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Abstract: The digital economy has become the key driver of improving the quality and efficiency
of the social economy and reshaping core competitiveness with the new technological revolution.
This paper uses China’s provincial panel data from 2011 to 2019 and the entropy method to measure
the digital economy development index of China’s provinces and cities and examines the impact of
digital economy development on regional energy intensity using the fixed effect model. The results
show that: (1) There is a significant difference in the development levels of the digital economy
in the eastern and western regions of China. In addition, there is also a significant difference in
the intensities of energy use between the northern and southern regions. (2) The development of
the digital economy can significantly reduce China’s regional energy intensity. (3) There are three
intermediary transmission paths for digital economy development to reduce the energy intensity
through alleviating factor market distortion, promoting industrial structure upgrading and improving
the technological innovation level, which are optimizing factor allocation, reducing factor distortion,
adjusting and upgrading industrial structure and driving technological innovation applications.
In general, all regions should further promote the development of digital industrialization and
industrial digitization, enhance digital technology innovation and application, deepen the integrated
development of digital economy and real economy and promote a new round of technological change
and industrial upgrading on the basis of optimizing the allocation of important factors such as
information data and artificial intelligence.

Keywords: digital economy; energy intensity; distortion of factor market; industrial structure
upgrading; technological innovation

1. Introduction

The Guiding Opinions on Accelerating the Establishment and Improvement of a Green
and Low-Carbon Circular Development Economic System put forward that promoting
green and low-carbon development is the simplest way to accelerate the construction of
ecological civilization and also transform the economic development mode. Reducing the
energy intensity is conducive to addressing international climate change and achieving
energy conservation and emission reduction targets; this is backed by studies such as one
by Gurrib and Kamalov (2019 [1]), who compared the Chinese Yuan with major foreign
currencies and energy markets and found the local currency had the lowest annualized
risk. In addition, improving energy efficiency is also an intrinsic requirement for China to
build a modern energy system and promote high-quality economic development (Zhang
Yinhao, 2022 [2]).

Research on the influencing factors of energy intensity has a long history. Many
scholars focus on the industrial structure (Yong and Yongjian, 2015 [3]; Xiaowei et al.,
2017 [4]; Feng et al., 2018 [5]), technological innovation (Voigt et al., 2014 [6]; Gongbo and
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Jiatao, 2019 [7]; Qiying and Lina, 2020 [8]), energy prices (Chai et al., 2009 [9]; Jin and
Mengnan, 2017 [10]; Yongsheng et al., 2020 [11]), environmental regulation (Jianzhong and
Manman, 2018 [12]) and other aspects of research to analyze the causes of energy intensity
fluctuations (Tan and Lin, 2018 [13]; Lin and Wang, 2021 [14]). As a new economic form, the
digital economy has become a key driving force for improving the quality and efficiency of
national economy and reshaping core competitiveness. This is also an important support
for building an ecological civilization and realizing green and low-carbon development.
Technological innovation triggered by the digital economy can promote economic transfor-
mation and development and industrial structure optimization and upgrading (Basu and
Fernald, 2008 [15]; Mengfei and Xinwei, 2020 [16]; Qi et al., 2021 [17]), ecological protection
and resource conservation (Changhong et al., 2018 [18], Qingxiang and Aiping, 2020 [19])
and improve urban ecological efficiency (Qi et al., 2021 [17]), but only a few studies have
directly linked the two; Siyu et al. (2021 [20]) showed that Internet development can
accelerate the decline in energy intensity through channels such as economic growth, R&D
investment, human capital, financial development and industrial structure upgrading; Lu
(2018 [21]) argued that the Internet has a positive spillover effect on enterprises, including
energy utilization, by exerting network effects and promotes the improvement of enterprise
energy technology efficiency. It is of interest to explore the impact of digital economy on
regional energy intensity and its mechanism.

The digital economy plays a strong role in penetrating and promoting the overall social
economy, and it has become an important engine to promote China’s modernization system
construction and high-quality economic development. The Digital China Development
Report (2020) shows that China’s total digital economy ranks second in the world. So, can
the development of digital economy effectively reduce regional energy intensity? How
does it affect regional energy intensity? Is there regional heterogeneity in its impact on
energy intensity? Based on the panel data of 30 provinces and cities in China from 2011
to 2019, first, this paper constructed an index system to measure the development level
of regional digital economy and used the entropy method to determine the level index.
Then, it focused on the impact of digital economy on energy intensity and analyzed the
differences between three regions in detail. At the same time, three intermediary variables
of factor market distortion, industrial structure upgrading and technological innovation
were introduced, and the intermediary effect model was used to test the influence mode
and mechanism of the digital economy on energy intensity.

The innovation of this paper is mainly reflected in two aspects: First, we introduce
an innovative research perspective, including energy intensity and digital economy in the
same analytical framework, and explore the mechanism of the role of the digital econ-
omy on energy intensity in order to provide a new perspective for subsequent theoretical
research. Second, in terms of research content, the analysis obtained that digital econ-
omy development can effectively reduce regional energy intensity, and it holds in three
geographic regions, east, west and the central area. At the same time, the distortion of
the factor market, the upgrading of industrial structure and technological innovation all
have a significant intermediary effect at the national level, but there are geographically
heterogeneous differences.

2. Literature Review
2.1. Digital Economy, Distortion of Factor Market and Energy Intensity

The digital economy is characterized by high permeability, high substitution and high
synergy. It can match elements more efficiently and accurately (Xinlin and Zhengyuan,
2021 [22]) and promote regional development to reduce energy consumption and in-
crease efficiency.

First, the digital economy has high permeability, which can search and transform all
existing elements, including energy, realize the digital transformation of elements, excavate
and allocate all idle elements, expand the scale of the factor market and reduce the search
cost. At the same time, the development of the digital economy can not only promote the
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high connectivity of factor information in the market, but also the positive externalities
and scale effects of the network structure of the digital economy provide more convenient
conditions for the creation, transfer, aggregation and application of factors, thus reducing
the distortion of the factor market and achieving the precise allocation of factor supply and
demand (Zhongdong and Chaoshan, 2020 [23]).

Second, highly important factors in the digital economy era, represented by informa-
tion and data, have the characteristics of high substitution, which can effectively improve
the input ratio of factors, deeply integrate with traditional production factors, such as labor
and capital, and improve the production efficiency of traditional factors. In addition, the
innovative application of digital technology, especially the replacement of simple labor
by artificial intelligence and automation, has triggered the effect of capital replacing labor,
increases the demand for highly important talents and improves economic efficiency.

Third, the collaborative evolution of industrial digitalization and digital industrializa-
tion has driven the penetration of the whole industrial chain of factors and the application
of diversification and multi-dimensional integration, reduced the transaction costs in pro-
duction and life and jointly improved the efficiency of factor allocation (Zhang Yongheng,
2021 [24]). At the same time, by relying on new digital technologies, the government can
effectively adjust factor allocation and pricing and alleviate factor market distortions in the
process of upgrading the development level of the digital economy, promoting industrial
digitization and digital industrialization.

The distortion of the factor market will lead to inefficient or ineffective resource
allocation, lead to excessive energy consumption and other problems, and also, will have a
significant inhibitory effect on energy utilization efficiency, which is bound to be detrimental
to the effective reduction of the energy intensity. The digital economy can effectively
reduce the problem of information asymmetry in the factor market, efficiently allocate
all production factors, including energy, optimize the production structure of enterprises,
improve the efficiency of resource allocation, improve the economic output per unit of
energy and realize the reduction of the energy intensity (Wang Xiaoying, 2021 [25]). Based
on this, this paper proposes Hypothesis 1.

H1: The digital economy can reduce the regional energy intensity by easing the distortion of the
factor market.

2.2. Digital Economy, Industrial Structure Upgrading and Energy Intensity

The digital economy has the characteristics of high growth. The development of
industrial digitalization and digital industrialization continues to promote the upgrading
of the regional industrial structure, thus adjusting the energy consumption structure and
reducing energy intensity.

First, in the era of the digital economy, compared with traditional factors such as labor
and capital, highly important production factors such as artificial intelligence and informa-
tion data have more development potential and higher productivity efficiency, driving the
upgrading of the industrial structure (Zhongdong and Chaoshan, 2020 [23]), In addition,
digital technology promotes the effective integration of information and resources, strength-
ens the competitive survival-of-the-fittest mechanism in the market environment, forces
traditional backward industries to be eliminated, promotes the upgrading of manufacturing
industry, and thus reduces the energy intensity (Vassileva et al., 2012 [26]).

Second, the popularization of industrial digitalization and the development of dig-
ital industrialization can strengthen the mutual penetration and integration of different
industries, accelerate the deconstruction and restructuring of industrial chains, transform
traditional industries, accelerate the birth of new industries and new formats and drive the
upgrading of the regional industrial structure (Yunhong and Heng, 2020 [27]).

Thirdly, due to different geographical resource endowments, there are huge differ-
ences in the industrial systems and industrial structures among regions (Xiaowei et al.,
2017 [4]). The digital economy can take advantage of information technology, data con-
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nectivity and other advantages to accelerate the development of regional, advantageous
industries, promote the upgrading and adjustment of regional industrial structure (Xi-
aohui et al., 2020 [28]), eliminate energy-intensive and high-polluting enterprises and
effectively promote the green upgrading of the regional industrial structure and the low-
carbon transformation of energy enterprises.

Therefore, with the development of the digital economy, the proportion structure of
industries with different energy intensities has also begun to change, which can promote
the proportion of the tertiary industry that is relatively less dependent on energy to increase
and the proportion of the secondary industry that is more dependent on energy to decrease.
While promoting the optimization and upgrading of the industrial structure, it also drives
the change in energy consumption structure, so as to effectively reduce regional energy
intensity (Wang Xiaoying, 2021 [25]). Based on this, Hypothesis 2 is proposed in this paper.

H2: The digital economy will reduce regional energy intensity by promoting the upgrading of the
industrial structure.

2.3. Digital Economy, Technological Innovation and Energy Intensity

The digital economy, characterized by complex technology, constantly promotes tech-
nological innovation and breakthroughs, realizing innovation-driven transformation, espe-
cially the innovation of green and low-carbon technology in industries that consume a lot of
energy, which can eliminate redundant waste in the production process and improve energy
utilization efficiency; reduce information asymmetry and transaction costs and improve
the decision-making efficiency of the energy transmission system; integrate the enterprise
production process and information flow to improve energy management efficiency and
indirectly reduce energy consumption (Lange et al., 2020 [29]).

First, the digital economy has the characteristics of complex technology and can
achieve technological emission reduction with the help of advanced digital and information
technology (Ceccobelli et al., 2020 [30]). Digital technology promotes knowledge spillover
and interaction by accelerating the flow of information. The high degree of connectivity of
data elements reduces the cost of resource search and matching, improves the efficiency of
resource circulation and helps to promote the understanding and exchange of research and
development personnel and improves the innovation ability (Li and Xuelian, 2020 [31]).
Using digital technologies, the digital economy can enable the energy industry to innovate,
improve the efficiency of technological innovation in the development and use of clean
energy and further shorten the research and development cycle. The innovation of green
technology also contributes to the development and utilization of renewable energy (Alam
and Murad, 2020 [32]), fully realizing the goal of building a smart energy system with
digital technology, effectively adjusting the regional energy consumption structure and
improving energy utilization efficiency.

Secondly, the digital economy optimizes the enterprise organization model and busi-
ness model through technological innovation of digital production and management and
gives innovation space for the transformation and upgrading of traditional industries
(Zhongdong and Chaoshan, 2020 [23]). Digital technology can optimize the production
and operation process; promote the interconnection and interaction of all of the links;
realize the transformation of energy system operation and the management of intelligence,
precision and standardization; reduce energy consumption in the enterprise management
and production process; effectively improve energy utilization efficiency and reduce the
energy intensity.

Third, the digital economy can establish a feedback mechanism for environmen-
tal protection by building a digital platform, improve market management and social
governance and achieve the reduction of energy consumption and the low-carbon develop-
ment of the energy structure. In addition, it will also affect the end consumers’ demand,
spread the concept of green consumption, guide public green consumption and reduce
energy consumption.
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Based on this, Hypothesis 3 is proposed in this paper.

H3: The digital economy can reduce the regional energy intensity through technological innovation
and development.

3. Model Design and Variable Selection
3.1. Model Design

Based on analysis of the relevant literature, this paper establishes a benchmark model,
as shown in Equation (1), to test the impact of digital economy development on regional
energy use intensity.

Ei,t/Yi,t = α0 + α1DEi,t + ∑k αkControli,t + δi + ηt + ξi,t (1)

In the above equation, i and t represent the region and period, respectively; Ei,t/Yi,t
indicates the energy intensity; DEi,t is the development level of digital economy, calculated
according to the indicator system; Controli,t is the control variable; δi and ηt are the
individual effect and time effect, respectively; ξi,t is the residual item.

At the same time, based on the study of Wen Zhonglin et al. (2004) [33], this paper
uses the intermediary effect model to empirically test that the development of the digital
economy can reduce the energy intensity by restraining factor market distortion, promoting
industrial structure upgrading and technological progression. The specific model setting is
as follows:

Wi,t = β0 + β1DEi,t + ∑k βkControli,t + δi + ηt + ξi,t (2)

Ei,t/Yi,t = γ0 + γ1Wi,t + γ2DEi,t + ∑k γkControli,t + δi + ηt + ξi,t (3)

Among them, Wi,t represents the intermediary variables, including factor market
distortion (DIS), industrial structure upgrading (ISU) and technological innovation (TI)
indicators. In addition, in order to increase the reliability of the test process, the Sobel test
is also combined with the intermediary effect test. The specific inspection process can be
divided into the following four steps: 1© If α1 is significant, it indicates that there may be
a mediating effect. If it is not significant, the masking effect may be present. 2© If β1 and
γ1 are significant, this indicates the existence of an intermediary effect; if any coefficient is
not significant, the Sobel test is required. 3© If γ2 is not significant, it indicates that there
is a complete intermediary effect; if γ2 is significant, this indicates that there is a partial
intermediary effect. 4© Sobel test: if the observed Sobel coefficient is significant, the original
assumption is β1γ1 = 0. If the coefficient of the calculated model is significant, it indicates
the existence of a mediation effect.

3.2. Variable Selection

The explained variable of this paper is energy intensity (E/Y), which is expressed
by the ratio of the total energy consumption of each province and city to GDP. The core
explanatory variable is the development level of the digital economy (DE). Based on
research by many scholars (Lan Guojiao, 2020 [34]; Xinlin and Zhengyuan, 2021 [22]) and
the availability of relevant data, this paper constructs an indicator system for measuring the
development level of the digital economy from four dimensions: the digital infrastructure,
the development of the digital industry, the integrated application of the digital economy
and the development environment of the digital economy. The data are also standardized
by analyzed with the Network Readiness Index method (NRI) [35] constructed by the World
Economic Forum. On this basis, the entropy method is used to calculate the weights of
indicators at all levels of development of the digital economy. The specific index evaluation
system and its index weight are shown in Table 1.
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Table 1. Evaluation index and weight of digital economy development levels.

First-Order
Index Weigh

Secondary
Index Weight Third-Level Index Weight Indicator Type Third-Level

Index Weight
Secondary

Index Weight
First-Order

Index Weigh

Infrastructure
Terminal facilities

Length of optical cable line per square kilometer Forward 0.0511
0.099

0.2312
Number of Internet broadband access ports Forward 0.0484

network resource
Number of domain names Forward 0.0589

0.1317Number of websites owned Forward 0.0728

Industrial development
Industrial scale

Proportion of operating revenue of computer, communication
and other electronic equipment manufacturing industry in GDP Forward 0.0322

0.1461
0.2550

Proportion of total telecom business in GDP Forward 0.0588
Proportion of software business income in GDP Forward 0.0551

Industrial input
Full-time equivalent of R&D personnel in industrial enterprises

above designated size Forward 0.0652
0.1089

Proportion of R&D expenditure in GDP Forward 0.0437

Convergence
application

Personal application
Internet broadband access users Forward 0.0523

0.1294

0.2664

Mobile phone penetration Forward 0.0291
E-commerce sales per capita Forward 0.0480

Enterprise application

Every 100 people in industrial enterprises use computers Forward 0.0413

0.1370
Number of websites owned by every 100 enterprises Forward 0.0119
Proportion of enterprises with e-commerce activities Forward 0.0398

Proportion of e-commerce transaction volume to GDP Forward 0.0440

Development
environment

Policy environment

Proportion of fixed asset investment in information technology
industry in the total social fixed asset investment Forward 0.0288

0.1981

0.2474

Proportion of education expenditure in financial expenditure Forward 0.0343
Proportion of science and technology expenditure in

financial expenditure Forward 0.1350

Talent environment
Proportion of employed persons in urban units in information

transmission, software and information technology services Forward 0.0233
0.0493

Average number of college students per 100,000 population Forward 0.0260



Sustainability 2023, 15, 5927 7 of 19

Referring to the research of many scholars, such as Lan Guojiao (2020) [34] and Xinlin
and Zhengyuan (2021) [22], urbanization rate (CZHL), population density (RKMD), fiscal
expenditure level (CZZC), financial development level (JRFZ), foreign trade intensity
(OPEN) and FDI intensity (FDI) are selected as the control variables. Among them, the
urbanization rate is expressed by the proportion of the urban permanent population to the
provincial permanent population. The population density is the ratio of the permanent
population of each province and city to the area of the administrative division. The level of
financial development, the level of fiscal expenditure, the intensity of foreign trade and
the intensity of FDI are, respectively, expressed by the ratio of foreign direct investment,
total imports and exports, total RMB loans of financial institutions and fiscal expenditure
to GDP.

The intermediary effect variables include factor market distortion (DIS), industrial
structure upgrading (ISU) and technological innovation (TI). The upgrading of the indus-
trial structure refers to the practice of Gan Chunhui et al. (2011) [36], which is expressed as
the ratio of the added value of the tertiary industry to that of the secondary industry. Tech-
nological innovation is represented by the number of patent applications in each province
and city [17]. For factor market distortion, this paper uses the method of Li Xuesong
(2020) [37] to calculate the factor capital (DIS_K), labor market distortion degree (DIS_L)
and the total factor market distortion index (DIS) of each province and city.

The sample data in this paper are panel data from 30 provinces in China, covering the
period from 2011 to 2019. The above indicator data are all from provincial and municipal
statistical yearbooks, the National Bureau of Statistics, the China Statistical Yearbook,
etc., (the interpolation method is used to complete the missing values of individual data
during the collection process). Due to the lack of relevant data in some years in the
Tibet Autonomous Region, it was not included in the sample. The main variables after
standardization are described in Table 2.

Table 2. Descriptive statistics of main variables after standard.

Variables Meaning of Variables Number of
Observations Mean Standard

Deviation Minimum Maximum

E/Y energy intensity 270 −0.391 0.671 −2.842 0.893
ED Development level of digital economy 270 0.751 0.273 0.279 1.464
DIS Factor market distortion index 270 −3.152 0.338 −4.276 −1.499
IU Industrial structure upgrading 270 0.167 0.380 −0.640 1.643
TI technological innovation 270 10.639 1.406 6.596 13.602

CZHL Urbanization rate 270 4.033 0.201 3.554 4.495
RKMD Population density 270 5.459 1.282 2.064 8.251
CZZC Financial expenditure level 270 3.195 0.389 2.485 4.328
JRFZ Financial development 270 4.862 0.402 2.847 5.550

OPEN Foreign trade intensity 270 2.777 0.937 0.235 4.992
FDI FDI intensity 270 0.455 1.398 −4.538 10.435

4. Empirical Analysis
4.1. Spatial and Temporal Patterns and Evolution Characteristics of Energy Intensity and
Development Level of Digital Economy in China’s Provinces and Cities

The digital economy was first identified as a new engine of innovation-driven eco-
nomic growth strategy in the G20 Summit in Hangzhou in 2016. Therefore, this paper
selects three time periods, 2011, 2016 and 2019, using the same break point; the spatial
evolution characteristics of energy intensity and digital economy development level in
China are analyzed more clearly.

As can be seen from Figures 1 and 2, there are obvious regional differences among the
provinces and cities in China in terms of energy intensity and digital economy development.
In 2011, the three regions with the lowest energy intensities were Beijing, Shanghai and
Guangzhou, and the eastern provinces had the most developed digital economies, of
which Beijing’s digital economy developed the fastest. In 2016, the energy intensities in
most of the eastern regions and some central provinces further declined, while the digital
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economy developed rapidly. By 2019, the energy intensity of most of the eastern and central
regions continued to decrease and showed obvious north–south differences. Except for
some provinces in the north-west, the digital economies in all the provinces developed
rapidly, showing significant differences between the east and the west. It can be seen
that there is an obvious spatial difference between the development level of the digital
economy and energy use intensity. Compared with the central and western regions, the
infrastructure for digital economy development in the eastern provinces is larger in scale
and has a faster development momentum due to the more developed economy. They can
reasonably allocate resources and use advanced technology, accelerate the development of
emerging industries, eliminate the backward production capacity, promote the upgrading
and adjustment of the industrial structure and effectively reduce the energy intensity. At
the same time, the digital economies in the eastern region have an obvious radiation effect,
which can not only promote the economic development of the region, but also drive the
development of the digital economies in the surrounding areas.

Sustainability 2023, 15, x FOR PEER REVIEW 8 of 19 
 

 

has a faster development momentum due to the more developed economy. They can rea-

sonably allocate resources and use advanced technology, accelerate the development of 

emerging industries, eliminate the backward production capacity, promote the upgrading 

and adjustment of the industrial structure and effectively reduce the energy intensity. At 

the same time, the digital economies in the eastern region have an obvious radiation effect, 

which can not only promote the economic development of the region, but also drive the 

development of the digital economies in the surrounding areas. 

 

(a) 2011 (b) 2016 (c) 2019 

Figure 1. Energy intensity of China’s provinces in 2011, 2016 and 2019. 

 

(a) 2011 (b) 2016 (c) 2019 

Figure 2. Development level of digital economy in China’s provinces in 2011, 2016 and 2019. 

4.2. Analysis of Basic Regression Results 

In this paper, we first use the provincial panel data from 2011 to 2019 to regress the 

least squares method, the random effect model and the fixed effect model (1), and the 

results are shown in Table 3. On this basis, the regression results of the fixed effect model, 

least square method and random effect model are, respectively, carried out with the Haus-

man test, and their p value is −0.000. Therefore, the fixed effect model is finally selected to 

explore the effect and mechanism of digital economic development on regional energy 

intensity. 

According to the analysis of the results in Table 3, after controlling the relevant vari-

ables, the coefficient of the digital economy development index under the fixed effect 

panel model is significantly negative, indicating that the development level of the digital 

economy has a significantly negative correlation with the energy intensity. The digital 

economy index increases by 1%, and the regional energy intensity decreases by 1.103%, 

indicating that the development of the digital economy can reduce the regional energy 

intensity and energy consumption per unit of GDP. 

Figure 1. Energy intensity of China’s provinces in 2011, 2016 and 2019.

Sustainability 2023, 15, x FOR PEER REVIEW 8 of 19 
 

 

has a faster development momentum due to the more developed economy. They can rea-

sonably allocate resources and use advanced technology, accelerate the development of 

emerging industries, eliminate the backward production capacity, promote the upgrading 

and adjustment of the industrial structure and effectively reduce the energy intensity. At 

the same time, the digital economies in the eastern region have an obvious radiation effect, 

which can not only promote the economic development of the region, but also drive the 

development of the digital economies in the surrounding areas. 

 

(a) 2011 (b) 2016 (c) 2019 

Figure 1. Energy intensity of China’s provinces in 2011, 2016 and 2019. 

 

(a) 2011 (b) 2016 (c) 2019 

Figure 2. Development level of digital economy in China’s provinces in 2011, 2016 and 2019. 

4.2. Analysis of Basic Regression Results 

In this paper, we first use the provincial panel data from 2011 to 2019 to regress the 

least squares method, the random effect model and the fixed effect model (1), and the 

results are shown in Table 3. On this basis, the regression results of the fixed effect model, 

least square method and random effect model are, respectively, carried out with the Haus-

man test, and their p value is −0.000. Therefore, the fixed effect model is finally selected to 

explore the effect and mechanism of digital economic development on regional energy 

intensity. 

According to the analysis of the results in Table 3, after controlling the relevant vari-

ables, the coefficient of the digital economy development index under the fixed effect 

panel model is significantly negative, indicating that the development level of the digital 

economy has a significantly negative correlation with the energy intensity. The digital 

economy index increases by 1%, and the regional energy intensity decreases by 1.103%, 

indicating that the development of the digital economy can reduce the regional energy 

intensity and energy consumption per unit of GDP. 

Figure 2. Development level of digital economy in China’s provinces in 2011, 2016 and 2019.

4.2. Analysis of Basic Regression Results

In this paper, we first use the provincial panel data from 2011 to 2019 to regress the least
squares method, the random effect model and the fixed effect model (1), and the results are
shown in Table 3. On this basis, the regression results of the fixed effect model, least square
method and random effect model are, respectively, carried out with the Hausman test, and
their p value is −0.000. Therefore, the fixed effect model is finally selected to explore the
effect and mechanism of digital economic development on regional energy intensity.
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Table 3. Basic regression results of digital economy development to energy intensity.

(1) (2) (3)

OLS RE FE

DE −1.547 *** (0.128) −1.158 *** (0.146) −1.103 *** (0.144)
CZHL −0.201 (0.161) 0.107 ** (0.161) 0.046 ** (0.161)
RKMD −0.169 *** (0.028) −0.083 (0.055) 1.330 *** (0.295)
CZZC −0.450 *** (0.104) −0.345 *** (0.068) −0.321 *** (0.066)
JRFZ 0.785 *** (0.069) 0.004 (0.032) 0.010 (0.030)

OPEN −0.076 ** (0.030) 0.023 (0.017) 0.030 * (0.016)
FDI 0.041 ** (0.017) −0.004 (0.005) −0.007 (0.005)

Constant term 0.318 (0.571) −0.022 (0.689) −5.604 *** (1.648)
Individual effect - - yes

Time effect - Yes yes
Sample size 270 270 270
Adjusted R2 0.759 0.624 0.884

Note: The figures in brackets are standard errors; *, **, *** They are significant at the levels of 10%, 5% and
1%, respectively.

According to the analysis of the results in Table 3, after controlling the relevant
variables, the coefficient of the digital economy development index under the fixed effect
panel model is significantly negative, indicating that the development level of the digital
economy has a significantly negative correlation with the energy intensity. The digital
economy index increases by 1%, and the regional energy intensity decreases by 1.103%,
indicating that the development of the digital economy can reduce the regional energy
intensity and energy consumption per unit of GDP.

From the results of control variables, we can see that the coefficient of urbanization rate
is significantly positive, indicating that the energy intensity will rise with the improvement
of the urbanization level. This may be due to the fact that the urbanization level of each
province is still in the initial stage, and the scale advantages in resource allocation, energy
efficiency and other aspects have not been brought into play; thus, the regional energy
consumption per unit GDP not significantly reduced. The coefficient of population density
is significantly positive, indicating that the expansion of the regional population will lead to
the growth of energy consumption and have a positive impact on regional energy intensity.
Fiscal expenditure has a significantly negative impact on regional energy intensity, which
fully shows that the more government investment there is, and in particular, the more
attention that is paid to environmental pollution, the stronger the role of improving the
quality and efficiency of energy resources utilization is.

In addition, considering the vast territory of China and the differences in resource
endowment in different regions, the inhibition effect of digital economic development
on energy intensity may also present different characteristics. Therefore, according to
the division standard of the National Development and Reform Commission in 2000,
this paper will carry out fixed effect regression for 30 provinces according to the three
regions of the east, the middle and the west. At the same time, we consider that different
provinces, even those located in the same region, may have different effects due to their
different resource conditions. Therefore, with reference to the practice of Li et al. (2021) [38],
the typical resource-based provinces of Shanxi, Inner Mongolia, Heilongjiang, Guizhou,
Yunnan, Shaanxi, Qinghai, Ningxia and Xinjiang are taken as one research object, and the
other 21 provinces are classified as another research object to explore the impact of digital
economic development on regional energy intensity. The summary of all the regression
results obtained according to Formula (1) is shown in Table 4.
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Table 4. Basic regression results of regional digital economies’ development of energy intensity.

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

Eastern region Central region Western region Resource-based
provinces

Non-resource
provinces

DE −1.979 *** (0.379) −0.459 *** (0.146) −0.578 * (0.291) −1.015 ** (0.481) −0.889 *** (0.130)
Constant term −6.958 *** (1.453) −8.986 (8.208) −16.042 *** (3.791) −11.725 *** (3.159) −7.288 *** (1.759)

control variable yes yes yes yes yes
Individual effect yes yes yes yes yes

Time effect yes yes yes yes yes
Sample size 99 72 99 81 189
Adjusted R2 0.968 0.931 0.906 0.882 0.933

Note: The figures in brackets are standard errors; *, **, *** They are significant at the levels of 10%, 5% and
1%, respectively.

According to the result analysis in Table 4, the regression coefficients of all the regions
are significantly negative, indicating that the development of the digital economy has a
significantly negative relationship with energy intensity. This also further shows that the
impact of the development of the digital economy on energy intensity does not change
with regional changes, which to some extent ensures the stability of the research results.

From the perspective of the eastern, central and western regions, the development of
the digital economy has a more prominent impact on the energy intensity of the eastern
region, followed by the western and central provinces. The reason may be that there
is still a certain gap between the central and western regions and the eastern regions
in terms of economic development, advanced technology and resource allocation, and
the development of the digital economy is slow. At the same time, the development of
the western region is still dominated by traditional industries, and the development of
emerging industries is relatively slow, so the impact of the digital economy on energy
intensity is small. However, due to improved infrastructure, economic development and
the technological innovation capabilities of the eastern provinces, the development of digital
economy in the eastern region started early and developed rapidly, which can rationalize
the allocation of resources to a greater extent and promote the rational development of
industrial structure, thus reducing energy intensity.

From the perspective of whether it is a resource-based province or not, the develop-
ment of the digital economies in resource-based provinces has a more obvious inhibitory
effect on energy intensity than they do in non-resource-based provinces. This also shows
that if resource-based provinces want to reduce their energy intensity, they can accelerate
the development process of the digital economy, optimize resource allocation based on
digital technology innovation, promote the upgrading of the industrial structure, improve
the energy consumption structure and improve energy utilization efficiency.

4.3. Mediation Effect Test

According to the regression results of the benchmark model in Tables 3 and 4, the
digital economy has a significant inhibitory effect on regional energy intensity, and the
degree of influence varies in different regions. Then, how does the development of the
digital economy affect the regional energy intensity? Based on this, this paper examines
the mechanism of the development of the digital economy on energy intensity from three
aspects: factor market distortion, industrial structure upgrading and technological inno-
vation drive, with a view to clarifying the internal mechanism of the impact of the digital
economy on regional energy intensity. The regression results are shown in Tables 5–7,
respectively. Columns (1), (3), (5), (7), (9) and (11) in the table are regression results based
on Equation (2), and columns (2), (4), (6), (8), (10) and (12) are regression results based on
Equation (3).
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Table 5. Regression results of the intermediary role of factor market distortion in the energy intensity of regions affected by the development of digital economy.

Variable
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

Full Sample East Central Section West Resource-Based Provinces Non-Resource Provinces
DIS ED DIS ED DIS ED DIS ED DIS ED DIS ED

DIS 0.183 *** 0.120 0.214 ** 0.106 −0.127 −0.125 **
(0.046) (0.098) (0.097) (0.069) (0.078) (0.061)

DE −0.393 ** −1.052 *** −0.404 *** −0.411 ** −0.551 ** −2.096 *** 0.398 −0.536 ** −0.576 ** −1.104 ** −0.210 * −0.907 ***
(0.170) (0.140) (0.175) (0.151) (0.533) (0.369) (0.495) (0.290) (0.248) (0.268) (0.110) (0.129)

Constant term 13.732 *** −7.082 *** 4.559 ** −7.502 *** 22.533 * −4.171 9.124 −15.083 *** 1.629 −8.951 *** −2.773 *** 1.224 **
(3.523) (1.652) (1.736) (1.515) (11.536) (8.212) (6.444) (3.807) (1.061) (1.124) (0.517) (0.565)

Sobel test 0.091 ** 0.526 *** 0.031 ** 0.028 0.095 0.124 **
(0.049) (0.149) (0.054) (0.039) (0.081) (0.066)

Control variable yes yes yes yes yes yes yes yes yes yes yes yes
Individual effect yes yes yes yes yes yes yes yes yes yes yes yes

Time effect yes yes yes yes yes yes yes yes yes yes yes yes
Sample size 270 270 99 99 72 72 99 99 81 81 189 189
Adjusted R2 0.606 0.891 0.974 0.969 0.879 0.936 0.838 0.910 0.860 0.887 0.900 0.934

Note: The figures in brackets are standard errors; *, **, *** They are significant at the levels of 10%, 5% and 1%, respectively.

Table 6. Regression results of the intermediary role of industrial structure upgrading in the energy intensity of regions affected by the development of digital economy.

Variable
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

Full Sample East Central Section West Resource-Based Provinces Non-Resource Provinces
IU ED IU ED IU ED IU ED IU ED IU ED

IU −0.124 *** −0.205 *** −0.098 * −0.160 −0.355 −0.810
(0.045) (0.064) (0.057) (0.141) (0.062) (0.065)

DE 0.913 *** −1.090 *** 0.938 *** −0.508 *** 0.365 −1.924 *** 0.560 *** −0.667 ** 0.827 ** −0.479 * 1.025 *** −1.307 ***
(0.120) (0.142) (0.103) (0.139) (0.955) (0.280) (0.240) (0.301) (0.464) (0.093) (0.242) (0.093)

Constant term −3.035 −8.331 *** −2.506 −7.179 *** −9.806 4.917 −6.317 ** −15.030 *** −2.028 −7.126 *** −6.380 *** −4.541 **
(2.484) (1.663) (2.406) (1.371) (20.665) (7.502) (3.131) (3.888) (4.893) (2.461) (2.272) (1.912)

Sobel test −0.158 ** −0.035 ** −0.250 * −0.192 ** −0.052 −0.256 ***
(0.068) 0.147 0.132 0.111 0.115 0.084

Control variable yes yes yes yes yes yes yes yes yes yes yes yes
Individual effect yes yes yes yes yes yes yes yes yes yes yes yes

Time effect yes yes yes yes yes yes yes yes yes yes yes yes
Sample size 270 270 99 99 72 72 99 99 81 81 189 189
Adjusted R2 0.715 0.888 0.897 0.972 0.683 0.906 0.903 0.909 0.572 0.864 0.862 0.913

Note: The figures in brackets are standard errors; *, **, *** They are significant at the levels of 10%, 5% and 1%, respectively.
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Table 7. Regression results of the intermediary role of technological innovation in the energy intensity of regions affected by the development of digital economy.

Variable
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

Full Sample Eastern Region CENTRAL REGION Western Region Resource-Based Provinces Non-Resource Provinces
TI ED TI ED TI ED TI ED TI ED TI ED

TI −0.082 *** −0.035 ** −0.118 *** −0.131 *** −0.099 ** −0.0133
(0.023) (0.033) (0.043) (0.039) (0.053) (0.027)

DE 1.367 *** −1.318 *** 1.357 *** −1.265 *** 0.278 −2.129 *** 1.387 * −0.396 *** 3.698 *** −0.350 1.160 *** −0.889 ***
(0.230) (0.086) (0.253) (0.086) (1.174) (03610) (0.812) (0.278) (1.170) (0.511) (0.396) (0.135)

Constant term −3.222 *** −5.888 *** −1.410 *** −3.829 *** 5.866 −9.678 7.435 −1.326 *** −1.058 *** −1.621 *** −2.799 *** −7.284 ***
(2.752) (1.831) (1.899) (2.196) (25.409) (7.725) (1.577) (1.619) (1.680) (1.095) (1.335) (1.925)

Sobel test −0.360 *** −0.149 ** −0.030 ** −0.896 *** −0.772 ** −0.248 ***
(0.123) (0.263) (0.294) (0.263) (0.419) (0.139)

Control variable yes yes yes yes yes yes yes yes yes yes yes yes
Individual effect yes yes yes yes yes yes yes yes yes yes yes yes

Time effect yes yes yes yes yes yes yes yes yes yes yes yes
Sample size 270 270 99 99 72 72 99 99 81 81 189 189
Adjusted R2 0.844 0.870 0.890 0.938 0.873 0.939 0.914 0.920 0.923 0.864 0.897 0.933

Note: The figures in brackets are standard errors; *, **, *** They are significant at the levels of 10%, 5% and 1%, respectively.
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4.3.1. The Intermediary Effect Test of Factor Market Distortion

Table 5 shows the test results of the intermediary effect of factor market distortion on
the reduction of energy intensity in the development of the digital economy. At the national
level, the results in column (1) in Table 5 show that the development of the digital economy
has a significantly negative impact on the distortion of the factor market, indicating that
the development of the digital economy can reduce the distortion of the factor market. The
result in column (2) shows that the distortion of the factor market has a significantly positive
impact on energy intensity. This shows that the development of the digital economy will
reduce the energy intensity by reducing the distortion of the factor market. This verifies
Hypothesis 1. The development of the digital economy can further promote the flow of
factors nationwide, optimize the allocation of factors, reduce resource mismatch and factor
market distortion; thus, this improves the efficiency of resource allocation and reduces the
energy intensity.

From the perspective of the eastern, central and western regions, the results from
columns (3) to (8) in Table 5 show that the digital economy in the eastern region has
a significantly negative impact on the factor market distortion, but the factor market
distortion has no significant impact effect on energy intensity, so only one of the two
coefficients is significant, and the Sobel test was required. The test results show that the
P value is less than 1% of the significance level, and the original hypothesis is rejected,
indicating that there is still an intermediary effect. The digital economies in the central
provinces have a significantly negative impact on the distortion of factor market, and the
distortion of factor market has a significantly positive impact on energy intensity, indicating
that the distortion of factor market in the central region has an intermediary effect on the
development of digital economies and the reduction of energy intensity. However, the
coefficients in the western region are not significant, indicating that there is no intermediary
effect on the distortion of the factor market. The possible reason is that compared with
those in the western region, the digital economies’ infrastructure in the eastern and central
regions is more complete, the resource utilization efficiency is more advantageous and the
optimization of factor allocation has a more significant impact on energy intensity.

From the perspective of whether it is a resource-based province, the results from
columns (9) to (12) in Table 5 show that the digital economies in resource-based provinces
have a significantly negative impact on factor market distortion, but the factor market
distortion does not have a significant impact on energy intensity, and they failed to pass
the Sobel test, indicating that there is no intermediary effect on factor market distortion
in resource-based provinces. For non-resource-based provinces, the development of the
digital economy can reduce the distortion of the factor market, thereby reducing the regional
energy intensity and achieving low-carbon economic development.

4.3.2. Test of Intermediary Effect of Industrial Structure Upgrading

Table 6 shows the test results of the intermediary effect of industrial structure upgrad-
ing on the reduction of energy intensity in the development of the digital economy. At the
national level, it can be seen from column (1) in Table 6 that the development of the digital
economy has an obvious promoting effect on the upgrading of the industrial structure,
and from column (2), the upgrading of the industrial structure also significantly reduces
the energy intensity, which indicates that the upgrading of the industrial structure has a
mediating effect on the development of the digital economy to reduce the energy intensity.

From the perspective of different regions, columns (3) to (4) in Table 6 show that the
development of the digital economies in the eastern region can promote the upgrading of
the industrial structure, thereby reducing the energy intensity, and this has a significant
intermediary effect. However, columns (5) to (6) in Table 6 show that the coefficient of the
central region is not significant, indicating that there is no intermediary effect of industrial
structure upgrading in the central region. For western provinces, it can be seen from
columns (7) to (8) in Table 6 that the development of the digital economies has significantly
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promoted the upgrading of the industrial structure, but the upgrading of the industrial
structure has no significant impact on energy intensity, so the Sobel test was required. The
test results show that the Sobel coefficient value is significant at the significance level of
5%, and there is still an intermediary effect, indicating that the development of the digital
economies in western provinces will promote the upgrading of the industrial structure and
reduce the energy intensity. The reason may be that the development of the digital economy,
especially the development of industrial digitalization and digital industrialization, can
accelerate the upgrading of the regional industrial structure, replace traditional industries
with emerging industries, eliminate backward production capacity and effectively reduce
the energy intensity. The digital economy in the eastern region has developed rapidly,
and the upgrading of the industrial structure has more advantages. It can make faster
use of emerging technologies, develop new drivers of green economic development and
further reduce the energy intensity. However, the upgrade level of the industrial structure
in the central region is relatively low, and the dividend advantage of the digital economy
in reducing energy intensity has not been brought into play.

From the perspective of whether it is a resource-based province or not, the develop-
ment of the digital economy in non-resource-based provinces has a stronger role in promot-
ing the upgrading of the industrial structure than it does in resource-based provinces, but
the impact of industrial structure upgrading on regional energy intensity is not significant.
Through the Sobel test, it is found that the upgrading of the industrial structure in non-
resource-based provinces has a significant intermediary effect on the reduction of energy
intensity in regions with digital economies. This may be because the economic development
of non-resource-based provinces is less dependent on local resource endowment than that
of resource-based provinces is. The digital economy can penetrate into all industries faster,
accelerate the deconstruction and restructuring of the industrial chain and promote the
further upgrading of the local industrial structure, thereby reducing energy consumption,
improving the energy structure, improving energy utilization efficiency and reducing the
energy intensity. However, the industrial development of resource-based provinces is
highly dependent on local resources, and the development of the digital economy cannot
achieve low energy consumption and high energy efficiency by changing the regional
industrial pattern in a short time.

4.3.3. Test of Intermediary Effect of Technological Innovation

Table 6 shows the test results of the intermediary effect of technological innovation on
the reduction of energy intensity in the development of the digital economy. At the national
level, it can be seen from column (1) in Table 7 that the development of the digital economy
can significantly promote the development of technological innovation, and from column (2)
in Table 7, the development of technological innovation can significantly reduce the energy
intensity, which shows that technological innovation has a significant intermediary effect
on the development of the digital economy to reduce the energy intensity.

From the perspective of different regions, the development of the digital economies
in the eastern region and resource-based provinces effectively promotes the innovation
of science and technology, and technological innovation can also effectively reduce the
regional energy intensity. The digital economies in the central and western regions do
not significantly promote technological innovation, but technological innovation has a
significantly negative impact on regional energy intensity. The Sobel test shows that
technological innovation still has a significant intermediary role in reducing regional
energy intensity in the digital economy. The digital economies in non-resource-based
provinces have a significant role in promoting technological innovation, but the inhibition
of technological innovation on energy intensity is not significant. The Sobel test results
show that technological innovation still has a mediating effect. Therefore, technological
innovation in all regions has an intermediary effect in the process of reducing energy
intensity in the development of the digital economy.
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This is because the digital economy, which relies on big data, cloud computing, ar-
tificial intelligence and other information technologies, has become a new driving force
for regional development, has spawned the new generation of innovative applications
of digital technology and has led regional innovation-driven development. Green and
low-carbon technological innovation triggered by digital technology has also caused huge
improvements in the energy utilization efficiency of various industries, which is conducive
to the reduction of energy intensity.

4.3.4. Robustness Test

In order to verify the reliability of the above results, the following four methods
are mainly used: First, the staged regression method was used. In July 2015, the country
improved the digital economy to the national strategic level. Since 2016, the digital economy
has developed rapidly. Therefore, the results of this paper are divided into two periods,
2011–2015 and 2016–2019, to test the impact of the development of the digital economy
on energy intensity. The results are shown in columns (1) and (2) in Table 8. The impact
direction and significance of the digital economy on energy intensity have not changed
substantially, indicating that the regression results are robust.

Table 8. Robustness test.

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

Staged regression Replace
interpreted variable

Replace core
explanatory variable

Instrumental
variable method

ED ED C_p ED ED

DE −1.088 *** −0.574 *** −0.173 ***
(0.154) (0.140) (0.042)

DE2 −0.198 ***
(0.039)

DE3 −1.440 ***
(0.156)

Constant term −3.530 ** 6.787 ** −7.133 6.79 −15.098
(2.891) (3.343) (1.930) (1.786) (3.181)

Control variable yes yes yes yes yes
Individual effect yes yes yes yes yes

Time effect yes yes yes yes yes
Sample size 150 120 270 270 270
Adjusted R2 0.707 0.838 0.248 0.869 -

Note: The figures in brackets are standard errors; **, *** They are significant at the levels of 5% and 1%, respectively.

Second, we replaced the interpreted variable. Due to the large difference in the levels
of economic development among regions, there are also large differences in the size of
permanent residents. Therefore, we replaced the regional energy intensity with the per
capita carbon emissions and conducted the robustness test. The regression results are
shown in column (3) in Table 8. The impact coefficient of the digital economy is still
significantly negative, which is basically consistent with the benchmark regression results.

Third, we replaced the core explanatory variables. The previous article calculates the
development level of the digital economies in various regions by constructing a digital
economy measurement system and using entropy method. Based on this, this paper further
uses the principal component analysis method to re-evaluate the development level of the
digital economies in various regions and test the relationship between the digital economy
and regional energy intensity. The regression results are shown in column (4) in Table 8.
The impact coefficient of the digital economy is still significantly negative, confirming the
robustness of the benchmark regression results.

Fourth, the instrumental variable method deals with endogenous problems. In order to
avoid the possible influence of other factors and endogenous problems caused by two-way
causation, this paper, based on research by scholars such as Zhiming et al. (2007) [39], Yun
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and Qing (2020) [40], Xie Yunfei (2022) [41], selects topographic relief as the instrumental
variable in the regional digital economy. (The topographic relief data are from You Zhen,
Feng Zhiming * and Yang Yanzhao. The China relief degree in km grid data set was
used (J/DB/OL). Global change data warehousing electronic magazine were used (both in
English and Chinese), 2018; https://doi.org/10.3974/geodb.2018.03.16.V1.) On the one
hand, terrain undulation can reflect local terrain complexity to a certain extent and affect
the cost and difficulty of digital infrastructure construction, so it meets the exogenous
conditions of tool variables. On the other hand, topographic relief, as a natural factor, has
no direct relationship with regional energy consumption and other economic variables and
meets the exogenous requirements as a tool variable. In addition, considering that terrain
relief is a constant that does not change with time, the intersection of terrain relief and
dummy variables of each year is used as a tool variable for 2SLS regression. As shown
in column (5) in Table 8, the relationship of the digital economy with regional energy
intensity is significantly negative, indicating that the result is still stable. In the first stage,
the regression F value is 80.81, which conforms to the empirical rule of F > 10. Then, Sargan
statistics are used to test the exogenous nature of the instrumental variables (p value is
0.2888), which shows that the selection of the model instrumental variables is reasonable.

5. Conclusions and Suggestions

Based on the panel data of 30 provinces and cities across the country from 2011 to
2019, this paper uses the entropy method to measure the development levels of the digital
economies in each province and explores the impact of digital economy development on
energy intensity. The main conclusions are as follows:

First, there are obvious regional differences in the energy intensities and digital econ-
omy development in all provinces and cities in China. The digital economy developed the
fastest in the eastern region and had obvious radiation effect, which drove the development
of the digital economies in the surrounding regions.

Second, the development of digital economy can effectively reduce regional energy
intensity. Among them, the development level of the digital economy in eastern region is rel-
atively high, which quickly used advanced technologies to reduce the energy consumption
of sectors and effectively improved the efficiency of resource utilization.

Thirdly, at the national level, factor market distortion, industrial structure upgrad-
ing and technological innovation have significant mediating effects on the reduction of
energy intensity due to digital economy development. The development of the digital
economy can effectively reduce the regional energy intensity by optimizing factor alloca-
tion, reducing factor market distortion, promoting the upgrading of the regional industrial
structure, promoting technological innovation and development and improving energy
utilization efficiency.

Fourthly, from the perspective of regional differences, the digital economy in the
eastern region can effectively reduce energy intensity by reducing factor market distortion,
promoting industrial structure upgrading and technological innovation development. In
the central region, only factor market distortion and technological innovation have a
mediating effect on the reduction of energy intensity by the digital economy. The digital
economy in the western region can effectively reduce the energy intensity by relying on the
influence of industrial structure upgrading and technological innovation development. In
resource-based provinces, the development of the digital economy promotes technological
innovation, and then, this reduces the regional energy intensity. On the other hand,
non-resource-based provinces can rely on the development of the digital economy to
alleviate the distortion of factor markets, promote the upgrading of industrial structure and
accelerate technological innovation, so as to improve the quality and efficiency of regional
development and effectively reduce the energy intensity.

Based on the above conclusions, this paper proposes the following policy implications:

https://doi.org/10.3974/geodb.2018.03.16.V1
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First, the development of the digital economy is an effective way to reduce the energy
intensity, strengthen the construction of digital infrastructure, deepen the integrated de-
velopment of the digital economy and real industry, promote the integrated application of
information technology and further release the dividend advantages of the digital economy
for reforming the energy structure, reducing energy consumption and reducing energy
intensity, so as to achieve the goal of energy conservation and emission reduction and
promote the sustainable development of the environment.

Second, we must give full play to the intermediary effect under the optimized factor
allocation, industrial upgrading and technological innovation of the digital economy. We
must give full play to the allocation effect of factors in the digital economy, improve the
market-oriented allocation of factors, promote the effective allocation of production factors
in the market, make comprehensive use of highly important factors such as information and
data, reduce the distortion of the factor market, improve the efficiency of factor allocation
and enhance the efficiency of the new driving force of the digital economy to promote the
reduction of energy intensity. At the same time, we must accelerate the development of
digital industrialization and industry digitalization, promote the innovative application of
digital technology, use emerging technologies such as artificial intelligence, improve the
breadth and depth of the application of digital economy in industrial sectors, accelerate the
integration of information technology and traditional industries, accelerate the elimination
of outdated capacity, promote the upgrading of the regional industrial structure and
develop new drivers of green economic development. In addition, we must rely on the
development of digital technology to accelerate new energy research and development,
innovate low-carbon production technology, effectively improve the energy consumption
structure, improve energy utilization efficiency and achieve energy intensity reduction.

Third, we should pay attention to the heterogeneity of the impact of the digital econ-
omy on regional energy intensity and guide the coordinated development of the digital
economy and ecological construction according to local conditions. The digital economy in
the eastern region has the most obvious impact on energy intensity and can reduce regional
energy intensity by optimizing factor allocation and promoting industrial structure upgrad-
ing and technological innovation, and other measures, so as to accelerate the development
of the digital economy, promote the development and application of green technology
innovation, promote the formation of emerging industries and industries and reshape the
demand side to reduce the energy intensity. The digital economy in the central region plays
a significant role in factor allocation and technological innovation, improving the environ-
ment for the development of the digital economy, promoting the development of intelligent,
integrated and digital industries and the integrated application of enterprises, further
improving the economic system for green, low-carbon and circular development, and effec-
tively reducing the regional energy intensity. The development level of the digital economy
in the western region is low and has only a little impact on energy intensity. We should
combine our resource advantages and development status, strengthen the construction
of digital economy infrastructure, vigorously popularize network resources and personal
digital applications, introduce high-quality talents and absorb innovative technologies
from the eastern and central regions and reform traditional industries. We will promote
enterprise production automation, digital reform and the integrated application of digital
technology and build distinctive digital industries to release the dividend advantages of
the digital economy for reducing the energy intensity and other aspects. Resource-based
provinces can rely on the development of the digital economy to strengthen technological
innovation and realize the reform of energy structure and the reduction of unit energy
consumption. Non-resource-based provinces can give full play to the advantages of the
digital economy in optimizing resource allocation, industrial upgrading and technological
innovation, reforming regional energy systems, improving energy utilization systems,
reducing the regional energy intensity and promoting green and low-carbon development.
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