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Abstract

Cities are at the core of resource consumption and carbon emissions, and against a back-
drop of increasingly severe global climate change and resource constraints, they have
become crucial in achieving an ecological civilization through sustainable development
models. Using data from 293 prefecture-level cities in China from 2006 to 2023 as a research
sample, this study empirically examines the impacts of new energy demonstration city
construction on energy utilization efficiency, with the aim of providing insights to guide
urban sustainable development. Our findings are as follows: firstly, the construction of new
energy demonstration cities can effectively enhance energy utilization efficiency. Secondly,
digital economy policies and environmental regulations can positively moderate the impact
of new energy demonstration city construction on energy utilization efficiency. Thirdly,
the construction of new energy demonstration cities can significantly improve energy
utilization efficiency through technological innovation and industrial optimization.

Keywords: environmental economy; new energy; energy utilization efficiency; sustainable
development

1. Introduction

In the context of increasingly severe global climate change and resource constraints,
promoting green and low-carbon transformation and achieving sustainable development
have become shared challenges and strategic goals for countries around the world. Improv-
ing energy utilization efficiency is key to achieving the coordinated development of energy
conservation, emission reduction, and economic growth. As core population, industry,
and economic hubs, cities are major energy consumers and sources of carbon emissions,
and their development models directly affect the progress of global ecological civilization
construction. As the world’s largest energy consumer, China ascribes particular importance
to exploring urban low-carbon transformation paths under the larger blueprint of the “dual
carbon” goals (carbon peaking and carbon neutrality). To identify effective policy tools,
the Chinese government released a list of new energy demonstration cities in 2014, aiming
to promote the large-scale application and industrialization of new energy technologies
such as solar, wind, and biomass energy in cities through financial subsidies, technical
support, and policy guidance. This initiative is intended to optimize the energy structure
and explore sustainable urban development paradigms, and it represents an important
practice in advancing the green transformation of the energy system. Therefore, it is of
great importance to explore the impact of the new energy demonstration city pilot policy
on urban energy utilization efficiency.
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With the implementation of various new energy and low-carbon city pilot policies, eval-
uating their policy effects has become an academic hotspot. Yi Shanyu and Yin Yuanyuan
(2022) [1], using panel data from 267 prefecture-level cities from 2005 to 2019, found that
the new energy demonstration city policy can effectively attract the inflow of foreign direct
investment (FDI) in China. Yan Jiang et al. (2024) [2], focusing on the perspective of
green innovation, found that the “campus to VAT” policy significantly improved cities’
green innovation capabilities. Peng Wang and Donghai Li (2025) [3] used panel data from
286 prefecture-level cities from 2007 to 2021 to evaluate the impact of the “campus to VAT”
policy on green total-factor productivity and found that policy effects varied across regions
and urban levels. Feng Yuan and Nie Changfei (2022) [4], focusing on the perspective of
pollutant emission intensity control, found that China’s new energy demonstration city
construction pilot policy had a significant negative impact on environmental pollution,
especially in central and western cities and cities with low economic development levels.
Huang Manyu and Yang Lu (2025) [5] tested the carbon emission reduction effect of energy
transition policies using the difference-in-differences (DID) model and also found that the
new energy demonstration city policy played a significant role in carbon emission reduc-
tion. Mo Li et al. (2025) [6] constructed a multi-dimensional evaluation system for urban
ecosystem resilience and found that energy structure transformation significantly enhanced
urban ecosystem resilience. Yang Ma (2025) [7], using panel data from 217 prefecture-level
cities from 2012 to 2021, found that the new energy demonstration city policy significantly
promoted green growth in pilot cities.

Scholars have also extensively discussed the driving factors behind energy utilization
efficiency. Yarong Shi and Bo Yang (2024) [8] used panel data from 279 prefecture-level
cities from 2011 to 2021 and adopted mediating and moderating models to verify the
synergistic impact of digital finance and green finance on energy efficiency. Li Shanshan
and Ma Yangin (2024) [9], explored carbon trading policies and found that they significantly
improved urban single-factor energy productivity and total-factor energy efficiency and
that their effect became more significant over time. Han Xue et al. (2024) [10], focusing on
digital innovation, found that the establishment of national big data comprehensive pilot
zones played an important role in promoting sustainable energy practices and contributed
to the global pursuit of harmony between humans and nature. Song Yijia et al. (2025) [11]
analyzed the mechanisms through which digital enterprises improved energy utilization
efficiency based on both intra-enterprise and inter-enterprise effects and explored the
formation mechanisms behind the advantages of ultra-large-scale markets. Zhuoya Ren
(2025) [12], from the perspective of green finance reform, used the DID model to evaluate
the impact of green finance reform and innovation pilot zones on urban green total-factor
energy efficiency.

Based on existing research, this study uses data from 293 prefecture-level cities in
China from 2006 to 2023 as the research sample to empirically examine the impact of
new energy demonstration city construction on energy utilization efficiency. Compared
with existing studies, the innovative elements of this study are as follows: firstly, we
chose an innovative research perspective. Most existing studies explore the impact of
a single policy on energy efficiency, while this study systematically verifies the positive
strengthening effects of digital economy policies and environmental regulations on the
relationship between new energy demonstration city construction and energy utilization
efficiency. It clarifies the synergistic effects of policy tools and economic forms, providing a
new perspective for understanding how multiple factors can jointly enhance the effects of
new energy policies. Secondly, our research methods are innovative. Most existing studies
analyze independent samples of individual cities, ignoring geographical interconnections.
This study adopts spatial econometric analysis methods to empirically test and confirm
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the significant spatial spillover effects of the policy, providing a solid empirical basis for
cross-administrative regional cooperation in energy and environmental governance.

2. Research Hypothesis

The theory of technological innovation states that economic development stems
from “creative destruction”—the subversion of old technologies and systems by new
technologies and business models [13]. New energy demonstration cities can be seen as
large-scale innovation testbeds and technology incubators, providing valuable application
scenarios and testing platforms for a series of energy technologies that are still in the pre-
commercialization stage. By concentrating resources on building public R&D platforms and
implementing major demonstration projects, they not only reduce the technological innova-
tion risks and costs of individual enterprises but also promote the rapid flow and iteration
of knowledge and technology among the “government-industry—university—research—
application” system. This systematic promotion transforms technological innovation re-
lated to energy efficiency improvement from isolated and occasional events into continuous
and organized systematic activities, thereby significantly penetrating and reshaping the
urban energy utilization model and fundamentally improving energy utilization efficiency.
At the same time, the energy sector has typical negative externalities; for example, the
environmental pollution and climate change costs caused by the consumption of traditional
fossil energy are not included in the market pricing system, leading to excessive energy
consumption and inefficient utilization. New energy technologies, due to their positive
environmental externalities, raise the dilemma of high costs and low market acceptance
(market failure) in the early stages of development. The new energy demonstration city
policy is a major government intervention designed to correct this dual externality by
building a policy-driven “social-technical testbed”. Furthermore, from the perspective of
the agglomeration effect in spatial economics, the demonstration city policy guides the
agglomeration of capital, talents, and technology in the new energy, energy conservation,
and environmental protection industries [14]. This geographical concentration not only
generates economies of scale but also enables the development of specialized energy ser-
vice companies through industrial linkages. These companies provide enterprises with
professional energy efficiency diagnosis and improvement solutions through business
models such as energy performance contracting (EPC), transforming energy efficiency im-
provement from a technical issue into a market-oriented service. This greatly promotes the
introduction and popularization of advanced technologies and management models across
industries, thereby improving energy utilization efficiency. In summary, as policy-driven
socio-technical testbeds, new energy demonstration cities have systematically improved
energy use efficiency by rectifying externalities, stimulating agglomeration effects, and
accelerating technological iteration. Based on the above analysis, Hypothesis 1 is proposed:

Hypothesis 1. The construction of new energy demonstration cities can effectively enhance energy
utilization efficiency.

From the perspective of information asymmetry and decision-making optimization, a
core dilemma faced by traditional energy systems is information opacity and fragmented
decision-making [15]. Data on energy production, transmission, distribution, and con-
sumption are scattered and lagging, leading to low accuracy in supply-demand matching
and high redundancy in system operations. The big data, Internet of Things (IoT), and
cloud computing technologies promoted in digital economy policies provide key tools
for solving this dilemma. When these digital technologies are deeply integrated into the
physical infrastructure of new energy demonstration cities, they can collect, transmit, and
process massive real-time energy information flows [16]. This makes the previous “black-
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box” energy system highly transparent and visible, significantly reducing information
search and coordination costs in energy scheduling, trading, and management. Secondly,
digital economy policies have led to the emergence of digital energy platforms. These
platforms can break the former pattern of vertical monopoly and long chains in the energy
industry, connecting tens of thousands of producers and consumers to form a new en-
ergy ecosystem with “source-grid—load-storage” interactions [17]. Within the framework
of demonstration cities, these platforms can easily incorporate decentralized distributed
photovoltaics, user-side energy storage, electric vehicles, and other flexible resources and
increase users’ willingness to participate in system regulation through market-oriented
price signals. This platform-based ecological synergy achieves system synergy benefits
far exceeding the simple sum of individual entities, expanding the breadth and depth
of the resources that new energy demonstration cities can mobilize, thereby amplifying
their potential to improve energy efficiency. In summary, digital economy policies have
significantly reduced information and coordination costs by enabling transparency and
platformization in the energy system while stimulating systemic synergy effects, thereby
amplifying the potential for energy efficiency improvements in new energy demonstration
cities. Based on the above analysis, Hypothesis 2 is proposed:

Hypothesis 2. Digital economy policies can positively moderate the impact of new energy demon-
stration city construction on energy utilization efficiency.

From the perspective of institutional complementarity, the effectiveness of any core
policy depends on the coordination and support of other supporting systems [18]. The
new energy demonstration city policy mainly focuses on “establishing new systems”, i.e.,
cultivating and developing new energy industries and infrastructure, while environmental
regulation policies focus on “abolishing old systems”, i.e., restricting and phasing out out-
dated technologies with a lower production capacity. The two are highly complementary
in function. A lax environmental regulation attitude leads to an insufficient “abolition of
old systems”: high-energy-consuming enterprises can still operate with low environmental
costs, which weakens their demand for the new energy and energy efficiency technologies
provided by demonstration cities and may even lead to “adverse selection” (the elimina-
tion of good enterprises by bad ones) [19]. In contrast, a strict and effectively enforced
environmental regulation system can form a “push—pull combination” policy package
with the demonstration city policy: environmental regulations “push” enterprises away
from high-carbon paths, while demonstration cities “pull” enterprises in by providing
feasible low-carbon transformation solutions. This synergistic resonance between sys-
tems creates an optimal policy environment for improving energy utilization efficiency.
Additionally, environmental regulations help establish strong societal values of resource
conservation and environmental friendliness. They make energy utilization efficiency not
just a corporate social responsibility or moral choice but a core factor in enterprises gaining
competitive advantages in the market or even obtaining production permits. This fair,
competitive environment shaped by regulations ensures that all enterprises can compete in
terms of energy and environmental performance, allowing businesses in demonstration
cities that take the lead in adopting high-efficiency and clean technologies to obtain real
market returns [20]. This reward mechanism will encourage more enterprises to take part,
forming a virtuous cycle of “compliance-innovation—profit-re-innovation”, thereby greatly
strengthening the positive spillover effect of the demonstration city policy. In summary,
stringent environmental regulations and new energy demonstration city policies lead to an
institutional synergy of “subverting old ways and establishing new ones”, creating a joint
force combining push and pull that can effectively enhance the effect of energy efficiency
improvements. Based on the above analysis, Hypothesis 3 is proposed:
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Hypothesis 3. Environmental requlations can positively moderate the impact of new energy
demonstration city construction on energy utilization efficiency.

The new energy demonstration city policy adjusts the price and demand signals for
technological innovation by defining clear development goals for clean energy and in-
vesting policy resources. It increases the implicit costs of high-carbon technologies while
reducing the relative prices of low-carbon and high-efficiency technologies [21]. This non-
market signal guides enterprises and scientific research institutions to concentrate R&D
resources on new energy, energy conservation, energy management systems, and related
fields such as materials science and information technology, directly driving the rapid
growth of green technology patents. Meanwhile, as policy-designated units, demonstra-
tion cities promote exchanges and cooperation among various regional stakeholders by
establishing public R&D platforms, organizing industry—university—research cooperation,
and hosting industry technology forums. This reduces the transaction costs of techno-
logical innovation, accelerates knowledge accumulation and circulation, improves the
innovation output efficiency of R&D investment, and drives cutting-edge, high-efficiency
energy technologies from the laboratory to engineering demonstration, ultimately translat-
ing into observable improvements in energy use efficiency. In summary, the new energy
demonstration city policy accelerates green technological innovation and transformation by
guiding the agglomeration of R&D resources and promoting knowledge synergy, thereby
driving improvements in energy use efficiency. Based on the above analysis, Hypothesis 4
is proposed:

Hypothesis 4. The construction of new energy demonstration cities can effectively improve energy
utilization efficiency through technological innovation.

From the perspective of industrial structural transformation, the policy shows a strong
intention to foster industry. On the supply side, local governments vigorously encour-
age investment around the demonstration goals and prioritize the manufacture of new
energy equipment and the development of new energy services and related information
technology industries. As these emerging green industries expand in scale, their share
in the regional total economic output continues to rise, driving significant improvements
in regional energy economic efficiency [22]. On the demand side, on the one hand, the
vigorous development of the new energy industry generates strong intermediate demand
for upstream producer services such as raw materials, high-end equipment manufacturing,
and R&D design, driving the upgrading of related industries toward greener and more in-
novative approaches. On the other hand, the movement of the urban energy infrastructure
toward greater cleanliness and intelligence leads to new requirements regarding energy
inputs for all downstream industries. High-energy-consuming enterprises must undergo
technological transformation to sustain operations in this environment; otherwise, they will
face the risk of rising costs or market elimination. In addition, the policy has systematically
reduced the barriers and costs that prevent enterprises from entering the green industry,
increased the opportunity cost of adhering to traditional high-energy-consuming paths,
and promoted the transfer of economic resources from high-energy-consuming sectors to
low-energy-consuming ones. This has led to a decline in the energy consumption elasticity
coefficient of the entire economic system, achieving a fundamental long-term improve-
ment in energy use efficiency [23]. In summary, the new energy demonstration city policy
drives industrial optimization, fosters emerging industries on the supply side, and forms a
pull and reverse-impact mechanism on the demand side, all of which promote long-term
improvements in energy efficiency. Based on the above analysis, Hypothesis 5 is proposed:
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Hypothesis 5. The construction of new energy demonstration cities can effectively improve energy
utilization efficiency through industrial optimization.

The hypothetical mechanism of the paper is shown in Figure 1.

technological
mnovation

digital economy

the policies ’
construction of l energy
new energy utilization
demonstration I efficiency
cities x

environmental
regulations

» industnial optimization

Figure 1. Hypothetical mechanism.

3. Research Design
3.1. Data Selection

In this paper, we use data from 293 prefecture-level cities in China from 2006 to 2023
as the research sample. The time window fully covers the policy cycle for new energy
demonstration cities (the first batch of pilot cities was approved in 2010), with balanced
sample sizes before and after the policy implementation, which meets the requirements
of the difference-in-differences (DID) model for pre- and post-policy observation periods.
Data for each variable and its measurement indicators mainly come from the Wind database,
the National Bureau of Statistics website, provincial and municipal Bureau of Statistics
websites, the “China Statistical Yearbook”, the “China City Statistical Yearbook”, and the
“Government Work Reports” of various provinces, cities, and autonomous regions. In
addition, data with missing or abnormal values for key variables are excluded.

3.2. Variable Definitions

Energy use efficiency is a core indicator for measuring energy consumption levels and
the degree of effective utilization. Currently, the green transformation of the economy, the
adjustment of urban energy structures, and the achievement of carbon sink goals require
the metric of energy use efficiency to not only reflect energy consumption itself but also take
into account the mutual substitution between production factors and structural changes in
the production process. Therefore, referring to the research of Li Rongjie et al. (2022) [24],
Wang Jing et al. (2023) [25], and Jiang Xinyu (2025) [26], an indicator system for green total-
factor energy efficiency including undesirable outputs is constructed (details in Table 1), and
the super-efficiency SBM model is used for calculation to more accurately reflect the energy
utilization effect against a background of new energy demonstration city construction. The
SBM model can incorporate undesirable outputs and address input—output slack issues.
It aligns with the measurement needs for green total-factor energy efficiency, accurately
reflects the energy utilization effect against a background of new energy demonstration
city construction, and adapts to the considerations of factor substitution and changes in
production structure.
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Table 1. Variable definition and interpretation.

Variables Name Symbol Definition or Measurement Data Source
Explgmed Energy'U.tlhzatlon Fue Calculated using the Super-Efficiency The Wind database
variable Efficiency SBM model
New Energy Assigned a value of 1 if the city is a
Demonstration Treat new energy demonstration city pilot; The National Bureau
City Pilot otherwise, 0 of Statistics website,
Explanatory incial and
variable Assigned a value of 0 for years before provincial an
Pre/Post-Pilot Post becoming a pilot; assigned a value of ~ municipal Bureau of
Implementation 1 for the pilot year and subsequent Statistics websites
years
Percentage of digital economy
Digital Economy De policy-related word frequency in the
Policy p total word count of the Government
Moderating Work Report (%) The “Government
Variable Percentage of environmental Work Reports”
Environmental Er regulation-related word frequency in
Regulation the total word count of the
Government Work Report (%)
Tt;chnological Gti Total m;gngg(l; of gr?er.l pateﬁt grants Ty wind databas e,
Mediating nnovation per 10, people in each city the “China Statistical
Variable Industrial Ratio of the value added to the Yearbook”, the
Optimization Iso tertiary industry to the value added “China City
P to the secondary industry Statistical Yearbook”
Economic Natural logarithm of Gross Domestic
Development Gdp
Product
Level
Population Ratio of year-end permanent resident
. Pop . .
Density population to city area
Infrastructure ) The Wind database,
Control Variable Level Inf Measured by per capita road area the “China City
; Statistical Yearbook”
Investment Inv Natural logarithm of completed
Intensity investment in fixed assets
Level of Openness Open Natural logarithm of Foreign Direct
Investment
Urbanization Rate Utb Proportion of urban population to

total population

To accurately identify the net effect of the new energy demonstration city pilot policy,
in this paper, we adopt the classic variable design of the difference-in-differences (DID)
model and define the core explanatory variables in two dimensions: whether it is a new
energy demonstration city pilot (Treat) and the number of years that it has been one (Post).
If the city is a new energy demonstration city pilot, Treat is assigned a value of 1; otherwise,
it is assigned a value of 0. For years before the city became a new energy demonstration
city pilot, Post is assigned a value of 0; for the year that it became a pilot and subsequent
years, Post is assigned a value of 1. The interaction term of the two (Treat x Post) serves as
the core policy effect coefficient focused on in this paper, directly reflecting the degree of
impact of the construction of new energy demonstration cities on energy use efficiency.

The moderating variables are digital economy policy and environmental regulation.
The policy effects of new energy demonstration cities are not isolated but are instead
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constrained and supported by the external policy environment. Therefore, in this paper, we
select two types of key policy variables as moderating factors to analyze their strengthening
or weakening effects on the core effect. Digital Economy Policy (Dep), referring to the
research of Jin Canyang (2022) [27], Tao Changgqi (2022), etc. [28], is measured based on
the government work reports of each city, using Python 3.9.0 to calculate the frequency
of 60 digital economy-related words; specifically, it is measured based on the proportion
of digital economy policy-related word frequency to the total word frequency of the
government work report. Environmental Regulation (Er), referring to the practices of Deng
Huihui (2019) [29], Chen Shiyi (2021) [30], and Yin Lihui (2021) [31], uses Python to perform
word segmentation processing on government work reports and counts 15 keywords
related to environmental regulation in each city’s government work report (environmental
protection, pollution, etc.); specifically, it is measured as the percentage of frequency of
environmental regulation-related words of the total frequency of words in the government
work report.

The mediating variables are technological innovation and industrial optimization. To
reveal the internal transmission mechanism through which new energy demonstration
cities affect energy use efficiency, this paper sets two types of core mediating variables,
corresponding to the two key paths of technological progress and structural upgrading.
Technological Innovation (Gti) is measured as the total number of green patent grants per
10,000 people in each city; Industrial Optimization (Iso) is measured as the ratio of the
added value of the tertiary industry to the added value of the secondary industry.

Regarding the control variables, drawing on existing research and considering that
the heterogeneity in economic foundation, resource endowments, and other aspects among
Chinese cities may interfere with the identification of the core causal relationship, control
variables are selected from six dimensions to exclude irrelevant interferences: the Economic
Development Level (Gdp), Population Density (Pop), Infrastructure Level (Inf), Investment
Intensity (Inv), Level of Openness (Open), and Urbanization Rate (Urb). The definitions
and measurements of each variable are shown in Table 1.

3.3. Model Building

To test Hypothesis 1, this paper uses the difference-in-differences (DID) method to
isolate the policy treatment effect, treating the construction of demonstration cities as a
quasi-natural experiment. The rationale for adopting the difference-in-differences (DID)
method lies primarily in its alignment with the design logic of a quasi-natural experiment:
the grouping of pilot cities (treatment group) and non-pilot cities (control group) is close to
random, which can reduce selection bias. Simultaneously, two-way controls for regional
fixed effects and time fixed effects are applied to avoid the impact of omitted variables at
the city and time levels on research accuracy. The specific model is designed as follows:

Eue;y = Bo + B1Treat;; x Post;; + B2 X; + City, + Year; + &; 4 (1)

where subscripts i and ¢ represent the city and year, respectively. Eue;; is the energy
utilization efficiency of city i in year t. X;; represents the control variables; City, is the city
fixed effect; Year; is the year fixed effect; By is the intercept term; and &;; is the random
error term.

To test Hypotheses 2 and 3, we further constructed the following model to empirically
test the moderating effects of digital economy policy and environmental regulation. Y;;
is the moderating variable, including digital economy policy Dep, , and environmental
regulation Er; ;.

Eue;; = @o + @1 Treat;; * Post; ; + @oY; yxTreat; ; x Post; ; + @3 X; s + City; + Year; + &4 (2)
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To test Hypotheses 4 and 5, we further constructed the following model to empir-
ically test the mechanisms through which new energy demonstration city construction
affects energy utilization efficiency. M, ; is the mediating variable, including technological
innovation Gti;; and industrial optimization Iso; ;.

M;; = ag + ayTreat;; x Post; ; + ap X; s + City; + Yeary + ;4 (3)
Eue;; = 0o + o1 Treat;; x Post;; + 0o M; 1 + 03X;; + City; + Year; + & 4)

4. Empirical Analysis
4.1. Descriptive Statistics

Table 2 reports the descriptive statistics for all variables. It can be seen that the mean of
Energy Utilization Efficiency (Eue) is 0.327, indicating that the energy utilization efficiency
of Chinese cities is at a relatively low level; the maximum value of Eue is 1.193, the minimum
is 0.098, and the standard deviation is 0.139, indicating significant differences in energy
utilization efficiency among Chinese cities. Therefore, an in-depth exploration of the impact
of new energy demonstration city construction on energy utilization efficiency is of great
significance. The mean value for whether it is an NEDC pilot (Treat) is 0.219, indicating
that the current number of new energy demonstration cities is relatively small. The mean
for the moderating variable Digital Economy Policy (Dep) is 0.109, with a minimum of 0
and a maximum of 1.692, and the mean value for Environmental Regulation (Er) is 0.772,
with a minimum of 0 and a maximum of 2.609; it can be seen that there are significant
differences in digital economy policies and environmental regulations among Chinese cities,
making it necessary to further analyze the moderating role of digital economy policies
and environmental regulations in the correlation between new energy demonstration city
construction and energy utilization efficiency. Additionally, it can be observed that the
control variables exhibit good dispersion, indicating that the selection of control variables
is reasonable, which is beneficial for subsequent regression analysis.

Table 2. Summary statistics.

Variable Obs Mean Median Std. Dev Min
Eue 5022 0.327 0.139 0.098 1.193
Treat 5022 0.219 0.413 0 1
Post 5022 0.121 0.327 0 1
Dep 5022 0.109 0.131 0 1.692
Er 5022 0.772 0.290 0 2.609
Gti 5022 0.523 0.940 0 10.023
Iso 5022 1.054 0.598 0.094 5.690
Gdp 5022 4.909 1.038 1.647 8.460
Pop 5022 3.849 2.692 0.248 20.093
Inf 5022 17.291 7.846 0.390 61.408
Inv 5022 10.594 1.756 0 13.153
Open 5022 5.624 3.606 0 15.376
Urb 5022 0.540 0.166 0.115 1

Cities with high and low energy utilization efficiency may differ significantly in many
aspects. To more clearly describe the differences between these two types of cities, grouping
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is performed based on the means of energy utilization efficiency, and T-tests are conducted
on the inter-group differences. Table 3 reports the results of the univariate analysis. It can
be seen that when the energy utilization efficiency is low, the mean vale for whether it is an
NEDC pilot (Treat) is 0.216, and the mean before/after NEDC pilot value (Post) is 0.094.
When energy utilization efficiency is high, the mean of Treat is 0.222 and the mean of Post is
0.163; the inter-group difference for Treat is not significant, while the inter-group difference
for Post is significant at the 1% level. This preliminary finding suggests that after the new
energy demonstration city pilot, energy utilization efficiency is significantly improved.

Table 3. Univariate analysis (grouped by mean energy efficiency).

Low Energy Utilization Efficiency High Energy Utilization Efficiency

Variables Obs Mean Std. Dev Obs Mean Std. Dev T-est

Treat 3023 0.216 0.412 1999 0.222 0.416 —0.006
Post 3023 0.094 0.292 1999 0.163 0. 369 —0.068 ***
Dep 3023 0.083 0.118 1999 0.148 0.140 —0.066 ***
Er 3023 0.761 0.296 1999 0.789 0.279 —0.028 ***
Gti 3023 0.286 0.443 1999 0.881 1.308 —0.594 ***
Iso 3023 0.981 0.542 1999 1.164 0.659 —0.183 ***
Gdp 3023 4.535 0.883 1999 5.475 0.998 —0.939 ***

Pop 3023 4.004 2.883 1999 3.616 2.355 0.388 ***
Inf 3023 15.948 7.387 1999 19.322 8.080 —3.374 ***
Inv 3023 10.453 1.738 1999 10.808 1.762 —0.355 ***

Open 3023 5.946 3.389 1999 5.138 3.863 0.808 ***
Urb 3023 0.506 0.162 1999 0.591 0.159 —0.085 ***

Note: ***: significance at the 1% levels; the same is true below.

4.2. Benchmark Test

Table 4 shows the regression results for the impact of new energy demonstration
city construction on energy use efficiency. From column (1), it can be observed that the
correlation coefficient between Eue and Treat x Post is 0.024, which is statistically significant
at the 1% level. This indicates a significant positive correlation between the construction
of new energy demonstration cities and energy use efficiency, meaning that the initiative
significantly promotes higher energy use efficiency. Once a city begins work on the con-
struction on a new energy demonstration city, its energy utilization efficiency will increase
by an average of 0.024 units. Thus, Hypothesis 1 is validated. Meanwhile, we find that
the correlation coefficient between Eue and Gdp is positive and statistically significant at
the 1% level, suggesting a significant positive relationship between the level of economic
development and energy use efficiency. In other words, higher levels of economic develop-
ment are associated with higher energy use efficiency. This may be because regions with
more advanced economies possess stronger capital accumulation, greater fiscal capacity,
and more dynamic financial markets. These conditions provide indispensable groundwork
for technological innovation, directly enabling the development of more efficient energy
conversion and utilization technologies and energy management techniques. In contrast,
the correlation coefficients between Eue and Inf, as well as Urb, are negative and statis-
tically significant at the 1% level. This implies significant negative correlations between
infrastructure development, urbanization rates, and energy use efficiency. Specifically,
lower levels of infrastructure and urbanization are associated with higher energy use effi-
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ciency. A possible explanation is that infrastructure itself is a major consumer of energy.
The construction and operation of expressways, high-speed railways, data centers, and
similar projects require substantial and continuous energy inputs. During periods of rapid
urbanization and infrastructure expansion, the growth rate of total energy consumption
often far exceeds that of GDP, leading to a temporary decline in macro-level energy use
efficiency. This apparent “inefficiency” can be viewed as “transition pains” associated
with the economy’s structural shift toward a more advanced form. This does not suggest
that backwardness itself breeds efficiency; rather, it reflects the transitional costs incurred
during structural transformation.

Table 4. Benchmark test.

Eue
@ (2 3)
0.024 *** 0.010 0.018*
Treat x Post
reatxros 4.21) (1.38) (1.85)
0.070 ***
TreatxPost xDep
(2.84)
0.029 **
Treat x Post x Er 2.13)
0.029 *** 0.027 *** 0.029 ***
Gdp
(3.81) (3.60) (3.76)
0.000 0.000 0.000
Pop
(0.87) (1.03) (0.79)
—0.001 *** —0.001 *** —0.001 ***
Inf
(—4.66) (—4.49) (—4.63)
—0.004 —0.004 —0.004
Inv (—1.59) (—1.63) (—1.50)
0.001 0.001 0.001
Open
(0.88) (0.93) (0.88)
—0.068 *** —0.067 **+ —0.067 ***
Urb (—2.68) (—2.65) (—2.63)
0.186 *** 0.189 *** 0.185 ***
C
—-ons (4.88) (4.95) (4.85)
Year and City Yes Yes Yes
N 5022 5022 5022
R? 0.671 0.670 0.670

Note: the numbers in brackets are “t” of the estimated coefficients. *, **, ***: significance at the 10%, 5% and 1%
levels, respectively. The same is true below.

From column (2), it can be observed that after introducing the interaction term be-
tween the independent variable and the digital economy, the correlation coefficient between
Eue and TreatxPostxDep is 0.070, which is statistically significant at the 1% level. This
indicates that digital economy policies can positively moderate the impact of new energy
demonstration city construction on energy use efficiency, thus confirming Hypothesis 2.
From column (3), it can be found that after introducing the interaction term between the
independent variable and environmental regulation, the correlation coefficient between
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Eue and TreatxPostxEr is 0.029, which is statistically significant at the 5% level. This
suggests that environmental regulation can positively moderate the impact of new energy
demonstration city construction on energy use efficiency, thereby confirming Hypothesis 3.
Additionally, it can be observed that the level of economic development remains signif-
icantly positively correlated with energy use efficiency, while infrastructure level and
urbanization rate remain significantly negatively correlated with energy use efficiency.

4.3. Mechanism Test

Table 5 reports the test results for the impact mechanisms of new energy demonstra-
tion city construction in energy use efficiency. From column (1), it can be observed that the
correlation coefficient between Gti and TreatxPost is 0.073, which is statistically signifi-
cant at the 1% level, indicating that the construction of new energy demonstration cities
promotes technological innovation. From column (2), it can be seen that the correlation
coefficient between Eue and Gti is 0.140, statistically significant at the 1% level, while the
correlation coefficient between Eue and TreatxPost is 0.014, significant at the 5% level.
This suggests that technological innovation plays a partial mediating role in the impact
of new energy demonstration city construction on energy use efficiency, thus confirming
Hypothesis 4. From column (3), it can be observed that the correlation coefficient between
Iso and TreatxPost is 0.221, which is statistically significant at the 1% level, indicating
that the construction of new energy demonstration cities facilitates industrial optimization.
From column (4), it can be seen that the correlation coefficient between Eue and Iso is
0.036, statistically significant at the 1% level, while the correlation coefficient between Eue
and TreatxPost is 0.016, also significant at the 1% level. This indicates that industrial
optimization plays a partial mediating role in the impact of new energy demonstration city
construction on energy use efficiency, thereby confirming Hypothesis 5.

Table 5. Mechanism test.

Gti Eue Iso Eue
1) 2) 3 @
0.073 #** 0.014 ** 0.221 0.016 **
Treat x Post
reatxros (6.65) (2.48) 6.10) (2.87)
0.140 **
Gti
! (19.46)
0.036 ***
I

50 (16.25)
0.133 *** 0.010 0.408 *** 0.014 *

Gdp
(8.97) (1.41) (8.42) (1.91)
0.000 *** ~0.000 0.000 *** 0.000

Pop
(3.40) (—0.06) (3.75) (0.00)
—0.007 *** —0.001* —0.021 *** —0.001 **

Inf
n (—11.19) (—1.65) (—10.54) (—2.27)
—0.027 ** —0.000 —0.085 *** ~0.001

I

m (—5.57) (—0.07) (—5.45) (—0.34)
~0.002 0.001 —0.016 *** 0.001 *

Open

(—1.21) (1.25) (—3.83) (1.80)
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Gti Eue Iso Eue
1 (2) 3) 4)
—0.490 *** 0.001 —1.578 *** —0.011
Urb
(—9.93) (0.03) (—9.76) (—0.44)
0.178 ** 0.162 *** 0.559 ** 0.166 ***
_Cons
(2.39) (4.40) (2.29) (4.47)
Year and City Yes Yes Yes Yes
N 5022 5022 5022 5022
R? 0.641 0.694 0.706 0.687

Note: the numbers in brackets are “t” of the estimated coefficients. *, **, ***: significance at the 10%, 5% and 1%
levels, respectively.

4.4. Robust Test
4.4.1. Shortening the Time Window

In July 2012, China’s National Energy Administration issued the Notice on the Ap-
plication for New Energy Demonstration Cities and Industrial Parks, emphasizing the
comprehensive implementation of the Scientific Outlook on Development. This Notice
was designed to optimize the energy structure and establish a modern energy utilization
system, actively promote the application of various new energy technologies in urban
power supply, heating, cooling, and building energy efficiency, and enhance sustainable
urban development capacity. It also set a clear target of establishing 100 new energy
demonstration cities by 2015, officially launching the application process for such cities. To
mitigate the potential interference of this policy announcement in the regression results, we
narrowed the time window by excluding samples from 2012 and earlier, retaining only data
from 2013 to 2023 for re-estimation. Table 6 reports the regression results for the impact
of new energy demonstration city construction on energy use efficiency after narrowing
the time window. As shown, the correlation coefficient between Eue and Treat x Post is
0.017, statistically significant at the 1% level, indicating that the construction of new energy
demonstration cities significantly promotes energy use efficiency. Thus, Hypothesis 1 is
again supported. The correlation coefficient between Eue and TreatxPostxDep is 0.021,
significant at the 5% level, suggesting that digital economy policies positively moderate
the impact of new energy demonstration city construction on energy use efficiency, which
again confirms Hypothesis 2. Meanwhile, the correlation coefficient between Eue and
TreatxPostxEr is 0.011, significant at the 10% level, indicating that environmental regula-
tion positively moderates the impact of new energy demonstration city construction on
energy use efficiency, thereby providing further support for Hypothesis 3.

4.4.2. Replacing the Method for the Explained Variable

To address potential biases in the regression results arising from different measurement
approaches, we further replaced the measurement method for the explained variable by
calculating energy use efficiency using the super-efficiency CCR model. Table 7 shows
the impact of new energy demonstration city construction on energy use efficiency after
substituting the measurement method for the explained variable. As shown, the correlation
coefficient between Eue and TreatxPost is 0.030, which is statistically significant at the
1% level, indicating that the construction of new energy demonstration cities significantly
promotes energy use efficiency. Thus, Hypothesis 1 is again confirmed. The correlation
coefficient between Eue and Treat x Post x Dep is 0.074, significant at the 1% level, suggesting
that digital economy policies positively moderate the impact of new energy demonstration
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city construction on energy use efficiency, which again validates Hypothesis 2. Meanwhile,
the correlation coefficient between Eue and Treat xPostx Er is 0.023, significant at the 5%
level, demonstrating that environmental regulation positively moderates the impact of new
energy demonstration city construction on energy use efficiency, thereby providing further

support for Hypothesis 3.

Table 6. Robustness test: shortening the time window.

Eue
@ 2 3)
0.017 *** 0.008 0.013*
Treat x Post
(3.08) (0.87) (1.76)
0.021 **
TreatxPost x Dep
(2.23)
0.011*
TreatxPostxEr
(1.86)
0.180 *** 0.181 *** 0.180 ***
Cons
- (4.82) (4.84) (4.80)
Control variables Control Control Control
N 4482 4482 4482
R? 0.677 0.676 0.677

Note: the numbers in brackets are “t” of the estimated coefficients. *, **, ***: significance at the 10%, 5% and 1%
levels, respectively.

Table 7. Robustness test: replacing the method for the explained variable.

Ccr
1) (2) (3)
0.030 *** 0.015 0.021 *
Treat xPost
(4.14) (1.64) (1.73)
0.074 ***
TreatxPost xDep
(3.26)
0.023 **
Treat x Post x Er
(2.40)
0.333 *** 0.336 *** 0.333 ***
_Cons
(6.93) (6.98) (6.91)
Control variables Control Control Control
N 5022 5022 5022
R? 0.663 0.662 0.663

Note: the numbers in brackets are “t” of the estimated coefficients. *, **, ***: significance at the 10%, 5% and 1%
levels, respectively.

4.4.3. PSM-DID

To further address the self-selection bias in policy effect research, in this study, we
employed the nearest neighbor matching (k = 1) method of propensity score matching
(PSM) to match demonstration cities with non-demonstration cities that shared similar
attributes. A set of control variables was used as matching characteristics for the sample
cities, with the matched control group outcomes serving as counterfactual results for the
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treatment group. After completing the matching, this study re-estimated the impact of
demonstration city construction on energy use efficiency based on the new sample data.
Table 8 shows the results of the PSM-DID test. The regression results remain consistent
with the previous findings, confirming the robustness of the research conclusions.

Table 8. Robustness test: PSM-DID.

Eue
1) (2) (3)
0.330 *** 0.352 *** 0.367 ***
Treat xPost
(4.27) (4.76) (4.95)
0.061 *
Treat x Post x Dep
(1.83)
0.081 *
Treat x Post x Er (194)
0.004 0.011 —0.002
_Cons
(0.02) (0.05) (—0.01)
Control variables Control Control Control
N 2730 2730 2730
R? 0.756 0.757 0.756

Note: the numbers in brackets are “+” of the estimated coefficients. *, ***: significance at the 10% and 1%
levels, respectively.

4.5. Heterogeneity Analysis
4.5.1. Regional Heterogeneity

Regional heterogeneity reflects the macro external environment and economic devel-
opment stage in which a city is situated, which determines the starting point, constraints,
and objectives of policy implementation. Considering the heterogeneity across city regions,
we further performed regressions by grouping Chinese cities according to their regions:
the eastern, central, western, and northeastern regions. Table 9 shows the regression results
after accounting for regional heterogeneity. As shown, in the eastern region, the correlation
coefficient between Eue and Treat x Post is 0.057, statistically significant at the 1% level. In
the central region, the correlation coefficient is 0.024, significant at the 10% level. In the
western and northeastern regions, the coefficients are 0.005 and 0.014, respectively, and
are not statistically significant at the 10% level. These results indicate that the construction
of new energy demonstration cities has the most pronounced promoting effect on energy
use efficiency in the eastern region, followed by the central region, while its impact on the
western and northeastern regions is not significant. This discrepancy may be attributed
to the strong economic and fiscal foundation of the eastern region, which enables the
provision of ample supporting funds, subsidies, and tax incentives. Furthermore, this
region benefits from advanced technological and talent advantages, leading the way in
technology selection, operation, and maintenance, thereby ensuring the efficient and stable
operation of projects. Consequently, the construction of new energy demonstration cities
significantly enhances its energy use efficiency. The central region has certain potential but
faces structural contradictions. For instance, areas such as Shanxi and Anhui, traditionally
reliant on coal, exhibit strong path dependency, requiring new energy development to
contend with entrenched traditional energy interests. Additionally, the central region’s
financial capacity and reserves of scientific and technological talent are inferior to those
of the eastern region, potentially resulting in shortcomings in project financing costs and
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technological advancement. Although the western region is exceptionally rich in new
energy resources, its local economy is relatively small, with a weaker industrial base and
a limited energy demand market. The northeastern region, meanwhile, grapples with
the decline of traditional heavy industries, population outflows, and sluggish economic
growth, leading to slow or even shrinking growth in energy demand. Both regions face
high institutional costs and poor flexibility in energy system transformation, which explains
why the construction of new energy demonstration cities does not significantly enhance
their energy use efficiency.

Table 9. Regional heterogeneity.

Eue
Eastern Central Western Northeastern
1) 2) (3) 4)
0.057 *** 0.024 * 0.005 0.014
Treat x Post
reatxros (4.89) (1.67) (0.61) (1.07)
—0.158 —0.110 —0.478 *** —0.795 ***
_Cons
(—0.91) (—0.96) (—5.68) (—6.11)
an trol Control Control Control Control
variables
N 1548 1422 1476 576
R? 0.628 0.671 0.727 0.715

Note: the numbers in brackets are “+” of the estimated coefficients. *, ***: significance at the 10% and 1%
levels, respectively.

4.5.2. Resource Endowment Heterogeneity

Heterogeneity in resource endowment reflects the inherent natural capital of a city,
which directly determines the technological pathways, costs, and feasibility of new energy
development. Considering the heterogeneity in urban resource endowments, we further
performed regressions by grouping all cities into resource-based cities and non-resource-
based cities. Table 10 shows the regression results after accounting for resource endowment
heterogeneity. As shown, in resource-based cities, the correlation coefficient between Eue
and TreatxPost is 0.022, statistically significant at the 1% level. In non-resource-based cities,
the correlation coefficient is 0.030, also significant at the 1% level. These results indicate that
the promoting effect of new energy demonstration city construction on energy use efficiency
is more pronounced in non-resource-based cities. This discrepancy may be attributed to
the fact that the economic lifelines, fiscal revenue, and employment in resource-based
cities heavily rely on traditional resource industries. Transitioning to new energy would
shake their economic foundation, leading to strong resistance from those with vested
interests and lacking intrinsic motivation for transformation. On the other hand, due to a
long-term dependence on resource extraction, resource-based cities lack professional talent
and research institutions in the field of new energy, resulting in insufficient momentum
for endogenous transformation. In contrast, non-resource-based cities generally exhibit
more diversified industrial structures, higher public demand for environmental quality,
and more diverse industries and talent pools. Particularly in non-resource-based cities
along the eastern coast, it is easier to attract and cultivate high-tech talent, providing
intellectual support for research, application, and energy efficiency management in new
energy technologies.
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Table 10. Resource endowment heterogeneity.

Eue

Resource-Based Cities

Non-Resource-Based Cities

(U)) 2
0.022 *** 0.030 ***
Treat x Post
(3.06) (3.73)
0.131 *** 0.152 ***
_Cons
(2.98) (3.31)
Control variables Control Control
N 2016 3006
R? 0.683 0.655

Note: the numbers in brackets are

5. Further Analysis

‘o

of the estimated coefficients. ***: significance at the 1% levels.

Considering the regional disparities among Chinese cities, the construction of new

energy demonstration cities may exhibit spatial correlation. Therefore, in this paper, we

further analyze the spatial impact effects of new energy demonstration city construction on

energy use efficiency.

5.1. Testing for the Existence of Spatial Effects

Firstly, the Moran’s I index is used to measure the spatial correlation in new en-

ergy demonstration city construction. The results are shown in Table 11. It can be seen

that during the period 2006~2023, the Moran’s I index for new energy demonstration

city construction is significantly positive, indicating that during this stage, new energy

demonstration city construction showed a significant spatial positive correlation trend of

“high-high aggregation, low—low aggregation”.

Table 11. Moran’s I index for new energy demonstration city construction.

Year Moran’s I Year Moran’s 1 Year Moran’s I
0.181 *** 0.120 *** 0.162 ***
2006 (4.877) 2012 (3.320) 2018 (4.409)
0.156 *** 0.095 *** 0.208 ***
2007 (4.204) 2013 (2.678) 2019 (5.631)
0.168 *** 0.103 *** 0.181 ***
2008 (4.554) 2014 (2.887) 2020 (4.914)
0.121 *** 0.144 **=* 0.138 ***
2009 (3.361) 2015 (3.971) 2021 (3.757)
0.157 *** 0.127 *** 0.143 ***
2010 (4.212) 2016 (3.499) 2022 (3.973)
0.205 *** 0.178 *** 0.138 ***
201 (5.594) 2017 (4.898) 2023 (3.757)

Note: the values in parentheses are the corresponding z-statistics. The numbers in brackets are “t” of the estimated
coefficients. ***: significance at the 1% levels.
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5.2. Model Specification for Spatial Effects

Next, a spatial regression model is constructed to empirically test the spatial impact
effects of new energy demonstration city construction on energy utilization efficiency.
Firstly, model selection tests are conducted. Table 12 shows the model test results. It can
be seen that both the LR test and the Wald test significantly reject the null hypothesis that
the Spatial Durbin Model (SDM) can be simplified to the SAR model and the SEM model,
indicating that the SDM has better adaptability.

Table 12. LR and Wald tests for model selection.

Test Statistic p-Value
LR test (SAR) 13.47 0.062
LR test LR test (SEM) 15.40 0.031
Wald test (SAR) 13.50 0.061
Wald test Wald test (SEM) 15.38 0.031

Based on the model test results, a Spatial Durbin Model is constructed to empirically
test the spatial impact of new energy demonstration city construction on energy utilization
efficiency. The model is set as follows:

Eue;; = 1o + 1712]231 wijEue; s + npTreat; ; * Post;; + 1732]2.231 wijTreat;;  Post;y + 14X + City; + Years + &y (5)

where wj; is the spatial weight matrix. In this paper, we select the geographical ad-
jacency matrix for testing and use the geographical distance matrix for robustness

testing; Y25 wjjEue;; is the spatial lag term for energy utilization efficiency, and

]
212231 wijTreat;; * Post;; is the spatial lag term for new energy demonstration city con-
struction. City; and Year; represent regional fixed effects and time fixed effects, respec-
tively; €;; is the error term, and 7 is the intercept term. We focus on the coefficient #3 of
wjjTreat; ;  Post; ;. If 13 is significant, this indicates that new energy demonstration city

construction has a significant spatial impact effect on energy utilization efficiency.

5.3. Analysis of the Regression Results for Spatial Effects

Table 13 presents the test results for the spatial impact effects of new energy demon-
stration city construction on energy use efficiency. Column (1) shows the empirical results
obtained using the spatial adjacency matrix, while column (2) presents those obtained using
the spatial distance matrix.

Table 13. The spatial impact of new energy demonstration city construction on energy use efficiency.

Eue
. L. . Geographical Distance
Spatial Contiguity Matrix Matrix
ey 2
0.024 *** 0.022 ***
TreatxPost
reatxros (4.29) (3.87)
0.030 *** 0.026 ***
Gdp
(4.10) (3.49)
0.001 0.001
Pop

(0.71) (0.78)
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Table 13. Cont.
Eue
. L. . Geographical Distance
Spatial Contiguity Matrix Matrix
W (2)
—0.0071 *** —0.002 ***
Inf (—4.79) (—4.98)
—0.004 * —0.003
Inv (—1.74) (—1.35)
0.000 0.001
Open
(0.54) (0.81)
—0.065 *** —0.073 ***
Urb (—2.66) (—2.92)
0.026 ** 0.028 **
W xTreat x Post
(2.38) (2.29)
1.015 ** 1.136 **
WxGdp
(2.09) (2.33)
—0.001 0.044
WxPop
(—0.35) (0.84)
¢ —0.001 —0.021
WxI
n (—0.99) (—1.32)
0.003 —0.076
WxInv
(0.63) (—0.67)
—0.002 —0.009
WxOpen
(—1.61) (—0.13)
. —0.074 —0.789
WxU
XHT (—1.47) (—0.50)
0.069 *** 0.057 **
Y
(3.35) (2.37)
0.006 *** 0.006 ***
_Cons
(50.06) (50.03)
N 5022 5022
R? 0.139 0.127

From column (1), it can be observed that the correlation coefficient between Eue and
TreatxPost is 0.024, statistically significant at the 1% level, once again confirming that
the construction of new energy demonstration cities significantly promotes energy use
efficiency. Meanwhile, the correlation coefficient between Eue and W x Treat x Post is 0.026,
significant at the 5% level, indicating a significant positive spatial correlation between new
energy demonstration city construction and energy use efficiency. That is to say, the con-
struction of new energy demonstration cities in neighboring areas significantly enhances
local energy use efficiency. This phenomenon may be attributed to the following mech-
anisms. Firstly, technological spillovers and learning effects occur between neighboring
cities. The professional technical talents and management personnel cultivated during the
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construction of demonstration cities may move to work or provide consulting services in
surrounding areas. Simultaneously, demonstration cities can drive the formation of new
energy-related industrial chains in adjacent regions, and the planning and construction of
large-scale new energy infrastructure often cover multiple areas. On the other hand, policy
imitation and competition effects occur among neighboring cities. When a city observes
that neighboring demonstration cities are gaining central financial subsidies, policy sup-
port, and economic growth through new energy development, it tends to imitate them and
introduce similar supportive policies. Additionally, the success of nearby demonstration
cities places pressure on local governments, prompting them to take measures to catch up
and avoid falling behind in regional competition. As seen in column (2), after replacing
the spatial weight matrix with the spatial distance matrix, the regression results remain
consistent with those in column (1), demonstrating the robustness of the findings.

6. Conclusions and Recommendations
6.1. Conclusions

Using data from 293 prefecture-level cities in China from 2006 to 2023 as the research
sample, in this study, we empirically examined the impact of new energy demonstration
city construction on energy utilization efficiency. The main research conclusions are as
follows: First, the construction of new energy demonstration cities can effectively enhance
energy use efficiency. Second, digital economy policies and environmental regulation
positively moderate the impact of new energy demonstration city construction on energy
use efficiency. Third, new energy demonstration city construction can effectively improve
energy use efficiency through technological innovation and industrial optimization. Het-
erogeneity analysis reveals that the promoting effect of new energy demonstration city
construction on energy use efficiency is most pronounced in the eastern region, followed
by the central region, while its impact on the western and northeastern regions is not signif-
icant. Additionally, the promoting effect is more evident in non-resource-based cities than
in resource-based cities. Further analysis indicates a significant positive spatial correlation
between new energy demonstration city construction and energy use efficiency, suggesting
that the construction of such cities in neighboring areas significantly enhances local energy
use efficiency.

6.2. Recommendations

Based on these research conclusions, the following policy implications are proposed:
firstly, the demonstration policy should be further developed and promoted to leverage
its leading and driving role. Based on the success of existing demonstration cities, more
cities should be included in the project, selectively and in batches, and different access
standards and support policies should be designed for the currently underserved western
and northeastern regions. Secondly, policy coordination should be enhanced to achieve a
“policy mix” effect and promote the integration of new energy into the digital economy.
The government should take the lead in building urban energy data platforms, promoting
data sharing, and incentivizing energy efficiency improvements and, at the same time,
leverage the forcing and guiding role of environmental regulations, reasonably set and
strictly enforce carbon emission and pollutant emission standards, and create stable market
demand for new energy technologies. Thirdly, targeted support and guidance should
be provided for key technological innovations and the strategic adjustment of industrial
structures. Fiscal R&D investment should focus on breakthroughs and industrialization in
core technologies, encourage “industry-university-research-application” cooperation, and
accelerate the commercialization of technological achievement; simultaneously, fiscal, tax,
and financial measures should be employed to guide traditional high-energy-consuming
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industries toward green and intelligent transformation. Finally, administrative barriers
should be broken down and a new pattern of regional coordinated development created.
Policies should reach beyond the scope of individual cities to plan and construct regional
green coordinated development belts in a coordinated manner, with the establishment of
experience exchange and compensation mechanisms between regions, allowing advanced
regions to jointly build industrial parks in less developed regions and directly introduc-
ing advanced management models, technologies, and capital to maximize knowledge
spillover effects.

Although this study provides useful empirical evidence to guide our understanding
of the impact of new energy demonstration city construction on energy use efficiency, it
still has certain limitations that highlight key future research directions. The sample in
this study only extends up to 2023, meaning that the long-term dynamic effects of the new
energy demonstration city policy may not yet be fully captured. At the same time, the
research is primarily based on prefecture-level city data and does not explore the district,
county, or enterprise levels, which may mask uneven development within cities. Future
studies could employ data with longer time spans to assess the long-term effects and
sustainability of the policy and utilize micro-level data from enterprises and households, or
integrate new data sources, such as remote sensing and big data, to verify the micro-level
effects and spatial heterogeneity of the policy at a more granular scale.
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