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As China's economy has transitioned, the energy industry has developed rapidly.
The government is promoting a revolution in energy production and consumption
and building a green, low-carbon, safe and efficient energy system. The high-
quality development of green energy has become an essential part of high-quality
economic development. This paper constructs a high-quality green energy
development indicator system from three aspects: green energy production,
green energy output and pollution output. Then, the entropy weight method is
used to measure the high-quality development level of inter-provincial green
energy in China from 2010 to 2018. Moreover, the characteristics of regional
differences and time evolution are deeply analyzed. Based on this, the impact of
sports industry agglomeration on the high-quality development of green energy is
verified. The results show that the aggregation of the sports industry can increase
the level of high-quality development of green energy, and different regions have
heterogeneous characteristics. Finally, based on the research conclusions, this
paper puts forward some policy recommendations for promoting high-quality
energy development in China.
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1 Introduction

The process of human society development is also a process of energy improvement
and replacement. The dynamics of economic growth, production and lifestyle, and the
direction of scientific and technological development are also undergoing profound
changes. The development and utilization of energy have extensively promoted the
development of the world economy and human society. China has become essential to
the world’s energy production and consumption. China is playing an active role in
maintaining world energy security and promoting the development of green energy.
With the acceleration of modernization, more attention has been paid to a series of
environmental and ecological issues, such as global warming. The development and
utilization of energy are closely related to environmental issues. Extensive use of energy
will bring a series of environmental problems. The basis of economic development is
energy consumption. The production and business activities of the primary and tertiary
industries consume a lot of energy. Energy is also indispensable to people’s life, food,
clothing, housing and transportation. Only by improving energy utilization and
developing green energy can we protect the environment based on ensuring healthy
and rapid economic development. In the energy field, a series of factors, such as the
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FIGURE 1

Total urban natural gas supply and number of natural gas users in China, 2001-2019. Data source: The data in the figure is calculated according to
the China Energy Statistical Yearbook (2001-2019). The author uses the office software excel (one of the Office components in the Office software

package developed by Microsoft in United States) to draw.

world’s new energy revolution, the global energy transition,
COVID-19 and the conflict between Russia and Ukraine, have
profoundly affected the world energy market and international
energy geopolitics. Therefore, governments in various countries
are actively promoting energy transformation and building a
green and low-carbon new economic model. At the same time,
vigorously develop new energy and high-tech industries and help
optimize and upgrade the energy structure with financial
technology (Feng, 2022). After the reform and opening up,
China has experienced a period of “focusing on development
and neglecting environmental protection” (Li, 2021). However,
after entering the 21st century, the concept of sustainable
development has gradually deepened. The Chinese government
has proposed a “five-sphere integrated” overall strategic layout in
the report of the 18th National Congress. It refers to “economic
construction, political construction, cultural construction, social
construction and ecological civilization construction in an all-
round way,” For the first time, China has included the
construction of ecological civilization in its overall national
layout. China is in a critical period of economic
transformation, and the quality of green energy development
is the core of this transformation. Energy supply-side reform,
green technology innovation and energy structure adjustment
and optimization can effectively promote the high-quality
development of green energy.

Green energy, which means clean energy, refers to the energy
that does not emit pollutants and can be directly used for production
and life. It includes nuclear, natural gas and renewable energy. As
unique ore energy, natural gas has the characteristics of low
development cost and high energy utilization rate. In China’s
economic transformation, the consumption of urban natural gas
has been increasing. According to the data published in the China

Energy Statistics Yearbook, we calculate and get Figure 1. Figure 1
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FIGURE 2

China’s energy structure in 2020. Data source: The data in the
figure is calculated according to the China Energy Statistical Yearbook
(2001-2019). The author uses the office software excel (one of the
Office components in the Office software package developed by
Microsoft in United States) to draw.

shows the total supply of natural gas and the number of natural gas
users in Chinese cities from 2001 to 2019. It can be seen that only
3,240 million people used natural gas in 2001. The number of people
using natural gas has reached 39,025 million by 2019, an increase of
11 times. The supply of urban natural gas exceeded 1,60 billion cubic
meters in 2019.
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China’s energy structure is relatively particular, showing the
characteristics of coal-dominated, diversified development
constrained by the self-sufficiency rate. Coal still accounted for
58% of China’s primary energy in 2008, while oil and natural gas
only accounted for 20% and 7%, respectively. From the global
average level, the proportion of oil, natural gas and coal are
relatively balanced, at 34%, 24%, and 27%, respectively.
According to the data disclosed in BP World Energy Statistics
Review: 2021, China is more dependent on coal, while the
United States and the European Union are more dependent on
oil and natural gas for fossil energy. Figure 2 shows China’s energy
structure in 2020. China’s green energy is dominated by hydropower
and natural gas. In 2020, China’s hydropower accounted for about
8%, and natural gas accounted for 10%. China’s share of nuclear
energy was only 2%, significantly lower than that of the United States
and the European Union (8% and 11%, respectively).

In China’s economic development, there is an evident
phenomenon of industrial agglomeration. However, the industrial
agglomeration of the primary and secondary industries has not
effectively promoted the green development of energy. It is because a
large amount of fossil energy is consumed in the process of
agglomeration of the primary and secondary industries, and the
development of green energy cannot meet the expansion of the
production scale of the primary and secondary industries. The rapid
economic growth is accompanied by the surge in energy
consumption and the increasingly severe environmental problems
caused by the industrial process. The Chinese government has raised
the issue of economic transformation since the beginning of the
Ninth Five-Year Plan. Specifically, economic transformation is the
renewal of the economic system and the transformation of economic
growth mode. It is also the upgrading of the economic structure and
the replacement of pillar industries. It is also a process from
quantitative to qualitative change in the national economic
2013). After the
government proposed economic transformation, the tertiary
2021).
energy use perspective, factors such as technology spillover and

system and structure (Hong, Chinese

industry accelerated agglomeration (Ding, From the
industrial upgrading in the tertiary industry agglomeration process
can improve the region’s energy efficiency. Under the adjustment of
the market mechanism, the optimal allocation of resources can be
achieved, and the high-quality development of green energy can be
promoted. In order to demonstrate the relationship between the
agglomeration degree of China’s provincial sports industry and the
high-quality development of green energy, this paper first selects the
sports industry in the third industry as the research object. Secondly,
this paper establishes an indicator system to measure the high-
quality development level of green energy, and analyzes the
problems and improvement paths of green energy development
in China. Finally, based on this, study the impact of sports industry
agglomeration on the high-quality development of green energy.
This paper is organized as follows: Section 2 summarizes
relevant literature on green energy development and industrial
agglomeration. Section 3 constructs an indicator system for high-
quality green energy development. And using 2010-2018 panel data
in China to calculate with the entropy weight method. Section 4 sets
aregression model, gives variable descriptions and data sources, and
empirically analyzes the impact of sports industry aggregation on
the high-quality development of green energy in China; Section 5
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introduces the conclusions policy recommendations and future
research prospects of this paper.

2 Literature review and research
hypothesis

2.1 Literature review
1 High-quality development of green energy

High-quality development of energy refers to the process of energy
optimization that is conducive to social and economic development,
such as the improvement of energy supply guarantee capacity, the
optimization of production and consumption structure, the
improvement of energy utilization efficiency, and the reduction of
pollution caused by energy use. Among them, the production and use of
green energy is particularly critical. Therefore, the development of green
energy is the focus of current research in environmental economics.
Scholars have conducted many theoretical and empirical in-depth
studies on energy structure transformation (Tahvonen and Salo,
2001; Sadorsky, 2009; Marques and Fuinhas, 2012; Lin, 2017), green
energy efficiency evaluation and influencing factors (Harrod and
Denison, 1969; Henderson, 1974; Maddison, 1987; Cheng et al.,
2017). Scholars have different evaluation angles and evaluation
methods for developing green energy. (Ilbahar et al, 2019).
summarizes the commonly used multi-attribute decision-making
methods for the renewable energy system. It includes Analytic
(AHP), Analytic Network Process (ANP)
Technique for Order Preference by Similarity to an Ideal Solution
(TOPSIS) and so on. (Qian et al, 2021). used the fuzzy analytic
hierarchy process, anti-entropy weight method and multi-objective

Hierarchy Process

decision-making method of game theory to calculate the index
weight of power energy. Other scholars use the input-output
function to study the elasticity of substitution between green energy
and non-green energy. It mainly discusses the impact of productivity
changes on the energy structure (Van der Werf, 2008; Sancho, 2010;
Zha and Zhou, 2014). (Jian and Tang, 2020) used the entropy weight
method to measure the high-quality development level of green energy
in China in 2017, and deeply analyzed the differences between regions.
(Yan and Qifeng, 2022). used the projection pursuit evaluation model to
measure the high-quality energy development level of each province in
China from 2010 to 2017. They analyzed the time series evolution of the
high-quality energy development level.

Actively developing clean energy can meet the increasing energy
demand and reduce the large amount of carbon dioxide emissions
caused by the use of fossil energy. Moreover, it can also optimize the
industrial structure and achieve sustainable economic growth.
Therefore, research on the impact of green energy development
mainly focuses on two directions. First, green energy can suppress
carbon emissions. This inhibitory effect is not unidirectional. The
research of some scholars has found that the reduction of carbon
emissions will also manifest the phenomenon of industrial structure
adjustment and industrial agglomeration, thereby improving the
development of green energy and reducing the use of re-burning
fossil energy (Dogan and Seker, 2016; Zoundi, 2017). However,
(Kahia et al., 2016), came to the opposite conclusion. He used panel
data to empirically test that green energy does not play a significant
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role in carbon emission reduction. (Xu et al., 2019). believed that the
relationship between the two is non-linear. In different development
stages, the impact of clean energy development on carbon dioxide
emissions in the three major regions of China is significantly
different. Second, the role of green energy development on
economic development. Some scholars believe that developing
green energy can effectively promote economic growth in the
long run (Bhattacharya et al., 2016; Inglesi-Lotz, 2016; Kogak and
Sarkgiinesi, 2017). (Apergis and Payne, 2012) used the panel data
from 80 countries as the research object and corrected the error of
the model. Research shows that energy consumption has promoted
economic growth. This paper use the same model to verify the
relationship between green energy development and economic
growth in different countries. The results show that there are
great differences among different countries (Destek and Aslan,
2017). Some scholars have also verified the two-way causal
relationship between green energy development and economic
growth. Economic development will also drive the production
and consumption of green energy (Pao et al.,, 2014; Kahia et al,
2017). (Wang, 2020) used China’s panel data from 2000 to 2018 to
verify that the contribution rate of China’s green energy use to
economic growth showed an inverted U-shaped trend that first
increased and then decreased.

2 The impact of industrial agglomeration on the development of
green energy

The energy structure has become a significant factor restricting
the sustainable development of the economy. Green energy replaces
non-clean energy in the general trend of energy development. The
development of green energy has received more and more attention
from academic circles. The discussion mainly focuses on the impact
of factors such as structural adjustment (Farla and Blok, 20005
Freire-Gonzdlez et al., 2017), technological progress (Chen et al.,
2013), economic development level (Managi and Ranjan Jena, 2008),
openness (Chen et al,, 2017), and environmental regulation intensity
on green energy (Porter and Van der Linde, 1995). Industrial
agglomeration refers to a process in which an industry is highly
concentrated in a specific geographical area, and industrial capital
elements are constantly converging in a spatial scope. Marshall
began to pay attention to the economic phenomenon of industrial
agglomeration in 1890. After Marshall, the theory of industrial
agglomeration has developed greatly and formed a complete
theoretical system. Among them, the research on economic
growth is the most. Industrial agglomeration is closely related to
the development of green energy. With the deepening of industrial
agglomeration, some scholars have begun to study the impact of
industrial agglomeration on the development of green energy, but
no unified conclusion has been reached.

The first point of view is that industrial agglomeration increases
the consumption of unclean mineral energy, deteriorates the energy
structure, and reduces the speed of green energy development
(Verhoef and Peter, 2002; Zhang and Wang, 2014). Since the
fundamental reason for industrial agglomeration is externality
(MARSHALL,
agglomeration of the industry depends mainly on the external

1920) research proves that the geographical

economy it produces. Including technology spillovers, skilled
labour markets and specialized service intermediate industries. It
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will lead to over-exploitation of land and energy, resulting in
increased pollution and squeezing the development space of
green energy (Virkanen, 1998; Ren et al., 2003). (Andersson and
Loof, 2011) have proved that although industrial agglomeration can
improve production efficiency, it can also lead to a decline in
environmental quality and negatively impact green development.
The second point of view is: Industrial agglomeration can
improve energy utilization efficiency, promote green energy to
replace non-clean energy, and thus promote green energy
development (Zeng and Zhao, 2009; Copeland and Scott Taylor,
2013).
agglomeration will reduce the marginal cost of green technology

Technology spillovers brought about by industrial
innovation. (Cingano and Schivardi, 2004). found that industrial
agglomeration positively impacts green development by analyzing
enterprise-level micro-data. (Qu and Hu, 2019). believe industrial
aggregation can bring economies of scale. It is easier for enterprises
in aggregation to achieve green development through mutual
resource assistance and knowledge sharing.

The third viewpoint: There is a non-linear relationship between
industrial agglomeration and green and high-quality development.
Different countries and different stages of industrialization have
other influence relationships (He, 2006; Li, 2014). (Jiang et al., 2022)
used the urban panel data of 268 prefecture-level cities in China
from 2004 to 2017 to verify the regulatory mechanism and threshold
effect of government development expenditure in the process of
industrial agglomeration affecting energy efficiency from both
theoretical and empirical perspectives.

3 Sports industry and high-quality development of energy

The sports industry is recognized as a green industry. Promoting
the optimization of the sports industry structure is conducive to
promoting the agglomeration. At the same time, it can better
practice green development and promote the construction of
ecological civilization (Jain, 2016). The research of (Ren and
Huang, 2022) shows that the promotion of sports industry
agglomeration on the high-quality development of energy under
the “double carbon” goal is mainly reflected in three aspects. At the
macro level, it is beneficial to integrate into the construction of
ecological civilization actively. At the medium level, it is conducive
to promoting the low-carbon transformation and development of
the sports industry. At the micro level, it is conducive to promoting
the low-carbon development of sports consumption. At the same
time, the agglomeration of the sports construction and goods
manufacturing industries is an essential part of the low-carbon
transformation and development of the sports industry (Lu and
Zhang, 2011).

To sum up, previous literature has formed a relatively complete
system in terms of high-quality development of green energy, the
impact of industrial agglomeration on green energy, sports
industrial agglomeration and economic growth. Especially, the
research on the coupling and coordinated development of sports
industry agglomeration and regional economic growth is more
comprehensive and in-depth. However, the impact of sports
industry agglomeration on energy development is ignored. At the
same time, the measurement of the development quality of green
energy is not comprehensive and rigorous, and the heterogeneity of
the impact of sports industry agglomeration on the development of
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green energy is not demonstrated. Based on the previous research
results, this paper deeply discusses the impact of sports industry
agglomeration on the high-quality development of green energy.
The main marginal contributions are as follows: First, a high-quality
development index system for green energy is constructed from
three levels of green energy input, green energy output and pollution
output. The entropy weight method is used to measure the high
quality development level of China’s provincial energy, and the
results are analyzed. Secondly, this paper empirically tested the
relationship between sports industry agglomeration and the quality
of green energy development in China by using provincial panel data
from 2010 to 2018, and discussed its heterogeneity.

2.2 Research hypothesis

The Production function refers to the relationship between the
quantity of various production factors used in production and the
maximum output that can be produced within a certain time under
the condition that the technical level remains unchanged. Since this
paper studies the impact of sports industry agglomeration on the
high-quality energy development, the manufacturer production
function is constructed first, as shown in Eq. 1.

Q= f(K,E)=KE"™ (1

Where « is the elasticity coefficient, and K is the capital investment.
The degree of sports industry agglomeration is positively related to
capital investment. Therefore, we can get 0Q/0K >0. E is the
investment made by manufacturers to improve energy efficiency.
The quality of energy development is directly proportional to energy
investment. In the short term, the funds of manufacturers are
limited. There is a contradiction between the investment in
improving energy efficiency and the investment in enhancing
production efficiency. The increase in production capacity
brought by the improvement of energy efficiency has a lag.
Therefore, in the short term, energy efficiency investment is
negatively correlated with output efficiency, that is, 0Q/0K <O0.
But the agglomeration of the sports industry has positive
externalities. It is assumed that under the agglomeration effect,
all manufacturers in the sports industry spend less on equipment
than P =G*K without
agglomeration effect. Where, u is the production -elasticity

purchase equipment investment
coefficient of fixed assets. The fixed investment degree of
manufacturers reduced by the sports industry agglomeration is y.
At this time, the fixed investment of manufacturers in the sports
industry is P.=y.G*K.The energy input required by the
manufacturer for production is C = f.E®K.Where @ is the
elasticity coefficient of energy consumption, f is the impact of
sports industry agglomeration on energy input, and 0<f<1.
Taking the degree of sports industry agglomeration into the
short-term production function of manufacturers, the short-term
profit function of manufacturers can be obtained as shown in
Formula (2).

n=KE"™-y.G¥*K-BE°K ()

Formula (3) can be obtained by calculating the partial derivative
of energy investment in Formula (2).
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Sp= o KGE“+a-p K EC 3)

Let Equation 3 be equal to zero, and the best investment in
energy efficiency can be calculated as shown in Equation 4:

. ‘x.ﬁ'Kafl ﬁ
E-[im ] @)

It can be seen from Formula (4) that whether the optimal energy
investment efficiency is achieved depends on the production
elasticity coefficient «, capital investment amount and fixed
capital production elasticity coefficient @, as well as the impact of
sports industry agglomeration on energy investment. In fact, in the
production process of the sports industry, it is difficult to change the
investment in fixed assets. If the agglomeration conditions do not
change significantly, the production elasticity coefficient will not
change. So, with other factors unchanged, one of the main factors
affecting the high-quality development of energy is the degree of
sports industry agglomeration. Based on this, this paper proposes
two research hypothesis:

Hypothesis 1. The improvement of sports industry agglomeration
can promote the high-quality development of energy.

The sports industry gathering enables the essential innovation
achievements to be transformed and implemented in enterprises,
industrial parks, science parks and other incubation bases, put into
production and application, and obtain more profits to support
more technological research and development and innovation. At
the same time, the government in economically developed regions
encourages enterprises to conductive research development and
innovation of green energy. It can make large-scale investments
in the sports industry, promoting enterprises to make breakthroughs
in critical areas and core technologies. China’s economic
development presents an unbalanced trend, so it is also necessary
to integrate the sports industry chain in the east and the middle and
west to form industrial clusters and promote the coordinated
development of the regional green economy. However, this
imbalance may lead to different effects of the scale of sports
industry agglomeration in different regions on the high-quality
Based on this, the research

energy development. second

hypothesis is proposed.

Hypothesis 2. The agglomeration degree of the sports industry in
developed regions plays a more significant role in promoting a high-
quality development level of energy than in the undeveloped areas.

3 Measurement of the high-quality
development level of green energy

3.1 Establish an indicator system for the
high-quality development of green energy

There are few indicators to measure the high-quality
development of green energy, and the previous literature has
focused on one aspect. However, its measurement involves all
aspects of energy production and use. This requires not only
considering the production and consumption of green energy but
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TABLE 1 Indicator system of high-quality development level of green energy.

Level | indicators Secondary

indicators

Third level indicators

10.3389/fenvs.2023.1109072

Indicator
attribute

Indicator measurement method

The high-quality development level of
green energy

Green energy
production

Elastic coefficient of green energy
production (X1)

Green energy production growth rate/GDP  Positive indicators

growth rate

The proportion of green energy
production (X2)

Energy efficiency (X3)

Green energy input Elastic coefficient of green energy

consumption (X4)

Green energy production/total energy
production

GDP/10000 tons of standard coal

Green energy consumption growth rate/
GDP growth rate

Positive indicators

Positive indicators

Positive indicators

The proportion of green energy
consumption (X5)

Green energy consumption/total energy
consumption

Positive indicators

The proportion of energy industry

Investment in the energy industry/GDP

Positive indicators

investment (X6)

Pollution output

also grasping the development trend of green energy. Therefore, this
paper starts from the new development concept, based on the
current characteristics of China’s economic development and
green energy consumption, and constructs the measurement
index system of high-quality green energy development from
three levels of green energy production, green energy input and
pollution output. Considering the connotation, status and
availability of indicator data of the three secondary indicators,
the indicator system is constructed as shown in Table 1.

The indicators of green energy production reflect the
development speed and scale of green energy production, as
well as the energy use efficiency under the current scientific
and technological levels and economic levels. The indicators of
green energy investment reflect the situation and characteristics
of green energy consumption, and also reflect the local capacity
and importance of energy investment. Pollution output
indicators reflect the degree of pollution caused by non-green
energy, which
development of green energy.

are negative indicators of high-quality

3.2 Measurement methods and data sources
1 Measurement method

There is a difference between subjective empowerment and
objective empowerment. The entropy weight method can determine
the weight coefficient according to the different information content of
the indicator and reduce human subjective interference. Therefore, this
paper uses the entropy weight method to calculate the high-quality
development level of green energy in different regions of China. The
specific methods are as follows:

Frontiers in Environmental Science 06

Industrial wastewater discharge per
unit GDP (X7)

Industrial waste gas emission per unit
GDP (X8)

Industrial solid emissions per unit
GDP (X9)

Industrial wastewater discharge/GDP Negative indicator

Industrial waste gas emission/GDP

Negative indicator

Industrial solid emissions/GDP Negative indicator

Before formal measurement, it is necessary to normalize the
positive and negative indicators in the indicator system. This paper
refers to the practice of Zhao et al. (2018) for the specific process.
Formula (5) is used for positive indicators, and Formula (6) is used
for negative indicators.

X j — min {xj}

ii = max {x]} — min {xj} ©)

max {x]} - X,',]‘

(6)

= max {x]} — min {xj}
Wherein, max x,-,j} is the maximum value of the indicator in all
years, and min {x j} is the minimum value of indicators in all years.
x;,j is the result of dimensionless processing with the range method
to eliminate the inconsistency of different measurement indicators
in the order of magnitude. And then, calculate the weight of the
index j in the year 7, and express it as w, ;.

Wij = 7)
! PIEY
Define the information entropy of the indicator, then: e;
1 om
ej = _Mzizlwi‘j x ln wi,j (8)
Calculate information entropy redundancy: d;
d i= l1-e j (9)

Wherein, m is the evaluation year, and the index weight is calculated
according to the information entropy redundancy ¢;:

(10)
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TABLE 2 Measurement results of High-Quality development level of green energy in different regions from 2010 to 2018.

2012 2014 2015
Beijing 0.0949 0.1028 0.1101 0.1382 0.1535 0.1953 0.5446 0.2917 0.3866
Tianjin 0.0550 0.0522 0.0551 0.0639 0.0652 0.0685 0.0773 0.0849 0.1088
Hebei 0.0341 0.0309 0.0318 0.0386 0.0381 0.0391 0.0478 0.0526 0.0734
Shanxi 0.0613 0.0641 0.0671 0.0667 0.0652 0.0724 0.0656 0.0486 0.0597
Inner Mongolia 0.0725 0.0599 0.0615 0.0746 0.0756 0.0677 0.0765 0.1043 0.0807
Liaoning 0.0421 0.0345 0.0374 0.0464 0.0371 0.0357 0.0325 0.0360 0.0404
Jilin 0.1073 0.0703 0.0815 0.1115 0.0582 0.0660 0.0868 0.0904 0.1280
Heilongjiang 0.0500 0.0452 0.0458 0.0501 0.0401 0.0433 0.0494 0.0659 0.1061
Shanghai 0.0546 0.0527 0.0555 0.0584 0.0584 0.0666 0.3870 0.4701 0.4372
Jiangsu 0.0527 0.0502 0.0588 0.0608 0.0605 0.0654 0.0739 0.0845 0.0948
Zhejiang 0.1225 0.1357 0.1124 0.1555 0.1600 0.1284 0.1051 0.1344 0.1347
Anhui 0.0540 0.0518 0.0580 0.0714 0.0492 0.0531 0.0602 0.0649 0.0706
Fujian 0.1130 0.0941 0.1082 0.1113 0.1302 0.1308 0.1108 0.1060 0.1447
Jiangxi 0.1342 0.0994 0.1256 0.1364 0.0745 0.0923 0.1136 0.1180 0.1148
Shandong 0.0365 0.0334 0.0359 0.0444 0.0455 0.0514 0.0584 0.0612 0.0631
Henan 0.0585 0.0646 0.0750 0.0713 0.0471 0.0563 0.0614 0.0675 0.0748
Hubei 0.1017 0.0903 0.0711 0.0992 0.0840 0.0914 0.1059 0.1190 0.1309
Hunan 0.0789 0.0669 0.0773 0.0745 0.1158 0.0985 0.1182 0.0882 0.0911
Guangdong 0.1478 0.1496 0.1571 0.1565 0.1630 0.1688 0.1705 0.1659 0.2965
Guangxi 0.1068 0.0723 0.0754 0.1011 0.0959 0.0811 0.1076 0.1098 0.1154
Hainan 0.0780 0.0779 0.0870 0.1078 0.1035 0.1453 0.1019 0.1303 0.1269
Chonggqing 0.0747 0.0733 0.1016 0.0911 0.1022 0.1163 0.1069 0.0998 0.1003
Sichuan 0.0871 0.0913 0.0982 0.1120 0.1008 0.0842 0.0896 0.1032 0.1212
Guizhou 0.0977 0.0969 0.1015 0.0923 0.0739 0.0885 0.1069 0.1360 0.1163
Yunnan 0.1020 0.1074 0.0896 0.0993 0.0870 0.0945 0.0953 0.1046 0.1563
Shaanxi 0.0999 0.1014 0.0982 0.1134 0.0694 0.0700 0.0752 0.0788 0.0844
Gansu 0.1067 0.0906 0.1038 0.1129 0.1249 0.1163 0.1088 0.1123 0.1312
Qinghai 0.1049 0.1071 0.1136 0.1217 0.1193 0.1348 0.1369 0.1354 0.1302
Ningxia 0.1046 0.1109 0.0951 0.0865 0.0888 0.1010 0.0866 0.0724 0.0715
Xinjiang 0.1247 0.1235 0.1351 0.1576 0.1198 0.1720 0.1066 0.1009 0.0926

Note: The author obtained the results using stata 14.0, which is Developed by American Computer Resource Center. The following is the same.

Based on the indicator x;; and weight ¢;, the high-quality
development level of green energy is calculated. The calculation
formula is shown in Eq. 11.

(11)

GE,-)j = Zj:l('oj X w,-,j
Wherein GE;; express the i Province, in the j year of high-quality
development level of green energy, Between 0 — 1. The higher the
indicator score, the higher the regional green energy development level.
On the contrary, the lower the regional green energy development level.
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(2) Data sources and processing

The data for measuring the level of high-quality green development
in China’s sub-regions are from the China Statistical Yearbook
(2010-2018) and the Statistical Yearbooks of each province (city).
Among them, the growth rate of green energy production, green
energy production, total energy production, 10,000 tons of standard
coal, green energy consumption growth rate, green energy
consumption, total energy consumption, and energy industry
investment from the China Energy Statistical Yearbook (2010-2018).
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Specifically, green energy includes nuclear energy, natural gas and
renewable energy. Renewable energy refers to the energy that can be
regenerated from raw materials. Specifically, it includes hydropower,
wind power, solar energy, bioenergy (biogas), geothermal energy
(including ground source and water source) and ocean tide energy.
The use of wind power, solar energy, bioenergy, geothermal energy and
ocean tide energy is relatively limited. Using wind and solar energy
requires high costs and a more suitable climate. The current scientific
and technical development level limits the use of geothermal energy and
ocean tidal energy, and the utilization rate is low. China’s large-scale use
of green energy is hydropower and natural gas. Therefore, this paper
uses the production and consumption of natural gas and hydropower to
calculate the production and consumption of green energy.

The indicator system of high-quality development of green
energy has been established, and the calculation method has been
given. The core data is the production and consumption of green
energy by region. However, incomplete statistics and untimely data
releases are standard in some areas. The statistical calibre of Hong
Kong, Macao and Taiwan is inconsistent with that of other regions,
resulting in the rationality of the data. Therefore, this paper excludes
the data from Tibet Autonomous Region, Hong Kong Special
Administrative Region, Macao Special Administrative Region and
Taiwan and obtains panel data from 30 provinces from 2010 to 2018.

3.3 Analysis of measurement results
1 time evolution characteristics

Based on the indicator system of high-quality green energy
development, this section uses the data of China from 2010 to
2018 to calculate the level of high-quality green energy development
in different regions by entropy weight method. The results are
shown in Table 2.

From Table 2, the measurement results show that the overall
development level of high-quality green energy in China is on the
rise. The concentration of the sports industry in most provinces in
2018 is higher than in 2011. The five regions with the most significant
growth were Shanghai, Beijing, Hebei, Heilongjiang and Guangdong,
with growth rates of 700.73%, 307.38%, 115.25%, 112.20%, and
100.61%, respectively. China paid late attention to green energy.
After 2010, economically developed provinces gradually began to
increase green energy investment, adjust energy structure, and
encourage green energy production and consumption. Therefore, the
quality of green energy development in these regions is growing rapidly.
The five regions with the low growth rate of high-quality green energy
development are Liaoning, Jiangxi, Shaanxi, Xinjiang and Ningxia. Less
developed regions rely more on coal, oil and other non-green energy to
promote economic growth. However, green energy production needs to
invest a lot of money and technology in the early stage, so the quality of
green energy development in these regions has declined rather than
increased.

Specifically, the high-quality development level of green energy
in different regions of China from 2011 to 2018 shows two
characteristics: first, the growth of the high-quality development
level of green energy in China is slow, and there is still much room
for development. From the national average, the national average of
high-quality green energy development in 2010, 2013, 2016, and
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2018 is 0.0261, 0.0281, 0.0519, and 0.0522, respectively. Until 2018,
this value is less than 0.1. Because China’s green energy development
started late, the energy structure is highly unreasonable, and the
industrial structure needs to be optimized and upgraded. The high-
quality development level of green energy in 2017 and 2018 has
declined. As China constantly adjusts its industrial structure and
vigorously promotes the development of green industries, the high-
quality development level of green energy in China will gradually
rise. Second, China’s high-quality development of green energy is
characterized by regional imbalance and significant regional
differences. Relatively developed cities remained at a high level.
The
underdeveloped areas remains low, and there is an inevitable

high-quality development level of green energy in
decline. Figure 4 shows the scores of the comprehensive level of
high-quality green energy development in China by region in 2018.

From Figure 3, the five regions with the lowest green energy
development quality in 2018 are Liaoning, Shanxi, Shandong, Anhui
and Ningxia, with comprehensive scores of 0.0404, 0.0597, 0.0631,
0.0706, and 0.0715, respectively. The regions with the highest quality
of green energy development in 2018 are Fujian, Yunnan,
Guangdong, Beijing and Shanghai, with comprehensive scores of
0.1447, 0.1563, 0.2965, 0.3866, and 0.4372, respectively. There is a
considerable gap between regions with high-quality green energy
development and regions with low levels. Beijing, Shanghai,
Guangdong and other regions pay more attention to improving
green energy investment and consumption. However, Shanxi,
Shandong and other regions have an insufficient investment in
the green energy industry in economic development. At the same
time, limited by the characteristics of the region’s resources, energy
structure, economic development level and energy utilization rate,
the high-quality development level of green energy is low, and there
is still much room for adjustment and improvement.

(2) Spatial evolution characteristics

The high-quality development of green energy in China shows
prominent regional characteristics. It can be seen from the above
analysis that there are significant differences among the eastern,
central and western regions. To further observe the spatial evolution
characteristics of the region’s high-quality development level of
paper ArcGIS 10.6
(Environmental Systems Research Institute (Esri), RedLands,

green energy, this uses software
California, United States)to draw a map. Figure 4 shows the
high-quality development level of green energy in different
regions of China in 2010, 2013, 2016, and 2018.

From Figure 4, the high-quality development level of green
energy in different regions of China showed different trends from
2010 to 2018, specifically as follows:

First, the level of high-quality green energy development in the
eastern region is generally higher than in the central and western
regions. The relatively developed regions represented by Guangdong
Province, Beijing City, Shanghai City and Zhejiang Province started
early with a high concentration of green industries. The energy
industry in these regions has formed a relatively mature
development model. At the beginning of the estimation in 2010,
the high-quality development level of eastern China, except
Guangdong, was still low. However, in the next ten years, green
industries in these regions have developed steadily. The energy
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structure has also been further optimized, and green development
quality has shown an upward trend.

Second, in the central region represented by Henan, Hunan, Hebei
and Anhui, although the green industry started late, the initial energy
consumption depended on non-clean energy such as coal and oil.
However, after the energy structure adjustment, we have come from
behind. And it has firmly occupied the second gradient of high-quality
development of green energy in 2018. The green industry starts late and
develops fast, mainly in inland cities, relying on natural resource
endowment. The unique energy structure is explored according to
its economic development model. For example, Sichuan, Chongging
and Hunan rely on particular terrain structures to vigorously develop
hydropower. By 2018, the high-quality development level of green
energy in Hunan, Chonggqing, Sichuan and Hubei has risen to 0.0911,
0.1003, 0.1212, and 0.1309.

Due to their unique natural endowments, Shandong and Shanxi
have 223 coal mines, including Shanneng (formed by the
restructuring of Xinwen, Feikuang, Zikuang, Linkuang,
Longkuang and Jujube) and Yankuang. In the energy production
structure, coal maintains a high position. Therefore, the high-quality
development level of green energy in these regions remains at a
lower echelon.

Third, the high-quality development level of green energy in
some western regions, represented by Xinjiang and Ningxia, has
experienced a process from high to low, mainly because the
development of the primary and secondary industries depends
more on the use of non-clean energy. China’s regional economic
development is uneven. Most western regions are still in the middle
of industrialization, and vigorously developing the secondary
industry will limit the green industry. Even the high-quality
development level of green energy has declined instead of rising.

Generally, China’s high-quality development of green energy is
distributed in a ladder pattern. The coastal area is in the first
gradient. Most of the central region is in the second gradient.
Northwest China is basically in the third echelon. It has gradually
declined from the east to the central and western regions, forming a
significant regional distribution pattern of “the development level of the
eastern and central regions is close, while that of the western regions is

»

low.” With the improvement of China’s overall green energy
development level, the energy structure has also been constantly
adjusted and optimized. The ladder distribution of high-quality
development of green energy has shifted from coast to inland. More
inland provinces, such as Hubei Province and Sichuan Province, have
gradually entered the first gradient. However, there is still a particular gap
between coastal cities. The high-quality development of green energy
among regions in China is unbalanced. There is still much room for
growth in areas with low development levels. China still needs to take
some measures to promote the development of green industries in
underdeveloped areas and narrow the gap between regions.

4 Model setting and empirical analysis
4.1 Model setting and variable description
In the previous section, this paper measured the high-quality

development level of green energy in different regions of China
using the entropy weight method. There are many studies on
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industrial agglomeration, and the selection of proxy indicators is
also different. To verify the impact of the development of the tertiary
industry on the development of green energy, this paper uses the
sports industry aggregation to represent the degree of the tertiary
industry aggregation. It constructs a static panel regression model to
discuss the impact of the scale of sports industry aggregation in
different regions of China on the high-quality development of green
energy in 2010-2018. Establish the following basic regression model,
as shown in Eq. 12.

GE,‘J =- Sl.S,')t + ﬂ . Z,',t + fi + Wit (12)

In Formula (12), GE;; means the high-quality development level
of green energy in region i and year t. sis;; is the scale of sports
aggregation in the region i, year t. Z Represents control variables,
including industrial structure, urbanization, environmental
regulation, foreign direct investment, and gross domestic product.
& represents the unobservable characteristics affecting the
development of green energy in the region, w;, is a random
disturbance term. Next, this section lists the explanatory
variables, the explained variables and the selected control

variables one by one.

(1) Explained variable: High-quality development level of green
energy (GE). As a comprehensive indicator, its measurement is
relatively complex. In the previous section, this paper uses the

method to high-quality

development level of green energy among provinces in China

entropy weight calculate the
from 2011 to 2018 in terms of green energy production, green
energy input and pollution output. The detailed results are
shown in the previous section.

(2) Core sports  industry
agglomeration (sis). Here, the added value of the regional

explanatory variable: Scale of

sports industry/national ~sports industry is wused for
calculation. The added value data of the sports industry in
some regions are incomplete and not released in time, which
leads to many missing values. Therefore, this study uses culture,
sports and entertainment in the tertiary industry and culture,
education, arts and crafts, and sports and entertainment
products manufacturing in the manufacturing industry to
estimate the added value of the regional sports industry.

(3) Control variable

Industrial structure (is): the secondary industry is highly
dependent on energy. The development of the secondary
industry also affects the regional energy structure. Therefore, this
paper uses the secondary industry/regional added value as the
industrial structure indicator.

Urbanization level (urb): The urbanization level represents a
city’s civilization process and socialization level. The population
structure, labour mobility and social security affect the energy
efficiency and residents’ energy consumption structure. This
paper uses the proportion of the urban population in the total
population at the year’s end to represent the urbanization level.

Environmental regulation (er): the intensity of environmental
regulation will not only affect the green technology innovation of the
industry but also promote the use of green materials in a specific way
and improve energy utilization. Since the industry is the primary
energy use industry, this paper uses the logarithm of industrial
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pollution control amount as the indicator of environmental
regulation intensity.

Foreign direct investment ( fdi): fdi is one of the primary forms
of capital internationalization. China has introduced a large number
of heavy pollution industries to develop rapidly in economic
development. Some underdeveloped regions have introduced
foreign enterprises as a means of economic growth. However,
this will affect the regional energy production and consumption
structure, so this paper selects the logarithm of foreign direct
investment as the control variable.

Gross regional product (gdp): china’s economic development
shows an obvious imbalance. The tertiary industry in economically
developed areas has developed better than in less developed regions,
and more attention has been paid to green technology investment.
This paper uses GDP to represent the regional economic
development level.

(4) Instrumental variable: added value of sports industry per

capita (psi)

As the high-quality development level of green energy is calculated
by building an indicator system, the potential endogenous problems in
the model may not be avoided by using regression models only. As a
result, the empirical results are not accurate enough. Specifically, the
endogenous problem of the impact of sports industry agglomeration on
the high-quality development of green energy mainly comes from the
existence of missing variables. However, this paper considers various
factors that affect the high-quality development of green energy and
non-observational factors that are variable or immutable over time.
However, the development quality of green energy covers a wide range,
and there may still be challenging to describe and measure factors. For
example, institutional differences between regions, factor endowment
differences and other influencing factors; Second, two-way causality.
Industrial agglomeration can promote the high-quality development of
green energy, and improving green energy quality can also improve the
development environment for sports
Therefore, this paper uses tool variables to overcome endogenous

industry agglomeration.

problems. Regarding the choice of tool variables, the traditional
approach is to take the lag term of endogenous variables or the lag
term of other variables as the tool variable. However, considering the
time spillover effect of high-quality development of green energy, the
added value of the sports industry per capita is used as the tool variable.

4.2 Data sources and descriptive statistical
analysis

This paper takes the level of energy quality development index and
sports agglomeration degree of 30 provinces in China from 2010 to
2018 as the research object. The provincial panel data for
2010-2018 were obtained from the National Bureau of Statistics, the
provincial energy statistical yearbook, the Ministry of Natural
Resources, the China Science and Technology Statistical Yearbook,
and other official platforms and open channels. The explained variable
green energy high-quality development level has been measured in the
previous section. The added value of the regional sports industry in the
explained variable comes from the China Statistical Yearbook
(2010-2018), the General Administration of Sports, and the official
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websites of provincial and municipal statistics bureaus and sports
bureaus. And the Statistical Yearbook and Statistics of China’s
Sports Industry and Related Industries (2010-2018) of all provinces
(urban areas). The control variables mainly come from the China
Statistical Yearbook (2010-2018), China Industrial Statistical Yearbook
(2010-2018), China Urban Statistical Yearbook (2010-2018), the
website of the National Bureau of Statistics and the statistical
database of China’s economic and social development. Some
indicators, such as urbanization level indicators, are calculated based
on statistical data. Some missing data are supplemented from the
provincial and municipal statistical yearbooks, and some are
supplemented by linear interpolation and linear trend methods. In
addition, considering the particularity and data availability of the four
regions of Tibet Autonomous Region, Hong Kong Special
Administrative Region, Macao Special Administrative Region and
Taiwan, the data of these four regions are excluded from the data
collation process. Finally, 30 provinces’ balanced panel data from
2010 to 2018 were obtained. To eliminate the influence of
heteroscedasticity and stiffness of related variables on the results,
some data are logarithmized in this paper. Table 3 presents a
descriptive statistical analysis of all variables.

4.3 Empirical results
(1) Benchmark regression results

This paper constructs a panel regression model for stepwise
regression to verify whether industrial agglomeration will affect the
quality of green energy development. And get the model (1) - model
(6). Fixed-effects models can improve the consistency of estimated
results. The random effect model is a more efficient estimator than
the fixed effect under no endogeneity. Hausman test results show
that fixed effects should be selected. Table 4 reports the step-by-step
regression results in which the explained variable is the high-quality
development level of green energy, and the core explanatory variable
is the sports industry aggregation. The results in Table 4 show that
the improvement of the scale of sports industry agglomeration can
promote the high-quality development of regional green energy.

No control variables are added to the model (1), and only the
impact of sports industry aggregation on the quality of green energy
development is tested. The results show that sports industry
agglomeration can promote the high-quality development of
regional green energy. Although the empirical results are significant
at the 1% level, the coefficient of determination is only 0.0355. It shows
that regression models without control variables cannot simulate the
situation well. Model (2) - Model (6) step-by-step adding control
variables. From the regression results of model (6), the influence
coefficient of sports industry agglomeration on the high-quality
development level of green energy is 0.4379, and it has passed the
1% significance test. That is to say, for every 1% increase in the scale of
sports industry agglomeration, the quality of green energy development
will increase by 0.4379%. The increase in the scale of sports industry
agglomeration will gradually change the living environment, lifestyle
and consumption structure of residents. At the same time, these factors
will also affect the regional energy consumption structure. On the one
hand, the agglomeration of the sports industry has changed the region’s
current mode of extensive economic growth. The perfect market
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TABLE 3 Descriptive statistical analysis.

Variable name Variable Minimum Maximum Average Standard
symbol deviation

Explained variables | The high-quality development level of energy GE 0.031 0.545 0.097 0.056
Explanatory Sports Industry Aggregation Scale sis 0.001 0.197 0.0334 0.0378
variables
control varjable Industrial structure is 0.52 4.35 1.125 0.633

Urbanization urb 35.03 89.6 57.731 12.403

Environmental Regulation (take the logarithm) Iner 9.300 14.163 12.013 0.9077

Amount of foreign fixed investment (to be Infdi 0.050 1.790 0.347 0.345

logarithm)

Gross Domestic Product (pair) Ingdp 7.42 11.49 9.766 0.842
instrumental The added value of the sports industry per capita | psi 0.0015 0.3919 0.0367 0.0449
variable

TABLE 4 Benchmark regression results of sports industry agglomeration affecting the high-quality development of green energy.

Variable Model (1) Model (2) Model (3) Model (4) Model (5) Model (6)
sis 0.2822%%* 0.2276%** 0.3077*** 0.3691** 0.3357%% 0.4379*
(2.96) (2.80) (3.48) (3.81) (3.42) (3.76)
is 0.0466*** 0.0544*** 0.0515%** 0.0487** 0.0489**
(9.61) (9.15) (8.30) (7.65) (7.71)
urb —0.0007** —0.0006** —0.0011*** —-0.0010**
(-2.22) (-2.11) (-2.78) (-2.47)
Iner -0.0059 —-0.0054 —-0.0015
(-1.52) (-1.38) (-0.33)
Infdi 0.0265* 0.0250*
(1.79) (1.70)
Ingdp —-0.0097
(-1.62)
Constant term 0.0878*** 0.0370* 0.0675* 0.1385** 0.15340 0.19220¢
(18.24) (5.55) (4.43) (2.83) (3.10) (3.51)
Province effect yes yes yes yes yes yes
Time effect yes yes yes yes yes yes
Adj R-squared 0.0355 0.3001 0.3114 0.3153 0.3217 0.3264
Number of samples 240 240 240 240 240 240

Note: ***, ** and * indicate significance at the 1%, 5% and 10% levels, respectively, with the t value in parentheses, The same below.

structure and market scale will further optimize the allocation of  technology investment and transform and adjust the energy
resources and increase the efficiency of energy utilization; on the  consumption structure.

other hand, the aggregation of the sports industry requires the Previous studies have proved that the regional differences of China’s
coordinated development of the secondary industry and the tertiary ~ sports industry agglomeration are significant. However, the overall
industry, which involves the coordination of various aspects of  situation has been significantly improved, and there is an obvious
manufacturing, service industry and environmental protection. The  coupling feature between regional economic growth and green energy
agglomeration of the sports industry to drive the development of the  development (Yao and Liu, 2021). Specifically, sports industry
tertiary industry will promote industrial upgrading and regional green ~ agglomeration is conducive to the generation of scale effect and
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TABLE 5 Regression of instrumental variables.

10.3389/fenvs.2023.1109072

Variable Model (7) Model (8) Model (9) Model (10)
sis 13180 1.006*** 0.6482%** 0.6277***
(5.78) (5.07) (5.01) (4.88)
is 0.0528*** 0.0514** 0.0499* 0.0498***
(7.51) (7.79) (7.91) (7.90)
urb —0.0011** —-0.0010 —0.0010** —0.0010**
(-2.44) (-2.52) (-2.54) (-2.54)
Iner —-0.0022 -0.0019 -0.0016 -0.0016
(~0.44) (-0.42) (-0.37) (-0.37)
Infdi 0.0035 0.0111 0.0198 0.0203
0.21) 0.71) (1.35) (1.39)
Ingdp —0.0343*** —0.0256*** —0.0156** —0.0150**
(~4.06) (-3.36) (-2.53) (~2.44)
Constant term 0.4197* 0.3390*** 0.2465* 0.2412*
(5.41) (4.85) (4.37) (4.29)
Time fixed effects not controlled control not controlled control
Province fixed effects not controlled not controlled control control
F value (p-value) of weak tool test result 106.981 19.828 57.277 49.269
(0.0000) (0.0000) (0.0000) (0.0000)
Sample size 240 270 270 270
R-squared 0.6795 0.7252 0.9504 0.9544

technology spillover effect through resource sharing. This will not only
promote regional economic growth, but also improve the level of green
energy development. On the contrary, regional economic growth can
also continuously attract factor agglomeration and promote sports
industry agglomeration (Luo et al, 2009). Due to its advantages
such as cost advantage, scale effect and information resource sharing
effect, sports industry agglomeration can play a certain role in
promoting the green development of energy (Wang et al, 2012).
Using provincial panel data, this paper demonstrates quantitatively
that sports industry agglomeration can promote high-quality
development of regional green energy, which is a supplement and
refinement of previous studies.

Next, analyze the impact of the main control variables on the high-
quality development level of green energy. First, upgrading the
industrial structure can adjust the energy consumption structure.
The regression coefficient of industrial structure in the model (6) is
0.0489, which is significant at 1%. It shows that upgrading the industrial
structure can promote the high-quality development of green energy.
Secondly, urbanization will restrain the growth of green energy to a
certain extent. The regression coefficient in model (6) is -0.0010, which
is significant at the 5% level. It is because, in the early stage of urban
construction, a large amount of energy will be consumed, especially
mineral energy. Finally, model (6) shows that the amount of foreign
fixed investment positively affects the high-quality development of
green energy. Its influence coefficient is 0.0250 and has passed the
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10% significance test. With the development of China’s economy to a
certain level, many regions are more inclined to introduce foreign high-
tech rather than being “pollution shelters."

(2) Endogenous test
The above benchmark regression results verify that sports

industry  agglomeration promote the high-quality
development of green energy. The general estimation method will

will

make the estimated coefficients biased and inconsistent. There are
endogeneity problems that interfere with the empirical regression
results. Therefore, this section uses the instrumental variables
method to test the benchmark regression results. Due to the
temporal spillover effect of sports industry agglomeration in
selecting instrumental variables, the per capita sports industry
added value is chosen as an instrumental variable. And use the
two-stage least squares method (2SLS) to regress Eq. 8 to test the
impact of sports industry agglomeration on the quality of green
energy development. The regression results of an instrumental
variable are shown in Table 5. Model (7) is the 2SLS regression
result of the unfixed time and province effects. Model (8) is the 2SLS
regression result of the fixed time effect and uncontrolled province
effect. Model (9) is the 2SLS regression results of the fixed province
effect and uncontrolled time effect. Model (10) is the 2SLS regression
result of the fixed time effect and province effect.
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TABLE 6 Regression results of eastern, central and western regions.

10.3389/fenvs.2023.1109072

Variable Eastern region Central region Western region
model (11) model (12) model (13)
sis 0.6664*** 0.1557 ~1.443*
(2.95) (0.51) (-1.81)
is 0.0660%* 0.0096 -0.0016
(6.26) (0.65) (~0.14)
urb ~0.0003 ~0.0068* 0.0002
(0.712) (~1.90) (0.59)
Iner 0.0226* ~0.0146** ~0.014*
(1.71) (-2.63) (-3.96)
Infdi 0.0408 -0.0776 ~0.1019%**
(1.66) (-1.38) (-2.95)
Ingdp -0.0188 0.0346 0.0129*
(~0.90) (0.97) (1.88)
Constant term ~0.1204 0.2622 0.1695*+*
(~0.98) (0.85) (3.09)
Province effect yes yes yes
Time effect yes yes yes
F value 13.47 9.15 530
Number of samples 88 80 72

From Table 5, model (7) to model (10) in the weak tool test, the F
statistic p-value of Kleibergen-Paap rk LM is significant at the 1% level.
The F-statistics are all higher than 10, which is greater than the critical
value of the weak identification test. It shows that the instrumental and
endogenous variables have sufficient correlation, which rejects the
original hypothesis of insufficient identification of instrumental
variables. Since only one instrumental variable is used in this paper,
no over-identification test is required. Therefore, it is reasonable to
choose the added value of the sports industry per capita as an
instrumental variable. Specifically, after considering the endogeneity,
the sports industry’s aggregation still positively impacts the high-quality
development level of green energy. After controlling for the time-fixed
and province-fixed effects, the influence coefficient is 0.6277, which is
significant at the 1% level. Compared with the benchmark regression
results, the instrumental variable regression results have not changed
substantially. This further supports the conclusion obtained by the
benchmark regression. It shows that the aggregation of the sports
industry can promote the high-quality development of green energy.

(3) Heterogeneity analysis

The benchmark regression model in the previous section of this
paper has demonstrated that the aggregation of the sports industry
can promote the high-quality development of green energy. Due to
the vast territory of China, there are relatively significant differences
in the development level of the sports industry, the upgrading degree
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of industrial structure, the level of technological innovation and the
energy consumption structure in different regions. To make the
research results more scientific, this paper tests the mediating effect
of the three variables in the east, middle and west regions to
demonstrate the heterogeneity of the empirical results. Table 6
shows the regression results of the impact of the sports industry
agglomeration on the high-quality development level of green
energy in the eastern, central and western regions.

According to the division of provinces in the eastern, central and
western regions by the National Bureau of Statistics of China, the
data of 30 provinces are divided into three regions for heterogeneity
analysis. Model (11), model (12) and model (13) in Table 6 are the
benchmark regression results for the eastern, central and western
regions, respectively. The results show specific differences in the
impact of the scale of sports industry aggregation on the quality of
green energy development in the eastern, central and western
regions. The regression coefficient of the scale of sports industry
agglomeration in the eastern region on the quality of green energy
development is 0.6664, and it passes the 1% significance test. That is
to say, for every 1% increase in the scale of the sports industry
the the high-quality
development level of green energy will increase by 0.6664%. The

agglomeration in eastern  provinces,
regression coefficient of the central region was 0.1557, but it did not
pass the significance test. That is to say, the relationship between the
scale of sports industry agglomeration in the central region and the

high-quality development of green energy is still uncertain. The
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regression coefficient of the scale of sports industry agglomeration in
the western region on the quality of green energy development is
-1.443, and it has passed the 10% significance test. That is to say,
every increase in the scale of the sports industry in the provinces of
the western region increases by 1 unit, and the level of high-quality
development of green energy will decrease by 1.443%.

Combined with the benchmark regression results in Table 4, the
scale of sports industry agglomeration in the eastern region positively
impacts the high-quality development of green energy, and the degree
of promotion is more significant than that in the national region. The
scale of the sports industry in the western region will inhibit the high-
quality development of green energy. It is also in line with reality. The
eastern region has a relatively high level of economic growth, and the
development of the sports industry started early. It has greatly improved
the level of green technology with the help of technological innovation.
Due to differences in resource endowments and economic orientations,
green energy development radiates to surrounding areas, with cities
such as Beijing, Shanghai, Guangzhou, and Shenzhen as the center. And
it has achieved good results in the past ten years. The aggregation of the
sports industry depends on the development level of the tertiary
industry in the region. The sports industry in the central region
started late. Although the development is fast, it is not enough to
promote the development of green energy. The development of the
sports industry in the western region is slow, and the economy is
generally underdeveloped. The development of the primary and
secondary industries is the mainstay, and a large amount of ore
energy will be consumed in agglomeration development. The lack of
investment in green technology, which results in the aggregation of the
sports industry in the western region, will inhibit the growth of green
energy.

5 Conclusion, policy recommendations
and research prospects

5.1 Conclusions

After China introduced the new development concept, it paid
more attention to producing and consuming clean energy. The
amount of green technology investment increased significantly. To
explore the influence of the scale of sports agglomeration on the
quality of green energy development, this paper takes the panel data
of Chinese provinces from 2010 to 2018 as the research object.
Firstly, the indicator system of high-quality development of green
energy is constructed, and the empirical analysis is carried out after
calculation by the entropy weight method. The main conclusions are
as follows:

(1) From 2010 to 2018, the high-quality development level of green
energy in different regions in China showed two characteristics.
First, the high-quality development level of China’s green
energy is growing slowly, and there is still much room for
development. Second, the high-quality development of green
energy in China presents regional imbalances. There are
significant differences between regions. More developed cities
maintained a high level. The high-quality development of green
energy in underdeveloped areas is supported at a low level, and
there is a certain degree of decline.
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(2) The high-quality development of green energy in China is
distributed in steps. The coastal areas are in the first
gradient, most central areas are in the second gradient, and
the northwest area is basically in the third echelon. It gradually
declined from the east to the central and western regions,
forming a significant regional distribution pattern of “the
development level of the eastern and central regions is
similar, and the western region is relatively low."

(3) The improvement of sports industry agglomeration can
promote the high-quality development of regional green
energy. The increase of sports industry agglomeration will
gradually change the living environment, lifestyle and
consumption structure of resident. At the same time, it will
also drive the development of the tertiary industry and promote
industrial upgrading. The increase in the scale of the sports
industry agglomeration will also promote regional green
technology investment and adjusts the energy consumption
structure.
There are specific differences in the impact of the scale of sports
industry agglomeration on the quality of green energy
development in the eastern, central and western regions. The
scale of sports industry agglomeration in the eastern region
positively impacts the high-quality development of green
energy, and the promotion is more significant than that in
the whole country. On the contrary, the scale of the sports
industry in the western region will inhibit the high-quality
development of green energy.

5.2 Policy recommendations

According to the above research conclusions, to actively
promote the aggregation of the sports industry, promote the
high-quality development of green energy and the coordinated
improvement of regional green energy, this paper puts forward
the following suggestions:

First, strengthen the benign interaction between sports industry
regions and promote industrial agglomeration. Restructure the regional
economic and industrial chain by introducing industries related to the
sports industry. Use other industries or local and regional location
advantages and resource endowments to develop the sports market,
attract capital inflows, and accelerate the development of the sports
service industry. Connect universities, third-party research and
development institutions, enterprise research and development
institutions and enterprise entities to promote the sports industry
gathering. Promote the agglomeration of the sports industry by
coordinating management innovation, infrastructure construction,
project introduction, and human resources training and introduction.
regulations
transformation  policies.

Second, Adjust environmental and formulate
differentiated The
contribution of the sports industry cluster to the development

energy  structure
quality of green energy can be extended to the international scope.
For developed countries or regions, investment in green energy and
carbon emission reduction technologies can be further increased to
transform energy structure. The industrial structure of developing
countries or regions is dominated by industry, especially the
development of heavy industry, which requires a large amount of
fossil energy. Therefore, developing countries or regions can develop
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industries with comparative advantages according to the industrial
structure determined by the factor endowment structure. To achieve
capital accumulation and technological progress and pass the
development stage of high energy consumption and high emissions
as soon as possible. In addition, energy efficiency and economic
development efficiency can also be improved through technology
introduction, imitation and innovation. For China, the development
of the energy structure needs further adjustment. Especially for the
central and western regions, the pace of energy structure adjustment
should be accelerated. Curbing the use of fossil energy in highly
polluting industries through environmental regulation is critical. At
the same time, it encourages the flow of factors to high-quality and
efficient enterprises, industries and regions. And it has the radiation
effect of the economy of scope and promotes the aggregation of the
sports industry to adjust the energy structure.

Third, Actively create a benign industrial competition
environment and realize the natural
Utilize the
companies’ processing and manufacturing industry to promote

sports  industry

agglomeration. advantages of multinational
the transformation and upgrading of processing trade, and form
the supporting industrial chain and clusters. At the same time,
optimize the capital investment structure of the sports goods
manufacturing industry and sports service industry. Focus on the
spatial pattern of capital investment in the sports service industry,
and support the regional spatial agglomeration of the capital of
sports service enterprises. By going out and introducing, we can
change the inefficient status quo and explore the efficient and
sustainable development mode of the sports industry.

5.3 Research deficiencies and research
prospects

Based on measuring the high-quality development of green
energy, this paper empirically tests the relationship between the
scale of regional sports industry agglomeration and the development
of green energy. Research limitations are mainly reflected in the
following three aspects.

First, this paper is limited by the availability and applicability of
data, this paper only uses provincial-level data from 2011 to 2018,
and the sample size is relatively small. The green energy high-quality
index system is not comprehensive enough, and there is a lack of
data on some renewable energy sources. Therefore, the research in
this paper has certain limitations in depth and breadth. In future
research, we will continue to pay attention to the development of
green energy and look for the production and consumption data of
renewable energy, such as nuclear energy, wind energy, solar energy,
and tidal energy. Continue to improve research on the high-quality
development of green energy. Second, a comprehensive
understanding and scientific evaluation of the relationship
between tertiary industry agglomeration and green energy
development is a prerequisite for sustainable economic growth.
However, it is not comprehensive enough to explore the
relationship between the two only from the fixed effect model,
and its specific impact mechanism needs further research. Third,
in this paper, the scale of sports industry agglomeration is taken as
explanatory variable and calculated by using macro panel data. This

paper does not consider the use of questionnaires for data collection,
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and lacks the investigation of enterprise micro-data. Therefore, the
research results are too one-sided, which limits the research in this
paper to a certain extent.

Therefore, the following analysis can consider introducing
moderator or intermediary variables to analyze further the
impact of tertiary industry agglomeration on green energy
development and structure. Combining China’s experience with
international experience provides different paths for China to
promote the development of green energy and adjust its energy
structure. In addition, the global problems of climate change,
ecological damage and environmental pollution are increasingly
severe. The conclusions of this study may be extended to other
countries or regions in the world. But this needs the support of data
and experimental results. In the following analysis, we will try to
verify whether the results of this study are universal internationally
[(Luo et al,, 2009; Wang et al., 2012; Yao and Liu, 2021)].
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