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Abstract: Green innovation is a new driving force to promote green and low-carbon development.
Whether an energy transition strategy can induce green innovation is an important question that has
not been clearly answered. With the help of panel data from 281 cities in China during 2007–2021,
this study considers China’s new energy exemplary city policy as a quasi-natural experiment and
conducts a difference-in-differences model to explore the effects and mechanisms of energy transition
strategy on urban green innovation. The results show that a new energy exemplary city effectively
induces urban green innovation, with mediating mechanisms of increasing government financial
support, promoting human capital agglomeration, and improving energy efficiency. The moderating
mechanisms test reveals that environmental regulation and intellectual property protection play a
positive moderating role in the promotion of green innovation through the new energy exemplary
city policy. Heterogeneity analysis suggests that the new energy exemplary city policy has a stronger
effect on promoting green innovation in eastern regions and non-resource-based cities. Our find-
ings not only enrich our understanding of the relationship between energy transition strategy and
green innovation but also provide a reference for policymakers to promote energy transition and
green innovation.

Keywords: energy transition; energy policy; new-energy exemplary city; green innovation; difference-
in-differences model

1. Introduction

Green innovation (GI) is a key support system for achieving peak carbon emission
and carbon neutrality goals and promoting high-quality economic development [1]. Cities
are important carriers of GI activities; therefore, how the urban GI level can be efficiently
enhanced and the “win-to-win” of economic and ecological efficiencies can be realized
are important research topics. Moreover, another major and urgent task is to accelerate
the energy structure transformation, so that we can build a clean, low-carbon, secure and
effective energy system. In order to encourage and support new energy development,
in January 2014, China launched the new energy exemplary city (NEEC) construction
project, which includes 81 cities (districts). The aim was for these cities to accumulate
experience in energy transition and assume a leading and demonstrative role for other
cities. In the deployment of the project, the NEEC especially emphasized the promotion
of energy transition by vigorously developing new energy, renewable energy, and other
GI technologies. An obvious question is whether the NEEC can induce the development
of urban GI? If the answer is yes, what are the potential mechanisms? Is the NEEC’s GI
effect heterogeneous? Clarifying these questions would consolidate the early development
achievements of the NEEC and provide a reference for further promotion of the NEEC,
which would accelerate energy transition and promote GI technologies.
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This study explores the GI effect of the NEEC, which is mainly related to two types
of literature. In essence, the NEEC belongs to one kind of environmental regulation
(ER); therefore, the first kind of literature related to our study mainly concentrates on the
correlation between ER and GI, which has drawn different research conclusions. First, some
scholars think that ER can have an “innovation compensation” effect, which means that
the opposite ER can force firms to undertake more innovative activities and increase their
productivity, compensating for environmental management costs [2]. For example, using
39 independent research papers published from 2006–2020 in China, Ren and Chen [3]
analyzed the relationship between ER and enterprise GI, and a positive effect was reported
for the ER on enterprise GI. Similarly, the GI of firms in pilot areas was introduced into
China’s carbon emissions trading pilot policy [4]. Utilizing the panel dataset of 25 European
nations from 1994–2020, Khurshid et al. [5] used the Spatial Durbin model to find that ER
promoted GI. In addition, plenty of literature has demonstrated the promotional effect of
ER on GI from different perspectives [6–11]. Secondly, some scholars suggest that ER will
produce a “compliance cost” effect, which means ER will increase how enterprises invest
in environmental treatment and produce a “capital crowding-out” effect [12]. For example,
Liang et al. [13] used 285 cities from 2010–2020 to show that ER inhibited GI. Similarly,
Xu et al. [14] also reached this conclusion. In addition, some scholars think that there is a
non-linear relationship between ER and GI. For example, Song et al. [15] found a U-shaped
relationship between ER and GI, indicating that as ER increases, its role will gradually
change from suppressing to stimulating GI. Yang and Zhao [16], as well as Khattak [17],
studied the impact of ER on GI and arrived at the same conclusion.

The second type of literature is mainly centered on the influences of energy policy
on environmental contamination prevention. In general, most of the current literature
confirms the positive role of energy policy in environmental contamination control. Iqbal
et al. [18] used non-radial data envelopment analysis and found that energy policies had a
significant role in promoting environmental pollution prevention and control. Ghazouani
et al. [19] reported that environmental taxes were effective in reducing overall pollution
efflux. Kiss and Popovics [20] revealed that energy policy implementation at the national
level was successful at reducing per capita CO2 emissions. Yang et al. [21] reported that
green finance could dramatically reduce environmental pollution, while Khan et al. [22]
found that renewable energy affected CO2 emissions based on consumption.

The NEEC is a typical energy policy, and since its implementation, its effectiveness
has received much scholarly attention. For example, utilizing the DID model, Wang and
Ma [23] employed the effect of the NEEC on air pollution and explored that the NEEC
could essentially reduce SO2. Zhou et al. [24] used panel data from 271 Chinese cities and
detected that the NEEC significantly enhanced energy efficiency. Feng and Nie [25] used
the DID framework and suggested that the NEEC could reduce pollutant emission intensity,
while Zhang et al. [26] found that the NEEC promoted green energy consumption.

Some studies focused on the relationship between ER and GI [27,28], and the impact of
energy policy on environmental contamination prevention [29–31], but few studies focused
on the impact of energy policy on GI through the NEEC policy. From the existing literature,
although local policies represented by NEEC are also discussed by scholars, they are mainly
related to air pollution [23], energy efficiency [26], and carbon emissions [32]. In practice,
relevant departments emphasized the importance of GI activities in the implementation of
energy policy. However, whether energy policy can effectively improve GI lacks theoretical
research and empirical evidence. In particular, there is limited specialized research on the
GI effect of the NEEC. Therefore, the NEEC is considered a quasi-natural experiment and
uses the DID model for urban GI.

To examine the impact and workings of the energy transition strategy on urban GI, we
employed the NEEC as a quasi-natural experiment in this context. Our key conclusions are
threefold. Firstly, for every 1% increase in the NEEC, per capita green patent application
number, per capita green invention patent application number, and per capita green utility
model patent application number increase by 0.403, 0.234, and 0.169, respectively. It means
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that the NEEC can promote GI. Secondly, based on the mediation model, we verify that
the NEEC can promote GI by increasing government support, human capital, and energy
intensity. Thirdly, by using the moderation effect model, we discover that as ER and
intellectual property protection rise, so does the GI effect of NEEC.

There are mainly three innovations in this study. First, in the exploration of the
research theme, based on the NEEC, we investigate the influence of energy transition
strategy with respect to urban GI, which enriches the literature on the evaluation of the
effects of energy transition strategy represented by the NEEC and the influencing factors of
GI. Second, as an identification strategy, our study uses the NEEC as a natural exogenous
shock and adopts the DID method to distinguish the causality between the NEEC and
GI, which alleviates possible endogenous problems such as reverse causality and missing
variables to a certain extent. Further, the empirical results provide robustness to the overall
findings. Third, for study content, in addition to studying the direct impact, we further
investigate the mediating, moderating, and heterogeneity of NEEC’s impact on GI, which
helps to provide references for the scientific implementation of energy transition strategies
and the promotion of GI.

2. Policy Background and Theoretical Hypotheses
2.1. Policy Background

Faced with increasingly severe energy and environmental challenges, countries world-
wide have developed new energy as an important way to transform energy development
modes and optimize their energy structures. For China, despite breakthroughs in energy
transition since the reform and opening up, the proportion of non-fossil energy produc-
tion and consumption increased from 3.1% and 3.4% in 1978 to 18.8% and 15.3% in 2019,
respectively. However, the coal-dominated energy structure has not been fundamentally
reversed. The Chinese government attaches great importance to the development of new
energy. As early as in the Tenth Five-Year Plan, they put forward the strategic deployment
of “developing wind, solar, biomass and other new energy sources in the light of local
conditions”. Thereafter, the Eleventh Five-Year Plan and the Thirteenth Five-Year Plan
put forward new and higher requirements for new energy industry development. These
plans set out a binding target for “raising the share of non-fossil energy in total energy
consumption to around 20 percent”. At the legislative level, the Law of the People’s Re-
public of China on Energy Conservation and the Law of the People’s Republic of China
on Renewable Energy were implemented in 1998 and 2006, respectively, to provide a legal
basis for supporting and encouraging new energy development. In May 2012, the National
Energy Administration (NEA) first proposed the NEEC to promote the energy revolution
and explore new ways and models of energy transition. The aim was to develop cities that
could fully utilize local renewable energy and increase the percentage or scale of renewable
energy in energy consumption. In January 2014, the list of 81 cities (districts) selected as
the first batch of the NEEC was released, marking the official implementation of the NEEC.
It should aim to promote sustainable urban development, combining with the construction
of new urbanization, following the development concept of new towns, new energy, and
new life. The priority development strategy for renewable energy should be established
to make full use of local renewable energy resources. Furthermore, the NEEC actively
promotes the application of various new energy and renewable energy technologies in the
fields of electricity, heating, gas supply, transportation, and construction in urban areas and
significantly increases the proportion of urban renewable energy consumption. Among
them, the eastern, central, and western regions include 26, 28, and 27 exemplary cities,
respectively. These cities covered a wide area, were evenly distributed throughout the
regions, and were representative enough to provide valuable opportunities for evaluating
the GI effect of the NEEC.
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2.2. Theoretical Hypotheses
2.2.1. Direct Effect

In contrast to traditional innovation activities, GI activities are more costly, difficult,
and riskier. Therefore, GI activities cannot be conducted without the guidance of relevant
government policies and measures [33]. For example, the low-carbon city pilot policy was
implemented to stimulate GI by providing financial support, such as government subsidies,
to relevant enterprises [34]. Implementation of The Green Credit Guideline can reduce
agency costs and refine corporate investment efficiency, thereby increasing corporate GI [35].
As a typical example of China’s energy policy system, the NEEC cannot be separated from
the guidance and support of the GI for enhancing the energy transition. Considering the
requirements for the NEEC, each exemplary city should be founded on its own new energy
resource basis, industrial structure, and other conditions for construction. In the specific
work deployment, the NEA took “promote renewable energy and technology application”
and “promote technological progress adapt to new energy utilization” as the principal
content of the NEEC. The NEA also clearly proposed to “actively explore all kinds of new
energy technology in the application of city supply”. On the basis of these requirements,
exemplary cities have drawn up development plans, most of which specify promoting GI
through technology in the process of energy transition. For example, the Implementation
Plan for Creating the NEEC in Yangzhou proposed developing new technologies with
independent intellectual property rights to focus on supporting cutting-edge technology
research and development in areas such as photovoltaic power generation and geothermal
utilization. The Implementation Plan of Building the NEEC in Tai ‘an emphasized the long
term development and transformation of solar energy utilization technology. Therefore, the
NEEC implementation is likely to induce GI. According to these examples, we suggested
Hypothesis 1:

Hypothesis 1. The NEEC can improve urban GI.

2.2.2. Mediating Mechanisms

Based on a systematic examination of the policy background and pertinent literature,
we suggest that the NEEC is conducive to increasing the government’s financial support,
enhancing human capital agglomeration, and promoting energy utilization efficiency, thus
strengthening the GI level of the NEEC.

(1) Government support: Local government competition is an unavoidable and im-
portant research topic. As China’s economic development continues to rise, competition
among local governments has gradually evolved into multi-dimensional competition and
expanded into broader fields, such as environmental protection [36]. Therefore, the NEEC
is an important incentive for regional governments. On the one hand, renewable energy
is different from traditional fossil energy that is inexhaustible [37]. Therefore, the NEEC
can enhance the environmental quality of the jurisdiction and increase the “power” of
local officials in non-economic competition. On the other hand, the NEEC is an honorary
title, and the successful completion of the NEEC may provide more opportunities for the
promotion of local officials. Hence, the local government will formulate a series of economic
support policies that are conducive to urban new energy development to achieve the NEEC
objectives. In addition, the NEEC Evaluation Index System and Explanation (Trial) also puts
forward clear assessment criteria for local policy support, requiring local governments
to support the NEEC by establishing special funds for new energy technologies. Under
the influence of policy guidance and financial support, the information asymmetry and
financing constraints faced by enterprises in the NEEC to carry out GI activities will be
reduced, promoting GI improvements in cities [38].
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(2) Human capital agglomeration: With the major changes in development mode, eco-
logical environmental degradation is more severe than ever before. The pressure to adjust
the economic structure, improve energy efficiency, and ensure energy security is increas-
ing [39]. In the historical course of new energy gradually replacing fossil energy, it will
also have a profound impact on industrial development. Specifically, in the process of
NEEC implementation, local governments will develop corresponding industrial policies
to achieve energy transition goals [40], which may have dual effects of both damaging and
reshaping the industrial structure. Because the NEEC reduces fossil energy consumption,
the development of industries that consume high energy and traditional fossil energy will
be limited. However, because new energy sources are supported, low-energy industries
that consume and rely less on traditional fossil energy will usher in rapid development
opportunities [41]. With the upgrading of industrial structures, the attractiveness and
demand for talents will also correspondingly increase, thereby promoting human capital
aggregation in the exemplary cities. Moreover, human capital aggregation will contribute
to the extension of new energy and further enhance GI in cities [39].

(3) Efficiency driving: The core objective of the NEEC is to increase the percentage of
new energy consumption and accelerate the realization of the energy transition. In terms
of theory, this can be achieved in two ways. First, the development scale and new energy
utilization must be expedited. Second, the use of traditional fossil fuels needs to be limited
and decreased. This is because the first will increase the proportion of technology- and
knowledge-intensive industries to promote energy efficiency [18], and the second will play
a “reverse force” role to promote energy efficiency. Yang et al. [41] suggested that the
NEEC can improve the efficiency of resource allocation through technological innovation.
Furthermore, it can promote GI technology development and play a crucial role in driving
urban GI. For this, we suggested Hypothesis 2:

Hypothesis 2. The NEEC enhances GI through three channels: government support, human
capital agglomeration, and efficiency driving.

2.2.3. Moderating Mechanisms

In addition to energy policies such as the NEEC, GI activity development also relies
on other relevant institutional guarantees. Whether the GI effect of the NEEC is really
transformative depends on other institutional factors in the city. We mainly examined the
moderating mechanisms of the NEEC to promote urban GI from two perspectives: ER and
intellectual property protection.

(1) ER: ER can entice innovation activities through the “innovation compensation”
effect and enhance the promotion of GI. The stronger the urban ER is, the stronger the
motivation of domestic firms to conduct GI activities. Therefore, the NEEC also plays a
relatively strong role in enhancing GI.

(2) Intellectual property protection: As a crucial institutional arrangement for protecting
innovation, intellectual property protection undoubtedly has an important impact on GI
development. The Guiding Opinions set forth clear requirements for intellectual property
protection, promoting GI. Therefore, the higher the intellectual property protection level,
the more it can stimulate GI activities, and the NEEC can provide more significant support
for GI. Thus, we suggested Hypothesis 3:

Hypothesis 3. The stronger the ER and the higher the intellectual property protection level, the
more significant the promotional effect the NEEC construction will have on the urban GI level.

Figure 1 shows a theoretical framework for how the NEEC promotes urban GI.
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Figure 1. Theoretical framework of the NEEC policy on urban GI.

3. Research Design
3.1. Model

The DID method is mainly used to evaluate the impact of a particular event or policy.
It treats the implementation of a policy as a natural experiment by adding a control group
that is not affected by the policy to the sample. It then compares this control group with
the sample points originally affected by the policy to analyze the net impact of the policy
implementation on the subject of analysis. The first difference is that the experimental
group and the control group are separately differenced (subtracted) before and after policy
implementation to obtain two sets of differences, representing the relative relationship of
the experimental group and the control group before and after intervention; the second
difference: the two sets of differences are differenced a second time to eliminate the inherent
differences between the experimental group and the control group, ultimately obtaining the
net effect brought about by the intervention. Therefore, the NEEC is used as a quasi-natural
experiment, and we use the DID model to explore the effects of the NEEC on urban GI.
Specifically, we construct a basic regression equation as follows:

Yit = β0 + β1Piloti ∗ Timet + β2Xit + µi + δt + εit (1)

where the subscript i denotes the city and t indicates the year. Y denotes the urban GI
level, the higher the Y value, the greater the urban GI level. The higher GI can promote
economic growth and improve the environment. Pilot∗Time is the interaction term between
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the grouping dummy variable and the policy implementation dummy variable, which
refers to China’s NEEC construction policy. The year since it was selected as NEEC is 1,
otherwise it is 0. X represents a range of control variables; µi and δt indicate the city and
year fixed effects, respectively; and εit is the error term. We mainly focus on β1 in the above
model. A positively significant β1 indicates that the NEEC will promote urban GI levels.

3.2. Variables
3.2.1. Dependent Variables

Green patents are the most widely used indicators for measuring GI levels. Among
them, the number of green patents is allocated to application and authorization numbers.
Since there is a time lag of 1–3 years between patent application and authorization and
patent authorization is affected by testing, annual fee payment, and other factors, there is a
high level of uncertainty in using green patents as a measure for GI. Therefore, the GI level
is more accurately reflected through the green patent application number. On this basis, to
eliminate the impact of urban scale, we use the per capita green patent application number
as the dependent variable. Specifically, there are three dependent variables in this article:
per capita green patent application number (per_gpata), per capita green invention patent
application number (per_ingrva), and per capita green utility model patent application
number (per_ugrma) [36].

3.2.2. Independent Variable

The independent variable is Pilot∗Time. Pilot mainly reflects the difference between
NEEC and non-NEEC. If a city belongs to exemplary cities, the value of Pilot is 1, otherwise
it is 0. Time mainly reflects the difference before and after the implementation of the NEEC
policy. If the time is in the year of policy implementation (i.e., 2014) and after, the value of
Time takes 1, otherwise it takes 0. Specifically, the sample in this study contains 68 NEEC
and 213 non-NEEC. Figure 2 shows the distribution of NEEC.
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3.2.3. Control Variables

Drawing on previous studies [25,42,43], we select a series of control variables: (1) Eco-
nomic development (growth), which is measured as the GDP growth rate. Economic growth
can invest more funds in GI. (2) Industrial structure (indus), which is expressed as the
proportion of added value of the secondary industry to GDP. The industrial structure and
development of a city are highly correlated with its GI level. (3) Government intervention
(gov), which is calculated by the ratio of fiscal expenditure to GDP. Excessive government
intervention may inhibit the vitality of GI. (4) Infrastructure construction (infra), which is
represented by the per capita urban road area. New infrastructure construction can reduce
the consumption of fossil fuels to a certain extent, which is an important factor affecting
carbon emissions and may have a certain impact on GI. (5) Population density (popden),
which is expressed as the natural logarithm of population per unit area. A larger population
density means more labor resources, which may be conducive to the development of GI.
(6) Openness (open), which is calculated by the ratio of total imports and exports to GDP.
New technologies introduced from abroad may have a certain impact on GI.

3.3. Data and Descriptive Statistics

This study employs panel data from 281 cities in China from 2007–2021, which includes
research samples from seven years before and after NEEC implementation. Green patent
data are from the CNRDS Platform database, and other data are mainly collated from the
China Urban Statistical Yearbook (2008–2022) and the CEIC database. Descriptive statistics
of variables are presented in Appendix A Table A1. We can see that the range of per_gpata
values in the sample is from 0.002 to 35.407, indicating a significant difference in GI level
between different cities. The same is true for per_ingrva and per_ugrma.

4. Empirical Results
4.1. Basic Regression

Table 1 reports the basic results. Columns (1), (3), and (5) do not include control
variables, while columns (2), (4), and (6) add the urban level control variables for regression.
We can see that the coefficients of Pilot∗Time are all significantly positive at the 1% level,
indicating that the NEEC positively affects the GI level, which preliminarily confirms
Hypothesis 1. From an economic perspective, assuming all other factors remain the same,
the establishment of the NEEC has, on average, resulted in a 0.403, 0.234, and 0.169 increase
in the number of per capita green patent applications, green invention patent applications,
and green utility model patent applications in exemplary cities relative to non-exemplary
cities. Since the NEEC started in 2014, we have captured the average treatment effect
of eight years, which is equivalent to increases of 0.050, 0.029, and 0.021 for the three
dependent variables in the exemplary cities each year, respectively; with 5.40%, 7.07%, and
4.07% of the sample averages, respectively. These results indicate that the NEEC can induce
urban GI activities and improve urban GI levels.

Table 1. Basic regression.

Variables
per_gpata per_ingrva per_ugrma

(1) (2) (3) (4) (5) (6)

Pilot∗Time
0.532 *** 0.403 *** 0.298 *** 0.234 *** 0.235 *** 0.169 ***
(0.087) (0.077) (0.045) (0.042) (0.046) (0.040)

growth 0.025 *** 0.013 *** 0.012 ***
(0.007) (0.003) (0.003)

indus
−0.006 −0.004 * −0.002
(0.004) (0.002) (0.002)

gov −1.832 *** −1.011 *** −0.821 ***
(0.428) (0.230) (0.223)
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Table 1. Cont.

Variables
per_gpata per_ingrva per_ugrma

(1) (2) (3) (4) (5) (6)

infra
0.111 *** 0.041 *** 0.070 ***
(0.008) (0.005) (0.004)

popden 3.059 *** 1.211 *** 1.848 ***
(0.216) (0.116) (0.113)

open −2.919 *** −1.426 *** −1.493 ***
(0.125) (0.067) (0.065)

Constant 0.122 * 11.350 *** 0.056 4.654 *** 0.067 * 6.696 ***
(0.072) (0.788) (0.038) (0.424) (0.038) (0.412)

City FE
√ √ √ √ √ √

Year FE
√ √ √ √ √ √

N 4215 4215 4215 4215 4215 4215
R2 0.246 0.409 0.185 0.321 0.279 0.446

Note: Standard errors are in parentheses; *** p < 0.01, * p < 0.1.

4.2. Mediating Mechanisms Test

In order to identify how the NEEC induces urban GI, we use the mediating effect model:

Yit = β0 + β1Piloti ∗ Timet + β2Xit + µi + δt + εit (2)

Mit = θ0 + θ1Piloti ∗ Timet + θ2Xit + µi + δt + εit (3)

Yit = γ0 + γ1Piloti ∗ Timet + γ2Mit + γ3Xit + µi + δt + εit (4)

where M represents the mediating variables, including: (1) government support (Fiscal),
which is expressed as urban per capita fiscal expenditures on science, technology, and
education; (2) human capital (Hc), which is expressed as the proportion of college students
in the total population; and (3) energy intensity (Efficiency), which is expressed as electricity
consumption per unit GDP.

According to the test steps, Model (2) describes the total effect of the NEEC on urban
GI level and is coincident with the basic regression. Model (3) reflects the influence of the
NEEC on mediating variables, and Model (4) also examines the influence of the NEEC and
intermediary variables on the urban GI level. In the process of empirical analysis, we are
mainly concerned with the significance and magnitude of β1, θ1, γ1, and γ2. When both
θ1 and γ2 are significant, it indicates the presence of a mediating effect. In this case, if γ1
is not significant, it means there is a complete mediating effect; if γ1 is significant and its
value is less than β1, it indicates a partial mediating effect.

4.2.1. Government Support

As the main body of the NEEC implementation, local governments will provide
the necessary financial support and implement the development of urban GI activities
to expedite the transformation and upgrading of the energy structure and achieve the
construction targets. To test this mechanism, we use Fiscal as a government-supported
proxy variable and estimate. Column (1) of Table 2 shows that the coefficient of Pilot∗Time
is significantly positive at the 1% level, providing evidence that the NEEC can change
the fiscal expenditure bias of local governments and increase the financial investment of
local governments in science, technology, and education. Columns (2) to (4) show that
regardless of the way in which GI is measured, the coefficients of Fiscal are significantly
positive, meaning that the increase in per capita fiscal expenditures on science, technology,
and education contributes to urban GI improvement. Additionally, in columns (2) to (4),
the estimated coefficients of Pilot∗Time are smaller than the corresponding basic regression
coefficients, suggesting that government support plays a partially mediating role in how
the NEEC promotes GI level. This conclusion is consistent with Sun, Zhang and Zhu [44].
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Table 2. Government support mechanisms.

Variables
Fiscal per_gpata per_ingrva per_ugrma

(1) (2) (3) (4)

Pilot∗Time
1.325 *** 0.199 *** 0.128 *** 0.070 **
(0.390) (0.049) (0.028) (0.028)

Fiscal
0.154 *** 0.079 *** 0.074 ***
(0.002) (0.001) (0.001)

City FE
√ √ √ √

Year FE
√ √ √ √

N 4215 4215 4215 4215
R2 0.627 0.764 0.698 0.732

Note: Control variables are covered in all models. Standard errors are in parentheses; *** p < 0.01, ** p < 0.05.

4.2.2. Human Capital Agglomeration

During the NEEC implementation, the policy dividend will help attract talent and
promote human capital agglomeration, thereby promoting the improvement of GI. To verify
this channel, we use Hc as a proxy variable to conduct a mediating effects test. Table 3
presents the estimation results. Column (1) reports that the coefficient of Pilot∗Time is
0.064 and significant at the 10% level, indicating that the NEEC promotes human capital
agglomeration. Columns (2) to (4) show that Hc has a positive contribution to urban GI.
Additionally, the estimated coefficients of Pilot∗Time are all smaller than the corresponding
basic regression coefficients, indicating that human capital plays a partial intermediary role
in how the NEEC promotes GI level. This conclusion is consistent with Yang et al. [45]. This
may be due to the fact that the areas with human capital agglomeration have a stronger
knowledge and technical foundation of GI, thus promoting its development.

Table 3. Human capital agglomeration mechanism.

Variables
Hc per_gpata per_ingrva per_ugrma

(1) (2) (3) (4)

Pilot∗Time
0.064 * 0.395 *** 0.232 *** 0.163 ***
(0.035) (0.077) (0.042) (0.040)

Hc
0.118 *** 0.019 0.098 ***
(0.035) (0.019) (0.018)

City FE
√ √ √ √

Year FE
√ √ √ √

N 4215 4215 4215 4215
R2 0.282 0.411 0.321 0.450

Note: Control variables are covered in all models. Standard errors are in parentheses; *** p < 0.01, * p < 0.1.

4.2.3. Efficiency Driving

The NEEC will reduce traditional fossil energy consumption and improve energy
utilization efficiency, thereby enhancing urban GI levels. We use Efficiency as the proxy
variable for energy utilization efficiency [46] to test its mediating effect. In Table 4, column
(1) indicates that the NEEC significantly reduces electricity consumption per unit GDP
and improves energy utilization efficiency. Columns (2) to (4) show that the reduction
of electricity consumption per unit GDP significantly improves urban GI. Moreover, the
coefficients of Pilot∗Time in columns (2) to (4) are smaller than the corresponding basic
regression coefficients, indicating that the NEEC can improve urban GI levels by facilitating
energy utilization efficiency, and thus efficiency driving is a mechanism by which the NEEC
promotes urban GI. This conclusion is consistent with Chen et al. [47].
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Table 4. Efficiency driving mechanism.

Variables
Efficiency per_gpata per_ingrva per_ugrma

(1) (2) (3) (4)

Pilot∗Time
−0.009 ** 0.383 *** 0.223 *** 0.160 ***

(0.003) (0.077) (0.041) (0.040)

Efficiency −2.214 *** −1.214 *** −1.000 ***
(0.356) (0.191) (0.186)

City FE
√ √ √ √

Year FE
√ √ √ √

N 4215 4215 4215 4215
R2 0.207 0.415 0.328 0.450

Note: Control variables are covered in all models. Standard errors are in parentheses; *** p < 0.01, ** p < 0.05.

4.3. Moderating Mechanisms Test

We further examine the moderating mechanisms by which the NEEC promotes urban
GI. The moderating effect model is:

Yit = β0 + β1Piloti ∗ Timet + β2 Ait + β3 Ait × Piloti ∗ Timet + β4Xit + µi + δt + εit (5)

where A is the moderating variable. We explore the moderating effects from the perspective
of ER and intellectual property protection according to Hypothesis 3.

4.3.1. The Moderating Role of ER

ER (ER) is expressed as the frequency of environmental protection terms in each city’s
government work reports, including 15 words such as “haze”, “energy consumption”, and
“emission reduction”. Table 5 reports the moderating effect model results. As we can see,
the estimated coefficients of Pilot∗Time × ER in columns (1)–(3) are all significantly positive,
suggesting that urban ER intensity is a positive moderator in the NEEC’s promotion of
urban GI. This indicates that ER can compel companies to engage in more innovative
activities and enhance their productivity, thereby offsetting environmental management
costs, consistent with the conclusion of Yang, Liu and Wang [48].

Table 5. The moderating role of ER.

Variables
per_gpata per_ingrva per_ugrma

(1) (2) (3)

Pilot∗Time
0.139 0.113 0.026

(0.149) (0.080) (0.078)

ER
−0.010 *** −0.005 *** −0.005 ***

(0.002) (0.001) (0.001)

Pilot∗Time×ER
0.012 ** 0.006 * 0.007 **
(0.006) (0.003) (0.003)

City FE
√ √ √

Year FE
√ √ √

N 4215 4215 4215
R2 0.412 0.323 0.448

Note: Control variables are covered in all models. Standard errors are in parentheses; *** p < 0.01, ** p < 0.05,
* p < 0.1.

4.3.2. The Moderating Role of Intellectual Property Protection

Intellectual property protection (IPP) is expressed as intellectual property trial num-
bers for each city. The data were collected from the database of judicial cases at Peking
University. Table 6 reports the moderating effect model results. As we can see, the esti-
mated coefficients of Pilot∗Time × IPP in columns (1)–(3) are all significantly positive at the
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1% level, indicating that urban intellectual property protection intensity is a positive mod-
erator in the promotion of urban GI by the NEEC. This result is consistent with Feng and
Nie’s description of the role of intellectual property protection in urban GI on Broadband
Infrastructure Construction [49].

Table 6. The moderating role of intellectual property protection.

Variables
per_gpata per_ingrva per_ugrma

(1) (2) (3)

Pilot∗Time
0.106 0.026 0.080 *

(0.079) (0.042) (0.042)

IPP
−0.001 −0.001 −0.000
(0.006) (0.003) (0.003)

Pilot∗Time × IPP
0.129 *** 0.090 *** 0.038 ***
(0.010) (0.005) (0.005)

City FE
√ √ √

Year FE
√ √ √

N 4215 4215 4215
R2 0.438 0.377 0.455

Note: Control variables are covered in all models. Standard errors are in parentheses; *** p < 0.01, * p < 0.1.

4.4. Heterogeneity Analysis
4.4.1. Geographical Location Heterogeneity

We divide the sample into two sub-samples according to the city’s geographical
location [50]. Table 7 shows that the coefficients of Pilot∗Time in columns (1)–(6) are all
significantly positive. Comparing the coefficients of different models, we observe that
regardless of how GI is measured, the coefficients of Pilot∗Time are higher in the eastern
region than in the central and western regions. In other words, the GI effect of the NEEC
policy is greater in the eastern region. This conclusion is consistent with Wang and Yi [51].
The potential reason may be that the eastern region has more sufficient financial support
and talent supply, which can better leverage the policy dividends of the NEEC.

Table 7. Geographical location heterogeneity.

Variables

per_gpata per_ingrva per_ugrma

Eastern Central and
Western Eastern Central and

Western Eastern Central and
Western

(1) (2) (3) (4) (5) (6)

Pilot∗Time
0.689 *** 0.343 *** 0.398 *** 0.195 *** 0.291 *** 0.148 ***
(0.187) (0.043) (0.101) (0.025) (0.098) (0.021)

City FE
√ √ √ √ √ √

Year FE
√ √ √ √ √ √

N 1485 2730 1485 2730 1485 2730
R2 0.502 0.458 0.417 0.299 0.527 0.552

Note: Control variables are covered in all models. Standard errors are in parentheses; *** p < 0.01.

4.4.2. Resource Endowment Heterogeneity

Based on the National Sustainable Development Plan for Resource based Cities released
by the State Council, we divide 281 cities into two types: non-resource-based cities and
resource-based cities. Table 8 shows that the coefficients of Pilot∗Time in columns (1), (3),
and (5) are significantly positive, while they are not significant in columns (2), (4), and
(6). This result indicates that the NEEC policy can only promote GI in non-resource-based
cities and has no significant impact on GI in resource-based cities. This conclusion is
consistent with Lin and Xu [52]. The possible reason is that the economic development of
resource-based cities is heavily reliant on resource paths, leading to a relatively narrow
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industrial structure. Consequently, the development of replacement industries lags behind,
resulting in a lack of sustainable urban development momentum, a relative shortage of
high-tech talents, and insufficient support for GI activities.

Table 8. Resource endowment heterogeneity.

Variables

per_gpata per_ingrva per_ugrma

Non-Resource-
Based

Resource-
Based

Non-Resource-
Based

Resource-
Based

Non-Resource-
Based

Resource-
Based

(1) (2) (3) (4) (5) (6)

Pilot∗Time
0.731 *** 0.028 0.424 *** 0.004 0.307 *** 0.023
(0.121) (0.038) (0.065) (0.019) (0.063) (0.023)

City FE
√ √ √ √ √ √

Year FE
√ √ √ √ √ √

N 2520 1695 2520 1695 2520 1695
R2 0.461 0.517 0.382 0.317 0.484 0.583

Note: Control variables are covered in all models. Standard errors are in parentheses; *** p < 0.01.

4.5. Robustness Tests
4.5.1. Parallel Trend Test

Before using the DID model, we should meet the parallel trend supposition, which
reflects the change of samples in the experimental and control cities and should be consistent
before policy implementation [53]. For the purposes of this study, the consistent GI trend
of the NEEC and non-NEEC is what we need to understand before policy implementation.
Otherwise, we cannot confirm that the improvement in GI level is caused by the NEEC
policy implementation. Therefore, we use an event-study strategy to test the parallel trend:

Yit = β0 +
−2

∑
t=−5+

βt × be f oreit +
5+

∑
t=0

βt× a f terit + φXit + µi + δt + εit (6)

where the policy dummy variables from the NEEC implementation year are represented by
the core independent variables beforeit and afterit. If the experimental cities are established as
NEEC in the t year before (after), the value of beforeit (afterit) takes 1, otherwise it takes 0. We
use 1 year before policy implementation as the benchmark group to estimate Equation (6).

Figure 3 illustrates the beforeit and afterit regression coefficients within the 90% con-
fidence intervals. We can see that the coefficients of beforeit are not significant, which
indicates that there is no systemic difference in the change in GI level between the NEEC
and non-NEEC cities before 2014, thus satisfying the parallel trend hypothesis.

4.5.2. Propensity Score Matching (PSM)-DID Test

The PSM method is used to select individuals from the control group who have the
same or similar propensity scores as a certain individual in the experimental group for
matching. DID is responsible for identifying the impact of policy shocks. In reality, policies
are essentially a form of quasi-natural experiment, so the DID method used in policy effect
evaluation inevitably suffers from self-selection bias. However, using the PSM method,
we can match each experimental group sample to a specific control group sample, making
the quasi-natural experiment approximate randomization. To overcome the selection bias
problem, we employ the PSM-DID method to estimate the effect of the NEEC policy on
GI [49]. Specifically, the dependent variable is used as the result variable, the six control
variables are used as the matching variables, and the nearest neighbor matching method is
used to fit the control and experimental city samples. The results show that all matching
variables in the control and experimental groups are not exceeding 10%, and the mean
difference of all fitting variables is not significant, indicating that the matching effect is
good. On this basis, we employ the DID model to estimate the results. As is presented
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in Table 9, the coefficients of Pilot∗Time in columns (1)–(3) are still significantly positive,
which supports the basic regression result.
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Table 9. PSM-DID test.

Variables
per_gpata per_ingrva per_ugrma

(1) (2) (3)

Pilot∗Time
0.403 *** 0.234 *** 0.169 ***
(0.078) (0.042) (0.041)

City FE
√ √ √

Year FE
√ √ √

N 4182 4182 4182
R2 0.411 0.323 0.448

Note: Control variables are covered in all models. Standard errors are in parentheses; *** p < 0.01.

4.5.3. Entropy Balancing Method

To further overcome the problem of selective bias without causing sample size loss, we
refer to Feng et al. [53] and use the entropy balancing method for estimation. Specifically,
we use the six control variables in the benchmark model as feature variables and then
find a set of weights that make the mean, variance, and skewness of the main feature
variables of the experimental group and the control group basically equal. On this basis,
we employ this weight to perform weighted least squares estimation. As is reported in
Table 10, the coefficients of Pilot∗Time in columns (1)–(3) are still significantly positive,
which is consistent with our core finding.

Table 10. Entropy balancing method.

Variables
per_gpata per_ingrva per_ugrma

(1) (2) (3)

Pilot∗Time
0.318 *** 0.188 *** 0.130 ***
(0.074) (0.041) (0.037)

City FE
√ √ √

Year FE
√ √ √

N 4215 4215 4215
R2 0.791 0.765 0.790

Note: Control variables are covered in all models. Standard errors are in parentheses; *** p < 0.01.

4.5.4. Placebo Test

Drawing on Lee and Nie [54], we conducted a placebo test to ensure the robustness
of our study. Specifically, we randomly select 68 cities from 281 sample cities as the false
experimental group cities and estimate them based on the DID framework. We repeat this
process 1000 times to obtain 1000 false regression coefficients and plot them into a kernel
density curve as shown in Figure 4. It can be seen that no matter how GI is measured, the
kernel density curve is close to a normal distribution, which further proves the reliability
of the conclusions of this study.
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4.5.5. Control Other Policies

Within the sample interval of this study, China has also implemented a range of other
policies that influence urban GI levels and conflict with our estimated results. Thus, we
further control for these policies. Specifically, we control for four representative policies:
(1) The innovative city construction policy, which has a strong driving effect on the urban
GI level because it can enhance and aggregate innovative elements [55]. (2) The low-carbon
city construction policy, which can force firms to innovate technology and improve GI
levels [22]. (3) The carbon emission trading pilot project, which is an important policy tool
for controlling carbon emissions and can induce GI activity development while achieving
carbon reduction [56]. (4) The new environmental protection law implementation, which
have shown to have an important driving effect on firm GI levels [57]. As is reported in
Table 11, the estimated coefficients of Pilot∗Time are still positive and significant at the 1%
level, indicating that the benchmark regression results are robust.

Table 11. Control other policies.

Variables
per_gpata per_ingrva per_ugrma

(1) (2) (3)

Pilot∗Time
0.295 *** 0.178 *** 0.117 ***
(0.076) (0.041) (0.040)

City FE
√ √ √

Year FE
√ √ √

N 4215 4215 4215
R2 0.447 0.358 0.478

Note: Control variables are covered in all models. Standard errors are in parentheses; *** p < 0.01.

4.5.6. Other Robustness Tests

On the basis of the above series of robustness tests, we also conduct the following five
aspects of testing:

(1) Alternate dependent variables. We use the number of per capita green patents
obtained as the explained variable and re-estimate. As shown in Panel A of Table 12, the
coefficients of Pilot∗Time are still positive and significant at the 1% level, which proves the
benchmark regression results are robust.

(2) Exclude municipalities sample. Considering that there are differences in adminis-
trative levels between municipalities and other prefecture-level cities, we exclude Beijing,
Shanghai, Tianjin, and Chongqing, and then re-estimate. As shown in Panel B of Table 12,
the coefficients of Pilot∗Time are still positive and significant at the 1% level, which supports
the benchmark regression finding.

(3) Control province-year joint fixed effects. To eliminate the effect of unobservable
provincial changes over time, we further control province-year joint fixed effects [53]. As
shown in Panel C of Table 12, the coefficients of Pilot∗Time are still positive and significant
at the 1% level, which indicates our finding is reliable.

(4) Consider the impact of COVID-19. Since it was the COVID-19 outbreak at the
beginning of 2020, we removed the data for 2020 and 2021 and re-estimated them. As
shown in Panel D of Table 12, the coefficients of Pilot∗Time are still positive and significant
at the 1% level, which indicates our finding is reliable.

(5) Consider the impact of finance. Many studies have shown that finance is also a
very important factor affecting green innovation [58], so we consider the impact of finance
again. As shown in Panel E of Table 12, the coefficients of Pilot∗Time are still positive and
significant at the 1% level, which indicates our finding is reliable.
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Table 12. Other robustness tests.

Variables
per_gpata per_ingrva per_ugrma

(1) (2) (3)

Panel A: Alternate dependent variables

Pilot∗Time
0.220 *** 0.064 *** 0.156 ***
(0.049) (0.011) (0.041)

N 4215 4215 4215
R2 0.421 0.282 0.430

Panel B: Exclude municipalities sample

Pilot∗Time
0.332 *** 0.171 *** 0.162 ***
(0.075) (0.039) (0.040)

N 4155 4155 4155
R2 0.394 0.309 0.433

Panel C: Control province-year joint fixed effects

Pilot∗Time
0.295 *** 0.158 *** 0.137 ***
(0.071) (0.037) (0.037)

N 4215 4215 4215
R2 0.588 0.544 0.611

Panel D: Consider the impact of COVID-19

Pilot∗Time
0.353 *** 0.209 *** 0.144 ***
(0.075) (0.040) (0.039)

N 3653 3653 3653
R2 0.441 0.371 0.465

Panel E: Consider the impact of finance

Pilot∗Time
0.403 *** 0.234 *** 0.169 ***
(0.077) (0.042) (0.040)

N 4215 4215 4215
R2 0.409 0.321 0.446

City FE
√ √ √

Year FE
√ √ √

Note: Control variables are covered in all models. Standard errors are in parentheses; *** p < 0.01.

5. Discussion
5.1. Research Findings

To accelerate the energy revolution, the NEA implemented the NEEC policy to enhance
the transition of energy production and consumption structures and promote new energy
as an integral part of economic and social development. In this study, we explore whether
the implementation of an energy transition strategy induces urban GI. Using panel data
from 281 cities in China during 2007–2021, we investigate the impact of the NEEC on
urban GI with the DID model and draw the following main conclusions: first, the NEEC
induces GI, which verified the effectiveness of the policy. After conducting a parallel
trend test, PSM-DID model estimation, entropy balancing method estimation, conducting a
placebo teat, controlling other policy interference, and several other robustness tests, the
core research conclusions are still valid. Second, the NEEC mainly improves urban GI
levels through three channels: government support, human capital agglomeration, and
efficiency driving. Third, the degrees of urban ER and intellectual property protection have
a significant positive moderating effect on the effect of the NEEC on urban GI. Fourth, the
effect of the NEEC on urban GI levels is heterogeneous and more significant in eastern
regions and non-resource-based cities.
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5.2. Theoretical Contributions

From a global perspective, the significance of an energy transition plan has become
evident on a worldwide scale. In order to encourage the energy revolution, several nations
have created laws and policies. Examples of these include energy efficiency standards,
carbon emission trading programs, and subsidies for renewable energy sources. From
the existing literature, this study enriches the NEEC evaluation literature and expands
the related research on GI. Although the NEEC has been implemented for many years,
the existing literature fails to give a clear answer to whether the policy can effectively
induce GI. Combined with the existing literature and the NEEC practice, this study not
only theoretically analyzes how the NEEC affects GI but also scientifically verifies this
effect by using the econometric analysis model. The conclusions serve as a useful reference
for further NEEC implementation, accelerating the energy transition, and promoting GI.

5.3. Practical Implications

The conclusions have several policy implications. First, we show that the NEEC has
positive effects on urban GI. Therefore, the relevant departments should summarize the
typical cases and successful experiences in the course of policy implementation. They
should gradually expand the NEEC’s exemplary scope and further promote the NEEC
to provide effective impetus and boost GI development on a national scale. Encourage
the development of new energy sources and the modernization of associated industries’
technology. Give it full credit for its ability to reduce pollution and carbon emissions at the
same time in order to further advance superior economic development.

Second, the mediating mechanisms of the NEEC on GI are that the policy can increase
government financial support, accelerate human capital agglomeration, and enhance energy
efficiency. Therefore, in the implementation process of the NEEC, the GI effect can be
promoted in multiple dimensions by adjusting the evaluation and assessment indicators.
Strengthening the guiding role of the government, ensuring the priority development of
the new energy industry through legislative and financial means, and establishing a sound
market mechanism to attract private investment in new energy projects. Promoting the
optimization and upgrading of industrial structures, supporting the development and
application of new energy technologies, encouraging traditional industries to achieve
green transformation through technological upgrades, nurturing emerging industries, and
establishing new economic growth opportunities. Enhance energy efficiency and promote
energy-saving technologies and management measures. Implement energy efficiency
standards and labeling systems. Encourage businesses and residents to adopt energy-
efficient equipment to reduce energy consumption and carbon emissions.

Third, we find that urban ER and intellectual property protection are key factors that
significantly affect GI. Therefore, during the NEEC implementation, the local governments
should focus on the construction of and strengthen the city’s own institutional supply ca-
pacity and establish a good institutional environment for GI. Further, the local governments
could strengthen environmental protection, formulate strict environmental standards and
regulatory mechanisms to ensure the sustainability of new energy projects while protecting
the ecological environment and improving the quality of urban life. At the same time,
strengthening the protection of intellectual property rights, providing legal protection for
green innovation, encouraging enterprises and individuals to devote themselves to the R &
D and innovation activities of new energy technologies, promoting technological progress,
and industrial upgrading are necessary.

Finally, taking account of the heterogeneity of the NEEC effect on GI, we should fully
consider local conditions and use the “one place, one policy” strategy. For those cities
that fail to put the policy into effect, corresponding support policies should be adopted to
ensure that the policy can be implemented to its greatest potential. The NEEC encourages
technological innovation, which can provide technical support and experience sharing for
other regions and cities, promoting the research and application of new energy technologies.
By sharing knowledge and strategies for industrial growth with other cities and regions,
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the NEEC fosters the growth of new energy industries and aids in the establishment and
advancement of the new energy industry chain.

5.4. Limitations and Future Directions

This paper also has some limitations. First, the NEEC as a local policy; the effectiveness
of the energy transition strategy in stimulating green innovation remains to be further
examined in other countries. Second, because of the challenges in gathering data and the
scarcity of research resources, we have limited our attention to three primary mechanisms
in this study. In addition to the topic of study, there are numerous other potential affecting
elements and mechanisms. It is a future research direction. Nonetheless, the issue addressed
in this study is global in nature and calls for international attention. Moreover, the research
methodology can be extended to assess the impact of other place-based policies.
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Appendix A

Table A1. Descriptive statistics.

Variables Unit Obs Mean Std.Dev. Minimum Maximum

per_gpata pieces 4215 0.926 2.155 0.002 35.407
per_ingrva pieces 4215 0.410 1.091 0.000 18.708
per_ugrma pieces 4215 0.516 1.123 0.000 16.699
Pilot∗Time — 4215 0.129 0.335 0.000 1.000

growth % 4215 9.620 4.570 −20.630 32.900
indus % 4215 46.661 11.203 10.680 90.970
gov — 4215 0.187 0.098 0.043 1.485

infra m2 4215 4.854 5.926 0.181 73.042

popden People/square
kilometer 4215 −3.469 0.924 −7.637 −0.125

open — 4215 0.191 0.332 0.000 6.021
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