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Abstract: In the context of carbon neutrality, the development of new digital infrastructure (NDI)
and the improvement of digital capabilities are essential, in order to speed up the transformation of
the energy structure. Based on the balanced panel data of 30 provinces in China from 2008 to 2019,
we empirically analyzed the impact of NDI on the structural transformation of energy in China and
its mechanisms of action. The results demonstrated that (1) NDI had a positive impact on China’s
energy transition, and the empirical results were robust. (2) The mediating effect showed that NDI
had a positive impact on the transformation of energy structure, through improving green total
factor productivity and green finance. (3) The heterogeneity analysis indicated that NDI made a
more significant contribution to the transformation of the energy structure in regions with lower
pollution levels and in those with energy cooperation policies. This study provides a policy reference
for Chinese energy transition from the perspective of the digital economy.

Keywords: new digital infrastructure; transformation of the energy structure; energy industry chain

1. Introduction

To avoid the worst effects of climate change and to accelerate sustainable economic
development, the world needs to phase out the use of non-clean energy sources [1]. The
International Energy Agency (IEA) reported that global energy consumption increased by
50–75% between 1985 and 2020. Although the use of clean energy is increasing year by
year, the proportion of fossil energy in primary energy consumption has been around 80%
for nearly a century [2,3]. This high proportion of fossil fuel consumption is a barrier to the
sustainable development of the global economy. The main driver of the current transition
differs from the previous three, in that it is no longer the economic efficiency of new energy
sources, but the response to climate change [4]. Resource depletion, the rising costs of
non-clean energy sources, and technological innovation will further accelerate the energy
transition process, making it imperative that the energy transition forms an important part
of sustainable economic development [5–7].

As another important driving force to promote economic development and optimize
economic structure, information and communications technology (ICT) has been widely
recognized by scholars [8–10]. However, the new digital infrastructure (NDI) that supports
cutting-edge ICT is a relatively neglected area of research. New digital infrastructure
refers to the digital-based infrastructure formed by the new generation of information
technologies, mainly including 5G, artificial intelligence, and the industrial Internet, and
Internet of Things, which provide services that trigger fundamental changes in production
patterns and economic structures [8,10]. The rate of change in the way NDI is supplied
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and the demand for digitally connected services in the last decade has been staggering.
NDI has become a necessary factor of production for consumers to participate in advanced
modern societies [11]. The services provided by NDI penetrate into the production and
operation models of enterprises, improve the efficiency of industrial resource allocation,
and optimize the regional industrial structure, as well as providing new ideas for solving
the problem of energy transition [12–14].

The existing studies have concentrated on the relationship between the services pro-
vided by NDI and the energy transition, and the results are highly variable. Some scholars
argue that the transformation of the energy structure with the services provided by NDI
can accelerate the energy structure transition. Chung (2018) [15] suggested that the new
energy systems with digital infrastructure services can accelerate the transformation of
regional energy structure. Tang et al. (2013) [16] found that NDI helps to cultivate the
green technology innovation capacity of firms and improves corporate governance. Other
scholars have argued that it is uncertain the services provided by NDI contribute to the
transformation of regional energy structure. Lange et al. (2020) [17] indicated that informa-
tion and communication technologies increase global non-clean energy consumption by
expanding energy demand. Shabani and Shahnazi (2019) [18] stated that the relationship
between NDI services and energy consumption is not linear. The emergence of contra-
dictory research conclusions is mainly related to the use of single indicators of NDI, the
inconsistent construction standards of indicators, and a lack of heterogeneity in analysis. In
addition, a large number of studies have found that both NDI and energy transition are
related to green development, but few literature reports have explored whether there is a
green development-related path between the two.

Based on provincial panel data in China, we focused on the impact of NDI on the
energy transition, and explored the mechanisms and heterogeneity from a green develop-
ment perspective. In fact, with the development of the digital economy, the new digital
infrastructure is different from traditional infrastructure, which will have an important
impact on regional green development. Therefore, it is necessary to identify the impact of
new digital infrastructure on energy structure transformation. Our innovations include
the following: (1) Previous studies examined the economic or environmental effects of
traditional infrastructure, while ignoring the environmental effects of NDI, especially its
impact on the energy structure. (2) We not only investigated the transmission mecha-
nism of the impact of NDI on energy structure, but also investigated its heterogeneity
in different regions, in order to investigate the impact of NDI on energy structure more
comprehensively. (3) Under the dual backgrounds of the digital economy and carbon peak
and carbon neutrality, it is of great practical significance to explore the impact of NDI on
energy structure. These conclusions provide a theoretical basis for scientifically formulating
new targeted digital basic energy service facilities.

The rest of the paper is organized as follows: Section 2 presents a mechanical analysis
and the research hypotheses. Section 3 describes the data and empirical methodology.
Section 4 discusses the empirical results. Section 5 summarizes the conclusions and pol-
icy implications.

2. Mechanism Analysis and Research Hypothesis
2.1. The Direct Effects

The efficient resource allocation advantages of NDI help to optimize energy allocation.
ICT has a profound impact on energy management because it lowers costs and keeps
systems up-to-date [19,20]. Cloud computing and big data analysis help to improve the
efficiency of energy production, and wireless networks allow for timely optimization of
energy allocation structures through online platforms [13]. The substitution and optimiza-
tion effects of ICT on energy consumption contribute to the “computerization” of the
production sector [21]. The above-mentioned optimization components, which rely on
NDI, are more focused on the production and management of energy, optimizing the way
energy is consumed by eliminating outdated capacities [22]. Efficient resource allocation
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is conducive to the transformation of regional energy structure. In view of the absolute
advantages of varieties of energy and the comparative advantages of energy industries,
the existing energy system requires a more timely and rapid energy allocation mechanism.
For example, transmission network managers in Belgium are helping the network absorb
more intermittent renewable energy by sharing computer platforms [23]. NDI provides a
reliable technological path for building “smart cities” and promoting the coordination of
low-carbon energy [24]. The market is also an important way to allocate resources. A sound
market mechanism and flexible market design can both facilitate the energy transition. NDI
increases the flexibility and timeliness of energy markets, thereby addressing some of the
technical barriers faced in the development of regional energy structure transitions [25].
The high penetration of NDI can influence and even change group consumer behavior [13].
NDI changes the original method of information transmission and accelerates the trans-
formation of the low-carbon behavior of energy consumers. For example, consumers can
choose low-carbon technology application products and respond to their local govern-
ment’s call for low-carbon policies, and they can increase their awareness of green energy
consumption [26]. Thongmak and Mathupayas (2016) [27] argued that effective dissem-
ination of information helps consumers understand the current environmental situation
and increases environmental empathy and environmental knowledge, thereby influencing
their ecological consumption behavior. Existing empirical results also suggest that the
development of ICT has contributed to renewable energy consumption. Moyer and Hughes
(2012) [28] found that advances in communication technologies are generally positively
associated with increased energy intensity and renewable energy generation. Zheng and
Wang (2021) [13] found that a 1% increase in the level of mobile communication technology
was associated with a 1.1% increase in renewable energy consumption in the short term
and a 0.2% increase in the long term.

Based on the above analysis, the following hypothesis is proposed in this paper:

Hypothesis I: NDI has a significant positive impact on the transformation of the regional energy
structure.

2.2. Indirect Impact
2.2.1. Green Production Level

NDI increases the green total factor productivity (GTFP) of a region. In terms of acceler-
ating information flows, NDI facilitates the development of information technology, while
the convergence of industrialization and modern technology contributes to the iteration and
updating of green production technologies, making regional industrial production greener
and more sustainable [6]. Yan et al. (2018) [29] demonstrated through empirical tests that
trade in communication technologies can bridge the gap between developing economies. In
terms of changing traditional production methods, Haftu (2019) [30] suggested the positive
role of infrastructure in greening total factor productivity. Digital information technology
can help build a more diverse labor supply, with human capital as a supporting condition;
thus making labor demands adapt to green production methods. The diffusion of NDI
services helps to spread the effects of green production, which in turn forces other firms in
the same industry to improve their own GTFP.

The increase in level of green production has promoted the transformation of the
energy structure. In terms of substitution effects, the energy transition is the substitution
of one energy source for another in certain industries or sectors [31]. The improvement of
the level of green production represents an improvement of renewable energy efficiency,
and existing research also recognized the positive effect of green energy utilization tech-
nology on energy structure transformation in production activities [32]. In terms of the
transformation of consumption, improved green production methods are a form of energy
consumption efficiency improvement, and a sustainable energy structure built through
green production promotes the development of green energy consumption preferences
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among consumers [33]. Quantitative changes in the level of green production are driving
qualitative changes in energy transformation.

2.2.2. Green Finance Level

NDI promotes the development of regional green finance. At present, there is a
lack of communication about the information mechanisms, in the development of green
finance. NDI can distribute the environmental, social, and governance (ESG) information
of enterprises to the public and increase the level of green financial support of high-
quality enterprises. At the same time, enterprises will also conduct green reputation risk
management, to ensure the financial support for their own green projects. The spillover
effects of digital infrastructure further improve the green financial environment within the
industry [34]. Not only that, but NDI can also help solve the problems of green finance
regulation. Qing (2019) [35] suggested that the Indonesian government could make use of
NDI to make up for the deficiencies of green information governance. Big data technologies
provided by NDI can help commercial banks reduce unnecessary loan losses by optimizing
energy-saving funds and green investment systems [36].

The development of green finance has promoted regional energy transformation. In
terms of the function of cultivating dynamic energy, the development of green finance can
help fill the huge investment gap in sustainable energy transition, provide sufficient funds
for green technology innovation activities, and enhance the positive impact of innovation in
renewable energy consumption [37,38]. In terms of the function of guiding resource alloca-
tion, green finance can guide social capital flow to green industries, improve the industrial
structure, and promote the transformation of society, from a high-carbon economy, to a
low-carbon economy [39]. Navarro (2019) [40] conducted a study on the feasibility of green
finance, arguing that retail investors, producers, and financial institutions can promote the
regional energy transition without compromising the interests of consumers, by creating
green financial products.

Based on the above analysis, the following hypothesis is proposed in this paper:

Hypothesis II: NDI further promotes regional energy structure transformation by enhancing
GTFP and developing green finance.

2.3. Heterogeneity Analysis
2.3.1. The Effect of NDI on Energy Structure Transformation Is Related to the Degree of
Regional Pollution

In regions with different pollution levels, the role of NDI in the transformation of
energy structure may be different, mainly due to environmental regulations and resource
endowment [41,42]. Economic development is accompanied by high environmental costs
and huge resource consumption, and green development has become the world consensus,
which means that various regions need to reduce the environmental cost of economic
development and maintain a balance between economic development and the ecological
environment [43]. NDI provides equipment for ICT, social media, mobile technologies,
and information networks, all of which contribute to information-based environmental
governance [44]. Environmental regulation further affects the proportion of renewable
energy used, through “compliance cost effects” and “innovation offset effects” [16,45,46].
Therefore, we speculate that NDI can improve the level of regional environmental super-
vision, thereby reducing regional pollution. The transformation of the energy structure
is one of the manifestations of the improvement of regional pollution. Natural resource
endowments will also affect regional energy transformation plans. The industrial struc-
ture being formed by relying on the regional natural resource endowment has led to the
heterogeneity of air pollution among provinces. The degree of pollution of regions rich in
non-renewable resources is higher, and the energy transformation is more difficult [47–49].
Not only that, regional economic conditions also strongly influence the energy transition
plans of local governments, and economic factors affect the transition from fossil fuels or
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non-clean energy, to renewable or clean energy [50]. The coverage rate of NDI in economi-
cally developed regions is high, and the phenomenon of the resource curse is common in
regions with high natural resource endowments [51,52]. Therefore, it is speculated that in
regions with abundant natural resources, the positive effect of NDI on the energy transition
is weak.

2.3.2. The Effect of NDI on Energy Structure Transformation Is Related to Regional Energy
Cooperation Policies (ECP)

ECP can help strengthen the positive role of NDI in the transformation of regional
energy structures. In terms of the content of the ECP, the ECP conforms to the latest energy
production trends and improves the existing energy structure through multilateral coop-
eration [53,54]. For energy structure transformation, the energy production cooperation,
energy investment cooperation, and energy infrastructure connection content in the ECP
provide a larger development platform for NDI [6,55]. In terms of the drivers of ECP, there
are two main charagories of ECP implementation region: First, the region has sufficient
demand to reduce the dependence on non-renewable energy. Second, the region has rel-
atively good energy cooperation conditions. These two conditions are conducive to the
transformation of the energy structure [56]. Economic, environmental, and political factors
help drive the success of energy cooperation [57]. Therefore, policymakers will delineate
ECP areas with reference to the driving factors of energy cooperation success, which reflects
the economic, environmental, and political differences between areas covered by ECP and
non-covered areas. According to the previous analysis, the differentiated effect of NDI on
the transformation of the energy structure can be explained. In summary, the mechanism
diagram of this paper is shown in Figure 1.

Based on the above analysis, the following hypothesis is proposed in this paper:

Hypothesis III: From the perspective of heterogeneity, in areas with low levels of environmental
pollution and under energy cooperation policies (ECP), the positive effect is more obvious.
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Figure 1. The impact mechanism of the NDI on energy structure transition.

3. Method
3.1. Model

To verify the impact of NDI on energy transition, we chose an OLS model with
multi-dimensional panel fixed effects to mitigate the bias of results, by controlling for
multi-dimensional individual effects. We address the problem of missing variables with in-
dividuals and time, by controlling for the individual effects and annual effects of provinces.
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This paper constructs the following model:

energyit = β0 + β1infrait + γ∑ controlit + λi + µt + εit (1)

where energyit is the energy consumption structure of province i in year t, infrait is the
NDI of province i in year t, and controlit is the set of control variables, specifically govern-
ment self-sufficiency (sufit), level of environmental regulation (erit), level of urbanization
(urbanit) and its squared term (urbanit

2), economic development level (pgdpit), and level
of education (egdpit). λi is the province fixed effect, µt is the time fixed effect, and εit are
random errors.

3.2. Variables
3.2.1. Explained Variable: Energy Structure (energyit)

Referring to the method of Adebayo et al. (2021) [58], the ratio of coal consumption
to total energy consumption is used to measure the energy structure of each province.
Coal consumption and total energy consumption were converted into standard coal, with
reference to the China Energy Statistical Yearbook. The conversion coefficients of major
energy categories are shown in Table 1.

Table 1. Reduction coefficients of major energy categories in the energy industry chain.

Energy Category Reduction Factor Energy Category Reduction Factor

Raw coal 0.7143 Gasoline 1.4714
Washed coal 0.9000 Diesel 1.4571

Coal products 0.5286 Kerosene 1.4714
Coke 0.9714 Fuel oil 1.4286

Coke oven gas 5.7140 Liquefied petroleum gas 1.7143
Natural gas 13.3000 Electricity 1.2290

Liquefied natural gas 1.7572 Thermal 0.0341
Crude oil 1.4286 Others 1.000

3.2.2. Explanatory Variables: NDI (infrait)

Referring to the practice of Zhao (2022) [59], a four-dimensional index system of long-
distance optical cable lines, mobile phone switch capacity, industrial robot installation, and
the number of Internet access ports is used, and the entropy weight method is selected,
to determine the weight of each index, and, finally, the new digital number is calculated.
Infrastructure metrics:

3.2.3. Control Variables

(1) Government self-sufficiency rate (sufit). Fiscal self-sufficiency is a significant cri-
terion for judging whether the development of a regional government is healthy.
Local governments can use public finance to solve the problem of social and eco-
nomic inequality, so as to promote the low-carbon transformation of the region [60].
Saygin et al. (2015) [61] suggested that a government can push the transformation of
the energy structure in a region by providing guiding policies to develop technological
innovation in renewable energy. Referring to the practice of Yan et al. (2022) [62],
we adopt the ratio of the revenue in the general budget of the local government
to the expenditure in the general budget of the local government to represent the
government’s self-sufficiency rate.

(2) The intensity of environmental regulation (erit). When the government implements
a series of environmental regulation policies, polluters will predict increase in the
intensity of environmental regulation in the future, so as to strengthen their current
utilization of such energy, or force enterprises to adopt clean energy and advanced
energy-saving and emission-reduction technologies, by improving industry stan-
dards [63]. Referring to the practice of Peng et al. (2020) [64], we select the com-
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prehensive utilization rate of solid waste, to measure the intensity of environmental
regulation in each province.

(3) The level of urbanization (urbanit). At a particular stage in economic development,
the increase of energy consumption follows an “inverted U” curve with rising urban-
ization levels, which leads to population clustering, changes in energy consumption
patterns, and technological innovation. These changes push the structure of energy
consumption toward optimization. Referring to Liu et al. (2022) [65], this article
uses the proportion of urban population to characterize the urbanization level of a
region and introduces a squared term of the urbanization level (urbanit

2), to ensure
the adequacy of urbanization level in explaining the energy consumption structure.

(4) The level of economic development (pgdpit). Taghizadeh and Rasoulinezhad (2020) [66]
stated that there is a positive correlation between economic development and regional
energy transition. We refer to the practice of Acheampong et al. (2021) [67], which
used the logarithm of gross domestic product (GDP) per capital to measure the level
of regional economic development.

(5) Educational level (egdpit). Level of education may influence the environmental
awareness of residents, which in turn affects their acceptance and support for the
energy transition Tang et al. (2013) [16] also believed that educational level also played
a certain role in the process of energy structure optimization. We reference Li et al.
(2022) [68] and uses the share of local fiscal expenditure on education in regional GDP
to measure the level of education. To sum up, the specific variable description is
shown in Table 2.

Table 2. Variable definitions.

Variable Classification Variable Definition

Explained variable Energy structure Proportion of energy consumed by coal
compared to total energy consumed

Explanatory variable Infra New digital infrastructure

Control variables

Suf Local government revenue to expenditure ratio
Er Comprehensive utilization rate of solid waste

Urban Level of urbanization
Urban2 Square of the level of urbanization
Pgdp Logarithm of GDP per capital
Egdp Education expenditure as a percentage of GDP

Intermediate variables
Gtfp Green total factor productivity
Gfin Green finance index

3.3. Data Description

This paper takes the data of 30 provinces, autonomous regions, and municipalities
in China (excluding Hong Kong, Macao, Taiwan, and Tibet) as the research object. The
time span of the data is from 2008 to 2019. The variable data in this article were mainly ob-
tained from the “China Energy Statistical Yearbook”, “China Statistical Yearbook”, “China
Industrial Statistical Yearbook”, “China Urban Statistical Yearbook”, “China Industrial
Economic Statistical Yearbook”, “China Environmental Statistical Yearbook”, and “China
Insurance Yearbook and Statistical Yearbooks of various provinces”. Industrial robot data
were obtained from the International Federation of Robotics. Table 3 shows a descriptive
statistical analysis of the above variables.
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Table 3. Descriptive statistics of variables.

Var N Mean Std Min Q25 Q50 Q75 Max

energy 360 0.414 0.152 0.012 0.312 0.438 0.519 0.724
infra 360 0.194 0.147 0.012 0.088 0.150 0.251 0.941
suf 360 0.538 0.194 0.189 0.400 0.487 0.706 0.960
er 360 0.665 0.191 0.254 0.511 0.644 0.834 0.998

urban 360 0.559 0.131 0.291 0.469 0.543 0.616 0.942
pgdp 360 1.629 0.419 0.680 1.352 1.594 1.870 2.860
egdp 360 0.040 0.015 0.019 0.029 0.037 0.048 0.112

Figures 2 and 3 plot the average level of China’s energy consumption structure and
NDI from 2008 to 2019. Specifically, the proportion of coal consumption in the central
and western regions is relatively high, while the proportion of coal consumption in the
eastern region is relatively low. The level of NDI in the central and western regions is
generally low, and that in the eastern regions is generally high. Regions with a high level
of NDI are characterized by a developed economy, the concentration of scientific and
technological talent, and a low endowment of non-clean energy resources. Regions with a
high proportion of coal energy consumption have the characteristics of an underdeveloped
economy, large loss of scientific and technological talents, and high endowment of non-clean
energy resources.
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4. Results
4.1. Benchmarking

We used a linear regression model to test the direct impact of NDI. Table 4 shows the
direct impact of NDI on the energy transition. Columns (1) and (2) do not include control
variables, while columns (3) and (4) include control variables. Columns (1) and (3) fixed
the year, while columns (2) and (4) fixed the year and province. From the results in column
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(4) of Table 4, the impact of NDI on the energy structure remained significant at 1% and
was negative. The impact coefficient was −0.234, which indicates that NDI is conducive to
transformation of the energy structure.

Table 4. Direct impact of NDI on energy structure transition.

(1) (2) (3) (4)
Variables Energy Energy Energy Energy

infra −0.126 * −0.179 *** −0.118 * −0.196 ***
(−1.67) (−4.27) (−1.72) (−4.47)

suf −0.183 *** −0.064
(−3.66) (−1.26)

er −0.075 * −0.047 *
(−1.87) (−1.67)

urban −1.119 *** −0.538 *
(−3.26) (−1.90)

urban2 0.689 *** 0.257
(2.62) (1.08)

pgdp −0.206 *** −0.102 **
(-4.71) (−2.43)

egdp −5.312 *** −0.702
(−8.77) (−1.13)

Constant 0.439 *** 0.449 *** 1.533 *** 0.929 ***
(26.61) (53.57) (11.98) (9.55)

Year Fixed Effect Yes Yes Yes Yes
Province Fixed Effect No Yes No Yes

Observations 360 360 360 360
R-squared 0.115 0.943 0.578 0.948

Notes: ***, **, and * represent the significance levels of 1%, 5%, and 10%, respectively, with the same below.

To ensure the robustness of the regression results, we used a replacement regression
method for the test. We used the SYS-GMM model to estimate the impact of NDI on the
regional energy transition. The p-value of AR(1) in Table 4 is less than 0.05, and the p-value
of AR(2) is greater than 0.1, which means that the hypothesis that the remaining terms
have first-order auto-correlation was accepted, and the hypothesis that the remaining terms
have second-order auto-correlation was rejected. The p-value of the Sargan test was greater
than 0.05, which confirmed the validity of the instrumental variables. The above results
indicate that the choice of variables was valid and that the model is appropriate. Table 4
shows the regression results of the SYS-GMM model. The results show that infra had a
significant negative impact on energy, which indicates that NDI had a catalytic effect on
regional energy transition.

In addition, considering the endogenous of the article, we used the instrumental
variable to test the model. Referring to Oughton (2021) [69], we used Internet broadband
access ports (intacc) as an instrumental variable for NDI, which was primarily obtained
from the National Bureau of Statistics of China. The number of Internet broadband access
ports reflects the penetration rate of NDI, so we chose the number of Internet broadband
access ports as an instrumental variable for NDI. Internet broadband access ports do not
directly influence the transformation of the regional energy structure, and NDI is needed to
provide some support, so the number of Internet broadband access ports as an instrumental
variable satisfies the exclusivity requirement. According to column (3) of Table 5, the
instrumental variable passed the F test, which means that the increased Internet broadband
access ports improved the regional energy structure, which is consistent with the results in
Table 4, demonstrating the reliability of the empirical results.
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Table 5. Robustness test of NDI for regional energy transition.

(1) (2) (3)
SYS-GMM SYS-GMM IV

Variables Energy Energy Energy

L.energy 0.946 *** 0.905 ***
(45.87) (30.68)

infra −0.042 *** −0.051 ** −0.166 ***
(−2.98) (-2.38) (−2.96)

suf −0.032 −0.067
(−1.64) (−1.02)

er −0.007 −0.003
(−0.38) (−0.09)

urban 0.056 −0.713 *
(0.32) (−1.74)

urban2 −0.020 0.362
(−0.15) (1.06)

pgdp -0.013 −0.106 **
(−1.01) (−2.00)

egdp −0.417 * −0.041
(−1.91) (−0.06)

Constant 0.018 * 0.074
(1.68) (1.28)

Year Fixed Effect Yes Yes Yes
Province Fixed Effect Yes Yes Yes

Observations 330 330 270
Number of Province 30 30

Ar1 (p value) 0 0
Ar2 (p value) 0.905 0.751

Sargan (p value) 0.288 0.227
KPLM 191.2

CDWaldF 545.9
Note: The standard errors in brackets, ***, **, *, indicate significant at 1%, 5% and 10% respectively, the same
below.

4.2. Mechanism Inspection

Referring to the method of Shen et al. (2021) [70], this paper uses a mediation effect
model to study the impact mechanism of NDI on energy transition.

gtfpit = α1infrait + γ∑ controlit + λi + µt + εit (2)

energyit = α2infrait + α3gtfpit + γ∑ controlit + λi + µt + εit (3)

gfinit = α4infrait + γ∑ controlit + λi + µt + εit (4)

energyit = α5infrait + α6gfinit + γ∑ controlit + λi + µt + εit (5)

Formulas (2) and (3) verify the mediation effect of GTFP (gtfp), and the effect value
of the mediation effect in the total effect is (α1α3)/β1; Formulas (4) and (5) verify the
mediation effect of green finance index (gfin), where the effect value of the mediator effect
over the total effect is (α4α6)/β1.

Columns (1) and (2) of Table 6 use GTFP as an intermediary variable, column (1) shows
that infra had a significant positive impact on GTFP, which means that NDI improved
the GTFP. Column (2) shows that both infra and GTFP were negatively correlated with
energy, which means that NDI not only directly contributed to the transformation of the
energy structure, but also improved the energy structure by promoting green production.
Therefore, GTFP plays an intermediary role in the transformation of energy structure and
NDI. The mediating effect accounted for 23.1% of the effective value of the total effect.



Energies 2022, 15, 8784 11 of 18

Table 6. Mechanism test.

(1) (2) (3) (4)
Variables Gtfp Energy Gfin Energy

gtfp −0.024 **
(−2.42)

gfin −0.390 ***
(−4.12)

infra 1.886 *** −0.169 *** 0.054 ** −0.175 ***
(5.85) (−2.99) (2.10) (−4.07)

suf 0.276 −0.054 0.037 −0.050
(0.88) (−1.04) (1.24) (−1.00)

er 0.617 *** −0.033 0.044 *** −0.030
(3.46) (−1.09) (2.65) (−1.08)

urban −15.396 *** −0.793 ** −1.480 *** −1.116 ***
(−8.34) (−2.33) (−8.94) (−3.60)

urban2 12.815 *** 0.512 * 0.663 *** 0.516 **
(8.31) (1.80) (4.79) (2.15)

pgdp 1.184 *** −0.064 0.093 *** −0.066
(4.32) (−1.37) (3.78) (−1.57)

egdp 2.431 −0.724 0.530 −0.495
(0.64) (−1.15) (1.46) (−0.81)

Constant 3.036 *** 0.943 *** 0.546 *** 1.142 ***
(4.84) (8.75) (9.63) (10.57)

Year Fixed Effect Yes Yes Yes Yes
Province Fixed Effect Yes Yes Yes Yes

Observations 330 330 360 360
R-squared 0.944 0.950 0.961 0.950

Notes: ***, **, and * represent the significance levels of 1%, 5%, and 10%, respectively, with the same below.

Columns (3) and (4) of the model results in Table 5 use the green finance index as an
intermediary variable. Column (3) shows that infra had a significant positive effect on gfin,
implying that NDI increased the level of green finance. Column (4) shows that both infra
and gfin were significantly negatively related to energy, indicating that green finance played
a significant intermediary role in the energy structure transition, with the intermediary
effect accounting for approximately 10.7% of the total effect. This result implies that NDI
improved the regional energy structure by increasing the penetration of green finance. This
finding is similar to the conclusion of Wang et al. (2021) [71] that green finance development
contributes to the shift from conventional to renewable energy consumption.

4.3. Heterogeneity Analysis

In fact, Figure 2 demonstrates that the level of NDI varies by region. Differences in
their energy endowments and environmental monitoring lead to differences in the energy
structure across countries. As a result, the impact of NDI on the transformation of the
energy structure may vary by region.

4.3.1. The Impact of NDI on the Energy Transition in Provinces with Different
Pollution Levels

Table 7 shows the impact of NDI on the energy transition in regions with various
levels of pollution. Columns (1) and (2) are the comprehensive pollution scores calculated
using the entropy weighting method, Columns (3) and (4) are the comprehensive pollution
scores calculated using the principal component method. Specifically, the inhibitory effect
of infra on energy passes the test for less polluted areas (pollution index below the median).
In less polluted areas, NDI promoted the regional energy structure transformation. For
areas with high pollution levels, the effect of infra on energy did not pass the test. NDI
had a greater impact on the energy transition in regions with a lower pollution level. The
penetration of NDI could help reduce the dependence on regional resource endowments,
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improve the ability of environmental supervision, and promote the transformation of the
energy structure.

Table 7. The impact of NDI on energy transition in provinces with different pollution levels.

(1) (2) (3) (4)
Variables Poent ≤ Med Poent > Med Popri ≤ Med Popri > Med

infra −0.538 *** −0.090 −0.552 *** −0.100
(−6.08) (−1.28) (−6.10) (−1.52)

suf 0.016 −0.082 −0.028 −0.091
(0.20) (−1.29) (−0.35) (−1.44)

er −0.181 *** 0.093 ** −0.160 *** 0.056
(−4.98) (2.17) (-4.31) (1.35)

urban 0.357 −1.879 *** 0.109 −1.921 ***
(0.85) (-3.07) (0.27) (−4.03)

urban2 −0.201 1.605 *** −0.123 1.574 ***
(−0.64) (2.82) (-0.41) (3.48)

pgdp −0.130 *** −0.000 −0.221 *** 0.014
(−2.87) (−0.00) (−3.84) (0.24)

egdp −1.487 ** −0.483 −1.475 ** −0.701
(−2.22) (−0.33) (−2.14) (−0.55)

Constant 0.666 *** 1.013 *** 0.979 *** 1.060 ***
(5.34) (6.97) (6.37) (7.41)

Year Fixed Effect Yes Yes Yes Yes
Province Fixed Effect Yes Yes Yes Yes

Observations 180 178 179 180
R-squared 0.960 0.949 0.959 0.955

Notes: *** and ** represent the significance levels of 1%, 5%, and 10%, respectively, with the same below.

There are two possible reasons why NDI promoted the energy transition in less
polluted provinces. The first reason is the resource endowments of the regions. Areas
with low pollution levels are usually not rich in resource endowments of non-clean energy,
and their industrial development is less dependent on such energy sources. NDI has a
high penetration, which provides a stronger impetus for low-carbon energy transformation
in low-pollution areas [72]. The second reason is the pollution regulation in the region.
Environmental supervision policies are regarded as one of the important ways to reduce
environmental pollution. The tighter the monitoring of pollution, the lower the level of
environmental pollution [73]. Therefore, when the local government pays attention to
environmental pollution, NDI has a more significant effect on improving the government’s
pollution supervision ability.

4.3.2. The Impact of NDI on Energy Transition in Energy Cooperation Regions

Table 8 shows the impact of NDI on regional energy transformation under the ECP.
We selected the “Belt and Road” policy as the representative of ECP [74–77]. Specifically, in
the policy implementation areas of energy cooperation, the effect of infra on energy passed
the 1% significance test. The results indicate that NDI had a greater impact on the energy
transition in areas with the implementation of an energy cooperation policy. In contrast,
in non-energy policy implementation areas, the effect of infra on energy did not pass the
significance test. This result suggests that the impact of NDI on the energy transition in the
non-energy cooperation policy implementation areas was not significant. The empirical
tests found that NDI had a greater impact on the energy transition in energy cooperation
policy regions, while the impact was not significant in non-energy cooperation policy
regions. The reasons for this may be related to geographical location, and the government
needs to consider geographical location and regional trade networks of China’s trading
partners when selecting provinces to implement the One Belt, One Road policy. Therefore,
in regions with existing trade bases, the information supervision, information sharing, and
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information exchange services provided by NDI enhanced the efficiency and stability of
energy cooperation, thereby accelerating the pace of regional energy transformation.

Table 8. Impact of NDI on energy transition in regions with or without in energy cooperation.

(1) (2) (3) (4)
Variables Road = 0 Road = 1 Road = 0 Road = 1

infra 0.006 −0.156 *** 0.024 −0.220 ***
(0.08) (−3.23) (0.33) (−4.01)

suf −0.046 0.020
(−0.67) (0.29)

er 0.092 ** −0.092 ***
(1.99) (-2.77)

urban 0.004 −1.170 **
(0.01) (−2.36)

urban2 0.350 0.846 *
(1.29) (1.87)

pgdp −0.014 −0.048
(−0.21) (−0.90)

egdp 0.811 −0.545
(0.63) (−0.83)

Constant 0.448 *** 0.416 *** 0.277 * 0.952 ***
(29.78) (45.93) (1.88) (6.39)

Year Fixed Effect Yes Yes Yes Yes
Province Fixed Effect Yes Yes Yes Yes

Observations 156 204 156 204
R-squared 0.954 0.950 0.958 0.957

Notes: ***, **, and * represent the significance levels of 1%, 5%, and 10%, respectively.

5. Discussion

In the following, we present the main results of the effects mentioned above, pointing
out the impact of NDI on energy structure transition. In Section 4, we test the hypotheses
presented in this paper using empirical models and analyze the empirical results, the
findings of which are summarized in Table 9. This paper discusses the effect, transmission
mechanism, and conditions of NDI on energy structure transformation. The research
showed that NDI had a significant promotional effect on energy structure transformation,
and GTFP and green finance played an important role. In fact, China’s energy industry
chain is characterized by many links and long chains. NDI will help improve the high-
end link capacity of the industrial, chain as well as the autonomy and controllability,
so as to improve the functioning and replace the traditional energy system; accelerate
the construction of a clean, low-carbon, safe, and efficient energy system; and facilitate
the construction of a modern energy system. In addition, green finance and GTFP will
accelerate the transformation of China’s energy structure. Green finance provides long-term
and low-cost financial support for the transformation of energy structure. Improving GTFP
is the core of improving energy efficiency and promoting the transformation of energy
structure. The conclusion of this paper shows that, in the context of carbon peaking and
carbon neutrality, it is necessary to give full play to the importance of NDI in promoting
the transformation of China’s energy structure.
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Table 9. Summary of results: three impacts of NDI on energy transition.

Empirical Main Findings Explanation

Effect I: Direct effect NDI has a significant positive impact on the
transformation of regional energy structure.

1© NDI optimizes energy management systems and improves
energy allocation efficiency.
2© NDI increases the flexibility and timeliness of the energy

market.
3© NDI enhances awareness of green energy consumption and

accelerates the shift in low-carbon consumer behavior.

Effect II: Intermediary effects
NDI contributes to the transformation of
regional energy structure by increasing GTFP.

1© NDI facilitates the diffusion of green production
technologies into industry, thereby increasing the efficiency of
renewable energy use.
2© NDI builds a diverse labor supply system, to meet the labor

demands of green energy production methods.
3© NDI speeds up the flow of information and pushes

companies toward green production, by creating a preference
for green energy consumption.

NDI promotes the transformation of regional
energy structure through the development of
green finance.

1© NDI improves green information communication
mechanisms, increases green financial support for quality
companies, and fills the investment gap in the energy transition.
2© NDI can optimize green investment systems and guide

social capital into regional energy transition.

Effect III: Moderating effects

The positive effect of NDI on the
transformation of the energy structure is
evident in areas with low levels of
environmental pollution.

1© In areas of strong environmental governance awareness,
NDI enhances environmental regulation and influences the
transformation of the energy structure through the “cost of
compliance effect” and “innovation offset effect”.
2© The positive effect of NDI on the energy transition is

undermined by a high level of industrial energy structure
dependence in areas with a large resource endowment in
non-renewable energy sources and by the underdevelopment
of regional economies.

The positive effect of NDI on the
transformation of the energy structure is
evident in regions adopting the Energy
Cooperation Policy (ECP).

1© ECP regions generally have strong energy transition
aspirations, raising the positive role of NDI for the energy
transition.
2© The geographical advantages and industrial needs of the

regions involved in the ECP provide favorable conditions for
energy cooperation and strengthen the positive role of NDI.

6. Conclusions and Policy Implications

Under the “dual carbon” goal, the rapid development of NDI construction has a pro-
found impact on regional energy transformation. Based on provincial panel data in China,
this paper explored the impact of NDI on regional energy structure and its mechanisms
of action, from the perspective of green production and green finance. The main findings
were as follows: NDI has a direct and significant impact on regional energy transition,
and NDI facilitates regional energy transition. NDI not only directly affects the energy
transformation of regions, but also has an indirect impact on regional energy transforma-
tion through GTFP and green financial. The intermediary effect of GTFP was 23.1%, and
the intermediary effect of green finance was 10.7%. This conclusion provides a clearer
explanation for the potential green mechanism of NDI and energy transition, and provides
new ideas for improving regional energy structure. NDI has different impacts on pollution
levels and energy transition policies in different regions. NDI has a significant positive
effect on the energy transition in areas with low pollution levels or ECP, while it does not
have a significant effect on the energy transition in areas with high pollution levels or with-
out ECP policies. This means that the impact of NDI on energy transition is prominent in
regions where the resource endowment is not abundant and the environmental supervision
awareness is strong. These findings respond to, and expand on, the current debate on the
relationship between NDI and the energy transition.

Based on the above findings, we can make the following policy recommendations:

(1) The government should pay attention to the construction of NDI and give full play
to the positive role of NDI in regional energy transformation. Specifically, it should
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follow the trend under the “dual carbon” goal; the rapid development of NDI has a
profound impact on energy transformation. In addition, from the perspective of man-
agerial implications, on the one hand, enterprises can enhance their green technology
innovation ability by increasing R&D investment, such as promoting the technological
innovation of renewable energy, including water energy, wind energy, solar energy,
and tidal energy, so as to realize the transformation and upgrading of energy structure.
On the other hand, the government needs to explore the mechanisms and practice
of carbon reduction, with the demand side as the driving force to improve energy
efficiency, and enhance the internal driving force of energy structure transformation.

(2) Governments should implement targeted energy transition strategies using the impact
of NDI on energy transition. First of all, it is necessary to develop GTFP in industry,
promote the updating and integration of modern technology and green production
technology, and increase the utilization of renewable energy. In addition, we need to
develop the level of regional green finance through NDI, compensate for the lack of
green financial regulation, raise the efficiency of green investment, and provide new
talent for regional energy transition.

(3) According to their level of new digital technology facilities and energy base, dif-
ferent regions should implement targeted energy policies. Specifically, areas with
low pollution levels should strengthen the construction of NDI, give full play to its
advantages, upgrade their own pollution supervision systems, and provide a model
for optimizing their energy structure. Areas with high pollution levels should elimi-
nate their excessive dependence on non-clean energy resources as soon as possible,
raise awareness of pollution control, and actively introduce advanced technologies
of renewable energy, so as to optimize the regional industrial energy structure. In
addition, it is important to continue international energy cooperation, to learn from
the successful experiences of cooperation, to introduce advanced renewable energy
application technologies, to optimize the inter-provincial energy cooperation system,
and to improve inter-provincial energy distribution, so as to achieve a “win–win”
effect of economic growth and energy transition.

This article still has some limitations. Firstly, this article constructed a system of evalu-
ation indicators for NDI by combining existing research and data availability. However, the
current representations of NDI have not yet been unified, so the system of indicators for
NDI still needs improvement. Secondly, this paper chose mediating mechanisms related to
green development, but we did not explore other potential influencing mechanisms. Due
to the availability of data, it is very hard to enumerate all potential mechanisms, which will
be the focus of future research and needs to be further explored.
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