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Abstract: The advance of the new energy industry and the promotion of green innovation are both
important ways to solve environmental pollution and achieve economic green transformation, and
there may be a non-negligible intrinsic connection between the two. Utilizing panel data covering
the period from 2011 to 2021, encompassing 30 provinces and cities in China, this study measures
agglomeration levels of the new energy sector and green innovation performance in each region. Via
the application of the fixed-effect model and spatial Durbin model, this study empirically examines
the impact mechanism of green innovation performance resulting from the agglomeration of the
new energy industry. This investigation discloses that there is regional heterogeneity in China’s
new energy industry agglomeration level, with the highest level observed in the western region.
The distribution of green innovation performance forms an “East-Middle-West” ladder pattern,
with both the central and western regions falling below the national average. Agglomeration of
the new energy sector exerts a non-linear, “U-shaped” influence on green innovation performance,
demonstrating conspicuous regional heterogeneity; opening up positively moderates the “positive U-
shaped” correlation between new energy agglomeration and green innovation performance. A clear
spatial spillover effect characterizes the agglomeration of the new energy industry, demonstrating
a non-linear “inverted U-shaped” influence on the green innovation performance of surrounding
regions. This paper aims to offer policy insights into the establishment of developmental layouts for
the new energy industry in China while simultaneously providing practical references for enhancing
regional green innovation performance.

Keywords: new energy industry agglomeration; green innovation performance; opening up; spatial
spillover effects

1. Introduction

As the Chinese economy experiences rapid growth, it has led to the massive consump-
tion of traditional energy sources, resulting in severe ecological issues like atmospheric
contamination and energy depletion. To realize sustainable development and solve the
conflict between escalating energy demand and the ecological environment, countries
worldwide have explored two paths: First, the advance of a new energy sector and the
transformation of pollution reduction from end-to-end governance to source prevention
and control. New energy stands out as a significant avenue for diminishing greenhouse gas
emissions and substituting conventional fossil fuels [1,2]. The linchpin for achieving the
green transformation of energy lies in advancing the scale and cluster development of the
new energy industry [3,4]. Secondly, green innovation is advocated to mitigate pollution
emissions in the industrial production process from the technical level. Green innovation is
instrumental in optimizing the efficiency of natural resource utilization and allocation [5,6],
reducing pollution emissions in the product life cycle [7], and attempting to obtain the
maximum economic and ecological benefits with the minimum environmental costs [8]. It
is worth noting that the new energy industry is marked by its green, knowledge-intensive,
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and innovative characteristics [9], and there may be an intrinsic link between its agglomer-
ation and green innovation that cannot be neglected. As crucial means for fostering the
green transformation of the economy, whether the two can play a synergistic effect needs
to be further studied.

In 1981, new energy was formally defined at the United Nations Conference on New
and Renewable Energy, but with the progression of time and advancements in technology,
the types of energy encompassed by new energy have been constantly improving [10].
According to the “Thirteenth Five-Year Plan for the Development of Strategic Emerging
Industries” issued by the State Council in 2016, it can be considered that China’s new
energy includes wind energy, solar energy, nuclear energy, biomass energy, geothermal
energy, and ocean energy. Industries related to developing, utilizing, and operating new
energy are called the new energy industry [11]. As the world’s largest energy consumer,
China is actively constructing a clean, low-carbon, and efficient modern energy system, and
a series of policy measures have been formulated to promote the development of the new
energy industry [12]. Additionally, China benefits from natural resource endowments, with
solar energy resources covering approximately two-thirds of the country [13], particularly
abundant in regions such as Xinjiang and Inner Mongolia. Wind energy resources, on the
other hand, are most abundant in North China and southeastern coastal areas [14,15]. This
lays a solid foundation for the development of China’s new energy industry. Research
indicates that the clustering of the new energy industry has gradually emerged in certain
regions of China [16], leading to the formation of four new energy industry clusters in
the Bohai Rim, Yangtze River Delta, central, and western regions [17]. As of 2022, the
proportion of non-fossil energy consumption in China reached 17.5%. It is projected to
surpass 25% by 2030, suggesting the potential for further development and clustering of
the new energy industry in China.

From the perspective of industrial development, industrial clustering is an essential
path for developing the new energy industry. However, the effects of industrial agglomera-
tion on green innovation performance are complex. On one hand, industrial agglomeration
facilitates infrastructure sharing, technological talents, and the spillover of innovative
knowledge [18,19], which enhances regional green innovation performance. On the flip
side, industrial agglomeration could result in unfavorable outcomes, such as the over-
consumption of resources and overcrowded markets [20,21], impeding the development
of green innovation in the region. The new energy sector has different characteristics
from other industries, resulting in a more complex relationship with green innovation
performance. Firstly, both green and high-tech attributes define the nature of the new
energy industry [22], and its agglomeration should be more conducive to green innovation;
secondly, a substantial scale of investment in the early developmental phase characterizes
the new energy industry, coupled with a high rate of capital investment [23], which may
crowd out the green innovation resources. Consequently, what impact does the clustering
of new energy industries exert on regional green innovation performance? Is there an
analogous effect on the green innovation performance in neighboring areas as well? What
is the regulating mechanism between the two? Answering these questions will help clarify
the correlation between the clustering of new energy industries and the progress of green
innovation on a regional scale and then formulate more reasonable industrial support poli-
cies and more scientific innovation strategies, which have important theoretical significance
and practical value.

The potential contributions of this paper are as follows: (1) By examining the nonlinear
relationship between new energy industry agglomeration and green innovation perfor-
mance, not only does it reveal the intrinsic connection between the development of new
energy industry and green innovation but it also provides new theoretical support for the
complex relationship between industry agglomeration and green innovation performance.
(2) It expands the research on influencing factors of green innovation performance by
introducing external openness as a moderating variable, investigating the mechanism of
influence between new energy industry agglomeration and green innovation performance.
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(3) It explores the spatial spillover effect of new energy industry agglomeration on green in-
novation performance, addressing the inadequacies in existing research on the new energy
industry and its spatial agglomeration.

2. Literature Review
2.1. Industrial Agglomeration and Green Innovation Performance

Built upon existing investigation, factors affecting green innovation performance could
be grouped into internal driving forces and external environmental elements [22]. Internal
driving forces predominantly rely on factors such as firm size, research and development
funding, personnel investment, executive capabilities, and organizational culture [24-27].
External driving forces encompass infrastructure development, policy support, market
competition, and industrial agglomeration [28-32]. Among these, industrial agglomeration
stands out as a crucial factor affecting green innovation performance, effectively promot-
ing the movement of innovative components like resources and technological knowledge
within a region. Prior studies have discussed the association between industrial clustering
and green innovation performance, coupled with influencing factors between them, from
both theoretical and empirical perspectives. However, there is still no unified conclusion
on how industrial agglomeration affects green innovation performance. Present research
primarily falls into two viewpoints regarding the relationship between the two: The first
perspective posits a simple linear correlation between industrial clustering and green
innovation performance. Industrial agglomeration significantly enhances the degree to
which green innovation in enterprises via knowledge and technology spillover effects,
as well as specialization effects [18]. Not only does industrial agglomeration positively
impact the local green development level but it also generates favorable spatial spillover
effects on neighboring areas, thereby enhancing their green development [33]. The second
viewpoint posits an intricate association between industry agglomeration and green inno-
vation performance. Scholars hold diverse views on this intricate relationship. Some argue
that at lower levels of industrial agglomeration, the negative externalities stemming from
resource consumption and ecological contamination outweigh the positive externalities
of technology and capital, hindering regional green innovation performance. As agglom-
eration levels increase, the beneficial externalities of industrial agglomeration gradually
strengthen, thereby promoting regional green innovation. This perspective concludes the
effect of industry agglomeration on green innovation performance follows a “positive
U-shaped” pattern [31]. Certain scholars contend that, at the outset, industrial agglomera-
tion can enhance regional green innovation efficiency. However, as agglomeration levels
rise, it may lead to “crowding effects” and “adverse competition effects”, impeding the
enhancement of green innovation capabilities. This perspective considers the impact of
industrial agglomeration on green innovation performance follows an “inverted U-shaped”
pattern [34]. Some researchers integrate these views, categorizing industrial agglomeration
into initial, intermediate, and advanced stages. They argue that there exists a prominent
“inverted N-shaped” connection between industrial agglomeration and green innovation
performance [35].

2.2. New Energy Industry Agglomeration

New energy industry agglomeration refers to the concentration of economic activities
related to new energy in specific geographic areas, where factors such as talents, resources,
and technologies are concentrated to form industrial advantages [36]. Currently, studies
on new energy industry agglomeration are still in their initial phases, mainly concentrat-
ing on measurement, driving factors, and influencing effects. Firstly, in the study about
measuring the level of agglomeration within the new energy sector, methods such as loca-
tion entropy, location Gini coefficient, and Herfindahl index are employed, with location
entropy the most widely used [37]. Given the challenges in obtaining statistical data for
the new energy industry, numerous scholars employ general equipment manufacturing
and electrical machinery and equipment manufacturing as substitutes to substitute for
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the new energy industry [37,38]. However, this measurement approach may introduce
significant biases. Therefore, scholars further opt to use directly relevant data associated
with the new energy industry to measure the level of its agglomeration, such as new energy
installed capacity [23], new energy generation [37], and the main business income of new
energy-listed companies on the A-share market in China [22]. Secondly, multiple elements
contribute to the emergence of clustering in the new energy sector, encompassing tech-
nological, economic, policy, and consumer preference aspects [39,40]. However, current
research predominantly concentrates on the effect of policy factors on new energy industry
agglomeration. Because the development momentum of the new energy sector stems from
environmental benefits and energy substitution rather than the profit drive of the industry
itself [41], policy support is pivotal in guiding the new energy industry agglomeration
process [42,43]. For instance, Reinhard et al., (2011) found via a study of several cases
in EU member states that fiscal support measures were more effective in promoting the
development of the new energy industry than other measures [44]. Li et al., (2021) ar-
gued that the new energy industry bears more risks and market uncertainties compared
to traditional industries, thus requiring government subsidies to address market failures
and drive industry development [45]. Finally, the research on the impacts of new energy
industry agglomeration is relatively scarce. Since it is a low-carbon industry, scholars have
concentrated on examining the correlation between the clustering of new energy industries
and environmental factors. Most studies have proved that new energy industry agglomera-
tion could reduce fossil energy consumption [46], alleviate energy poverty [47], directly or
indirectly improve environmental efficiency [1], and favor regional green development [23].
Nevertheless, new energy industry agglomeration does not always bring positive impacts;
some studies believe that the current Chinese new energy industry patented technology
there is excessive agglomeration, the establishment of technical barriers to inhibit regional
pollution control [16], and sustainable development capability [48]. Regarding innovation
impact, some studies have proved that new energy industry clusters can promote green
innovation efficiency but failed to prove the impact effect after the industry agglomeration
exceeds a certain standard [22].

To summarize, previous studies have room for further improvement: first, based on
different industrial characteristics and different development stages of industries, how
industrial clusters affect green innovation performance is still controversial. More in-depth
exploration of the relationship and influence mechanisms is needed, especially considering
the new energy industry perspective. Secondly, current research primarily examines the
environmental impact of new energy industry agglomeration. Studies on green innovation
establish a simple linear relationship, neglecting the complex dynamics between new energy
industry agglomeration and green innovation. Building upon these, the present study uses
a perspective centered on the new energy industry. Using a research sample comprising
30 Chinese provinces, data from the years 2011 to 2021 were employed; this paper examines
how industrial agglomeration affects green innovation performance, explores regional
heterogeneity between the two, and investigates the underlying regulatory mechanisms.
Furthermore, employing a spatial Durbin model, the study delves into the local effects and
interprovincial impacts of the influence of new energy industry agglomeration on regional
green innovation performance.

3. Mechanism Analysis and Research Hypothesis

Theoretically, new energy industry clusters manifest a dual impact, simultaneously
fostering and impeding green innovation performance. Drawing from Marshall’s external
economic theory and competitive advantage theory, the favorable influence of new energy
industry agglomeration on green innovation performance is contingent on manifold effects
engendered by agglomeration. New energy industry agglomeration can generate agglomer-
ation scale effects, resulting in positive externalities on green innovation performance [49].
These effects encompass scale impacts on intermediate inputs, the labor market, as well as
information exchange, and technological diffusion. The scale effect of intermediate inputs
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and the labor market, termed the sharing effect and matching effect, respectively, repre-
sent financial externalities. The sharing of factors like infrastructure, intermediate inputs,
expertise, and services among firms in a cluster area results in diminished production
and R&D costs. It also lowers the expenses associated with information exchange and
innovation collaboration among firms [50]. Industrial agglomeration attracts professional
labor, reducing the search costs for enterprises in the agglomeration area and facilitating
talent and knowledge sharing [51]. The externality of funds directly reduces operating
costs for enterprises, contributing to a decrease in environmental pollution and fostering
improved green innovation performance. The effect of exchanging information and diffus-
ing technology, often referred to as the knowledge spillover effect, falls under technology
externalities [52]. The concentration of the new energy industry promotes exchanges of
progressive green technology and knowledge among enterprises within the agglomeration
region, promoting the mutual transformation of explicit and tacit knowledge and thereby
enhancing regional green innovation capabilities. Moreover, new energy industry agglom-
eration can invigorate the competitive dynamics of regional enterprises [53], compelling
them to participate in sustainable innovation initiatives to uphold market position and
competitive edge. Spatial agglomeration enhances enterprises’ ability to promptly discern
competitors” innovation trends, thereby reinforcing green innovation outcomes and elevat-
ing overall innovation output. The new energy industry, characterized as both a high-tech
and green sector, exhibits a more robust inclination and capability for green innovation
than other industries [9]. From an input—output perspective, the new energy industry aids
in decreasing conventional fossil energy consumption and the release of pollutants [23],
thereby fostering improvements in regional green innovation performance.

In line with Hoover’s theory of the optimal agglomeration scale, neither excessively
low nor high levels of industrial agglomeration can fully optimize outcomes. When the
degree of new energy industry cluster is low, on one hand, the industry chain in the
region is incomplete, infrastructure lacks perfection, and innovation resource allocation
efficiency is suboptimal, hindering the realization of economies of scale [50]. Although local
governments usually provide policy support in the initial phase of new energy industry
development [54], policy-driven industrial agglomeration may only be a formal bunching
of enterprises, and the upstream and downstream enterprises have not formed a close link
but rather make the transfer of innovative knowledge, technology and information more
hindered. On the other hand, since it is capital-intensive, the new energy industry exhibits
significant upfront investment and prolonged innovation cycles [55], and enterprises
may reduce green innovation inputs in order to save money and avoid risks. Therefore,
the initial new energy industry agglomeration is not only difficult to exert a positive
externality on the green innovation performance in the region but may also have an
inhibitory effect. When new energy industry agglomeration reaches an excessive level, an
excess of enterprises in the agglomeration area surpasses the region’s carrying capacity in
terms of resources, markets, and other factors. Intense competition among enterprises can
induce a crowding effect, hindering green innovation performance primarily via excessive
competition and hitchhiking.

China’s new energy industry initiated comparatively delayed; it was not until the pro-
mulgation and application of the “New Energy Law” in 2006 that this industry transitioned
into a phase characterized by standardized development. During the sample period, new
energy industry agglomeration in most regions ranged from initial to medium stages, with
fewer areas reaching the phase of excessive agglomeration [22,54]. Consequently, the influ-
ence of new energy industry agglomeration on green innovation performance is initially
inhibitory. With the improvement in new energy industry clustering intensity, the positive
externality effect of agglomeration is revealed, so new energy industry agglomeration can
positively affect green innovation performance. Derived from the preceding analysis, this
paper proposes the following:
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H1. The impact of new energy industry agglomeration on green innovation performance follows a
“positive U-shaped” pattern.

Opening up stands as a pivotal avenue for a nation to propel the globalization pro-
cess and facilitate the flow of high-quality resource elements. This external engagement
significantly influences the interplay among new energy industry agglomeration and green
innovation performance, primarily driven by the “imitation learning effect” and “competi-
tion effect”. Primarily, the act of opening up introduces innovative elements, encompassing
advanced talents and technology. In the premier phase of new energy industry agglomera-
tion, characterized by an imperfect regional structure and low innovation levels, enterprises
can alleviate the negative influence of clustering on green innovation performance by emu-
lating and assimilating advanced technology and management concepts [51,53]. As new
energy industry agglomeration attains a high level, the regional industrial structure and
infrastructure progressively improve, leading to the maturation of products and factor mar-
kets. Consequently, information transmission efficiency and innovation resource allocation
efficiency in the region are heightened, facilitating a more effective role for opening up in
advancing green innovation performance. Secondly, opening up may subject numerous do-
mestic products to the impact of similar imported products, thereby amplifying competitive
pressures within the domestic market. Appropriate competitive pressures prove conducive
to stimulating regional enterprises to allocate capital to innovative resources, elevating the
performance of regional green innovation. However, intense competitive pressures can
easily provoke detrimental effects such as vicious or homogeneous competition among
enterprises, diminishing the enthusiasm for independent green innovation [56]. To foster a
salubrious market competition environment, the state and governments at various levels
have enacted policies and regulations in recent years. These measures include introducing
high-quality foreign capital and ensuring fair competition to judiciously safeguard the
domestic market environment. Consequently, the competitive impact resulting from open-
ing up predominantly manifests as positive in influencing green innovation performance.
Derived from the preceding analysis, this paper proposes the following:

H2. Opening up has a positive moderating effect on the “positive U-shaped” correlation between
new energy industry agglomeration and green innovation performance.

With the continuous development of information technology and digital technology,
economic activities are becoming increasingly interconnected across regions, and the im-
pact of industrial agglomeration extends beyond administrative boundaries, influencing
neighboring areas as well [57]. At the early stages of new energy industry agglomeration,
due to the lack of an effective mechanism for synergistic development within the regional
industrial chain and constrained by inadequate transportation and infrastructure, there
was a lack of close connections and collaboration among various industrial links. As a
result, green innovative resources would be prone to loss and waste, failing to meet the
investment demands of capital and providing an unsatisfactory platform for technological
talent [58]. The research and development factors exhibit profit-seeking characteristics [59],
whereby, to maximize benefits, innovative elements such as capital and labor tend to flow
into regions where returns or rewards are readily attainable [60]. Consequently, at lower
levels of new energy industry concentration, production factors like labor and capital are
more likely to flow to neighboring regions, thereby fostering the green innovation perfor-
mance of those neighboring regions. As new energy industry agglomeration increases,
the beneficial external effects of industrial agglomeration gradually emerge, promoting
green innovation performance via scale and competition effects. But new energy industry
agglomeration might not necessarily continue to facilitate the green innovation of neigh-
boring regions. Instead, it might potentially inhibit the green innovation performance of
nearby areas to some extent. The strategic emerging industries encompass the new energy
sector, exhibiting a notably elevated level of technological and knowledge intensity in
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contrast to conventional sectors [22], resulting in a greater demand for technical talents
and capital. Due to the scarcity of resources and technological exclusivity, regions with
higher levels of agglomeration in the new energy industry are likely to establish a specific
level of monopoly concerning technology and resources. Simultaneously, new energy
industry clustering has the potential to generate additional job opportunities and higher
returns on capital, attracting specialized labor and capital from neighboring areas, thereby
creating a “siphoning effect” on nearby regions [61]. Due to the compounded impacts of
monopoly and siphoning, an elevated level of agglomeration in the new energy industry
might impose inhibitory effects on the green innovation performance of adjacent regions.
Based on the earlier analysis, this paper puts forward the following:

H3. The influence of new energy industry agglomeration on green innovation performance exhibits
spatial spillover effects.

4. Data and Methods
4.1. Variable Description
4.1.1. Explanatory Variable

New energy industry agglomeration (agg): the measurement of industrial agglomera-
tion often relies on indicators such as market concentration (SR), spatial Gini coefficient
(SGC), Herfindahl-Hirschman Index (HHI), and location quotient (LQ). Among these, the
location quotient reflects the degree of specialization in a particular sector, also known as
the specialization rate, and has been widely applied in both domestic and international
research on industrial agglomeration. Considering the variety of new energy sources
and the new energy industry’s boundaries lack a universally agreed-upon definition in
academic circles, along with the difficulty in obtaining relevant data, this paper adopts a
method proposed by other scholars [23,37]. It utilizes the installed capacity of new energy
generation as a proxy for new energy sector data. New energy generation capacity is
calculated by subtracting the combined installed capacity of thermal and hydraulic power
generation from the total installed power generation capacity. The specific calculation is
shown in Formula (1):

Xit/ Yit
Xe /Yy

LQj; represents the location quotient value of the new energy industry, where x;;
denotes the installed capacity of new energy generation in region i during period t, y;
represents the total installed power generation capacity in region i during period t, X;
signifies the national total installed capacity of new energy generation during period ¢, and
Y} represents the national total installed power generation capacity during period ¢. When
LQj; > 1, it indicates a relatively high concentration of new energy industry in region i,
and a larger location quotient implies a higher level of specialized agglomeration. When
LQj =1, it signifies that the new energy industry in region i is as concentrated as the
national average. Conversely, when LQj; < 1, it suggests that the agglomeration trend of
the new energy industry in the region is not significant.

LQit =

1)

4.1.2. Explained Variable

Green innovation performance (inn): building upon prior research [62], this paper
considers the positive and negative factors influencing green innovation and applies the
entropy method, a comprehensive evaluation approach, to evaluate the effectiveness of
green innovation. Specific indicators are detailed in Table 1. Concerning input factors, the
full-time equivalent of R&D personnel is designated as labor input, internal R&D fund
expenditure and investments in industrial pollution control serve as capital inputs, and
electricity consumption is identified as the energy consumption factor. In the realm of
output factors, the innovation output index encompasses the number of patent applications,
sales revenue from new products, and green coverage rate in developed areas. Concurrently,
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the choice of indicators for environmental pollution assessment depends on quantifying
the discharge of the “three wastes.” The specific calculation procedure is as follows:

(1) The indicators were standardized using the extreme value method. Xj; represents the
value of the j indicator in the i region, while Y;; denotes the standardized value of
each indicator. The specific formulas are shown in Equations (2) and (3):

. X,']' — mm(Xu)
Yij = max (X;j) — min(Xj;) @
o max (Xij) — Xjj 3

g max (Xz]) —min (XZJ)

(2) The proportion of the j indicator in the i region relative to all regions for the j indicator
is calculated. The specific formula is shown in Equation (4):

P Y
K ?:1 Yij

4)
(3) The entropy value of the j indicator is calculated. The specific formula is shown
in Equation (5):

n 1
ej = —k)_;_y Pijln(Pyj), k = Tn(n) )

In this case, k > 0 and ¢j > 0.

(4) The redundancy of information entropy is calculated, with the specific formula shown

as (6).
d] =1- €j (6)
(5) The entropy weight of the j indicator is calculated, with the specific formula shown
as (7).
— )
wj = .
=19

(6) The comprehensive score of the i region is calculated, with the specific formula shown
as (8).

Q=Y w-P 8)

]

Table 1. Evaluation indicator system for green innovation performance.

Hierarchy Measurement Indicators Weight Attribute
full-time equivalent of R&D personnel 20.12% Positive
Innovation Input Capability internal R&D fund expenditure 18.71% Positive
investments in industrial pollution control 12.09% Positive
the number of patent applications 22.35% Positive
Innovation Output Level sales revenue from new products 20.51% Positive
green coverage rate in developed areas 0.59% Positive
Energy Consumption electricity consumption 1.38% Negative
total industrial sulfur dioxide emissions 1.43% Negative
Environmental Pollution total industrial wastewater emissions 1.44% Negative

generation of general industrial solid waste 1.37% Negative
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4.1.3. Regulating Variables

Opening up (open): opening up refers to the extent of a country or region’s economic
engagement with the world, measured by the trade dependency ratio. The calculation
involves determining the ratio of the aggregate value of imports and exports to GDP.

4.1.4. Control Variables

Indicators of control variables include foreign investment level (fdi), government
intervention (gov), marketization index (market), and infrastructure level. Foreign direct
investment (fdi) is gauged based on the foreign direct investment amount compared to the
GDP of the respective region. Government intervention is evaluated based on the rate of
general budget expenditures to the GDP of the region, reflecting how local governments
influence green innovation and economic development via methods such as investment
and fiscal appropriations [63]. The marketization index employs the marketization process
scores compiled by scholars like Wang Xiaolu to gauge the level of marketization. The
infrastructure level is assessed via the proportion of the entire road network length to the
total population.

4.1.5. Data Description

Using the data’s availability and comprehensiveness as a criterion, regions with
substantial data gaps, including the Tibet Autonomous Region, Hong Kong, Macao, and
Taiwan, were excluded from the analysis. Selected for measurement were panel data
spanning from 2011 to 2021, covering 30 provinces in China. Data sources encompass
the China Statistical Yearbook, China Energy Statistical Yearbook, China Environmental
Statistical Yearbook, China Industrial Statistical Yearbook, and the National Bureau of
Statistics. In cases where the required data were not present in these yearbooks, the
respective provincial statistical yearbooks were utilized as substitutes. Linear interpolation
was employed to address missing data. Refer to Table 2 for details on the selected variables
and descriptive statistics.

Table 2. Descriptive statistics for every variable.

Type Variable Name Symbol Mean Min Max SD
Explained variable Green innovation performance inn 0.168 0.066 0.898 0.135
Explanatory variable =~ New energy industry agglomeration agg 0.976 0.004 3.813 0.751
regulated variable Opening up open 0.265 0.008 1.548 0.291
Foreign investment level fdi 0.019 0.000 0.080 0.015
Control variable government intervention gov 0.249 0.107 0.643 0.103
Marketization index market 8.039 3.359 12.390 1.914
Infrastructure level Infralevel 39.090 5.129 145.037 24.440

4.1.6. Model Construction
(1) Benchmark Regression Model
To validate the overall effect of new energy industry agglomeration on green innova-

tion performance, the quadratic term of new energy industry agglomeration is incorporated
into the econometric model, constructing the baseline model (9):

inny = Po + Pr1agg; + P2agsy + PaXit + ui + vt + €ir )

Within this framework, i represents the region, and t represents the year, respectively.
innj denotes green innovation performance, agg;; represents new energy industry agglom-
eration, and Xj; denotes the series of control variables. By is the intercept term, while
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B1, B2, and B3 are coefficients. y; and 7 represent fixed effects for individuals and time,
and ¢;; denotes the random error component.

(2) Regulatory effect model

Examining how openness level moderates the association between new energy indus-
try agglomeration and green innovation performance, interaction terms between external
openness and industry agglomeration’s first and second-order terms are added to the
model (2), forming econometric model (10):

inny; = o+ Pragg; + P2aggy + Psopen;, + Paagg; x open + Psaggs; (10)
x open + BeXit + pi + vt + €ityy

(3) Spatial Dobbin model

To investigate the spatial spillover effects of new energy industry clustering on green
technology innovation, spatial panel regression models (11) and (12) are constructed:

inny = Bo + pWinny + 1agg;, + B2ags? + B3 Xit + Wo1agg;, + Wbragg?

11
+WEO3 X + pi + 1t + €y (1)

gt = AWej + @iy (12)

In this context, W denotes the matrix of spatial weights, with this study employing a
proximity spatial weight matrix. P, 6, and A denote the spatial correlation coefficients for
the explained variable, explanatory variable, and the random disturbance term, respectively.
When 6 = A =0, and p is not equal to 0, Equation (4) corresponds to a Spatial Lag Model
(SLM). If 6 = p = 0, and A is not equal to 0, Equation (4) represents a Spatial Error Model
(SEM). When A =0, and both 6 and p are not equal to 0, Equation (4) constitutes a spatial
Durbin model (SDM).

5. Empirical Findings and Discourse
5.1. Measurement Outcomes of New Energy Industry Agglomeration Level

Based on the calculation formula for location entropy, this paper computes the location
entropy coefficients of the new energy sector according to provincial installed capacity
from 2011 to 2021. Figures 1-3, respectively, illustrate the trends in location entropy
coefficients in the provinces of China’s eastern, central, and western regions throughout
the specified period, and Figure 4 shows the spatial distribution of the average value of
new energy industries in 30 provinces and cities. It is evident that from 2011 to 2021,
regions with location entropy coefficients greater than 1 persist nationwide, indicating the
continuous presence of agglomeration in China’s new energy industry. During this period,
the enhancement and decline in new energy industry agglomeration occur simultaneously
on a national scale. The regions where the location entropy of the new energy industry has
consistently exceeded 1 include Hebei, Liaoning, Inner Mongolia, Gansu, Qinghai, Ningxia,
Xinjiang, Jilin, and Heilongjiang. Provinces with an increase in new energy industry location
entropy surpassing 1 include Jiangsu, Shandong, Jiangxi, and Henan. Regions with a high
level of agglomeration in China’s new energy industry can be broadly categorized into two
types: those with a well-developed economic foundation and industrial level, such as Hebei,
Jiangsu, and the Northeast Industrial Base, and those endowed with abundant natural
resources, including Inner Mongolia, Gansu, and Xinjiang. From a regional perspective,
although some western provinces show a descending trend, the agglomeration level of the
new energy industry in the western region surpasses that in the central and eastern regions.
The central region is experiencing an overall upward trend with significant potential for
improvement, while the eastern region is generally on a declining trajectory, indicating
insufficient momentum in the evolution of the new energy industry.
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5.2. Measurement Outcomes of Green Innovation Performance

Figure 5 illustrates the nationwide, eastern, central, and western mean values and
trends in green innovation performance from 2011 to 2021. From Figure 5, It is evident
that a noticeable disparity in green innovation performance exists among the regions. The
eastern region demonstrates markedly elevated green innovation performance, surpass-
ing the national average, with a pronounced trend. This indicates that the innovation
mechanisms within the confines of the eastern locality operate effectively, supported by
a robust economic foundation, enabling the maintenance of consistently high levels of
innovation. Green innovation performance in the central and western regions falls below
the national average. The western region demonstrates inferior trends in both green in-
novation performance and growth compared to the central region. This suggests that, in
the realm of innovation development, the industrial structures in the central and western
regions are comparatively trailing the eastern region. There is evidence of technological
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and resource disconnection, yet there exists substantial potential for improvement. Overall,
in advocating the advancement of green innovation, both at regional and national levels,
there has been a consistent upward trend in green innovation performance. The level of
green innovation performance follows a stepwise distribution pattern with the sequence of
“East-Central-West”, where the eastern region consistently maintains a leading position,
playing a pioneering role.

w177 2,65 ‘ . /

Figure 4. Spatial distribution of the mean value of new energy industry agglomeration.
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Figure 5. Results of green innovation performance measurement.

5.3. Results of Baseline Regression

Considering the potential lag effects of agglomeration in the new energy industry
on green innovation performance, tests were conducted on both the current new energy
industry agglomeration indicators and their lagged terms. Table 3 presents the results
of the regression analysis for the benchmark model, presenting baseline estimates with
fixed effects for the effection of agglomeration in the new energy industry on green in-
novation performance. Within columns (1) and (2), explanatory variables include the
current new energy industry agglomeration and its quadratic term, while columns (3)
and (4) incorporate the lagged one-period new energy industry agglomeration and its
quadratic term. Columns (1) and (3) exhibit the regression outcomes without incorporating
additional variables, while columns (2) and (4) showcase regression outcomes, including
control variables.
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Table 3. Benchmark model regression findings.

Inn
@ ) @) @
agg —0.047 ** —0.060 ***
(0.019) (0.019)
agg. 2 0.017 *** 0.017 ***
(0.005) (0.005)
lagg —0.054 *** —0.065 ***
(0.019) (0.019)
lagg 2 0.018 *** 0.017 ***
(0.005) (0.005)
fdi 0.342 0.329
(0.326) (0.337)
gov —0.202 * —0.204 *
(0.109) (0.110)
market 0.004 0.007
(0.006) (0.006)
Infralevel —0.005 *** —0.005 ***
(0.001) (0.001)
_cons 0.132 *** 0.340 *** 0.148 *** 0.329 ***
(0.012) (0.061) (0.012) (0.064)
province Yes Yes Yes Yes
year Yes Yes Yes Yes
N 330 330 300 300
r2 0.310 0.409 0.285 0.378

*p<0.1,*p<0.05 ***p<0.001.

Specifically, the results in columns (1) and (2) indicate that regression outcomes for
both the main term and quadratic term of new energy industry clustering consistently meet
the significance test at the 1% level. This holds true both before and after incorporating
control variables. The primary term related to new energy industry agglomeration exhibits
a positive coefficient, whereas the quadratic term demonstrates a negative coefficient. This
configuration suggests a “positive U-shaped” impact of new energy industry agglomera-
tion on green innovation performance, thereby confirming H1. During the initial stages
of new energy industry agglomeration, when the agglomeration scale is relatively small,
optimal allocation of innovation resources may not be achieved. This suboptimal allocation
hinders the realization of positive externalities associated with agglomeration. Additionally,
the necessary infrastructure development for industrial agglomeration might result in a
range of environmental problems. Consequently, overall, new energy industry agglom-
eration appears to exert a passive influence on green innovation performance. With the
expansion of clustering in the new energy industry scale and surpassing the turning point
of agglomeration in more provinces, the complexity of the industry chain’s both upstream
and downstream segments deepens. This leads to achieving positive externalities, such as
knowledge spillover effects and economies of scale associated with the clustering. Only
at this stage can new energy industry agglomeration effectively contribute to advancing
green innovation performance. According to the turning point formula (—31/2f32), the
turning point value for the “positive U-shaped” connection between new energy industry
agglomeration and green innovation performance is calculated as 1.785. This value falls
within the range of new energy industry agglomeration values [0.004, 3.813]. Provinces
and municipalities with new energy industry agglomeration values exceeding this turning
point include Hebei, Ningxia, Gansu, Liaoning, Inner Mongolia, Heilongjiang, Xinjiang,
Qinghai, and Jilin, primarily located in the western region. The outcomes in columns (3)
and (4) reveal that the regression findings for lagged new energy industry agglomeration
and its quadratic term successfully meet the significance test at a 1% level, with direction
remaining consistent. This implies that there is a delayed impact of the “positive U-shaped”
influence of new energy industry agglomeration on green innovation performance, with
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the agglomeration effect manifesting not only in the present timeframe but also in the
subsequent duration.

5.4. Regional Heterogeneity Test

To delve deeper into whether variations exist in the impact of new energy indus-
try agglomeration on green innovation performance among different regions, this study
subdivides the 30 provinces into three subgroups: eastern, central, and western regions.
Findings from the regression analysis grouped by categories are shown in Table 4. In
column (1), findings suggest that, at the 1% statistical significance level, the primary term
coefficient of new energy industry clustering in the eastern region is notably negative,
while the coefficient for the quadratic term is notably positive. This suggests that the
influence of new energy industry agglomeration on green innovation performance in the
eastern region follows a “positive U-shaped” pattern; the inflection point value is 1.369.
In the central and western regions, the outcomes in columns (2) and (3) reveal notably
positive coefficients for the primary terms linked to the agglomeration of the new energy
industry. Meanwhile, the coefficients for the quadratic terms are notably negative. The
inflection point value in the central region is identified as 1.852, and in the western region,
it is noted as 2.373. This indicates that the impact of new energy industry agglomeration
on green innovation performance in the central and western regions follows an “inverted
U-shaped” pattern, with the central region having a lower level of significance. Based on
the analysis above, it is evident that there is a notable regional heterogeneity in how new
energy industry agglomeration impacts green innovation performance in China. Compared
to the western region, potential factors may originate from the observation that the central
and eastern regions possess diminished endowments of new energy resources [23]. The
eastern region, despite having a lower endowment of new energy resources, boasts the
most developed economy, advanced governance capabilities, and management systems.
This scenario promotes the early realization of positive externalities resulting from new
energy industry agglomeration, enabling the eastern region to surpass the turning point
sooner than the overall national level. In contrast, while the central region lags behind in
economic development, the degree of clustering in the new energy industry within this
area is not considerable, but the market and environmental carrying capacity in the central
region are weaker, leading to the early manifestation of the negative externalities due to
the over-concentration of the new energy sector. The western region, rich in new energy
resources and driven by China’s commitment to achieving shared prosperity across regions
via vigorous western development, has facilitated the swift advancement of the new energy
industry, forming a high level of agglomeration. However, this has resulted in negative
externalities such as “crowding effects” and “excessive competition”, affecting the green
innovation performance in the respective regions.

Table 4. Regional heterogeneity test results.

inn
1) 2) 3)
East Midland West
agg —0.060 *** 0.072 *** 0.024 ***
(0.019) (0.027) (0.008)
agg_ 2 0.017 *** —0.019 * —0.005 ***
(0.005) (0.011) (0.002)
fdi 0.342 0.321 —1.275 ***
(0.326) (0.384) (0.268)
gov —0.202 * —0.267 *** —0.097 **
(0.109) (0.088) (0.040)
market 0.004 0.004 0.001

(0.006) (0.006) (0.002)
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Table 4. Cont.

inn
1) (2) 3)
East Midland West
Infralevel —0.005 *** 0.003 *** 0.000
(0.001) (0.001) (0.000)
_cons 0.340 *** 0.003 0.131 ***
(0.061) (0.050) (0.025)
Control variable Yes Yes Yes
province Yes Yes Yes
year Yes Yes Yes
r2 0.409 0.867 0.603
N 330 330 330

*p<0.1,*p<0.05,**p <0.001.

5.5. Robustness and Endogenous Test
5.5.1. Replace the Explained Variable

To bolster the reliability of the findings, this study relies on existing research [64],

considering economic, resource, and environmental factors comprehensively. It employs
the SBM-DEA model, accounting for unexpected input-output, to assess green innovation
performance. Based on the information in column (2) of Table 5, the main term coefficient
associated with the agglomeration of the new energy industry is notably negative at the 1%
statistical significance level. Concurrently, the quadratic term coefficient exhibits significant
positivity at the same level of statistical significance. This robustly confirms the conclusion
that the effect of new energy industry agglomeration on green innovation performance

follows a “positive U-shaped” pattern.

Table 5. Robustness and endogenous test results.

inn2 inn
b 2 3 @
L.inn 1.109 ***
(0.029)
agg —0.273 *** —0.062 *** —0.021 **
(0.094) (0.018) (0.010)
agg_2 0.081 *** 0.015 *** 0.007 ***
(0.026) (0.005) (0.002)
inagg —0.179 *
(0.101)
inagg_2 0.221 ***
(0.058)
fdi 4.582 *** —0.382 0.348 0.553
(1.621) (0.328) (0.317) (0.341)
gov 1.293 ** -0.117 —0.228 ** 0.118 *
(0.543) (0.104) (0.107) (0.060)
market 0.057 ** 0.008 0.004 0.004
(0.028) (0.006) (0.005) (0.005)
Infralevel 0.010 ** —0.005 *** —0.005 *** 0.000
(0.004) (0.001) (0.001) (0.000)
ers 4.315 ***
(1.049)
province Yes Yes Yes Yes
year Yes Yes Yes Yes
_cons —0.591 * 0.245 *** 0.331 *** —-0.071
(0.301) (0.068) (0.059) (0.052)
r2 0.169 0.445 0.442
N 330 330 330 210
AR (2)-p 0.595
Hansen test-p 0.686

Fp<0.1,* p<0.05 ** p<0.001.
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5.5.2. Replacing Explanatory Variables

The location entropy is employed in the benchmark model section of this paper, de-
rived from the installed capacity of new energy electricity generation, as the measurement
indicator for new energy industry agglomeration. The capacity of installations for new
energy electricity generation predominantly indicates the agglomeration scenario within
the downstream power generation segment of the new energy industry chain. However,
this does not encompass the upstream extraction segment and the midstream production
and manufacturing segments. Therefore, following the approach proposed by scholar Guo
Liwei [37], This study utilizes data from the general equipment manufacturing industry,
electrical machinery and equipment manufacturing industry as proxy substitutes for new
energy industry data. It chooses the operating revenue of the new energy industry as a mea-
surement indicator to recompute the location entropy of agglomeration in the new energy
industry and validate the robustness of the results. As shown in Table 5 (2), the coefficient
associated with the primary term concerning the clustering of the new energy industry
exhibits a notably negative trend at the 10% significance level, whereas the quadratic term
coefficient demonstrates a significant positive association at the 1% statistical threshold.
Although there are variations in the estimation results after substituting the explanatory
variables, it does not alter the main conclusions. The findings still substantiate the “positive
U-shaped” effect of new energy industry agglomeration on green innovation performance.

5.5.3. Increase Control Variable

Environmental regulations may require companies to boost investment in innovation
and intensify research and development initiatives, thereby effectively encouraging green
innovation. Under the condition of keeping the explanatory variables and the explained
variable constant, this paper conducts a robustness test by introducing environmental
regulations into the control variables. As shown in column (3) of Table 5, the coefficients
pertaining to both the primary and quadratic terms of new energy industry agglomeration
exhibit significance at the 1% statistical level. The coefficients experience only minor
alterations, and their orientations stay in line with the baseline regression, indicating the
stability of the results.

5.5.4. SYS-GMM

The presence of endogeneity issues in the model can lead to biases in empirical
results. The baseline model in the paper utilizes a panel of two-way fixed-effects regression
models. This model helps, to some extent, in addressing endogeneity concerns arising
from factors that remain constant over time and across individuals. However, it does not
resolve endogeneity issues associated with reverse causality. Therefore, this paper opts for
the SYS-GMM approach to test endogeneity. The method utilizes the lagged dependent
variable as an instrument, and the specific outcomes are showcased in column (4) of Table 5.
p-values of the AR(2) and Sargan tests are both insignificant, indicating the absence of
second-order autocorrelation in the model and confirming the effectiveness of the chosen
instrumental variables. The coefficient for previous one-year green innovation performance
is highly significant at the 1% confidence level. This implies that the enhancement in
green innovation performance is a prolonged cumulative process, where past innovation
developments can drive current innovation progress. The coefficients of the main and
quadratic terms of agglomeration in the new energy industry remain compatible and
significant, aligning with the previous results, demonstrating that, after addressing the
endogeneity issue arising from reverse causality, the H1 remains valid.

6. Further Discussion
6.1. Regulatory Effect of Opening Up

Table 6 presents the results of incorporating the openness up as a moderating variable
in the correlation between new energy industrial agglomeration and green innovation
performance. Column (1) presents regression outcomes without incorporating control vari-
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ables, whereas (2) incorporates these variables for a comprehensive analysis. The results
reveal a distinct positive trend, reaching statistical significance at the 1% level, concerning
the coefficient associated with the quadratic term of new energy industry agglomera-
tion and the interaction term involving the degree of openness. This presents that the
openness-up positively moderates the “positive U-shaped” effect of new energy industrial
agglomeration on green innovation performance, thereby validating H2. Compared to the
baseline regression, the coefficients for primary and quadratic terms of new energy indus-
trial agglomeration display a shift in sign, suggesting a reversal in the “positive U-shaped”
relationship between energy industry agglomeration and green innovation performance.
The inflection point, calculated using the formula (—81/2p2), is determined to be 2.397,
signifying a rightward shift of the curve’s inflection point. The transition indicates that
the moderating influence of external openness may counterbalance the adverse effects of
the initial agglomeration of the new energy industry on green innovation performance.
This promotes the efficient improvement in green innovation performance at the regional
level during both the initial and intermediate phases of agglomeration in the new energy
industry. Until the later stages of the new energy agglomeration industry, crowding effects
hinder the development of green innovation.

Table 6. Test results of adjustment function of opening up.

inn
@ @
agg 0.106 *** 0.094 ***
(0.022) (0.023)
agg_2 —0.019 *** —0.020 ***
(0.007) (0.007)
agg x open —0.595 *** —0.645 ***
(0.099) (0.100)
agg_2 X open 0.149 *** 0.185 ***
(0.048) (0.049)
tra 0.075* 0.139 ***
(0.044) (0.044)
Control variable No Yes
province Yes Yes
year Yes Yes
_cons 0.132 *** 0.255 ***
(0.013) (0.055)
r2 0.516 0.564
N 330 330

¥p<0.1,% p<0.05 ** p<0.00l.

6.2. Spatial Spillover Effect

The relationship between the new energy industry’s agglomeration and green innova-
tion performance may exhibit spatial spillover effects. First of all, before conducting spatial
econometric analysis, it is necessary to examine whether there exists a spatial correlation
among the explained variables. This research examines the spatial correlation observed
in green innovation performance. The execution of the Moran I index test was involved
in the analysis of the data on green innovation performance spanning from 2011 to 2021.
This procedure utilized a spatial adjacency weight matrix, and the corresponding findings
have been showcased in Table 7. The results indicate a consistently significant positive
Moran I index, at either the 1% or 5% level, across all years. This signifies a positive
spatial autocorrelation in the green innovation performance among provinces. Secondly,
to select appropriate spatial econometric models, this study conducts LM, LR, and Wald
tests. The results, as shown in Table 8, indicate that the spatial Durbin model is ultimately
employed to examine the spatial effects between new energy industry agglomeration and
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green innovation performance. Lastly, the fixed-effects model is determined for use via the
Hausman test in this study.

Table 7. Moran I index and its test for green innovation performance from 2011 to 2021.

variable 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Moran I 0.199 0.204 0.211 0.211 0.247 0.257 0.198 0.138 0.148 0.155 0.162
Z-value 2.026 2.076 2114 2.102 2427 2.509 2.029 1.551 1.656 1.702 1.763
p-value 0.021 0.019 0.017 0.018 0.008 0.006 0.021 0.06 0.049 0.044 0.039

Table 8. Model type test results.

LM-error test 9.56 ***
Robust LM-error test 9.35 ***
LM test
LM-lag test 16.695 ***
Robust LM-lag test 16.485 ***
LR Test (SAR) 117.17 ***
LR test
LR Test (SEM) 118.29 ***
Wald Test (SAR) 140.39 ***
Wald test
Wald Test(SEM) 137.74 ***

¥p<0.1,% p<0.05 ** p<0.00l.

The regression analysis results of the spatial Durbin model are presented in Table 9,
where columns (1), (2), and (3), respectively, depict the outcomes of individual-fixed, time-
fixed, and double-fixed effects. According to the results, among the three fixed-effects
models, the spatial autoregressive coefficient for individual fixed effects demonstrates a
significant positive trend at the 1% level, and the goodness of fit pertaining to individual
fixed effects attains the highest level. Therefore, this investigation chooses the model with
individual fixed effects as the primary analytical focus. The results obtained from the
fixed-effects model regression reveal a notably negative coefficient for the primary term
associated with new energy industry agglomeration, accompanied by a notably positive
coefficient for the second-order term. This confirms the “inverted U-shaped” effect of
new energy industry agglomeration on local green innovation performance, providing
further validation for Hypothesis H1. The coefficient for the spatial interaction term
in the first-order term of new energy industry agglomeration shows a notably positive
trend. Conversely, the spatial interaction term coefficient in the second-order term exhibits
a significant negative trend. This suggests that the effection of new energy industry
agglomeration on the green innovation performance of neighboring regions Adheres to an
“inverted U-shaped” pattern.

To comprehensively and systematically investigate the spatial effects of new energy
industry agglomeration, this study employs partial differentiation to decompose the overall
spatial effect into direct and indirect effects. The outcomes are showcased in Table 10. Both
the direct and indirect regression coefficients for the first and second-order terms of new
energy industry agglomeration successfully pass significance tests at the 1% level. However,
the directions of the coefficients for direct and indirect effects are opposite. This implies
that the impact of agglomeration in the new energy industry follows a “positive U-shaped”
pattern on local green innovation performance while simultaneously demonstrating an
“inverted U-shaped” spatial spillover effect on neighboring regions, confirming H3. This
suggests that during the phase where positive externalities from new energy industry
agglomeration have not yet materialized, profit-driven capital tends to facilitate the outflow
of innovation resources from the region, thereby promoting green innovation development
in neighboring areas. As the scope of agglomeration in the new energy industry increases
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and the operational mechanism of the industry becomes more intricate, a “siphon effect” on
innovation resources in neighboring areas will emerge, thereby inhibiting green innovation
performance in these adjacent regions.

Table 9. Spatial effect regression result.

inn
1) (2) 3)
Individual Fixed Time Fixed Individual and Time Fixed
agg —0.115 *** 0.134 *** —0.124 ***
(0.017) (0.023) (0.017)
agg. 2 0.025 *** —0.029 *** 0.027 ***
(0.004) (0.007) (0.004)
Control variable Yes Yes Yes
W x agg 0.222 *** —0.148 *** 0.197 ***
(0.026) (0.041) (0.033)
W x agg_2 —0.035 *** 0.042 *** —0.033 ***
(0.008) (0.013) (0.009)
W x Control variable Yes Yes Yes
province Yes No Yes
year No Yes Yes
rho 0.275 *** 0.048 0.115 **
(0.047) (0.069) (0.054)
Variance sigma2_e 0.001 *** 0.007 *** 0.001 ***
0.000 (0.001) 0.000
N 330 330 330
r2 0.495 0.099 0.011
*p<0.1,% p <0.05,** p < 0.001.
Table 10. Findings regarding the direct, indirect, and overall effects estimation.
Variable Direct Effect Indirect Effect Total Effect
agg —0.101 *** 0.249 *** 0.148 ***
(0.017) (0.036) (0.042)
agg 2 0.023 *** —0.037 *** —0.014
(0.005) (0.010) (0.012)
Control variable Yes Yes Yes

*p<0.1,*p<0.05,***p <0.001.

7. Conclusions and Policy Implications
7.1. Conclusions

According to panel data spanning from 2011 to 2021, encompassing 30 provinces
in China, the fixed-effects model is employed in this study to investigate the non-linear
correlation between new energy industry clustering and green innovation performance.
Additionally, this study explores and discusses the moderating factors and spatial effects
between the two. The principal conclusions are as below: first, the calculation and analysis
of indicators for new energy sector agglomeration and green innovation performance
reveal pronounced regional variations in China’s new energy industry. The western region
demonstrates the highest agglomeration level, while the nationwide scenario witnesses
simultaneous enhancement and recession of new energy industry agglomeration. China’s
overall green innovation performance is steadily improving, showing a stepwise distribu-
tion of “East-Middle-West”. Secondly, A nonlinear correlation is evident between China’s
new energy sector clustering and the performance of green innovation, displaying a “posi-
tive U-shaped” pattern. Furthermore, significant regional variations are observed in this
non-linear relationship, with the majority of Chinese provinces yet to surpass the inflection
point of the “positive U-shaped” relationship. Thirdly, foreign openness moderates the
“positive U-shaped” connection between new energy sector clustering and green innovation
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performance via the “imitation learning effect” and “competitive effect”. This moderating
effect can counterbalance the adverse influence of the early phase of new energy industry
agglomeration on green innovation performance. Fourthly, the effection of agglomeration
in the new energy industry on the performance of green innovation demonstrates spa-
tial spill-over effects. At the onset of new energy industry agglomeration, the outward
movement of local resources, including capital and talent, had beneficial effects on green
innovation performance in adjacent areas. However, as new energy industry agglomeration
reaches a higher level, the inhibition of green innovation in adjacent areas occurs because
of technological monopoly effects and suction effects.

7.2. Policy Implications

To further leverage the positive externalities stemming from the agglomeration of the
new energy sector, boost local green innovation, and achieve the high-quality development
goal of coordinated, green development among regions, the following recommendations
are proposed:

(1)  Strengthen the role of policy in guiding and supervising new energy industry develop-
ment. Local governments should take into account various factors such as industrial
development foundation, economic status, endowment advantages, and technological
conditions to rationally guide and plan industrial layout, maximizing the positive
externalities of industrial agglomeration. In regions with lower levels of new energy
industry agglomeration, tailor-made approaches should be adopted to develop new
energy industry clusters with regional characteristics. In regions with higher levels of
new energy industry agglomeration, it is essential to manage their scale judiciously
to prevent overcrowding resulting from indiscriminate development. Additionally,
while the government attracts new energy industry agglomeration via various pref-
erential measures, it is imperative to establish rigorous evaluation mechanisms and
regulatory platforms to accurately identify enterprises in urgent need of support. This
helps to prevent false agglomeration resulting from “policy rent-seeking” behavior
by companies.

(2) Strengthen collaboration within each region’s new energy industry, promote the for-
mation of a national green innovation network for new energy technologies, and
actively break down interregional technological monopolies and market barriers.
The new energy industry, being knowledge-intensive, may exhibit monopolistic ten-
dencies in technology and resources, which are not conducive to the coordinated
advancement of green innovation performance across regions. On one hand, establish-
ing interregional green innovation alliances within the new energy industry can foster
a network of green technology innovation, facilitating information sharing and tech-
nological exchange among regions. On the other hand, establishing robust incentive
and management systems, such as comprehensive innovation reward mechanisms
and intellectual property protection mechanisms, is essential. These measures aim to
eliminate institutional barriers that impede the flow of innovation factors between
regions, thereby fostering a conducive external environment for the interregional
mobility of innovation factors. Via interregional knowledge spillover exchanges and
interactions, achieving common progress in the green innovation performance of each
region will enhance the overall green innovation performance of the country.

(3) Deepen external openness and optimize the innovation environment. Firstly, broaden-
ing the domestic and international spatial pattern of openness, seizing the opportuni-
ties presented by the “Belt and Road” initiative and the establishment of high-quality
free trade zones, and constructing a global network for external openness, especially
in the relatively less open regions like the northwest. Secondly, the proportion of high-
tech and high-quality product imports should be increased to enhance the quality of
technology transfer, fully harnessing the technology spillover effects brought about
by import trade and strengthening the absorption and re-creation of green innovation
elements by enterprises.
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7.3. Research Limitations

This study has unavoidable limitations. Firstly, the scope of this paper is limited
to China, and its findings are only applicable to countries with development levels and
patterns similar to those of China. Secondly, due to limitations in data accessibility, this
paper utilizes provincial panel data. Future statistical analyses on new energy industry data
extended to prefecture-level cities would enable a more precise exploration of the impact
of green innovation on new energy industry clustering. Finally, this study treats green
innovation activities as a whole, overlooking their stage differences. Variations may exist
in the impact of new energy industry clustering on the R&D performance and outcome
transformation of green innovation. Hence, further research is warranted to investigate
their relationship from the perspective of the two-stage value chain.
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