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Abstract: Energy conservation and emission reduction are important ways to cope with global warm-
ing. An analysis of energy conservation and emission reduction from the perspective of network
infrastructure construction provides an important perspective for the study of sustainable develop-
ment. Based on the research sample of 263 cities in China from 2006 to 2019, and taking the policy
of “Broadband China” as a quasi-natural experiment, this paper uses the double difference model
to evaluate the impact of network infrastructure construction on energy conservation and emission
reduction. The results show that (1) the construction of network infrastructure can significantly
improve the energy utilization rate and reduce carbon emissions intensity, which helps to promote
energy conservation and emission reduction. (2) From the perspective of a functional mechanism, on
the one hand, network infrastructure construction affects energy conservation and emission reduction
through micro-mechanisms such as green technology innovation and energy efficiency. On the other
hand, network infrastructure construction also drives the development of the Internet and the digital
economy, and promotes energy conservation and emission reduction through macro-mechanisms
such as industrial structure and financial development. (3) The heterogeneity analysis shows that
network infrastructure construction in non-resource-based cities, eastern regions and low-carbon
cities has a greater impact on energy conservation and emission reduction. This study provides a
new perspective for achieving low-carbon development goals.

Keywords: network infrastructure construction; energy conservation; emission reduction; carbon

emission intensity; “Broadband China”

1. Introduction

Currently, China has become a major energy consumer and carbon emitter in the
world. China’s carbon emissions reached 11.47 billion tons in 2021, more than twice that of
the United States and nearly four times that of the European Union, and have not reached
the peak yet. With the rapid development of industrialization and urbanization, the rigid
demand for energy consumption in China is still strong. The insufficient technological
capacity of enterprises in digital transformation and the high dependence on resources
of high-polluting industries restrict the development process of China’s green economy.
Therefore, how to reduce carbon emissions and mitigate global warming in China has
become the focus of world attention. In September 2020, the Chinese government promised
the world to achieve the “double carbon” goal, that is, carbon dioxide emissions should
strive to reach the peak by 2030, and strive to achieve carbon neutrality by 2060. The
double carbon goal has become one of the important goals of China’s economic develop-
ment in the future, which puts forward higher requirements for energy conservation and
emission reduction.

According to the literature review, scholars have done a lot of research on how to
achieve energy conservation and emission reduction, mostly discussing the channels to
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achieve energy conservation and emission reduction from institutional factors, energy effi-
ciency, carbon emission policies and other aspects [1-3]. According to the externality theory,
when there are externalities, people’s private costs and social costs, and private benefits
and social benefits in economic activities are inconsistent, which leads to the distortion of
resource allocation in economic activities and the failure to achieve Pareto Optimization.
In the case of the increasing scarcity of environmental resources, environmental externali-
ties cause enterprises to lack the motivation to reduce the externalities of environmental
problems. Although environmental policy constraints and institutional construction have
played a positive role in energy conservation and emission reduction, enterprises may adopt
various ways to evade environmental regulation [4,5]. Green technology has become an
important means to reduce carbon emissions, but most green technology innovations focus
on end-of-pipe governance, resulting in the lack of green production solutions throughout
the life cycle.

In recent years, with the wide application of information and communication technol-
ogy (ICT) and the profound impact of digital technology on traditional industries, more
and more scholars have begun to pay attention to the impact of digital technology on
energy conservation and emission reduction in the whole life cycle production. Xu and
Zhong [6] found that ICT capital can alleviate the growth of energy consumption and car-
bon emissions caused by income inequality, and contribute to the coordinated development
of economic, energy and environmental goals. Wu et al. [7] found that the development
of the Internet significantly promoted the efficiency of energy conservation and emission
reduction. Zhang et al. [8] found that the digital economy promotes the energy conservation
and emission reduction of heavily polluting enterprises by improving green technology
innovation ability, alleviating financing constraints and promoting market competition. In
addition, some studies also discussed the relationship between the digital economy and
energy consumption intensity, enterprise environmental performance and so on [9-13].
Linking the digital economy enabled by the Internet and ICT with energy consumption,
the rapid development of the digital economy can be regarded as an effective strategy to
reduce carbon emissions [14,15]. It helps to promote energy saving and emission reduction
in the whole life cycle production, and provides a new research perspective for sustainable
development and carbon emission reduction in China.

However, there may be two difficulties in studying the relationship between the digital
economy and energy efficiency and carbon emissions. First, from the perspective of an
indicator measurement, it is difficult to accurately measure the scale of the digital economy.
Most of the existing studies are based on the comprehensive evaluation of regional Internet
development, digital finance, e-commerce and other indicators [8,16]. Different indicators
or data sources may lead to large differences in results. Second, from the perspective of re-
ality, the failure rate of digital transformation is high, so it is difficult to accurately estimate
the contribution of the digital economy to carbon emissions. According to the International
Data Center (IDC) survey, 50% of China’s top 1000 enterprises take digital transforma-
tion as the core of their corporate strategy, while the failure rate of digital transformation
reaches 70-80%. McKinsey’s research report (2018) also pointed out that the success rate of
digital transformation of enterprises in high-tech, media, telecommunications and other
fields is not more than 26%, while the success rate of digital transformation of enter-
prises in traditional industries such as oil, automobile, pharmaceutical and so on is only
4-11%. To solve the above research difficulties, this paper attempts to explore the impact of
energy conservation and emission reduction from the perspective of network infrastructure
construction. On the one hand, network infrastructure construction is the basis and key
to promote the development of the digital economy and the digital transformation of
enterprises. On the other hand, the focus of the “Broadband China” policy is to strengthen
the network infrastructure construction, which can provide a quasi-natural experiment for
this study.

Based on existing research, this paper discusses whether the construction of network
infrastructure can affect the effect of energy conservation and emission reduction. The
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main innovation points are as follows. First, this paper discusses the influencing factors of
energy conservation and emission reduction from the perspective of network infrastructure
construction, providing a new perspective for the realization of China’s dual-carbon goal.
Second, this paper uses the quasi-natural experiment of “Broadband China” policy to
analyze the impact of network infrastructure construction on energy conservation and
emission reduction through the double difference model, which solves the endogenous
problem. Third, this paper analyzes the influence mechanism of network infrastructure
construction on energy conservation and emission reduction from both micro and macro
aspects, and deepens the relevant research in this field.

The next arrangement of this paper is as follows. The second part introduces the
policy background of “Broadband China” and puts forward the research hypotheses of
this paper on the basis of combing the existing literature. The third part is econometric
model construction and the selection of variables. The fourth part uses the “Broadband
China” policy to empirically test how network infrastructure construction affects the effect
of energy conservation and emission reduction, and carries on mechanism analysis and
heterogeneity analysis. The fifth part is related discussion. The sixth part is the conclusion
of this paper and prospects of future research.

2. Theory and Research Hypotheses
2.1. Network Infrastructure and “Broadband China” Policy Background

The network infrastructure mainly includes the hardware infrastructure related to
the information transmission system and the software infrastructure such as the network
platform and service application built on this basis, which can provide technical support
and services for the digitization, networking and intelligent upgrading of traditional
departments such as transportation, energy, manufacturing, etc. From the perspective
of economics, the construction of network infrastructure has the characteristics of basic
and quasi-public goods. Fundamentally, network infrastructure can create value for the
production and operation of all goods and services, such as reducing transaction costs [17],
the long tail effect [18] and the network effect [19]. Similar to public goods, the services
provided by network infrastructure are relatively non-competitive and non-exclusive, so
they are generally quasi-public goods.

In order to solve the problems of slow network speed and unbalanced regional net-
works, and to further promote the construction and development of network infrastructure,
the State Council of China issued the “Broadband China” Strategy and Implementation
Plan in August 2013. Since then, broadband network construction has become a national
strategy. Subsequently, the Ministry of Industry and Information Technology and the Na-
tional Development and Reform Commission jointly issued the Administrative Measures
for the Establishment of “Broadband China” Demonstration Cities (Urban Agglomerations)
(hereinafter referred to as the Measures). According to household broadband access ca-
pacity, broadband penetration rate, mobile phone penetration rate and broadband user
penetration rate and other indicators, 120 “Broadband China” demonstration cities (urban
agglomerations) were selected in 2014, 2015 and 2016.

The Measures clearly pointed out that “Broadband China” demonstration cities (urban
agglomerations) refer to cities (urban agglomerations) with good broadband development
foundation, which have achieved a significant improvement in the development level
of broadband in the region through the creation of demonstration, and whose overall
broadband development level and development model play a greater exemplary and
leading role for similar regions in the country. The key points of broadband network
construction in the demonstration city include improving the speed and application level
of the broadband network, promoting the continuous improvement of the broadband
network industrial chain, enhancing the security guarantee capacity of the broadband
network and so on. The demonstration city is a typical constructive pilot city, which
puts forward higher requirements for the construction of network infrastructure of the
pilot city, and also provides a good quasi-natural experimental basis for this article to
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analyze the impact of network infrastructure construction on energy conservation and
emission reduction.

2.2. Direct Impact of Network Infrastructure Construction on Energy Conservation and
Emission Reduction

The idea of a transaction cost was first proposed by Coase (1937) [20], and then he
introduced transaction cost and property rights into economic analysis. According to the
transaction cost theory, both parties may face higher transaction costs in the case of asym-
metric information, which hinders the production and operation activities to some extent.
The application of network information technology plays a significant role in reducing
transaction costs in transnational trade and enterprise operation [17,21]. The construction of
network infrastructure aims to improve network speed, storage, information transmission
and other aspects. The improvement of network infrastructure can significantly improve
the speed of information dissemination and diffusion, promote the intelligent production
and management of production and marketing in relevant industries, and play an impor-
tant role in saving resource utilization and reducing transaction costs, thus affecting the
energy utilization rate and carbon emission intensity of various industries.

First of all, the rapid dissemination and diffusion of information plays an important
role in the transformation and development of the energy industry itself and in saving
resources in other industries. Because information has important value, and information
dissemination and diffusion have played an important role in economic growth and tech-
nological progress [22,23], the construction of network infrastructure not only improves
the speed of information dissemination and diffusion, but also promotes the development
and efficiency of the energy industry. Specifically, the construction of network infrastruc-
ture makes the cost of information acquisition and dissemination lower, and the rapid
dissemination of a large number of enterprise production and operation data and massive
information brings new opportunities for the development of various industries and the
improvement of efficiency, effectively saving resources.

Secondly, due to high permeability, and after the construction of network infrastructure
has been deep integrated with various industries, enterprises can realize the intelligent
management of production and operation activities and improve energy efficiency. The
use of information and communication technology to establish intelligent application and
management mechanisms for the supply side and the demand side can achieve efficient
management and accurate matching of the energy supply to the consumer side, and meet
the energy demand of different regions, different groups and different industries. Therefore,
an efficient, clean and economic energy supply and consumption system can be built to
realize the clean and efficient use of energy. Some studies have found that intelligent energy
networks can not only reduce the total cost and carbon emission intensity of society, but also
improve its economic benefits [24,25]. Intellectualization also promotes the interconnection
of production and business activities such as design, production and sales, and strengthens
the whole life cycle management. Reducing the waste in production and manufacturing in
a systematic and sustainable way, and realizing the recycling of resources and energy helps
to promote energy conservation and emission reduction. Based on the above analysis, this
paper proposes the following hypothesis:

H1. The construction of network infrastructure helps to promote energy conservation and
emission reduction.

2.3. Micro Mechanism of Network Infrastructure Construction Affecting Energy Conservation and
Emission Reduction

From a micro perspective, the construction of network infrastructure has a profound
impact on enterprises’ green technology innovation, energy efficiency and other pro-
duction ways, and then affects the energy utilization rate and carbon emission intensity
of enterprises.
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Firstly, the construction of network infrastructure affects the green innovation be-
havior of enterprises. The construction and utilization of the network are conducive to
the exchange and communication of information within enterprises and the realization of
information sharing. Information sharing has an important impact on enterprise innova-
tion [26,27], and affects the green innovation behavior of enterprises [28,29]. On the one
hand, green technology innovation can reduce the cost of enterprise terminal governance
and production legitimacy, and reduce the environmental pressure of production; on the
other hand, green innovation reduces the use of resources from the source and directly
reduces the pollution discharge. At the same time, the construction of network infras-
tructure has also promoted the development of recycling technology innovation, opened
the loop of production waste recycling and brought benefits to enterprises. To sum up,
through green technology innovation, the construction of network infrastructure can not
only change the production process, reduce governance cost, develop green products and
improve management efficiency, but can also greatly reduce the impact of production and
consumption on the environment to a great extent, save production resources and improve
the market competitiveness of enterprises as well.

Secondly, the construction of network infrastructure can also affect the energy effi-
ciency of enterprises. Some studies have pointed out that information and communication
technology (ICT) can improve the energy intensity and carbon efficiency of manufacturing
enterprises [30]. On the one hand, the adoption of ICT intensifies the market competition,
reduces the product price markup, and leads to the reduction of energy-saving invest-
ment by manufacturing enterprises. On the other hand, the adoption of ICT and energy
complement each other (the adoption of ICT is complementary with energy), which can
promote energy input to replace traditional factors such as labor and capital, thus increasing
the energy intensity of enterprises [31]. ICT can help enterprises increase output while
consuming less energy [32]. Based on the above analysis, this paper proposes the following
hypotheses:

H2a. Network infrastructure construction promotes energy conservation and emission reduction by
promoting green technology innovation.

H2b. Network infrastructure construction promotes energy conservation and emission reduction
by improving energy efficiency.

2.4. Macro Mechanisms of Network Infrastructure Construction Affecting Energy Conservation
and Emission Reduction

The construction of network infrastructure not only affects micro-mechanisms of
enterprise production behavior, but also promotes the development of regional Internet
and the formation of the digital economy, and affects the regional industrial structure and
financial development (as shown in Figure 1). In turn, it affects the energy utilization
rate and carbon emission intensity. Specifically, first, the construction of network infras-
tructure promotes the development of modern logistics and the transportation industry,
which relies heavily on network information technology, thus reducing the transportation
cost and energy consumption of the transportation industry. Second, the construction
of network infrastructure has promoted the development of digital economies based on
big data, the Internet of Things and artificial intelligence, and formed the transformation
and upgrading of traditional industries, thereby improving energy utilization and cutting
carbon emission intensity. Some studies pointed out that the digital economy can improve
the allocation of resources [33,34], making those industries with higher energy efficiency
and technological efficiency more popular with investors and consumers, and causing
the proportion of industrial sector structures to rise. Therefore, the change of industrial
structures is an important channel for the construction of network infrastructure in order to
affect energy conservation and emission reduction. In addition, the construction of network
infrastructure has accelerated the development of E-commerce and helped to upgrade the
industrial structure. E-commerce lowers the entry barriers of enterprises, especially the



Sustainability 2023, 15, 3683

6 of 20

development of small and medium-sized enterprises, and improves the industrial value
chain [35].

Network
infrastructure
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Figure 1. The mechanism of network infrastructure construction affecting energy conservation and
emission reduction.

Network infrastructure also helps to improve financial services, while financial de-
velopment is crucial for improving energy efficiency. Due to the long spatial distance
and high economic costs of formal banking services in developing countries, advances in
ICT facilitate the faster flow of information, thereby increasing credit rationing capacity
and improving financial services [36]. An experimental analysis showed that there is a
long-term causal relationship between ICT technology and financial development [37].
Financial development can affect energy demand and energy efficiency by increasing con-
sumption and enterprise investment [38,39]. In addition to debt financing of commercial
banks, equity financing makes it easier for enterprises to obtain financial capital at a lower
cost, so as to expand existing businesses or use it for R&D innovation. Green consumption
and green finance policies reduce the financial risks and borrowing costs associated with
energy-saving products and cutting-edge technologies, thus affecting energy consumption
and energy efficiency. Some scholars also found that financial development can reduce
the intensity of carbon emissions, because financial development helps enterprises to in-
novate and adopt new technologies, thereby reducing energy consumption and carbon
emissions [40,41]. The development of financial markets has reduced the CO2 emission
intensity of developed and emerging financial economies [42]. Zaidi et al. [43] found that
globalization and financial development reduced carbon emissions, while economic growth
and energy intensity increased carbon emissions. Based on the above analysis, this paper
proposes the following hypotheses:

H3a. Network infrastructure construction promotes energy conservation and emission reduction by
influencing industrial structures.

H3b. Network infrastructure construction promotes energy conservation and emission reduction
by influencing financial development.

3. Methods and Data
3.1. Model Design

This paper attempts to analyze whether the construction of network infrastructure has
an impact on energy conservation and emission reduction, and constructs the following
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benchmark measurement model, in which model (1) and model (2), respectively, examine
the impact of the construction of network infrastructure on energy efficiency and carbon
dioxide emission intensity.

In EneEf fiy = Bo + B1NIC; x Post; + ,322 Controlsis + p; + 0 + ;¢ 1)

InCO2;; = 9 + 71 NIC; x Post; + ’)’22 Controlsj; + Ui+ 0t +€jy 2)

where i represents the city; ¢ represents the year; and y; and J; represents the city fixed
effect and the year fixed effect, respectively. NIC indicates the construction of the urban
network infrastructure. If the city is determined as a “Broadband China” demonstration
city NIC; = 1; otherwise, NIC; = 0; Post indicates the year that is determined to be
the “Broadband China” demonstration city, which is determined to be the year of the
demonstration city and later years Post; = 1; otherwise, Post; = 0. If the construction
of the network infrastructure can not only improve the energy utilization rate, but also
reduce the intensity of carbon emissions, it can achieve the effect of energy conservation
and emission reduction.

3.2. Variable Selection

Referring to the existing research, the explained variable energy utilization rate (EneEff)
is measured by the reciprocal of energy consumption per unit of GDP. The larger the number,
the higher the energy utilization rate. The China Energy Statistical Yearbook provides the
energy consumption of each province by energy type. With reference to the practice of
Chen et al. [44], the energy consumption of each city is calculated based on the night light
data. The explained variable carbon emission intensity (CO2) is measured by the carbon
dioxide emission per unit of GDP. The larger the value, the higher the carbon emission
intensity. The carbon dioxide emissions of cities are calculated according to the method
provided by the National Greenhouse Gas Inventory Guidelines (IPCC), which has been
widely used [45,46]. The specific formula is as follows.

10
44
C,‘ = ]; Eij X LCV,] X CC,']' X COP,‘]‘ X ﬁ (3)

wherein C represents the carbon dioxide emissions of the city i; E indicates the j energy
consumption of the city i; LCV represents the average low calorific value of urban energy;
CC represents the carbon content per unit calorific value of urban energy; and COF indicates
the carbon oxidation rate of urban energy. The energy consumption data is from the China
Energy Statistical Yearbook. The energy consumption categories mainly include coal, coke,
crude oil, gasoline, kerosene, diesel and natural gas. The average low calorific value shall
be calculated according to the reference coefficient of General Principles for Calculation of
Comprehensive Energy Consumption (GB/T 2589-2020). The rest will be calculated with
reference to the IPCC guidelines for national greenhouse gas inventories.

Controls represents some column-related control variables. Economic growth is the
key factor affecting the intensity of carbon emissions. The faster the economic growth, the
greater the demand for energy consumption, and the more carbon emissions. This paper
uses GDP growth rate (GDPr) to measure the economic growth rate. Whether foreign
direct investment affects the intensity of carbon emissions has been widely considered by
scholars [47-49]. In order to control its potential impact, the foreign direct investment index
(FDI) is added to the regression model and measured by per capital FDI. The population
density determines the consumption demand of residents. This paper uses the population
per square kilometer of urban area to measure population density (Density). Industrial
development is a direct factor affecting the intensity of carbon emissions, so this paper
uses the ratio of the secondary industry to GDP to measure industrial structure (Struc). In
addition, this paper also controls the level of Internet development (Internet) and other
pollutant emissions (SO2). The level of Internet development is measured by the proportion
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of Internet broadband access users to the total number of households in the population,
and other pollutants are measured by sulfur dioxide emissions.

3.3. Data Source

In this paper, cities at or above the prefecture level in China are selected as the initial
sample for the study, and some cities with serious data missing are deleted. Considering
the availability of data, 3457 valid samples of 263 prefecture-level cities from 2006 to 2019
are finally obtained. Some missing values are supplemented by linear interpolation. In
order to avoid the interference of extreme values on the empirical results, all variables
are subject to a bilateral 1% tail reduction. The relevant data of energy indicators in this
paper comes from the China Energy Statistical Yearbook, and the data of the city index
comes from the China Urban Statistical Yearbook. The number of Internet users is from the
CEIC database.

Table 1 reports the descriptive statistical results of the main variables. Some variables
are logarithmically processed to mitigate the possible impact of heteroscedasticity on the
estimation. The mean values of InEneEff and InCO2 are 2.682 and 3.535, respectively. There
are significant differences between the minimum and maximum values, indicating that
the regional differences in energy efficiency and carbon emissions are large in the sample
period. Table 2 reports the correlation statistics between the main variables.

Table 1. Descriptive statistics of main variables.

Varname Obs Mean Std. Dev Min Median Max
InEneEff 3457 2.682 0.733 0.0500 2.657 4.649
InCO2 3457 3.535 0.773 1.260 3.511 6.862
NIC x Post 3457 0.124 0.330 0 0 1

GDPr 3457 0.108 0.0390 —0.0880 0.108 0.228
InFDI 3264 6.393 1.669 0.755 6.552 9.818
Density 3455 1.396 0.768 0.0230 1.204 6.234
Struc 3457 0.479 0.104 0.147 0.479 0.772
Internet 3448 0.498 0.459 0.0250 0.363 3.155
S0O2 3457 5.056 4.868 0.0250 3.629 33.32

Table 2. Correlation statistics of variables.

Varname InEneEff InCO2 NIC x Post GDPr InFDI Density Struc Internet S02
InEneEff 1.000
InCO2 —0.779 1.000
NIC x Post —0.111 —0.071 1.000
GDPr 0.104 0.134 —0.333 1.000
InFDI —0.025 0.014 0.162 —0.041 1.000
Density 0.125 —0.078 —0.121 0.153 —0.388 1.000
Struc —0.066 0.160 —0.090 0.230 0.183 —0.183 1.000
Internet —0.243 —0.008 0.398 —0.404 0.408 —0.233 —0.095 1.000
S0O2 —0.105 0.264 —0.149 0.260 0.097 —0.081 0.302 —0.140 1.000

4. Empirical Results and Analysis
4.1. Impact of Network Infrastructure Construction on Energy Conservation and Emission Reduction
4.1.1. Benchmark Regression Results

Table 3 shows the benchmark regression results. Columns (1)—(3) are the results of
gradually adding the control variables, and columns (4) and (6) are the estimated results
after adding the relevant control variables. It is found that after adding the control variables,
the impact coefficient of network infrastructure construction on energy utilization efficiency
and carbon emission intensity decreases, indicating that adding the control variables can
reduce the overestimation of the regression results. Column (4) shows that the construction
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of “Broadband China” demonstration cities has a significant positive impact on the energy
utilization rate, indicating that the construction of network infrastructure can significantly
improve the energy utilization rate. Column (6) shows that the construction of “Broadband
China” demonstration cities has a significant negative impact on carbon emission intensity,
indicating that the construction of network infrastructure has reduced carbon emission
intensity. In general, the construction of network infrastructure has achieved the effect of
“energy conservation and emission reduction”, which verifies hypothesis H1.

Table 3. Network infrastructure construction and energy conservation and emission reduction
benchmark regression.

D 2 3) @ (5) )
InEneEff InEneEff InEneEff InEneEff InCO2 InCO2
NIC x Post 0.165 *** 0.165 *** 0.169 *** 0.142 *** —0.082 *** —0.063 ***
(5.92) (5.90) (6.00) (5.16) (—4.07) (—3.18)
GDPr 1.245 *** 1.103 *** 1.007 *** —1.294 ***
(3.91) (3.42) (3.19) (—5.31)
InFDI 0.017 * 0.016 * 0.016 * —0.020 ***
(1.80) (1.70) (1.72) (—2.63)
Density 0.013 0.012 0.006
(0.84) (0.77) (0.59)
Struc 0.416* 0.512 ** —0.856 ***
(1.93) (2.36) (-6.36)
Internet 0.146 *** —0.093 ***
(4.16) (—3.90)
SO2 —0.007 * 0.002
(—1.89) (0.61)
_cons 2.662 *** 2.408 *** 2.209 *** 2.141 *** 3.545 *** 4.264 #**
(397.61) (38.15) (17.82) (17.07) (653.62) (50.93)
City fixed effect Yes Yes Yes Yes Yes Yes
Year fixed effect Yes Yes Yes Yes Yes Yes
N 3456 3260 3259 3253 3456 3253
Adj. R? 0.79 0.80 0.80 0.80 0.87 0.89

Note: ***, **, * indicate significance at the level of 1%, 5% and 10%, respectively; the coefficient in brackets below is
the t-statistic.

In terms of variables control, economic growth helps to improve energy utilization.
Although rapid economic growth has increased the total energy consumption, the economic
growth accompanied by technological progress has reduced the energy consumption per
unit of GDP and improved the energy utilization rate. Foreign direct investment plays
a significant role in promoting the energy utilization rate, because the entry of foreign
capital not only improves the environmental standards and requirements of products, but
also brings new technologies to improve the energy utilization rate. The development of
industrial development and the Internet is conducive to improving the energy utilization
rate, which also proves the importance of network infrastructure from the side. The increase
in emissions of other pollutants is not conducive to the improvement of energy efficiency.
The possible reason is that the environmental regulation is insufficient, and urban economic
development depends on energy consumption, resulting in the lack of motivation for
enterprises to improve energy efficiency and increased pollution emissions.

4.1.2. Parallel Trend Test and Dynamic Effect Analysis

This paper uses a double difference model to test whether the construction of “Broad-
band China’s” demonstration cities affects the energy utilization rate and carbon emission
intensity. The model needs to meet the parallel trend hypothesis; that is, it needs to test
that the treatment group and the control group have the same change trend in the energy
utilization rate and carbon emission intensity before implementing the “Broadband China”
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policy. Using the event research method to test the parallel trend hypothesis, the following
model is set up:

In EneEffiy = Bo + 22179 BaPost g + ﬁzz Controly 4 p; + 0t + € 4)

InCO2j = yo + 23279 YqPosty + 722 Controlyy + ;i + 0 + €t (5)

where Post;; represents the implementation of “Broadband China” policy at different
events. d has a value range of -9 < d < 5. When d = 0, it means that the city is
implementing “Broadband China” policy that year. At this time, the actual value of the
virtual variable is 1; otherwise, it is 0. If the estimated coefficient §; and the size of
74 fluctuate around 0 before the implementation of the “Broadband China” policy and do
not pass the significance test, it could indicate that the parallel trend was met.

Figure 2 shows the parallel trend test. The vertical axis is the estimated coefficient of
the impact of the “Broadband China” policy on energy utilization efficiency and carbon
emission intensity in different events. The horizontal axis is the relative time before and
after the implementation of the “Broadband China” policy. Current indicates the initial
period of the “Broadband China” policy implementation. The dotted lines above and below
the hollow circle are 90% confidence intervals. The results in the figure show that before
the implementation of the “Broadband China” policy, the construction of “Broadband
China” demonstration cities did not have a significant impact on the energy utilization
rate and carbon emission intensity, and the magnitude of the estimated value coefficient
was near zero, indicating that the parallel trend was met. After the implementation of the
“Broadband China” policy, the construction of “Broadband China” demonstration cities
has a continuous positive impact on the energy utilization rate and a continuous negative
impact on the carbon emission intensity, and this impact has a lag.
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Figure 2. Parallel trend test. (a) Energy utilization rate; (b) Carbon emission intensity.

4.1.3. Robustness Test

The difference-in-difference based on propensity score matching (PSM-DID) can ease
the concerns of “selective bias” in the pilot policy to a certain extent, so the robustness
test of the PSM-DID model was conducted in this paper. To avoid the loss of sample
size after matching, one-to-two caliper nearest neighbor matching is used in this paper.
The model for evaluation reference needs to meet the balance test; that is, after matching,
there is no significant difference between the treatment group and the control group in
the relevant control variables. Figure 3’s balance test results show that after matching, the
mean difference of control variables between the treatment group and the control group is
not significant, which means that the balance test conditions are met.
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Figure 3. Balance test of propensity score matching.

Table 4 shows the estimation results under the conditions that the matching meets
the common support hypothesis and the weight is not null after matching. The estimation
coefficient, significance and direction of action of the model are highly consistent with the
previous results, indicating that the previous estimation results are robust.

Table 4. PSM-DID estimation results.

Common Support Hypothesis Weight Is Not Null
(4)) 2) 3) @)
InEneEff InCO2 InEneEff InCO2
NIC x Post 0.141 *** —0.062 *** 0.145 *** —0.083 ***
(5.14) (—3.14) (4.45) (—3.45)
GDPr 1.002 *** —1.293 *** 0.923 ** —1.409 ***
(3.18) (—5.30) (2.40) (—4.45)
InFDI 0.015 —0.018 ** 0.023 * —0.027 ***
(1.56) (—2.33) (1.84) (—2.63)
Density 0.012 0.007 0.015 0.024
(0.76) (0.62) (0.70) (1.63)
Struc 0.505 ** —0.842 *** 0.661 ** —0.671 ***
(2.32) (—6.25) (2.51) (—3.92)
Internet 0.148 *** —0.092 *** 0.130 *** —0.101 ***
(4.18) (—3.84) (3.16) (—=3.19)
SO2 —0.007 * 0.002 —0.006 —0.000
(—1.91) (0.73) (—1.35) (—-0.12)
_cons 2.154 *** 4.241 *** 2.005 *** 4.244 #**
(16.98) (50.23) (12.64) (39.40)
City fixed effect Yes Yes Yes Yes
Year fixed effect Yes Yes Yes Yes
N 3247 3247 2186 2186
Adj. R? 0.80 0.89 0.79 0.88

Note: ***, **, * indicate significance at the level of 1%, 5% and 10%, respectively; the coefficient in brackets below is
the t-statistic.

4.2. Mechanism Test of Energy Conservation and Emission Reduction in Network
Infrastructure Construction

The interaction terms of network infrastructure construction variables and intermedi-
ary variables are added into the benchmark regression model to test the impact of network
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infrastructure construction on the energy utilization rate and carbon emission intensity
through intermediary variables. The following measurement model is constructed:

In EneEffiy = Bo + B1NIC; x Post; + BaNIC; x Posty X My + B3Mj + 1342 Controlsiy + p; + 0 + € (6)

where M;; is the intermediary variable. If the interaction term between the core explanatory
variable Broadband China demonstration city construction NIC; x Post and the intermedi-
ary variable is significant, it indicates that the mechanism is significant.

4.2.1. Micro Mechanisms

From the perspective of micro-mechanisms, the construction of network infrastructure
affects the energy utilization rate by influencing the production behavior of enterprises such
as green technology innovation and energy efficiency. In order to test the micro-mechanisms
of network infrastructure construction, the cross-items of green technology innovation,
energy efficiency and network infrastructure construction are added to the benchmark
regression model. Among them, the sum of urban green invention patent and utility model
patent applications (InGrepat) and the number of invention patent applications (InGreinn)
are used to measure the level and quality of urban green technology innovation, respectively,
and urban total factor energy efficiency is used to measure the level of energy efficiency
(GTFP). Columns (1)—(2) in Table 5 show the regression estimation results. According
to the estimation coefficient of the interaction item, both the level of green innovation
and the quality of green innovation have significantly improved the impact of network
infrastructure construction on energy utilization, which verifies hypothesis H2a. The results
of column (3) in Table 5 show that the interaction coefficient is significantly positive, that is,
the total factor energy efficiency significantly improves the impact of network infrastructure
construction on the energy utilization rate, which verifies hypothesis H2b.

Table 5. Mechanism analysis.

» 2 3) ) (5)

InEneEff InEneEff InEneEff InEneEff InEneEff
NIC x Post x InGrepat 0.049 ***
(2.81)
InGrepat —0.082 ***
(—4.85)
NIC x Post x InGreinn 0.058 ***
(3.65)
InGreinn —0.046 ***
(—3.55)
NIC x Post x GTFP 0.203 ***
(3.41)
NIC x Post x SH 0.082 **
(1.99)
SH 0.053
(1.55)
NIC x Post x Finance 0.248 ***
(7.43)
Finance —0.124 **
(—2.04)
NIC x Post —-0.171 —0.178 * 0.187 *** 0.048 —0.075*
(—=1.51) (—1.96) (5.71) (0.89) (—1.84)
GDPr 0.963 *** 0.911 *** 0.819 ** 1.006 *** 0.819 ***
(3.09) (2.92) (2.46) (3.11) (2.61)
InFDI 0.014 0.014 0.019 * 0.014 0.016 *

(1.53) (1.46) (1.93) (1.50) (1.72)
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Table 5. Cont.

1) (2) 3) 4) (5)
InEneEff InEneEff InEneEff InEneEff InEneEff
Density —0.001 0.000 —0.002 0.016 0.007
(—0.05) (0.00) (—0.10) (0.86) (0.44)
Struc 0.636 *** 0.615 *** 0.530 ** 0.439 * 0.471 **
(2.95) (2.86) (2.25) (1.94) (2.13)
Internet 0.158 *** 0.150 *** 0.135 *** 0.178 *** 0.136 ***
(4.48) (4.30) (3.71) (4.42) (3.90)
SO2 —0.002 —0.002 —0.007 * —0.008 ** —0.005
(—0.63) (—0.60) (—=1.91) (—2.20) (—=1.51)
_cons 2.464 *** 2.280 *** 2.174 *** 2.142 *** 2.257 ***
(17.61) (17.11) (16.47) (16.64) (16.29)
City fixed effect Yes Yes Yes Yes Yes
Year fixed effect Yes Yes Yes Yes Yes
N 3193 3193 3015 3124 3248
Adj. R? 0.80 0.80 0.80 0.80 0.81

Note: ***, **, * indicate significance at the level of 1%, 5% and 10%, respectively; the coefficient in brackets below is
the t-statistic.

4.2.2. Macro Mechanisms

The mechanism analysis shows that network infrastructure construction promotes the
development of regional Internet and the digital economy, and further affects the energy
utilization rate and carbon emission intensity by affecting the industrial structure and
financial development. To test the macro mechanisms, the interactive items of industrial
structure and financial development and network infrastructure construction are added
to the mechanism model. The industrial structure uses the product of the proportion of
output of each industrial sector and labor productivity as the dynamic indicator of the
development of the industrial structure. The specific indicator structure is as follows:

SH =Y, (Ya/Ye) (LP4/LPy) )

where Yj; represents the total output of the industry in i, LP;; represents the labor pro-
ductivity of the industry and LP;; represents the labor productivity of the industry in
the base period. The base period set in this paper is 2006; that is, 2006 is equal to
1. i = 1,2,3 represents the three industries of the national economy, namely the pri-
mary industry, the secondary industry and the tertiary industry. The higher the labor
productivity, the higher the proportion of industrial output in the total output, indicating
that the industrial structure is developing from low productivity to high productivity
sectors. The higher the level of industrial structure, the greater the SH value. Column (4) in
Table 5 reports the estimated results after adding the interactive item to the industrial struc-
ture and network infrastructure construction, and finds that the coefficient of the interactive
item is significantly positive; that is, the higher the level of industrial structure upgrading,
the greater the impact of network infrastructure construction on energy utilization, which
verifies hypothesis H3a.

Column (5) of Table 5 reports the estimated results after adding the interactive item
of financial development and network infrastructure construction. With reference to the
existing research, financial development is replaced by the proportion of domestic loans
to the private sector in GDP [43]. The results show that the coefficient of the interaction
between financial development and network infrastructure construction is significantly
positive; that is, the higher the level of financial development, the greater the impact of
network infrastructure construction on energy utilization, which indicates that network
infrastructure construction affects energy conservation and emission reduction through
financial development, verifying hypothesis H3b.
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4.3. Heterogeneity Analysis of the Impact of Network Infrastructure Construction on Energy
Conservation and Emission Reduction

4.3.1. Resource Abundance

The economic development of areas rich in natural resources may be hindered, which
is called the resource curse [50,51]. The reason is that rich natural resources are more likely
to lead to over-reliance on natural resources development for regional economic develop-
ment, resulting in insufficient investment in human capital and a decline in sustainable
development capacity, which may affect the role of network infrastructure construction
in energy conservation and emission reduction. To test the heterogeneity of resource
abundance, the research sample is divided into resource-based cities and non-resource-
based cities according to the National Resource-based Cities Sustainable Development Plan
(2013-2020) issued by the State Council of China. Table 6 reports the estimated results based
on the heterogeneity of resource abundance, and finds that compared with resource-based
cities, the network infrastructure construction of non-resource-based cities has a more
significant impact on energy conservation and emission reduction. On the contrary, the
construction of network infrastructure in resource-rich cities has increased carbon emission
intensity, indicating that there is a certain “resource curse” in resource-rich cities, which
hinders the role of network infrastructure construction.

Table 6. Heterogeneity analysis of resource abundance.

Resource-Based Cities Non-Resource-Based Cities
@ (2) 3) @)
InEneEff InCO2 InEneEff InCO2
NIC x Post 0.032 0.125 *** 0.192 *** —0.169 ***
(0.65) (3.38) (5.99) (—7.84)
GDPr 0.178 —0.641 ** 2.077 *** —1.918 ***
(0.42) (—2.00) (4.72) (—5.23)
InFDI 0.005 —0.006 0.015 —0.022 **
(0.33) (—0.51) (1.19) (—2.30)
Density 0.076 ** —0.024 —0.026 * 0.028 **
(2.56) (—1.10) (—1.71) (2.25)
Struc 0.934 *** —0.998 *** 0.325 —0.757 ***
(2.99) (—4.96) (1.19) (—4.40)
Internet 0.187 ** —0.367 *** 0.142 *** —0.035 *
(2.20) (—3.94) (3.52) (—1.75)
S0O2 0.007 —0.002 —0.017 *** 0.003
(1.20) (—0.44) (—4.35) (1.11)
_cons 1.804 *** 4.513 *** 2.280 *** 4,121 #**
(9.77) (34.59) (14.38) (38.36)
City fixed effect Yes Yes Yes Yes
Year fixed effect Yes Yes Yes Yes
N 1282 1282 1971 1971
Adj. R? 0.81 0.89 0.80 0.89

Note: ***, **, * indicate significance at the level of 1%, 5% and 10%, respectively; the coefficient in brackets below is
the t-statistic.

4.3.2. Digital Divide

The digital divide reflects a phenomenon of uneven economic development between
regions caused by the difference in the development of the information industry and the
information economy [52]. Due to the convenience of coastal areas and the industrial base
advantages of undertaking the information industry and related manufacturing industries
of developed countries, the eastern region of China has priority over the central and western
regions in the development of the information industry. Therefore, are energy efficiency and
carbon intensity affected by the digital divide? In order to test the possible heterogeneity
of this difference, samples were divided into eastern regions and central and western
regions for heterogeneity analysis according to the urban geographical location. Table 7
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reports the estimated results of urban geographical location heterogeneity, and shows that
compared with the central and western regions, the construction of network infrastructure
in the eastern region has a greater impact on energy conservation and emission reduction.
Meanwhile, the construction of network infrastructure in the central and western regions
has not had a significant impact on carbon emission intensity, indicating that carbon
emission intensity is greatly affected by the digital divide.

Table 7. Heterogeneity analysis of urban geographical locations.

Eastern Cities Central and Western Cities
1) 2) 3) @)
InEneEff InCO2 InEneEff InCO2
NIC x Post 0.192 *** —0.118 *** 0.107 *** —-0.017
(5.24) (—5.02) (2.76) (—0.59)
GDPr 0.905 ** —0.783 ** 0.708 * —1.341 ***
(2.22) (—2.50) (1.69) (—3.89)
InFDI 0.041 *** —0.045 *** —0.005 0.004
(2.80) (—4.07) (—0.47) (0.47)
Density —0.008 0.017 0.033 -0.019
(—0.47) (1.21) (1.49) (—-1.27)
Struc 1.449 *** —1.445 *** —0.134 —0.324 %
(4.31) (—6.21) (—0.47) (—1.87)
Internet 0.147 *** —0.113 *** 0.233 *** —0.239 ***
(3.40) (—4.99) (3.41) (—4.32)
SO2 —0.016 *** 0.008 ** —0.001 —0.001
(—3.55) (2.39) (—0.18) (—0.40)
_cons 1.522 *** 4.775 *** 2.566 *** 3.894 ***
(8.96) (36.87) (15.08) (35.10)
City fixed effect Yes Yes Yes Yes
Year fixed effect Yes Yes Yes Yes
N 1196 1196 2057 2057
Adj. R? 0.77 0.89 0.82 0.89

Note: ***, ** * indicate significance at the level of 1%, 5% and 10%, respectively; the coefficient in brackets below is
the t-statistic.

4.3.3. Heterogeneity of Low-Carbon Cities

Low-carbon construction in different cities may also affect the effect of energy conser-
vation and emission reduction. In order to actively respond to climate change and accelerate
economic development towards a low-carbon model and direction, China carried out three
batches of low-carbon city pilot policies in 2010, 2012 and 2017. It has been pointed out
that the construction of low-carbon cities has an important impact on carbon emissions
and environmental governance [53,54]. Compared with non-low-carbon cities, low-carbon
cities have more advantages in terms of actual conditions and environmental policies.
From the perspective of reality, according to emission reduction indicators and assessment
standards, the government determines low-carbon pilot cities based on the comprehensive
determination of transportation, industry, consumption, energy, policy, technology and
other aspects, so the pilot cities themselves have advantages in low-carbon construction.
From the perspective of environmental policy, the government has put forward higher
requirements for industrial development, energy conservation and emission reduction
of low-carbon pilot cities. To test the heterogeneity of low-carbon cities, the samples are
divided into low-carbon city samples and non-low-carbon city samples according to the
low-carbon city pilot policy. Table 8’s regression results show that compared with non-low-
carbon cities, network infrastructure construction has a more significant effect on energy
conservation and emission reduction in low-carbon cities.
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Table 8. Regression results of low-carbon city heterogeneity.

Low-Carbon Cities Non-Low-Carbon Cities

(4]

(2)

3

@

InEneEff InCO2 InEneEff InCO2
NIC x Post 0.155 *** —0.121 *** 0.125 *** —0.00466
(3.832) (—4.724) (3.315) (—0.155)
GDPr 1.169 *** —1.516 *** 0.478 —0.688 *
(3.054) (—5.043) (1.039) (—1.860)
InFDI 0.0439 *** —0.0435 *** —0.000559 —0.00454
(3.308) (—3.750) (—0.043) (—0.440)
Density 0.0545 ** —0.0241 —0.0315 0.0376 **
(2.192) (—1.504) (—1.376) (2.432)
Struc 0.721 ** —1.288 *** 0.347 —0.555 ***
(2.370) (—5.800) (1.164) (—3.330)
Internet 0.218 *** —0.0843 *** —0.0147 —0.0787 *
(4.568) (—3.386) (—0.322) (—1.809)
SO2 —0.0115 ** 0.00218 —0.00271 0.00106
(—2.335) (0.664) (—0.540) (0.290)
_cons 1.646 *** 4.767 *** 2.570 *** 3.844 ***
(9.947) (39.896) (14.207) (34.873)
City fixed effect Yes Yes Yes Yes
Year fixed effect Yes Yes Yes Yes
N 1338 1338 1915 1915
Adj. R? 0.823 0.920 0.788 0.866

Note: ***, **, * indicate significance at the level of 1%, 5% and 10%, respectively; the coefficient in brackets below is
the t-statistic.

5. Discussion

The conclusion of this paper points out that the construction of network infrastructure
is helpful to realize regional energy conservation and emission reduction. On the one hand,
the construction of network infrastructure improves the speed of information dissemination
and diffusion, and promotes the realization of intelligent production in relevant industries,
such as production and marketing, so as to effectively reduce production costs, shorten
the time to market of products, reduce repeated energy consumption, etc., and promote
energy conservation and emission reduction in the whole life cycle production. On the
other hand, network infrastructure construction also promotes energy conservation and
emission reduction in regional economic development by influencing green innovation of
enterprises, micro-mechanisms of energy efficiency and macro-mechanisms of industrial
structures and financial development. From the closely related literature of this article,
Zhang et al. explored the relationship between the digital economy, energy efficiency and
carbon emissions by using provincial and regional data [8], and Xu and Zhong discuss
the relationship between ICT capital and shared prosperity, energy conservation and
emission reduction [6], but these studies tended to reflect the macro-level analysis and did
not reach a consensus conclusion. Some studies have discussed the impact of network
infrastructure construction on greenhouse gas emissions [55,56], but these studies lack a
discussion on the impact network infrastructure construction on energy efficiency. This
paper makes the following research expansion based on existing research. First, it examines
the comprehensive impact of network infrastructure construction from the aspects of energy
efficiency and carbon emissions. Second, it studies how network infrastructure affects
energy conservation and emission reduction from both micro and macro mechanisms,
which enriches the relevant research in this field.

This paper uses China’s city-level data and estimates based on the quasi-natural ex-
periment of the “Broadband China” policy. This has the following advantages. Firstly, after
the establishment of the “Broadband China” demonstration city (urban agglomeration),
the focus of urban development is to strengthen the construction of network infrastructure,
such as strengthening the construction of optical fiber networks, supporting the research
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and development of key core technologies of broadband networks and the industrialization
of products, which better fits the research theme of this paper. Secondly, the establishment
of “Broadband China” model cities is mainly based on the city’s household broadband
access capacity, broadband penetration rate, mobile phone penetration rate, broadband
user penetration rate and other relevant indicators, and the establishment of model cities
is also strictly screened by relevant departments. Therefore, the “Broadband China” pol-
icy itself has a certain randomness, which can provide a quasi-natural experiment for
this study.

With the wide application of digital technologies such as artificial intelligence, big data,
blockchain and so on, more and more research has focused on the relationship between dig-
ital technology, energy efficiency and carbon emissions [9-13]. While this paper discusses
the impact factors of energy conservation and emission reduction from the perspective of
network infrastructure construction, the following aspects are mainly considered. Firstly,
from the reality and relevant survey results, the success rate of enterprise digital transforma-
tion is low, and core indicators such as digital economy are difficult to accurately quantify.
Therefore, it is necessary to re-evaluate the effect of energy conservation and emission
reduction from the perspective of network infrastructure construction. Secondly, network
infrastructure has the characteristics of basic and quasi-public goods, which can provide a
micro-view for the study of energy conservation and emission reduction mechanisms of
the whole life cycle production. Thirdly, the deep integration of network infrastructure
and traditional industries has also brought about changes in industrial structures and
financial development model, so it is also necessary to explore its macro-role mechanism
in the development of a low-carbon economy. The energy conservation and emission
reduction effect of network infrastructure construction may also be restricted by the degree
of resource abundance, urban development and low-carbon policies; therefore, this paper
also considers the heterogeneity of the above factors.

6. Conclusions and Prospects

The dual-carbon target strategy is a major commitment made by China to deal with
global warming, which puts forward higher requirements for energy conservation and
emission reduction. In this context, it is particularly important to explore the factors affect-
ing energy conservation and emission reduction. Based on the “Broadband China” policy
as a quasi-natural experiment, this paper discusses the impact of network infrastructure
construction on energy conservation and emission reduction. The results show that the
construction of network infrastructure significantly improves the energy utilization rate
and reduces carbon emission intensity, thus achieving the effect of energy conservation
and emission reduction. From the perspective of micro-mechanisms, the construction of
network infrastructure affects the effect of energy conservation and emission reduction by
influencing the production behavior of enterprises such as green technology innovation
and energy efficiency. From the perspective of macro mechanisms, the construction of
network infrastructure promotes the development of the Internet and digital economy, and
further promotes the industrial structure and financial development, thus contributing to
the realization of energy conservation and emission reduction. The heterogeneity analysis
shows that the network infrastructure construction has a more significant effect on energy
conservation and emission reduction in non-resource-based cities, and there is a certain
“resource curse” phenomenon in resource-based cities. Compared with the central and
western regions, the impact of network infrastructure on energy conservation and emis-
sion reduction is more obvious in the eastern region. The digital divide affects the effect
of network infrastructure construction on energy conservation and emission reduction.
Network infrastructure construction has a more significant impact on energy conservation
and emission reduction in low-carbon cities compared with non-low-carbon cities.

The research of this article has important guiding significance for regions or countries
that aim to achieve energy conservation and emission reduction. Firstly, the value of net-
work infrastructure construction lies in that it not only improves people’s living quality and
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the production efficiency of enterprises, but also plays a significant role in improving energy
efficiency and reducing the intensity of carbon emission. Hence, a country’s economic con-
ditions and environmental problems can be improved. Therefore, the government should
further increase investment in network infrastructure construction, support enterprises to
improve production efficiency through intelligent transformation and develop advanced
energy-saving and environmental protection technologies and equipment. Secondly, for
those resource-dependent countries or regions, the government should focus on promoting
the transformation of the economic growth mode of resource-based cities and promote
the low-carbon development of industries with intelligence production. Due to the het-
erogeneity of the impact of network infrastructure construction on energy conservation
and emission reduction, resource-dependent cities promote the transformation of their
economic growth mode through the development of information and communication
technology, which will further help them to solve environmental problems. Finally, for
those underdeveloped countries or regions, strengthening the construction of network
infrastructure is an important channel to achieve leapfrog growth.

The research of this paper deeply discusses how the construction of network infras-
tructure affects energy conservation and emission reduction from both micro and macro
mechanisms, providing a new perspective for sustainable development research. However,
there is still room for improvement in our research. First of all, the research object of this
paper is the city, which means that the analysis of the impact of network construction on
energy utilization rate and carbon emission intensity of enterprises needs to be further
studied in depth. Secondly, the impact of network infrastructure construction on energy
conservation and emission reduction in different industries may be different, which requires
further explanation. Our next research will focus on the impact of network infrastructure
construction on enterprises and consumers at the micro level.
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