomeration of manufacturing industries in the short term is conducive to reducing
environmental pollution, and there is no necessary causal relationship in the long run [42].
Sun et al. found that the relationship between industrial agglomeration and environmental
performance is related to environmental regulation [43].

With the continuous development of the new energy industry, scholars pay attention
to the new energy industry’s improvement effect on the environment [44]. At present,
the researchers generally adopt the model derived from the DEA model to measure the
environmental efficiency and use the location entropy to measure the agglomeration level
of the new energy industry. They mainly found that whether industrial agglomeration can
improve the environment is affected by the development stage of industrial agglomeration.
At the same time, China’s new energy industry has begun to agglomerate, and due to
its low-carbon characteristics, theoretically, it can effectively improve the environment.
However, there are few existing studies to empirically investigate the linear and non-linear
relationship between the agglomeration of the new energy industry and environmental efficiency.

In view of this, this paper will explore the linear relationship and nonlinear character-
istics of the agglomeration of the new energy industry and environmental efficiency, and
will preliminarily explore the mechanism of action.
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3. Mechanism Analysis

In this section, we will analyze the direct mechanism of the agglomeration of the new
energy industry on environmental efficiency, the indirect mechanism of the agglomeration
of the new energy industry on environmental efficiency, and the threshold mechanism on
three aspects in turn.

3.1. The Direct Mechanism of the Agglomeration of the New Energy Industry on
Environmental Efficiency

The agglomeration of the new energy industry promotes the improvement of envi-
ronmental efficiency in three ways. Firstly, the agglomeration of the new energy industry
can effectively improve the total-factor energy efficiency and single-factor energy efficiency
through the “agglomeration effect”, thus reducing pollutant emissions [24]. Secondly, it
can promote the technological progress of enterprises, improve the utilization efficiency
of resources and indirectly improve the environment through the “technology spillover
effect”. At the same time, it can also promote the research and development of ecological
technology upgrading and improve the environment directly. Finally, enterprises share pol-
lution control infrastructure through the “sharing effect”. In addition, in order to maximize
corporate profits and meet the environmental threshold of the local government, they will
jointly research and develop ecological technologies to reduce the costs of environmental
control and improve the environment.

3.2. The Indirect Mechanism of the Agglomeration of the New Energy Industry on
Environmental Efficiency

Industry agglomeration can attract FDI [45]. Globalization is closely related to industry
agglomeration in China. Therefore, theoretically, as an emerging trend, the agglomeration
of the new energy industry will bring more FDI flowing into the energy field. Firstly, FDI
or OFDI can affect the environment through the “demonstration effect” [46,47]. Enterprises
in the host country can directly access the advanced management experience, production
technology and marketing model of foreign enterprises, and improve the innovation and de-
velopment capabilities of local enterprises through learning and imitation [48–50]. Secondly,
they affect the environment through the “technological spillover effect”. The advanced
technology brought by foreign enterprises affects carbon productivity [51], and foreign
investment can further strengthen the degree of industry agglomeration and promote tech-
nological progress [52]. Thirdly, foreign direct investment can also affect the environment
through the “competitive effect”. After foreign investment enters the host country, it will
compete with the host country’s enterprises in the product market for production factors,
and at the same time, it will stimulate independent innovation ability, thereby improving
the efficiency of factor allocation and the efficiency of resource utilization.

The agglomeration of the new energy industry can also improve environmental effi-
ciency by promoting the advancement of the industrial structure. Firstly, it will promote
the development of new industry forms, such as the solar photovoltaic power generation
industry and new energy automobile industry. Relying on the advantages of agglomeration,
these industries continue to expand their market share, and gradually replace traditional
polluting industries. Secondly, the agglomeration of new energy industries promotes the
innovative development of new technologies and diversification. In addition, it upgrades
the application of traditional industries, such as the new energy automobile industry, and
continuously improves the energy consumption, storage and other technologies of new
energy vehicles to expand the effect of energy saving and emission reduction. Finally, it will
promote the regional industrial chain. Industrial agglomeration expands the demand and
scale of the market. Under the market mechanism, there are higher requirements for the
specialized division of labor, which will further promote the improvement of the regional
industrial chain and improve the utilization efficiency.
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3.3. Threshold Mechanism Analysis

Marketization is characterized by “stages", which will affect the external situation of
the agglomeration of the new energy industry [53]. In the early stage of the reform of the
market economic system, in order to pursue the scale effect of industrial agglomeration,
the importance of protecting the ecological environment was ignored, which eventually led
to environmental pollution. Therefore, in this stage, the agglomeration of the new energy
industry may not be conducive to environmental efficiency. With the continuous improve-
ment in the level of marketization, on the one hand, the industry endogenously improves
the allocation efficiency of production factors; on the other hand, it promotes ecological
technology research and development through technological progress and innovation. The
impact of the agglomeration of the new energy industry on environment efficiency will
emerge and increasingly grow. Therefore, with the continuous improvement in the level
of marketization, the relationship between the agglomeration of the new energy industry
and environmental efficiency may have nonlinear characteristics. The mechanism analysis
diagram is shown in Figure 2.
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4. Research Design

First of all, this section presents the model settings. Moreover, we carry out the variable
description and the evaluation index system. The last part discusses the data source.

4.1. Model Settings

In this section, three model settings will be performed, which are the benchmark
regression model, the Hansen panel threshold model, and the mediating effect model.

4.1.1. Benchmark Regression Model

In order to examine the direct impact of the agglomeration of the new energy industry
on environmental efficiency, the basic model (1) is set to conduct empirical analysis on
this topic.

EEij = α0 + α1NEAij + α2Xij + µi + εij (1)
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where EEij represents the environmental efficiency of province i in year t,NEAij represents
the agglomeration of the new energy industry of province i in year t, and Xij represents a
set of control variables that affect environment efficiency, including TECij, EDUij, ZFij and
ECSij. TECij is the technology investment of province i in year j. EDUij is the educational
investment of province i in year t. ZFij is the government regulation of province i in
year t. ECSij is the energy consumption structure of province i in year t, including TECij,
EDUij, ZFij and ECSij. ui represents the individual effect and εij represents the random
disturbance term.

4.1.2. Hansen Panel Threshold Model

Considering the impact of the marketization level, there may be a nonlinear character-
istic relationship between the agglomeration of the new energy industry and environmental
efficiency. Therefore, this paper adopts the panel threshold model proposed by Hansen [54]
and takes the marketization level as the threshold variable. The threshold model is set
as follows.

EEij = α0 + α1NEAij I(MI ≤ γ1) + α2NEAij I(γ1 < MI ≤ γ2) + · · ·+ αnNEAij I(γn−1 < MI ≤ γn)
+αn+1NEAij I(MI > γn) + βControlsij + δij

(2)

where γ1,γ2. . .γn represent the thresholds for different levels that will be estimated. I rep-
resents the indicator function and MIij represents the threshold variable. Controlsij include
TECij, EDUij, ZFij and ECSij. δij represents the random disturbance term.

4.1.3. Mediating Effect Model

In order to verify the possible indirect impact mechanism of the agglomeration of
the new energy industry on environmental efficiency, according to the previous mecha-
nism analysis, tests were conducted to determine whether foreign direct investment and
industrial structure advancement are the mediating variables of the two, drawing on Baron
and Kenny [55]. Based on the benchmark regression model, the mediation model is set
as follows:

EEij = α0 + α1NEAij + ∑ control + µi + εij (3)

MEDij = β0 + β1NEAij + ∑ control + µi + εij (4)

EEij = γ0 + γ1NEAij + γ2MEDij + ∑ control + µi + εij (5)

where MEDij is the mediating variable, control is the control variable, including FDIij and
ISij, and other parts are the same as Formula (1).

4.2. Variable Description and Evaluation Index System

In this section, the core variables, threshold variables, mediation variables, and control
variables are explained separately.

4.2.1. Core Variables

In this section, we discuss the core explained variable, core explanatory variables and
the core variable description.

Core Explained Variable: Environmental Efficiency (EE)

Environmental efficiency represents the economic value of the unit environmental load.
This paper uses the SBM-DEA model to calculate the environmental efficiency in order to
consider environmental efficiency’s inputs, expected output and unexpected output.

• Evaluation method and index system of environmental efficiency.

In this paper, the SBM-DEA model is used to calculate the environmental efficiency. In
general, producers want to meet the criteria whereby the inputs and undesired outputs are
as small as possible, and the outputs are as large as possible. There are n decision-making
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units in production activities, and at the same time, m inputs. s1 expected outputs and s2
undesired outputs and other elements together form a decision-making unit. The input,
expected output and undesired output are represented in a vector form as: x ∈ Rm, yg ∈ Rs1 ,
yd ∈ Rs2 . Then, the matrices X, Yg and Yd can be defined as the following expressions:

X = (x1, x2, x3, . . . , xn) ∈ Rm×n (6)

Yg =
(

yg
1 , yg

2 , yg
3 , . . . , yg

n

)
∈ Rs1×n (7)

Yd =
(

yd
1, yd

2, yd
3, . . . , yd

n

)
∈ Rs2×n (8)

Then, the possible set of production is expressed as:

P(x) =
{(

x, yg, yd
)∣∣∣x ≥ Xµ, yg ≤ Ygµ, yd ≥ Ydµ, µ ≥ 0

}
(9)

The SBM model is represented as follows:

minρ∗ =

1− 1
m

m
∑

i=1

s−i
xi0

1 + 1
s1+s2

( s1
∑

r=1

sr
g

yg
r0
+

s2
∑

t=1

sb
t

yb
t0

) (10)



xi0 =
n
∑

j=1
xijµj + s−i

yg
r0 =

n
∑

j=1
yg

rjµj − sg
r

yb
t0 =

n
∑

j=1
yg

rjµj + sb
t

s−i ≥ 0, sg
r ≥ 0, sb

t ≥ 0, µi ≥ 0
s− ≥ 0, s+ ≥ 0, µ ≥ 0
i = 1, 2, . . . m; j = 1, 2, . . . , n; r = 1, 2, . . . s1; t = 1, 2, . . . s2

(11)

where s−i is the amount of input slack, and sg
r and sb

t are the slack in desired and undesired
outputs, respectively. u represents the weight vector. When ρ∗ = 1 meets the requirements
of s−i = sg

r = sb
t = 0, this proves that the decision unit is located on the production front.

Based on the SBM-DEA model, the input–output table is set. Input indicators include
three items: the year-end total employment, the capital stock value and the energy con-
sumption. The expected output index is the regional GDP, and the unexpected output is
the environmental pollution index. The input and output of environmental efficiency are
shown in Table 1.

Table 1. Input–output variables to measure environmental efficiency.

Index Category Content

Input indicator
Labor input Year-end total employment

Capital input Capital stock value
Energy input Energy consumption

Output indicator Expected output Regional GDP

Unexpected output
Environmental pollution index (obtained by the entropy

weight method based on industrial wastewater, so2, smoke
and dust emissions and industrial solid waste)

Core Explanatory Variables: The Agglomeration Level of the New Energy Industry (NEA)

This paper uses the location entropy method to calculate the agglomeration level of the
new energy industry. NEA refers to the ratio of the output value of the new energy industry
in a province to the total industrial output value of the local area and the percentage of the
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output value of the new energy industry in the country to the total industrial output value
of the country according to the location entropy method. NEA > 1 means that there is an
agglomeration phenomenon. The level is proportional; the larger the value is, the more
significant the industrial agglomeration phenomenon is. NEA < 1 means that there is no
agglomeration phenomenon. The formula is set as follows:

NEA =
eij/ej

Ei/E
(12)

where eij represents the output value of the new energy industry in j province, ej represents
the total industrial output value of j province, Ei represents the national new energy
industry’s output value, and E represents the national total industrial output value.

Core Variable Description

(1) The agglomeration level of the new energy industry (NEA) and environmental
efficiency (EE) in 30 provinces are shown in Figure 3.
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Specifically, there are three situations for NEA. The first is when the agglomeration
level of the new energy industry > 2. Among the provinces where this is the case, Shanghai
had the highest level at 2.910, followed by Jiangsu and Zhejiang. These provinces all have a
high level of economy. However, Inner Mongolia relies on resources. The second situation
is when 1 < the agglomeration level of the new energy industry < 2. This is the case in places
such as Guangdong, Shandong and Anhui, which form the agglomeration phenomenon as
a result of their high level of economy or resource superiority. The third situation is when
the agglomeration level of the new energy industry < 1, which is the case in places such
as Xinjiang and Ningxia as they have a low level of economic development. The average
agglomeration level of new energy in Shaanxi is the lowest at 0.22, followed by Shanxi,
Gansu, Jilin, etc. The average agglomeration level of the new energy industry of these four
provinces is below 0.3. Through the above analysis, less economically developed areas can
also develop new energy industries through comparative advantages.
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Regarding EE, notably, Beijing, Shanghai, Guangdong, Hainan, Qinghai, and Ningxia
always had a value of one during the sample study period, which means that the envi-
ronmental efficiency is effective, and the input and output reached the optimal allocation.
Shanxi has the lowest environmental efficiency value at 0.42, followed by Yunnan, Guizhou,
and Hebei. The environmental efficiency of most provinces is below or near 0.6, and the
environmental efficiency still needs to be further improved.

(2) The spatiotemporal evolution characteristics of the NEA level and EE in different
regions are shown in Figure 4.
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From a regional perspective, the average agglomeration level of the new energy indus-
try as a whole presents a pattern of decreasing from east to west: eastern
(1.58) > national (1.01) > western (0.8197) > central (0.6316). The average level of environ-
mental efficiency shows a pattern of decreasing from east to west: eastern
(0.8132) > whole country (0.6494) > western (0.5998) > central (0.5252). As a whole, it
showed an overall upward trend during the study period. The eastern region was higher
than the national average level during the study period, but the central and western regions
were lower than the national average level.

In terms of environmental efficiency, the three major regions show wave-shaped
fluctuations, and the overall level remains relatively stable, with a slight upward trend,
and the development of environmental efficiency is in a bottleneck period. Environmental
efficiency also shows a decreasing distribution pattern from east to west every year. The
environmental efficiency level in the eastern region still exceeds the national average level,
while the central and western regions are lower than the national average level. The
distribution of the agglomeration of the new energy industry and environmental efficiency
shows a “polar characteristic”.

4.2.2. Threshold Variables

The marketization level (MI) represents the relative process of every region’s mar-
ketization. It has stage characteristics. Therefore, the marketization level is used as the
threshold variable to explore the threshold effect between the agglomeration of the new
energy industry and environmental efficiency. This article takes the overall marketization
index in the “Marketization Index Report by Province in China (2018)” to measure the level
of marketization [56].
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4.2.3. Mediation Variables

(1) Foreign direct investment (FDI): The clustering of new energy industries can im-
prove the environment by attracting foreign investment through a “demonstration effect”,
“technology spillover effect” and “competition effect”. Therefore, this paper examines the
intermediary role of the foreign direct investment variable.

(2) The advancement of the industrial structure (IS): On the one hand, the agglom-
eration of the new energy industry can promote the development of new formats, the
diversified innovation and development of new technologies, and the specialization and
division of labor to improve the regional industrial chain. Therefore, this paper examines
the intermediary role of industrial structure advancement. Thus, this paper draws on the
practice of Gan et al. to measure industrial structure advancement as follows [57]:

ISij =
TIOij

WIO ij
(13)

where ISij represents the advanced level of the industrial structure of j province in i year,
TIOij represents the tertiary industry’s production value of j province in i year, and
WIOij represents the secondary industry’s production value of j province in i year.

4.2.4. Control Variables

Description of control variables are shown in Table 2.

Table 2. Description of control variables.

Control Variable Definition References

Government Regulation (ZF)

Environmental pollution will improve with the increase in
pollution control investment. This paper uses the proportion of
environmental pollution control investment in regional GDP to

measure government regulation.

Bai et al. [58]

Educational Investment (EDU)

Investment in education can improve the overall quality of
society’s human capital. Generally speaking, the higher the

quality of human capital, the stronger the awareness of
environmental protection. This paper uses the ratio of

educational expenses to regional GDP to reflect the intensity of
educational investment in each region.

Yuan and Cheng [59]

Technology Investment (TEC)

The investment in science and technology helps to upgrade
regional technology, improve the efficiency of resource
utilization, and stimulate the innovation of ecological

technology. The proportion of local financial science and
technology expenditure to local financial expenditure is used to

measure the level of scientific research investment.

Wu [60]

Energy Consumption Structure (ECS)

When coal and other highly polluting fossil energy accounts for
a large proportion of energy consumption, it will aggravate

environmental pollution. The proportion of coal consumption
in the total regional energy consumption is used to represent

the energy consumption structure.

Gong et al. [61]

Opening Degree (OP) (for robust test)

International trade will affect the development of technology
and the efficiency of resource allocation, thus affecting the

environment. The ratio of total imports and exports to GDP is
used to represent the opening degree.

Government Intervention (Gover) (for
robust test)

Public government budgets affect the environment by affecting
environmental governance, and areas such as science and

technology affect the ratio of the local government’s public
budget expenditure to the regional GDP, which is used to

represent government intervention.
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4.3. Data Sources

Considering the availability of data and the consistency of the time range, this paper
conducts research on 30 provinces in China (excluding Tibet, Hong Kong, Macao and
Taiwan) from 2009 to 2018. All data used in this article are from the China Statistical Yearbook,
the National Bureau of Statistics, the China Energy Statistical Yearbook, the China Environmental
Statistical Yearbook, the Wind Database, and the EPS Database, as well as provincial statisti-
cal yearbooks, provincial statistical bulletins, provincial statistical bureaus, and official
websites. In addition, due to the lack of ZF data in 2018, in order to further improve the
accuracy of the data, the average method was used to represent the year 2018 as the average
of the proportion of environmental pollution control investment in regional GDP from
2003 to 2017. The marketization level is due to missing data in some years, referring to
the extrapolation method of Ma et al.: the average annual growth rate of the data over
the years is used to estimate the data for the year with missing information [62]. The
descriptive statistics of related variables are shown in Table 3. As shown in Table 3, the
maximum and minimum values of the remaining variables are many times different except
for EE and EDU, and the standard deviation values are also large. This indicates that the
developmental differences in these aspects in different regions of China are relatively large.

Table 3. Descriptive statistics of the variables.

Variable Sample Value Average Standard Deviation Minimum Maximum Value

Environmental efficiency (EE) 300 0.661 0.212 0.399 1
New energy industry agglomeration level (NEA) 300 1.048 0.810 0.147 3.612

Education investment (EDU) 300 0.164 0.0261 0.0989 0.222
Technology investment (TEC) 300 0.0199 0.0142 0.00389 0.0720
Government regulation (ZF) 300 1.424 0.840 0.300 4.240

Energy consumption structure (ECS) 300 0.950 0.426 0.0380 2.423
Advanced industrial structure (IS) 300 1.099 0.629 0.500 5.022

Foreign direct investment (FDI) 300 77.06 72.14 0.0400 357.6
Marketization level (MI) 300 6.4221 1.906 2.33 10.83

Opening degree (OP) 300 0.285 0.324 0.017 1.548
Government intervention (Gover) 300 0.263 0.114 0.106 0.716

5. Empirical Results and Discussion

In this section, the estimation results of the basic model, the estimation results of the
Hansen threshold model and the threshold effect analysis will be provided in turn.

5.1. Estimation Results of the Basic Model

In order to explore the linear relationship between the agglomeration of the new
energy industry and environmental efficiency, the random effect model and fixed effect
model were selected for research. According to the Hausman results, p value = 0.0016 < 0.1,
so the regression results were reported using a fixed effect model, and the benchmark
regression results are shown in Table 4.

Table 4. Benchmark regression results of the impact of NEA on EE.

National Level Eastern Regions Central Regions Western Regions

EE EE EE EE EE
b/z b/z b/z b/z b/z

LQ 0.0389 *** 0.0347 *** 0.0388 ** 0.0533 0.0185
(2.79) (−2.82) (−2.39) (−0.98) (−0.95)

TEC −0.8379 −1.1619 0.0719 −2.9928 **
(−1.47) (−1.06) (0.06) (−2.40)

EDU −0.2272 0.1437 −0.2626 * −0.4155 **
(−0.98) (0.25) (−2.09) (−2.29)
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Table 4. Cont.

National Level Eastern Regions Central Regions Western Regions

EE EE EE EE EE
b/z b/z b/z b/z b/z

ZF −0.0091 * 0.0039 −0.0070 −0.0185 **
(−1.72) (0.62) (−1.21) (−2.53)

ECS 0.0029 0.0075 −0.0047 0.0023
(0.53) (0.72) (−1.58) (0.33)

_cons 0.6200 *** 0.6887 *** 0.7520 *** 0.5583 *** 0.7117 ***
(42.43) (16.35) (8.02) (8.05) (21.53)

N 300 300 110 80 110
R2 0.098 0.147 0.163 0.242 0.275

Note: t-value in parentheses; *** p < 0.01, ** p < 0.05, * p < 0.1.

In Table 4, without considering the control variables in column 2, the coefficient is
0.0389, which is significantly positive at the 1% level. After adding the control variable in
column 3, the coefficient is still significantly positive, which means “the cluster effect > the
crowding effect” in the process of China’s new energy industry agglomeration affecting
environmental efficiency. Positive externalities (such as technology spillovers, labor shar-
ing, etc.) caused by NEA outweigh the negative externalities (such as crowding effects).
The main reasons for this are that, firstly, the technology spillover effect is conducive to
promoting the production technology of enterprises and further improving the utilization
of resources. In addition, the specialization effect will also promote the development of
ecological technology, thus improving the environment efficiency.

The regional analysis shows that the impact of NEA on EE has obvious heterogeneity.
Specifically, due to the different geographical locations, factor endowments, and develop-
ment levels, there are two situations: (1) As shown in column 4 of Table 4, in the eastern
regions, the coefficient (0.0388), which is positive at the 5% significance level, is higher than
the national average, which means that the agglomeration of new energy industries in the
eastern region has the “scale effect”, bringing specialized suppliers, labor markets, knowl-
edge spillover effects, and promoting the transformation of enterprises to the production of
knowledge-intensive and technology-intensive products. In addition, the agglomerative
development in the eastern region has accumulated rich social resources to attract talents,
thereby promoting the generation and upgrading of environmental protection technologies
and strengthening the knowledge spillover effect. (2) In the central and western regions,
the coefficients are 0.0533 and 0.0185, respectively, which are not significant, which means
NEA failed to bring about the improvement of environmental efficiency in these regions.
For central regions, in the early developmental stage of the new energy industry, the
corresponding infrastructure is not yet perfect, and the allocation of various resources
(including the means of production, pollution control resources, etc.) has not reached the
optimal state [63]. Notably, compared with the central regions, the NEA level in the western
regions is higher, but its positive driving effect on EE is smaller, mainly as they are in the
transition period of the development of the new energy industry. After the blind pursuit
of the agglomeration effect in the early stage of development, they accept the industrial
transfer in the eastern region, with the result that the driving effect is not obvious and is
even unable to improve the environment.

In terms of the control variables, the coefficient of TEC is insignificant at −0.8379,
which shows that China’s science and technology investment has not played a due role in
improving the environment, mainly due to technological innovation having a certain cycle,
and the fact that the effect of short-term technological investment cannot be “immediate”.
The influence of EDU is insignificant at –0.2272 as, although education is an important
human capital investment, the return period of education is long. Government regulation
(ZF) has a slight negative effect on EE, which indicates the unreasonable use of government
investment in pollution control and factor mismatch. The impact of the energy consumption



Sustainability 2022, 14, 8961 14 of 22

structure (ECS) is not significant, indicating that the utilization efficiency of energy such as
coal has been gradually improved in China.

5.2. Estimation Results of the Hansen Threshold Model

According to the mechanism analysis, marketization was mainly aimed at economic
benefits, which will ignore the protection of the environment to some extent. Only with
the continuous progress of marketization has the efficiency of resource allocation been
greatly improved, which will promote the innovation and development of technology and
the emergence of positive environmental externalities of the agglomeration of the new
energy industry. Therefore, in order to explore the nonlinear relationship and optimize the
positive effect of the agglomeration of the new energy industry, marketization is taken as
the threshold and the Hansen threshold model is used.

Existence Test of the Threshold Effect

The existence of the threshold effect of marketization is examined, and the test results
are shown in Table 5.

Table 5. Test for the existence of the threshold effect.

Number of Thresholds F-Value p-Value
Critical Value

Sampling Times
10% 5% 1%

Maketi-zation
Index

Single threshold 43.45 ** 0.0350 31.0720 39.1638 60.6431 600
Double thresholds 27.14 * 0.0717 24.8491 31.9421 45.7848 600
Three thresholds 19.51 0.1350 21.5466 21.1760 37.5372 600

Note: *, ** indicate the significance level at 10% and 5%, respectively. Sampling times refer to the repeated
sampling times through bootstrapping.

According to Table 5, both the single threshold and the double threshold pass the test,
and the double threshold can reflect the nonlinear characteristics between the agglomeration
of the new energy industry and environmental efficiency in more detail. Therefore, the
double threshold is selected for the empirical test.

5.3. Threshold Effect Analysis

The regression results of the Hansen threshold model are shown in Table 6.

Table 6. Regression results of the panel threshold model.

MI
Tec Edu Zf Ecs Constant

MI < 7.44 7.44 ≤MI < 9.12 MI ≥ 9.12

Coefficient −0.0103 0.0166 0.0333 ** 0.930 0.3755 ** 0.0066 0.0021 0.7416
T-value −0.71 1.19 2.66 −1.31 −2.40 −1.43 0.50 21.42

Note: ** indicates the significance level at 5%.

In Table 6, two obvious marketization level thresholds (7.440 and 9.120) exist in
the process of the agglomeration of the new energy industry promoting environmental
efficiency. Moreover, marketization plays a positive role in driving the increasing marginal
effect. The three situations for the level of marketization are analyzed as follows:

(1) When MI < 7.440, the impact of new energy industry agglomeration on environmental
efficiency is negative, but not significant. In the early stage of market-oriented reform,
economic growth was the top priority, while ecological and environmental protection
was neglected. In addition, some areas blindly pursued agglomeration economies,
and there was still a situation of “pollution first, governance later”. Moreover, regional
governments will formulate relevant policies due to low marketization, in order to
set barriers to industry entry and protect the development of local industries, which
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results in the low efficiency of resource allocation. Therefore, the agglomeration of the
new energy industry cannot promote the improvement of environmental efficiency.

(2) When 7.440 ≤MI < 9.120, the influence of the agglomeration of the new energy indus-
try on environmental efficiency is positive, but not significant. With the continuous
increase in the level of marketization, marketization reform has an obvious “selection
effect”, which will force more low-efficiency enterprises to withdraw from the local
market voluntarily. However, due to the low level of marketization, the efficiency of
resource allocation cannot be further improved, so the agglomeration of new energy
industries cannot play a strong role in improving the environment.

(3) When MI ≥ 9.120, the impact coefficient of the agglomeration of the new energy
industry on environmental efficiency is significantly positive at the 5% level. On
the one hand, with continuous improvement, marketization can resolve the problem
of overcapacity caused by the expansion of the scale of the agglomeration of new
energy industries and the increase in resource investment. On the other hand, marke-
tization can promote technological progress and innovation, give better play to the
technological spillover effect caused by industry agglomeration, directly improve the
efficiency of resource utilization, and indirectly improve it through the R&D of ecolog-
ical technology. Therefore, when the marketization exceeds the second threshold, the
agglomeration of new energy industries can achieve a good “resonance” with other
industries, share the results of marketization, and exert the positive external effects of
the environment.

6. Further Analysis: Impact Mechanism Analysis

Based on the perspective of foreign direct investment and industrial structure ad-
vancement, Part 3 theoretically analyzes the transmission mechanism of the impact of the
agglomeration of the new energy industry on environmental efficiency. In order to verify
whether the mechanism is valid, this paper uses the mediation effect model to conduct an
empirical analysis and conducts Sobel and bootstrap tests. The test results are shown in
Table 7.

Table 7. Test results of the mediating effect of FDI and IS.

Model 1 Model 2 Model 3 Model 4 Model 5

EE FDI EE IS EE

NEA 0.0347 *** 43.5572 *** 0.0264 *** 0.5425 *** 0.0229 ***
(4.81) (6.76) (3.43) (8.42) (2.87)

FDI 0.0002 ***
(2.80)

IS 0.0217 ***
(3.21)

Control variable YES YES YES YES YES
Province FE YES YES YES YES YES

R2 0.9865 0.9068 0.9869 0.8775 0.9870
Obs. 300 300 300 300 300

Sobel test Z = 2.588, p-value = 0.0097 Z = 3.002, p-value = 0.0027
Proportion of total effect that is mediated 0.2389 0.3395

Bootstrap Test Z = 2.09, p-value = 0.037 Z = 3.02, p-value = 0.003

Note: t-statistic in parentheses; *** p < 0.01.

Model (1) confirms that the agglomeration of the new energy industry has a positive
impact on environmental efficiency. Model (2) shows that the agglomeration of the new
energy industry can significantly attract FDI. According to Model (3), by adding the
intermediate variable of foreign direct investment into model (1), the coefficient of NEA is
0.0264, which is lower than that of model (1), and is still significantly positive at the level
of 1%. Specifically, the size of the mediating effect is 0.0083 = 0.0347 − 0.0264, accounting
for 23.89% of the total effect, indicating that the NEA promotes EE by attracting foreign
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investment. The agglomeration of the new energy industry can attract foreign direct
investment. Firstly, foreign direct investment can bring advanced management experience
and production technology to enterprises in the host country to improve the efficiency of
resource use. Moreover, foreign direct investment can expand the technology spillover
effect through bringing advanced technology. Finally, foreign direct investment makes
the host country’s market competition more intense, creating more enterprises to occupy
the market, resulting in an increased environmental load. This would force the local
government to raise the environmental threshold of enterprises, so as to improve the
environment. Therefore, the agglomeration of new energy industries can further exert a
“demonstration effect”, “technology spillover effect” and “competition effect” by attracting
foreign investment to improve the environmental efficiency

In model (4), the result indicates that the agglomeration of the new energy industry
can promote the advancement of the industrial structure. Compared with model (1), the
influence coefficient of the agglomeration level of the new energy industry in model (5) de-
creased, but is still significantly positive at the 1% level. Specifically, the size of the
mediating effect is 0.0118 = 0.0347 − 0.0229, accounting for 33.95%, indicating that the
advancement of the industrial structure is a critical intermedia mechanism. The agglom-
eration of the new energy industry eliminates underdeveloped enterprises by gathering
advantages and upgrading new business models through technological development. In
addition, agglomeration leads to the expansion of scale and makes the market division of
labor more detailed under the market economy system. Therefore, the agglomeration of
the new energy industry improves environmental efficiency by advancing the industrial
structure, which is related to the new business formats, the innovative development of new
technologies and diversification, and the regional industrial chain.

7. The Robustness Test

The following section describes the robustness test of the benchmark regression–
temporal lags test, the robustness test of the panel threshold model, the robustness test of
regional heterogeneity and the robustness test of the simulation.

7.1. Robustness Test of the Benchmark Regression–Temporal Lags Test

In order to ensure the robustness of the results, the agglomeration level of the new
energy industry’s lag one period (NEA1) and lag two period (NEA2) were introduced into
the original model to obtain models (1), (2), (3) and (4) in Table 8. After correcting the
endogeneity, the regression results are consistent with the benchmark regression model,
indicating that the conclusion is robust.

Table 8. Benchmark regression robustness checks.

Model 1 Model 2 Model 3 Model 4

EE EE EE EE
b/z b/z b/z b/z

NEA1 0.0398 *** 0.0355 ***
(3.07) (−2.78)

NEA2 0.0384 ***
(3.00)

0.0337 **
(−2.58)

TEC −0.6007 −0.3001
(−1.25) (−0.73)

EDU −0.2398 −0.2693
(−1.00) (−1.35)

ZF −0.0064 −0.0066
(−1.33) (−1.58)

ECS −0.0011 −0.0031
(−0.29) (−1.04)
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Table 8. Cont.

Model 1 Model 2 Model 3 Model 4

EE EE EE EE
b/z b/z b/z b/z

_cons 0.6214 *** 0.6876 *** 0.6260 *** 0.6938 ***
(46.81) (15.22) (49.16) (17.59)

N 270 270 240 240
R2 0.110 0.147 0.126 0.175

Note: t-statistic in parentheses; *** p < 0.01, ** p < 0.05.

7.2. Robustness Test of the Panel Threshold Model

In order to test the robustness of the panel threshold, in model (1), we add the degree
of openness (Op) to the original model; in model (2), we add the degree of government
intervention (Gover) to the original model; and in model (3), we add the two together to the
original model. The panel threshold test was performed again, and the results are shown in
Table 9. It can be seen from Table 9 that the results of the models (1), (2) and (3) all maintain
a high consistency with the original threshold model, so the results of the panel threshold
model are robust.

Table 9. Robustness test of the panel threshold model.

Model 1 Model 2 Model 3

EE EE EE
b/z b/z b/z

NEA·I (WI < 7.44) −0.0076 −0.0084 −0.0082
(−0.57) (−0.62) (−0.61)

NEA·I (7.44 ≤WI < 9.12) 0.0176 0.0170 0.0171
(1.22) (1.19) (1.18)

NEA·I (WI ≥ 9.12) 0.0368 *** 0.0359 *** 0.0363 **
(2.88) (2.86) (2.75)

ECS 0.0022 0.0021 0.0020
(0.51) (0.48) (0.46)

ZF −0.0064 −0.0065 −0.0064
(−1.37) (−1.36) (−1.36)

TEC −0.7009 −0.7013 −0.6930
(−1.19) (−1.24) (−1.17)

EDU −0.3848 ** −0.3909 ** −0.3879 **
(−2.18) (−2.21) (−2.21)

Op 0.0025 0.0038
(0.08) (0.12)

Gover 0.0216 0.0233
(0.28) (0.32)

_cons 0.7338 *** 0.7308 *** 0.7284 ***
(19.35) (17.30) (16.52)

N 300 300 300
R2 0.314 0.315 0.315

Note: t-statistic in parentheses; *** p < 0.01, ** p < 0.05.

7.3. Robustness Test of the Regional Heterogeneity

In order to test the robustness of the regional heterogeneity, 30 provinces are divided
into coastal and inland regions. The results still have the characteristics of regional hetero-
geneity as shown in Table 10, verifying that the conclusion is robust.
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Table 10. Robustness tests for regional heterogeneity.

Coastal Regions Coastal Regions Inland Regions Inland Regions

EE EE EE EE
b/z b/z b/z b/z

NEA 0.0395 * 0.0380 ** 0.0385 * 0.0303
(1.84) (2.40) (2.04) (1.45)

TEC −1.2169 −0.7682
(−1.11) (−1.01)

EDU 0.0961 −0.3957 ***
(0.16) (−3.76)

ZF 0.0038 −0.0143 **
(0.56) (−2.39)

ECS 0.0076 −0.0008
(0.70) (−0.23)

_cons 0.5714 *** 0.7145 *** 0.7038 *** 0.6741 ***
(36.86) (7.15) (23.13) (23.84)

N 190 110 110 190
R2 0.086 0.155 0.108 0.218

Note: t-statistic in parentheses; *** p < 0.01, ** p < 0.05, * p< 0.1.

7.4. Robustness Test of the Simulation

The maximum, minimum and mean values of the core explanatory variables for each
province are forecasted for the next seven years, and the best, average and worst recorded
results are shown in Table 11.

Table 11. Robustness test of the simulation.

Best Result Average Result Worst Result

EE EE EE
b/z b/z b/z

NEA 0.0432 * 0.0194 * 0.0147
(0.015) (0.011) (0.010)

_cons 0.6179 *** 0.6392 *** 0.7038 ***
(0.017) (0.011) (0.010)

N 360 360 360
R2 0.138 0.022 0.013

8. Conclusions and Recommendations

In order to achieve the “double carbon” goal and get out of the “downturn” period of
the development of environmental efficiency, the question of how to use the agglomeration
and development of the new energy industry, which is an emerging industry, has become
one of key importance. Based on the panel data of 30 provinces and cities from 2009 to 2018,
this paper comprehensively uses the SBM-DEA model, the location entropy method, the
panel threshold model, and the mediation effect model to conduct research. The following
conclusions are drawn: (1) The levels of NEA and EE have generally increased with obvious
“regional heterogeneity” and a “polar characteristic”; (2) NEA can promote EE, and the
marginal effect is 0.0347, but a strong positive driving effect only exists in the eastern region
at present, which is higher than the national average level; (3) There is a double threshold
effect in the process. The marketization’s threshold values are 7.44 and 9.12, and the driving
trend is “weak negative→ weak positive→ strong positive”; (4) The advancement of the
industrial structure and foreign direct investment are the critical intermedia. Among them,
the size of the mediation effect of foreign direct investment is 0.0083, accounting for 23.89%
of the total effect. The size of the mediation effect of the advanced industrial structure is
0.0118, accounting for 33.95% of the total effect. Based on the findings, the following policy
recommendations are put forward.
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Firstly, the development of the new energy industry is an important driving force
to break through the bottleneck period of the development of environmental efficiency.
The development of the new energy industry in some areas is relatively lackluster. Each
region should take advantage of its location, production factors and other advantages to
narrow the gaps in regional development and prevent the further expansion of polarization,
leading to more imbalanced development.

Secondly, according to differences in regional development, different regions should
develop based on their own conditions. The central and western regions should strengthen
their cooperation with the eastern region and continuously absorb the advanced technolo-
gies and management experience of the eastern region. At the same time, they should not
blindly accept industrial transfer, so as to prevent low-efficiency enterprises from further
hindering the transformation and development of the new energy industries. In addition,
different regions should make good use of their respective comparative advantages to
develop suitable new energy industries.

Thirdly, it is important to speed up the marketization process. Marketization facilitates
the new energy industry to play the positive externalities of the environment. Marketization
can solve the problem of overcapacity caused by the expansion of the agglomeration
scale and increased resource investment and can accelerate the process of sustainable
development. The government should gradually reduce its intervention in the market,
and, based on the principle of the continuous improvement of the policy system, strictly
supervise the actions of the regional governments to introduce policies and establish
barriers to protect the industries in the region.

Fourthly, advanced industrial structures and foreign direct investment must be taken
as important measures to promote environmental efficiency. On the one hand, the ad-
vancement of the new energy industry can upgrade traditional industries and improve
sustainable development capabilities through technological spillover effects, and can also
rely on its own advantages to develop new formats and constantly occupy the market,
replacing high-polluting enterprises. On the other hand, FDI brings vitality to local eco-
nomic development, and the government will obtain more tax avenues to give enterprises
product subsidies and pollution subsidies to encourage domestic enterprises to participate
in competition, and ultimately achieve environmentally sustainable development.

This study provides important evidence on the relationship between the agglomeration
of new energy industries and environmental efficiency at the provincial, municipal and
autonomous levels. However, there are still some limitations. In particular, this study
focused on the static relationship between the agglomeration of new energy industries and
environmental efficiency but ignored whether there are other transmission mechanisms
between the two over time and the possible spatial effects. In the future, with the continuous
promotion of China’s 2060 carbon neutrality target and the continuous development of the
new energy industry, systematic GMM, dynamic thresholds, and dynamic spatial Durbin
models can be used to explore the dynamic relationship. Moreover, the hydrogen energy
industry is another key research direction.
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