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Abstract: Energy transition plays a crucial role in supporting sustainable economic growth and the
reduction in carbon emissions. In fact, China implemented the national sustainable development
experimental zone policy to achieve sustainable development goals, including an energy transition.
This paper divided the energy transition dimension into energy consumption and carbon dioxide
emissions based on the perspectives of energy input and output. Furthermore, using panel data for
214 cities at the prefecture level in China from 2006 to 2019, the study measured the impact of the
national sustainable development experimental zone policy on energy transitions by employing a
difference-in-difference (DID) model and an intermediary effect model. The results showed that
the national sustainable development experimental zone policy reduced energy consumption and
carbon dioxide emissions and accelerated energy transition. The conclusions still held after a series
of robustness tests. Additionally, the results of the heterogeneity analysis of different experimental
zone types indicated that, compared with prefecture-level experimental zones, county experimental
zones play a more obvious role in reducing energy consumption and carbon dioxide emissions.
In addition, the results of the heterogeneity analysis of the urban geographical location showed
that the national sustainable development experimental zone policy had different negative effects
on urban energy consumption and carbon dioxide emissions in different regions, and the impact
of policy on energy transition was experienced, in decreasing order, by the western, central, and
eastern regions. The results of the mechanism verification indicated that the national sustainable
development experimental zone policy can affect energy consumption and carbon dioxide emissions
via technological progress and upgrading industrial structure, which had a relatively high aggregation
order in the variables deployed.

Keywords: the national sustainable development experimental zone policy; energy transition; energy
consumption; carbon dioxide emissions; difference-in-difference model

1. Introduction

Human society experienced an energy transition process from charcoal to coal, from
coal to oil and gas, and from oil and gas to new energy. From the perspective of human
development history, the energy structure on the energy supply side is constantly changing.
The invention and use of steam engines and internal combustion engines, respectively, led
to the replacement of charcoal by coal, and then, coal by oil and gas as the world’s leading
energy source. However, with the arrival of the industrial revolution, economic and social
development led to the requirement for significant fossil energy. Resource consumption,
environmental pollution, and climate change caused by the large-scale exploitation and
utilization of fossil energy seriously restricted the sustainable development of the social
economy [1-3]. In the face of human concerns about the sustainability of economic growth
under energy and environmental constraints, the world reached a consensus that the im-
plementation of the third energy transition needs to be promoted [4,5]. The goal of the
third energy transition is to replace oil and gas with low-carbon, clean energy sources
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as the dominant energy sources worldwide. This will reduce energy consumption and
carbon dioxide emissions and push human society towards green and low-carbon de-
velopment. However, it is necessary to determine how to achieve an energy transition
and solve environmental problems caused by fossil energy consumption. In 1987, the
World Commission on Environment and Development formally discussed the concept
of sustainable development, making this a hot topic in global development [6]. The idea
provided a new way to solve the severe challenges faced by human society. Currently,
the United Nations 2030 Sustainable Development Goals (SDGs) are further charting the
course for addressing energy issues. Among them, affordable clean energy, climate action,
and other goals aim to achieve sustainable development through the energy transition
from a carbon to a carbon-free energy development and utilization model [7]. Thus, the
achievement of the sustainable development goal is inseparable from the implementation
of energy transition. Drawing on the practical experience of various countries in the energy
transition, policy [8], innovation [9], the market [10], and behavior [11] are the driving
factors of energy transition. Previously, technical progress drove economic growth and
energy transition. However, the third energy transition is a strategic choice of human
society for sustainable development, not a technological progress. The initial driver is
policy. Therefore, countries intervene in all aspects of sustainable development through
sustainable development policies to achieve the sustainable development goals, including
energy transition.

The Chinese government recognizes and attaches great importance to sustainable de-
velopment and regards sustainable development as a basic national strategy. Since China’s
reform and opening up, there were problems, such as lagging social undertakings and
serious environmental pollution, in many regions of China. In view of this situation, China
is actively exploring the construction of a national sustainable development experimental
zone. This policy aims to explore the mechanism and models of the coordinated devel-
opment of the economy, society, resources, and environment so as to achieve sustainable
development [12].

Therefore, this study explores the following questions: What is the impact of the
national sustainable development experimental zone policy on energy transition? Is there
any heterogeneity in the impact of the policy? Furthermore, what are the channels associ-
ated with this influence? Few studies investigated the impact of the national sustainable
development experimental zone policy on energy transition. Based on this, this paper
tried to study the impact from the perspective of implementing the national sustainable
development experimental zone policy. Using panel data for 214 cities at the prefecture
level in China from 2006 to 2019, this paper studies the impact of the national sustainable
development experimental zone policy on energy transition. This paper has the following
main contributions: First, based on the idea of input-output, this paper divides energy
transition into two dimensions, energy consumption and carbon dioxide emissions, and
uses the difference-in-difference (DID) model to explore the impact of the national sustain-
able development experimental zone policy on the reduction in energy consumption and
carbon dioxide emissions. Secondly, the heterogeneity effect of county- and prefecture-level
sustainability experimental zones on energy consumption and carbon dioxide emissions
is analyzed. Furthermore, the impact of policy on energy transition is analyzed in the
western, central, and eastern regions. Finally, from the aspect of technological progress and
industrial structure upgrading, the intermediary effect model is used to further explore
the mediating effect of the national sustainable development experimental zone policy on
energy transition.

The rest of this paper is organized as follows: Section 2 discusses the policy context,
literature review, and theoretical mechanisms. Section 3 presents the research methods, vari-
ables, and data sources. Section 4 provides the empirical results and discussion. Section 5
provides the conclusions and the policy recommendations.
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2. Policy Background, Literature Review, and Theorized Mechanisms
2.1. Policy Background of the National Sustainable Development Experimental Zone

In the late 1960s, humans began to pay attention to the environmental problems
caused by fossil energy consumption. In 1987, the World Commission on Environment
and Development (WCED) addressed the concept of sustainable development in its report
on Our Common Future for the first time, raising concerns about economic sustainability
under the environmental and energy constraints and extending sustainable development
to all aspects of human social development. In 2015, the United Nations 2030 Agenda for
Sustainable Development set out 17 Sustainable Development Goals, aiming to achieve
sustainable development in three dimensions: economic, social, and environmental. The
Chinese government always attached great importance to sustainable development, and
as early as 1986, it began to promote the pilot work of local sustainable development
experimental zones. The experimental zone of this period was named the comprehensive
experimental area of social development. In 1994, the Chinese government adopted China’s
Agenda 21. In the following year, sustainable development was identified as the basic
strategy of the country. In 1997, the Chinese government renamed the social comprehensive
experimental zone as the national sustainable development experimental zone, aiming to
further promote sustainable development.

In the process of forming the sustainable development practices of the Chinese govern-
ment, the construction of the national sustainable development experimental zone became
an important base for the implementation of China’s Agenda 21 and the sustainable de-
velopment strategy. The national sustainable development experimental zone is a local
pilot area that is jointly promoted by 20 State Council departments and local governments,
such as the Ministry of Science and Technology and the National Development and Reform
Commission. National sustainable development experimental zone construction adopts
the “government organizations, expert guidance, public participation, social establish-
ment” method of working. According to the requirements of sustainable development,
the Chinese government explored different types of economic and social resources and
the environment coordinated development mechanism and mode in big cities, small town
construction, community management, environmental protection; the sustainable utiliza-
tion of resources, resource-based city development, and sustainable development; and
the protection of tourism resources. Since 1986, after more than 30 years of development,
the construction of the national sustainable development experimental zone experienced
an exploration period, transition period, expansion period, and breakthrough period. By
2016, the State Council approved the construction of 189 national sustainable development
experimental zones [13], covering various types of experimental areas, including towns,
counties, and prefecture-level cities, covering more than 90% of the provinces. The con-
struction of the national sustainable development experimental zone became an important
carrier of the concept and policy of sustainable development, providing a demonstration
model and leading role for achieving the sustainable development of the economy, society,
and environment.

In 1986-1997, there was an exploration period regarding the construction of the ex-
perimental zone. In 1986, the former State Science and Technology Commission and the
relevant ministries and commissions of the State Council began a comprehensive demon-
stration of, and pilot work for, urban social development in Changzhou city and Xishan
city in Jiangsu Province. The pilot work aimed to achieve the coordinated development of
economic development, social security, and environmental protection through scientific
and technological progress, and it achieved positive results. In 1992, a number of national
departments set up a coordination leading group, aiming to build a comprehensive ex-
perimental area for social development on the basis of the comprehensive demonstration
and pilot area of social development, focusing on solving the problems associated with
the population, resources, and ecology. The construction of this experimental zone laid an
important practical foundation for the subsequent construction of the national sustainable
development experimental area. In 1997-2006, there was a transition period in the construc-
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tion of the experimental zone. In order to meet the needs of sustainable development, in
1997, the Chinese government renamed the social comprehensive experimental zone as the
national sustainable development experimental zone and set up an inter-ministerial contact
conference led by the Ministry of Science and Technology to promote the construction of
the national sustainable development experimental zone. From 2006 to 2016, there was an
expansion period in the construction of the experimental zone. There were 146 approved
experimental zones, accounting for 77% of the total. This involved many cities with multi-
ple administrative levels and different development states in the country. The construction
of the experimental zone at this stage mainly addressed sustainable development problems,
such as economic development, social governance, and environmental protection, and a
series of sustainable development models were formed. There was a breakthrough period
in the construction of the experimental zone after 2016. In 2016, the Chinese government
pointed out that it would promote the construction of a number of sustainable development
agenda innovation demonstration zones on the basis of the construction of the sustainable
development experimental zone. This policy is an important measure and represents a
new breakthrough for the Chinese government on the issue of sustainable development.
Although the construction of China’s national sustainable development experimental zone
plays an important role in promoting sustainable development in China, the sustainable
development level among different cities is unbalanced and inadequate, and the improve-
ment effect is not the same [14]. Therefore, in subsequent policy formulations, determining
how to improve the balance of the sustainable development level among different cities is
a notable concern.

2.2. Literature Review

Scholars conducted extensive explorations of the sustainable development experimen-
tal zone and energy transition and achieved significant results. At present, research on
the sustainable development experimental zone is mainly focused on three aspects: tools
for evaluating the sustainable development level in the experimental zone [14], the policy
implementation effect [12], and case analyses [15]. The tools for evaluating the sustain-
able development level include the sustainable development index system, the ecological
footprint model, energy value analysis, and other methods. Bonnet et al. established
the sustainable development index from six aspects, environment and natural resources,
energy transition, sustainable mobility, economic vitality, social cohesion and unity, and
governance and citizens, by empirically comparing the sustainable development levels
of 96 metropolitan ministries in France [16]. Based on the United Nations Sustainable
Development Goals (SDGs) framework, Lin et al. built an urban sustainable development
level evaluation index system containing 145 indicators [17]. In view of the implementation
effect of the sustainable development policy, Zhang et al. adopted the dynamic stochastic
general equilibrium (DSGE) method and the input-output method to quantitatively eval-
uate the natural, economic, and social impacts of the national sustainable development
agenda innovation demonstration zone policy. They found that the demonstration zone
policy will lead to a decline in the output of heavily polluting industries [18]. In terms of
case analyses, many studies focused on the impact of sustainable development policies on
a single region. For example, Medeiros and Van Der Zwet analyzed the application of the
EU sustainable development strategy in Portugal and found that EU-funded urban projects
could improve the level of sustainable development in the local cities [19].

Research on energy transition mostly focused on the concept and connotations of
energy transition [20,21], as well as the influencing factors [11,22], transition path [23,24],
and sustainability of energy transition [25,26]. The World Energy Council (WEC) defines
energy transition as a fundamental change in the energy structure caused by an increase in
the share of renewable energy and the phasing out of fossil fuels. At present, policy [27,28],
innovation [29,30], the market [10,31], and behavior [32] are the main drivers of energy
transition in countries around the world. Unlike the previous two energy transitions driven
by technological progress, policy is the starting point of the third energy transition. The



Sustainability 2023, 15, 8315

50f21

government fixed the climate and energy development goals in the form of legislation,
forming strong legal constraints. Additionally, relevant policies and measures should guide
enterprises to carry out new energy technology research and development and production,
and replace the direct use of coal and oil and gas with electricity to increase the proportion
of non-fossil energy use on the energy supply side and change the energy use behavior on
the demand side. Some scholars believe that, even with policy promotion, there are still
many obstacles to the achievement of energy transition [33,34]. However, some scholars
believe that policy is crucial for energy transition [8,35].

2.3. Theoretical Mechanisms

Sustainable development is a long-term and multidimensional process. It is a co-
ordinated development process involving the economy, society, energy, and the envi-
ronment [36,37]. In order to achieve the United Nations 2030 Sustainable Development
Goals, countries around the world are implementing various sustainable development
policies [38,39]. By developing national plans, the government can achieve the Sustainable
Development Goals by intervening in all aspects of sustainable development through
legal, political, and economic methods [40]. In particular, the construction of the sus-
tainable development experimental zone is an important carrier in the implementation
of sustainable development policies, which is conducive to policy integration. Ma et al.
found that the construction of the national sustainable development experimental zone
can improve environmental sustainability [12]. In addition, many scholars pointed out
that, through the formulation and implementation of sustainable development policies,
economic, social, and environmental coordination can be achieved by relying on scientific
and technological innovation, industrial structure adjustment, compulsory environmental
compulsory regulations, and other measures [41-43]. Elavarasan et al. pointed out that
the production of clean energy in an economic and practical manner is the basic goal of
sustainable development [44]. The implementation of energy transition is the only way to
achieve this goal. The implementation of the sustainable development policy is bound to
affect the sustainable development of the energy system and will have an impact on energy
transition [45,46]. However, from the perspectives of the energy supply and demand sides,
controlling energy consumption and carbon dioxide emissions is an effective way to achieve
an energy transition [8,27]. Therefore, this paper proposes the following hypothesis:

Hypothesis 1. The national sustainable development experimental zone policy can effectively
reduce energy consumption and carbon dioxide emissions.

Although policy factors are the starting point and impetus of the third energy tran-
sition, technological innovation is still an important driving force of the third energy
transition. On one hand, the sustainable development policy could increase the cost of
enterprise pollution discharge by strictly controlling various environmental indicators and
through energy tax, environmental tax, and other tax means. Faced with strict environmen-
tal rules, enterprises have an incentive to carry out technological upgrades [47,48]. Through
technological upgrades, enterprises can improve their energy efficiency and increase their
investment in clean energy, thereby promoting an energy transition [49,50]. On the other
hand, the government will increase subsidies to new energy enterprises through market
means, such as tax policies and subsidy policies, improve research and development ca-
pabilities, and reduce the cost of new energy sources [51,52]. Guo et al. pointed out that
promoting renewable energy technological progress is an important way for China to
achieve its energy transition through the use of moderate renewable energy subsidies [53].
On one hand, the development of low-carbon energy technologies can increase the share
of clean energy on the energy supply side, reduce the share of fossil energy consumption,
and help to reduce carbon dioxide emissions [54-56]. On the other hand, the upgrading
of enterprise energy-saving technology can improve the energy efficiency of enterprises
and reduce energy consumption and carbon dioxide emissions. Technological progress
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and falling costs contribute to an energy transition, which also drives sustainable devel-
opment [57,58]. Therefore, the core power of the third energy transition is still to drive
technological progress through policy and achieve the production of new energy as the
global leading energy source, replacing fossil energy. Therefore, this paper proposes the
following hypothesis:

Hypothesis 2. The national sustainable development experimental zone policy can effectively
reduce energy consumption and carbon dioxide emissions through technological progress.

The adjustment of the industrial structure is the result of economic development to
a certain stage. Many scholars pointed out that the government’s policies can effectively
promote the upgrading and rationalization of the industrial structure [59-61]. The sus-
tainable development experimental zone is the foothold on which the national and local
governments can jointly promote the implementation of a series of sustainable development
policies. The government can speed up the adjustment of the industrial structure by formu-
lating strict environmental laws and regulations [62,63], fiscal policies [64], incentives [61],
and other measures. Levinson and Sen pointed out that the formulation of environmental
regulations can promote the upgrading of the industrial structure and reduce pollutant
emissions [65,66]. Zheng et al. found that the entry of polluting enterprises could be pre-
vented by improving the access standards of enterprises [61]. In addition, the government
can guide and encourage the development of strategic emerging industries to adjust the
industrial structure. At the same time, Ma et al. pointed out that the construction of the na-
tional sustainable development experimental zone can promote industrial transformation
and reduce the proportion of the secondary industry [12]. However, Zhang et al. pointed
out that the proportion of the secondary industry significantly inhibits the improvement of
environmental problems [67]. By reducing the proportion of the secondary industry, the
upgrading and rationalization of the industrial structure can effectively promote the energy
transformation [68,69]. He et al. pointed out that the adjustment of the industrial struc-
ture can promote the coordinated development of the economy and the environment [70].
On one hand, industrial structure upgrading can effectively promote the efficient use of
resources, reduce energy consumption and, thus, reduce the external effects of economic
activities on the environment [71]. On the other hand, reducing industrial added value as a
percentage can effectively reduce the curvature of the EKC curve and pollutant emissions
while maintaining economic growth, and it can lead to the achievement of sustainable
economic growth [69]. Therefore, this paper proposes the following hypothesis:

Hypothesis 3. The national sustainable development experimental zone policy can effectively
reduce energy consumption and carbon dioxide emissions through industrial structure upgrading.

3. Methods and Data
3.1. Methods
3.1.1. DID Model

The DID model was used to evaluate the policy effect of building a national sustain-
able development experimental zone on energy transition. Up to 2016, 189 experimental
zones were approved by the State Council, which provided a good “quasi-natural exper-
iment” for using the DID model. The national sustainable development experimental
zones include county, urban, prefecture-level, and township zones. In previous research,
scholars considered county-level experimental and prefecture-level experimental areas and
excluded township experimental areas [12,13]. Additionally, Liu et al. pointed out that
the construction of the national sustainable development experimental zone experienced
exploration, transformation, expansion, and breakthrough periods [13]. In 2006-2016,
there was an expansion period in the construction of the national sustainable development
experimental zone. During this period, as many as 146 national experimental areas were
approved, accounting for 77% of the total and covering multiple administrative levels and
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cities with different development states with good representativeness. Therefore, referring
to the previous research results [12,13], considering the availability of data and the integrity
of different development stages, this paper selected panel data from 214 prefecture-level
cities collected from 2006 to 2019. Considering the availability of data, based on panel data
for 214 cities at the prefecture level from 2006 to 2019, national sustainable development
construction in county-level experimental zones and prefecture-level experimental zones
after 2009 was regarded as the experimental group. For prefecture-level cities containing
multiple county-level experimental areas, the start time was taken as the time at which the
first experimental zone was established. Therefore, this paper excluded prefecture-level
cities in which the national sustainable development experimental zone was built before
2009, prefecture-level cities in which the county-level cities of the national sustainable de-
velopment experimental zone were built before 2009, and prefecture-level cities in which a
township experimental zone was built. Finally, after screening and matching, and eliminat-
ing the samples with missing and abnormal data, 50 prefecture-level cities were included in
the experimental group, and 164 prefecture-level cities were included in the control group,
giving a total sample size of 2756 prefecture-level cities. For the screened experimental
and control groups, dummy variables were set according to the effects of the policy and
the time of policy implementation. When the prefecture-level cities affected by the policy
began to set up national sustainable development experimental zones, they were assigned
a value of 1; otherwise, they were assigned a value of 0. Accordingly, the dummy variable
policy of the national sustainable development experimental zone was directly generated.
At the same time, the dummy variable policy was used to construct a two-way fixed effect
model to estimate the DID model. It can be used to test the net effect of the construction of
the national sustainable development experimental zone on energy transition.
The specific model is set as follows:

ET;y = a +agpolicy;; + vxi; + @i + pi + &y 1)

where the subscripts i and t denote the city and year, respectively; ET represents the energy
transition; policy is denoted as the interaction term between the city dummy variable and
year dummy variable, which takes a value of 1 if the prefecture-level cities affected by
the policy begin to set up the national sustainable development experimental zones and 0
otherwise. x is the control variable; ¢ is the fixed city effect; u is the fixed year effect; and e
is the random error.

In Equation (1), the coefficient « is the core estimation parameter that is used to
measure the net effect of the national sustainable development experimental zone policy
on energy transition. If ag is negative, the national sustainable development experimental
zone policy will help to promote energy transition; otherwise, there is an inhibitory effect.

3.1.2. Mediating Effect Model

The specific model was as follows. Based on the above analysis of the mechanisms,
the study hypothesized that the national sustainable development experimental zone
policy may have indirect effects on the energy consumption and carbon dioxide emissions
through a path mediating technical progress and industrial structure upgrading. Therefore,
a mediating effect model was introduced to verify this hypothesis. This paper adopted a
standardized mediating effect model to carry out the identification mechanism. The model
was divided into three steps. See Equation (1) for the first step. The second and third steps
are shown below. As follows:

M;; = B+ Bopolicyis + vxi + @i + pi + & 2)

ET;+ = 0 + Ogpolicy;; + O1M; t + yxit + @i + i + €y 3)

here, the coefficient B presents the effect of the national sustainable development experi-
mental zone policy on the mediating variable; the coefficient 6; separates the effect of the
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mediating variable on energy transition; the product of coefficients By and 0; denotes the
mediating effect, which is used to identify the indirect effect of policy on energy transi-
tion; and the coefficient 0y represents the direct effect of policy on energy transition after
excluding the mediating effect. The mediation effect exists if the coefficients By, 6y, and 6,
are significant.

3.2. Variable Definitions

(1) Explained variable. The explained variable is energy transition, and this mainly in-
cludes the aspects of reducing the energy consumption and carbon dioxide emissions. Thus,
energy consumption and carbon dioxide emissions were selected as the explained variables.

(2) Explanatory variable. The core explanatory variable is the dummy variable policy
of the national sustainable development experimental zone policy. According to the
construction list of national sustainable development experimental zones published by the
State Council, after screening and matching, the prefecture-level cities of the experimental
group and the control group are assigned values according to whether the sustainable
development experimental zones were built, and finally, the explanatory variable policy
is obtained.

(3) Mediating variable. According to Hypotheses 2 and 3, this paper chose tech-
nological progress and industrial structure upgrading as the mediating variable, and
the percentages of technology spending and industrial added value were selected as
measures, respectively.

(4) Controlled variable. As the embodiment of the spatial equilibrium process of
regional development, the spatial distribution situation of the economy and population is
closely related to the formation of a regional gap. Therefore, the city-level control variables
selected include the gross domestic product (GDP) and the total population.

3.3. Data

The data from the national sustainable development experimental zone were taken
from the website of China’s Agenda 21 Management Center (https://www.acca2l.org.cn/
trs/0001003100020001/, accessed on 15 February 2023). The rest of the original data were
taken from the China City Statistical Yearbook and China Energy Statistical Yearbook in
2007-2020 and the annual statistical bulletins of various prefecture-level cities. Using these
resources, the accounting of the regional GDP was unified to give a constant price based
on the 2005 conditions. To reduce the absolute value of the data, the energy consumption,
carbon dioxide emissions, GDP, the total population, technology spending, and industrial
added value as a percentage were taken as log numbers.

See Table 1 for the descriptive statistics of the variables in this study.

Table 1. Statistical description of the variables used in this study.

Variable Obs Mean Std. Dew. Min Max
InCO, 2756 5.953142 1.096165 2.018992 9.180912
InEC 2756 4.19077 1.165482 0.0889161 8.035709
policy 2756 0.0609579 0.2392965 0 1
Ingdp 2756 16.04339 0.9151449 13.1602 19.41122

Inp 2756 5.791369 0.6812558 2.868467 7.138073
InT 2756 9.444887 1.541628 2.079442 15.52928
1S 2756 46.86602 10.93063 11.7 84.39

4. Regression Analysis
4.1. Benchmark Regression Analysis

In accordance with Equation (1), this study examined the direct impact of the national
sustainable development experimental zone on energy transition, and the estimated results
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are shown in Table 2. Among them, columns (1) and (3) were the results without the
addition of control variables, and columns (2) and (4) were the results after the addition
of control variables. From this, under the premise of fixing the individual and year ef-
fects, the policy coefficient was significantly negative (passing the significance test at 5%)
after adding the control variables, indicating that the national sustainable development
experimental zone policy can effectively reduce energy consumption and carbon dioxide
emissions, thereby promoting energy transition, and this result supports Hypothesis 1.
Compared with prefecture-level cities without a national sustainable development experi-
mental zone, prefecture-level cities could reduce their InCO; by 13.3% and their InEC by
13.1%. This shows that by setting strict emission reduction targets and raising relevant
technical standards, an increase in sustainable development construction can effectively
reduce energy consumption at the energy input end and carbon dioxide emissions at the
energy output end, thereby promoting energy transition [61,72]. Furthermore, through the
analysis of the total energy consumption data of the experimental zone from 2006 to 2019,
it was found that the reduction in the total energy consumption was mainly reflected in the
overall decline of fossil energy consumption, especially the decline of coal consumption.
At the same time, the consumption of renewable energy was also found to be increasing.
The energy transition is a transition away from coal. Meanwhile, an energy transition is a
transition to renewable energy.

Table 2. DID model regression results.

Variable InEC InCO,
(1) (2) 3 4)
Policy —0.094 —0.131 ** —0.093 —0.133 **
Ingdp 0.634 *** 0.706 ***
Inp 0.103 0.072
Constant 3.479 *** —6.742 *** 5.380 *** —5.758 ***
City FE YES YES YES YES
Year FE YES YES YES YES
Experimental group 50 50 50 50
Nonexperimental group 164 164 164 164
Observations 2756 2756 2756 2756
R-squared 0.7346 0.7513 0.6906 0.7159
Control variables NO YES NO YES

¥ < 0.01, ™ p < 0.05.

Additionally, through a comparison of the regression coefficient, it was found that
there was little difference between the impact of the national sustainable development
experimental zone policy on the reduction in energy consumption and carbon dioxide
emissions. This indicates that the experimental zone may reduce carbon dioxide emissions
primarily by reducing energy consumption. The main reason for this is that a reduction
in energy consumption is more sensitive to a reduction in carbon dioxide emissions than
to adjusting the clean energy mix. At present, the reduction in carbon dioxide emissions
may be due to a cleaner energy structure or a decrease in energy consumption. However,
the adjustment of a cleaner energy structure mainly depends on the development and
utilization of clean energy technologies and an increase in the demand for clean energy
from the energy demand side with more capital, labor, technology, and other resources
invested [73,74]. In contrast, reducing energy consumption is more sensitive and more
likely to reduce carbon dioxide emissions in the short term.
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4.2. Robustness Tests
4.2.1. Parallel Trend Tests

This study used the DID model to estimate the impact of the national sustainable
development experimental area policy on energy consumption and carbon dioxide emis-
sions. The model’s results became reliable when the experimental and control groups were
reconciled by the developmental trend of the explanatory variables without the impact of
the experimental area policy. Therefore, a parallel trend test was required in this study. The
model was set as follows:

Stotal = Q0 + Yy XkPOLCY(j ) + VX + i + Hi + €5 4

here, the subscripts n and m represent the number of periods before and after the policy
time point in the experimental zone, respectively. Three periods were identified. If x_3 to
«_1 is not significantly different from 0, there was no significant difference between the
experimental and control groups before implementing the policy, and the results pass the
parallel trend test. The test results are shown in Figure 1.

0.2
0.2
i

/
A\
Regression Coefficient
-0.2

-0.4
i

Regression Coefficient

-0.4
L

-0.6
0.6

T T T f T T T T T T T f T T T
-3 -2 -1 0 1 2 3 -3 -2 -1 0 1 2 3
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Figure 1. Parallel trend test results. (a) Parallel trend test for InEC; (b) parallel trend test for InCO,.

Before the impact of the experimental zone policy, when energy consumption and
carbon dioxide emissions were used as the explained variables, the policy coefficient
included a value of 0 on the 95% confidence interval. That is, the result was not significantly
different from 0. Therefore, under the premise of fixing the individual and year effects, when
the energy consumption and carbon dioxide emissions were used as the explained variables,
the coefficient of policy was not significantly negative on the 95% confidence interval. This
shows that before the impact of the experimental policy, the energy consumption and
carbon dioxide emissions of the experimental group and the control group had the same
development trend, and the parallel trend test was passed. Additionally, after the policy
shock, the regression coefficient of InEC and InCO, as the explained variable decreased
significantly. The results of Figure 1 show that the regression coefficient of the dummy
variable policy with energy consumption and carbon dioxide emissions decreased the most
in the first year of the experimental policy’s implementation. The coefficients of the rest
of the variables showed little change. This shows that both the energy consumption and
carbon dioxide emissions decreased significantly after the experimental policy shock.

4.2.2. Counterfactual Tests

In order to further ensure the reliability of the study conclusions and avoid the influ-
ence of other policies or factors on the study’s conclusions, we conducted counterfactual
tests by changing the policy’s implementation time. In addition to the national sustainable
development experimental zone policy, some other policies or factors may also lead to
differences in the energy consumption and carbon dioxide emissions. This difference is not
related to the establishment of the national sustainable development experimental zone,
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which led to incomplete research conclusions. In order to eliminate the influences of such
factors, this study assumed that the time taken to establish the national sustainable develop-
ment experimental zone was one year, two years, and four years in advance, respectively. If
the regression coefficient of dummy variable policy is not significantly negative at this time,
it means that the changes in energy consumption and carbon dioxide emissions come from
the construction of the national sustainable development experimental zone. Otherwise, it
may be affected by other policies or factors. The results of the counterfactual tests are shown
in Table 3. According to the regression results, when the time of the national sustainable
development experimental zone policy was uniformly advanced by one year, two year,
and four years, respectively, the regression coefficients of dummy variables policy were not
significantly negative, which indicates that the changes in energy consumption and carbon
dioxide emissions come from the construction of the national sustainable development
experimental zone, rather than from other factors.

Table 3. Counterfactual tests results.

Variable InEC InCO,
Beforel Before2 Befored Beforel Before2 Before4
Policy —0.087 —0.056 —0.046 —0.093 —0.066 —0.062
Ingdp 0.630 *** 0.627 *** 0.627 *** 0.702 *** 0.700 *** 0.700 ***
Inp 0.101 0.098 0.095 0.07 0.067 0.063
Constant —6.664 *** —6.616 *** —6.594 *** —5.682 *** —5.637 *** —5.615 ***
City FE YES YES YES YES YES YES
Year FE YES YES YES YES YES YES
Experimental group 50 50 50 50 50 50
Nonexperimental group 164 164 164 164 164 164
Observations 2756 2756 2756 2756 2756 2756
R-squared 0.7508 0.7505 0.7504 0.7154 0.7151 0.715
Control variables YES YES YES YES YES YES

% < 0.01.

4.3. Heterogeneity Analysis

It can be seen from the above analysis that the national sustainable development
experimental zone policy can effectively reduce energy consumption and carbon dioxide
emissions and promote the energy transformation. However, this is based on the results of
the whole sample analysis, which partly ignores the impact of the differences between the
samples in terms of energy transition. First, the samples selected for this paper included
prefecture-level cities and county-level experimental areas. However, different experimen-
tal area types belong to different administrative levels, and their control of resources is also
different [13]. This may lead to differences in the construction of the national sustainable
development experimental zone, which may have heterogeneous effects on energy con-
sumption and carbon dioxide emissions. In addition, China has a wide region and has
significant differences in resource endowment and the economic development level. Many
studies pointed out that this difference will lead to different effects of policies in different
regions [8,35]. Overall, there are significant regional differences in eastern, central, and
western China, which may lead to a heterogeneous impact of the national sustainability
pilot zone policy on energy consumption and carbon dioxide emissions. Therefore, this
study further explored the heterogeneous impact of policy on energy transition in different
types of experimental areas and urban locations.
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4.3.1. Heterogeneity Analysis of Experimental Zone Types

From the above analysis, the experimental group included many prefecture-level
cities in which county-level experimental zone and prefecture-level city experimental
zones are located. Different types of experimental zones have different inputs in terms of
capital, labor, technology, and other aspects and may have different effects on the overall
energy consumption and carbon dioxide emissions in prefecture-level cities. Therefore, it
was necessary to further divide the experimental groups for the heterogeneity analysis.
According to different types of county- and prefecture-level cities, the study groups were
divided into experimental groups. There were six prefecture-level cities in which the
prefecture-level experimental zones were located and 44 prefecture-level cities in which
the county-level experimental zones were obtained. Therefore, the experimental group
was divided into prefecture experimental area (referred to as the prefecture-level) and
the county experimental prefecture level (referred to as the county level). Corresponding
control groups were selected for 164 cities. The study estimated the different impacts of the
construction of national sustainable development experimental areas on energy transition,
respectively. The regression results are shown in Table 4.

Table 4. Heterogeneity analysis of different experimental zone types.

Variable Prefecture-Level City Type County-Level City Type
InCO, InEC InCO, InEC
Policy —0.273 *** —0.248 *** —0.206 *** —0.186 ***
Ingdp 0.704 *** 0.630 *** 0.716 *** 0.641 ***
Inp 0.0355 0.360 0.362 0.367
Constant —7.332 *** —7.944 > —7.569 *** —8.157 ***
City FE YES YES YES YES
Year FE YES YES YES YES
Experimental group 6 6 44 44
Nonexperimental group 164 164 164 164
Observations 2320 2320 2694 2694
R-squared 0.9096 0.9125 0.9103 0.9129
Control variables YES YES YES YES
***p <0.01.

As can be seen from Table 4, in both the county- and prefecture-level experimental
zones, the construction of national sustainable development experimental zones had sig-
nificant negative impacts on energy consumption and carbon dioxide emissions for the
prefecture-level cities. This shows that there may be a policy spillover effect in the county
experimental zone. The implementation of the policy in the experimental zone can effec-
tively reduce the energy consumption and carbon dioxide emissions of other county-level
cities bordering on the experimental zone, which plays a certain role in the demonstration
effect. Lee et al. identified negative spatial spillover effects of policy on energy transition [8].
The county-level experimental zones were shown to have spillover and demonstration
effects on the surrounding county-level cities, so that the overall energy consumption and
carbon dioxide emissions of the prefecture-level cities in which the county-level experimen-
tal area is located can be significantly reduced compared with those in the prefecture-level
cities in which the prefecture-level experimental area is located. In addition, by comparing
the regression coefficients, it was found that the energy consumption and carbon dioxide
emission regression coefficients of the dummy variable policy had little differences within
the same type of experimental zone. This shows that the construction of the same type
of experimental zone has a similar impact on the reduction in energy consumption and
carbon dioxide emissions.
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4.3.2. Heterogeneity Analysis of City Location

This study divided the sample into east, central, and west areas based on city locations.
Then, the heterogeneity results of city locations were estimated in terms of the impact of the
national sustainable development experimental zone on energy consumption and carbon
dioxide emissions. These results are shown in Table 5. As can be seen from the regression
coefficient, the energy transition policy impacted, in decreasing order, the western, central,
and eastern regions.

Table 5. Heterogeneity analysis of city locations.

Variable East Central West
InEC InCO, InEC InCO, InEC InCO,
Policy —0.106 * —0.100 * —0.178 ** —0.215 *** —0.271 *** —0.304 **
Ingdp 0.629 *** 0.703 *** 0.629 *** 0.703 *** 0.644 *** 0.720 ***
Inp 0.369 0.363 0.367 0.363 0.342 0.335
Constant —7.980 *** —7.363 *** —7.980 *** —7.376 *** —0.807 *** —7.476 ***
City FE YES YES YES YES YES YES
Year FE YES YES YES YES YES YES
Observations 1028 1028 668 668 779 779
R-squared 0.9125 0.9096 0.9126 0.9098 0.9128 0.9101
Control variables YES YES YES YES YES YES

**p<0.01,*p<0.05*p <0.1.

This may have been due to the regional differences between the eastern, central, and
western regions, which led to different levels of dependence on resources. Generally
speaking, from the perspective of the economic development level and population density,
the eastern, central, and western regions declined, and their resource dependence and
lock-in effect showed opposite trends [75]. Therefore, the national sustainable development
experimental zone policy in the central and western regions was more sensitive to the
reduction in energy consumption and carbon dioxide emissions.

4.4. Mechanism Analysis
4.4.1. Mediating Effect of Technological Progress

Table 6 shows the estimated results of the mediating effect with technological progress
as the mediating variable. When technological progress was used as the explained variable,
the coefficient of policy was significantly positive, indicating that the construction of the
national sustainable development experimental zone can improve the level of technological
progress. The reason for this result may be that the construction of the national sustain-
able development experimental zone aims to create a model of sustainable development,
emphasizing the effect of scientific and technological innovation on the economy, society,
energy, and the environment [12]. Some policies and measures formulated by the govern-
ment can be centrally implemented and promoted intensively, and the construction of the
experimental zone can be carried out through scientific and technological innovations to
promote technological progress [40].

Based on columns (1), (2), (4), and (5), the coefficients of policy and technological
progress were significantly negative. Among them, compared to the regression coefficients
in the benchmark model and using energy consumption and carbon dioxide emissions
as the explained variables, the absolute value of the policy regression coefficient is small
in columns (4) and (5). The regression coefficients in columns (3) and (4) in Table 6 show
that when carbon dioxide emissions were used as the explained variable, the mediation
effect of technological progress was significant with a partial mediation effect. Similarly,
when energy consumption was used as the explained variable, the partial mediation ef-



Sustainability 2023, 15, 8315

14 of 21

fect of technological progress was significant. This shows that the construction of the
national sustainable development experimental zone can reduce energy consumption and
carbon dioxide emissions by improving technological progress. That is, there is a trans-
mission mechanism through which the national sustainable development experimental
zone policy can increase technology progress, decreasing energy consumption and car-
bon dioxide emissions. This is because technological progress can improve the supply of
clean energy, improve the efficiency of resource allocation and utilization, improve the
energy efficiency and production efficiency, reduce energy consumption, and reduce carbon
dioxide emissions [49,50]. Therefore, the construction of the national sustainable develop-
ment experimental zone can reduce energy consumption and carbon dioxide emissions
through technological progress. In order to further test the reliability of the results, this
study selected the number of patents to characterize technological progress and further
test whether technological progress plays an intermediary role in the national sustainable
development experimental zone policy on energy transition. The test results are shown
in Table 7. The results of the study show that when the energy consumption and carbon
dioxide emissions were used separately as the explained variables, the mediation effect
of technological progress was significant with a partial mediation effect. This further
shows that technological progress plays an intermediary role in the national sustainable
development experimental zone policy on energy transition.

Table 6. Mediating effect tests (1—1).

Variable InCO, InEC InT InCO, InEC
(1) ) (3) @) (5)
Policy —0.133 ** —0.131 ** 0.149 ** —0.073 ** —0.089 **
InT —0.403 * —0.295 **
Constant —5.758 *** —6.742 *** 6.836 —2.218 —3.319
City FE YES YES YES YES YES
Year FE YES YES YES YES YES
Experimental group 50 50 50 50 50
Nonexperimental group 164 164 164 164 164
Observations 2756 2756 2756 2756 2756
R-squared 0.7159 0.7513 0.7727 0.9177 0.9254
Control variables YES YES YES YES YES

***p<0.01,*p<0.05*p<0.1.

Table 7. Mediating effect tests (1—2).

Variable InCO, InEC InT InCO, InEC
(1) ) (3) @) (5)
Policy —0.133 ** —0.131 ** 0.118 ** —0.119 ** —0.091 **
InT —0.122* —0.214 **
Constant —5.758 *** —6.742 *** —3.634 —17.435 —14.810
City FE YES YES YES YES YES
Year FE YES YES YES YES YES
Experimental group 50 50 50 50 50
Nonexperimental group 164 164 164 164 164
Observations 2756 2756 2756 2756 2756
R-squared 0.7159 0.7513 0.7432 0.6892 0.7309
Control variables YES YES YES YES YES

< 0.01, % p<0.05,*p<0.1.
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4.4.2. Mediating Effect of Industrial Structure Upgrading

Table 8 shows the estimated results of the mediating effect, with industrial structure
upgrading as the mediating variable. When industrial structure upgrading was used as the
explained variable, the coefficient of policy was significantly negative, indicating that the
construction of the national sustainable development experimental zone can reduce indus-
trial added value as a percentage and promote industrial structure upgrading. This may be
because the government can promote industrial structure upgrading through environmen-
tal regulations, green credit, and other measures [59,76,77]. For example, the government
can effectively promote industrial structure upgrading through environmental regulation
measures, such as market-incentive environmental regulations, command-controlled envi-
ronmental regulations, and voluntary public participation environmental regulations [78].

Table 8. Mediating effect tests (1-1).

Variable InCO, InEC IS InCO, InEC
@ 2) 3) 4) (5)
Policy —0.133 ** —0.131 ** —0.180 ** —0.130 ** —0.127 **
IS 0.014* 0.021 **
Constant —5.758 *** —6.742 *** —197.52 *** —5.251** —5.90 ***
City FE YES YES YES YES YES
Year FE YES YES YES YES YES
Experimental group 50 50 50 50 50
Nonexperimental group 164 164 164 164 164
Observations 2756 2756 2756 2756 2756
R-squared 0.7159 0.7513 0.7727 0.9177 0.9254
Control variables YES YES YES YES YES

) <0.01, % p<0.05,* p<0.1.

Based on columns (1), (2), (4), and (5), the policy coefficients were significantly negative,
while the coefficients of industrial structure upgrading were positive. Compared to the
regression coefficients in the benchmark model, using energy consumption and the carbon
dioxide emissions as the explained variables, the absolute value of the policy regression
coefficient was small in columns (4) and (5). The regression coefficients shown in columns
(3) and (4) in Table 7 indicate that when the carbon dioxide emissions were used as the
explained variable, the mediation effect of industrial structure upgrading was significant
and had a partial mediation effect. Similarly, when energy consumption was used as
the explained variable, the partial mediation effect of industrial structure upgrading was
significant. This indicates that the national sustainable development experimental zone
policy can reduce the energy consumption and carbon dioxide emissions by improving
industrial structure upgrading. That is, there is a transmission mechanism by which
the national sustainable development experimental zone policy can increase industrial
structure upgrading (reduce industrial added value as a percentage), thereby decreasing
the energy consumption and carbon dioxide emissions. This is because the reduction in
industrial added value as a percentage can reduce the consumption of fossil energy, while
industrial structure upgrading can improve the energy efficiency and reduce pollutant
emissions [79,80]. Therefore, the national sustainable development experimental zone
policy can reduce energy consumption and carbon dioxide emissions through industrial
structure upgrading. In order to further test the reliability of the results, this study selected
the proportion of the secondary industry compared to the tertiary industry to characterize
industrial structure upgrading and further test whether industrial structure upgrading
plays an intermediary role in the national sustainable development experimental zone
policy on energy transition. The test results are shown in Table 9. The results of the
study show that when the energy consumption and carbon dioxide emissions were used
separately as the explained variable, the mediation effect of industrial structure upgrading
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was found to be significant with a partial mediation effect. This further shows that industrial
structure upgrading plays an intermediary role in the national sustainable development
experimental zone policy on energy transition.

Table 9. Mediating effect tests (1-2).

Variable InCO, InEC IS InCO, InEC
@ 2 (3) 4) (5)
Policy —0.133 ** —0.131 ** —0.024 ** —0.131 ** —0.129 **
IS 0.066 * 0.079 **
Constant —5.758 *** —6.742 *** —23.629 *** —15.026 ** —13.173 ***
City FE YES YES YES YES YES
Year FE YES YES YES YES YES
Experimental group 50 50 50 50 50
Nonexperimental group 164 164 164 164 164
Observations 2756 2756 2756 2756 2756
R-squared 0.7159 0.7513 0.7354 0.6819 0.7171
Control variables YES YES YES YES YES

**p<0.01,*p<0.05*p<0.1.

5. Conclusion and Policy Recommendations
5.1. Conclusions

Using panel data from 214 cities at the prefecture level collected in 2006 to 2019 and
employing a difference-in-difference (DID) model and an intermediary effect model, this
paper presented the direct impact and transmission mechanism of the national sustainable
development experimental zone policy on energy transition. The study conclusions are
summarized as follows: First, the national sustainable development experimental zone
policy positively affected energy transition by reducing energy consumption and carbon
dioxide emissions. Second, there is heterogeneity in the national sustainable development
experimental zone policy on energy transition in terms of the different types of experimen-
tal zones. Specifically, the results of the heterogeneity analysis of different experimental
zone types indicate that, compared with prefecture-level experimental areas, county-level
experimental zones play a more obvious role in accelerating an energy transition. In ad-
dition, the results of the heterogeneity analysis of urban geographical locations showed
that the national sustainable development experimental zone policy has different negative
effects on urban energy consumption and carbon dioxide emissions in different regions,
and the impact of the policy on energy transition is felt, in decreasing order, by the western,
central, and eastern regions. Finally, technological progress and industrial structure up-
grading have mediating effects on the policy to reduce energy consumption and carbon
dioxide emissions and accelerate an energy transition, and there is a relatively high level of
aggregation in the variables deployed.

5.2. Policy Recommendations

Based on the above research conclusion, the following three policy implications
were deduced.

First, the empirical results of this paper showed that the policy of the national sus-
tainable development experimental zone plays a significant role in reducing energy con-
sumption and carbon dioxide emissions. According to the implementation progress of
sustainable development by the Chinese government, the construction of the current sus-
tainable development experimental zone entered a breakthrough period that will mark
a new breakthrough period in the energy transformation and sustainable development
of Chinese cities. Based on this, China should approve and promote the construction
of experimental zones in a timely manner and fully consider the influences of different
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experimental zone types and experimental areas to provide a demonstration model for
solving the economic, social, resource, and environmental challenges faced in the new era.

Second, based on the results of heterogeneity analysis in prefecture-level cities, the
impacts of experimental zone types and regional differences on the reduction in energy
consumption and carbon dioxide emissions can be fully considered. The construction
of county-level experimental zones has a significant impact on the energy consumption
and carbon dioxide emissions of prefecture-level cities. Therefore, the country should
focus on the construction of the county-type sustainable development experimental zone,
which is of great significance for accelerating the energy transformation and promoting
sustainable development. Additionally, according to the conclusion, the construction of
experimental zones in different regions has different effects on energy consumption and
carbon dioxide emissions. Therefore, the impact of urban location heterogeneity on energy
transition should be fully considered, and the construction of subsequent experimental
areas should be selectively approved. In addition, the contradictions between economic,
social, resource, and environmental factors in different regions are different. However, the
eastern region is an important part of China’s high-quality economic development, and it
is facing high contradiction pressure. According to the research results, the policies in the
eastern region are less effective on promoting energy transition than those in the central
and western regions. Therefore, the government should focus on the construction of the
eastern experimental area and speed up its energy transition.

Third, the study of mediating mechanism showed that technological progress and the
industrial structure play intermediary roles in the energy transformation of the national
sustainable development experimental zone. Therefore, the two transmission paths of
technological progress and industrial structure affect the reduction in energy consumption
and carbon dioxide emissions. On the one hand, they will contribute to a change in the
energy structure on the energy-supply side by increasing the investment in the research
and development of low-carbon energy technologies, reducing the production cost and
use cost of clean energy, and forming the market conditions for affordable use. An energy
transition is a transition to renewable energy. Therefore, the progress of renewable energy
technologies such as solar, wind, and biomass will help increase the supply of renewable
energy. This is conducive to the realization of the energy transition. Globally, the United
States, Germany, and other countries are accelerating the research and development of
renewable technologies. At the same time, these countries are moving away from coal
consumption. This is because the energy transition is a transition away from coal. There-
fore, China’s continued investment in coal could delay the realization of China’s energy
transition. In addition, to achieve a breakthrough in key technology cores, innovation
in the core areas of electrification, decentralization, and digitization can help to promote
energy use behavior on the energy demand side. On the other hand, on the basis of strictly
controlling the entry threshold of industrial enterprises, the government should guide and
encourage the integrated development of industrial enterprises in the experimental zone
with emerging industries and characteristic industries, promote the low-carbon transforma-
tion and development of industries, and create a demonstration model for the sustainable
development of other regions.

5.3. Limitations

There were some limitations in this study, which can be further addressed in subse-
quent studies. First, given the availability of data and the integrity of different development
stages, this paper used data from the national sustainable development experimental zone
collected in 2006-2019 to show that the policy can reduce energy consumption and carbon
dioxide emissions. This stage was the expansion period and the breakthrough period of the
national sustainable development experimental zone, and it had a certain level of represen-
tativeness. However, the impacts of the exploration period and the transition period in the
construction of the national sustainable development experimental zone were ignored; that
is, the data from 1986 to 2006 were not included. Therefore, it was uncertain whether the
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entire development stage of the national sustainable development experimental zone had
an impact on energy transition. Therefore, in future studies, further data will be collected
to study whether the entire development stage of the national sustainable development
experimental zone had an impact on energy transition. Secondly, considering the different
types of national sustainable development experimental zones, prefecture-level cities were
selected as the research objects in this paper. In subsequent research, the county-level
experimental areas can be directly taken as the research object to explore the impact of the
construction of county-level experimental areas on the energy transformation to provide
more specific suggestions for the construction of county-level experimental areas. Although
the research conclusion of this paper confirmed that the policy of the national sustainable
development experimental zone can effectively reduce energy consumption and carbon
dioxide emissions, it was not clear whether the policy implementations have adverse effects
on the economy and society and whether the original policy design has shortcomings in its
design and implementation process. These issues can be explored further.
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