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Introduction: The implementation of energy-consuming right trading (ECRT)
policy in 2017 is a major measure to promote the construction of ecological
civilization and green development, which also aligns with the global trend
towards sustainable energy management and carbon emission reduction.

Methods: Based on energy consumption data in China from 2010 to 2021, this
paper utilizes the Difference-in-Differences (DID) method to assess the extent
and process of the impact of energy consuming right trading policy on the low-
carbon transition of the energy structure. The transmission mechanism of
industrial structure upgrading and the new-quality productive forces in the
impact process was discussed, and the regulatory role of environmental
regulations was tested.

Results: The findings indicate: 1) ECRT has a strong driving effect on the low-
carbon transition of the energy structure. 2) ECRT can promote low-carbon
transition of the energy structure through the dual channel of promoting
industrial structure upgrading and new quality productive forces. 3) The
influence of ECRT on the low-carbon transition of the energy structure is
different in different regions, and the higher degree of industrial
agglomeration and renewable energy-rich regions are more significantly
promoted by new quality productivity. 4) Environmental regulation has a
significant positive moderating effect on the relationship between ECRT and
low-carbon transition of the energy structure. 5) Furthermore, the exploratory
analysis reveals that the positive impacts of ECRT policies on the low-carbon
Transition of the energy structure translates into higher green total factor
productivity and lower environmental pollution, which promotes the
sustainable development of the low-carbon Transition of the energy structure.

Discussion: This paper responds to the basic question of whether energy use
rights policies can promote the low-carbon Transition of the energy structure,
and provides empirical evidence and policy reference not only for the
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development of China’'s environmental policy and the direction of energy
consumption but also for the international community’s efforts in sustainable
energy and environmental governance.

low-carbon transition of the energy structure, ECRT, industrial structure, industrial
agglomeration, environmental regulation, new-quality productive forces

1 Introduction

The motivation of the United Nations Sustainable Development
Goals is for the whole world to join hands to address multiple
challenges, focusing on ecological protection and energy
transformation, and building a harmonious coexistence pattern to
promote the all-round development of mankind and the sharing of
wellbeing. Since reform and opening up, China has not only
experienced rapid economic growth, but also a sharp rise in
energy consumption and carbon emissions (Irfan et al., 2021). As
a large energy-consuming country, coal accounts for the vast
majority of China’s energy consumption. For a long time,
China’s overreliance on and extensive consumption of traditional
energy sources have resulted in a series of serious problems such as
environmental pollution and resource exhaustion (Wang et al,
2021). Energy consumption and carbon emissions have increased
sharply at the turn of the century (Green and Stern, 2017).
According to the International Energy Agency (IEA), China has
surpassed the United States as the largest carbon emitter in the world
in 2007 (Lietal,, 2021). To actively respond to global climate change,
the Chinese government has established a series of emission
reduction targets. Among them, the most important one is the
“dual control” target: controlling carbon emissions and reaching
carbon peaking. In 2009, the Chinese government made a
commitment at the Copenhagen Global Climate Conference that
by 2020, China’s carbon emissions per unit of gross domestic
product (GDP) would be reduced by 40%-45% compared with
2005. In 2015, China submitted its Intended Nationally Determined
Contributions (INDC) on combating climate change to the United
Nations, announcing that it would reach the peak of carbon dioxide
emissions around 2030 and reduce carbon dioxide emissions per
unit of GDP by 60-65 percent compared with the 2005 level. For the
realization of these goals, China has implemented systematic
China
enormous pressure in carbon emission reduction. Currently,

emission reduction measures. Nevertheless, faces
China’s economic development is highly reliant on coal, and the
energy consumption structure is extremely unbalanced. The
optimization and adjustment of the energy structure is a crucial
force in promoting “carbon peaking and carbon emission
reduction.” Increasing the development and utilization of green
energy, reducing dependence on fossil energy, and promoting the
development of the energy structure in a green, low-carbon, and
sustainable direction have become an urgent need.

In this context, the Chinese government proposed to carry out
pilot projects of paid use and trading of energy consumption rights
in four provinces: Zhejiang, Fujian, Henan and Sichuan in 2016.
Provinces actively implement the practice of ECRT, precisely define
the scope of trading pilot projects, enhance platform construction,

and validate price mechanisms. By the end of 2021, the Chinese
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government put forward further the policy of deepening the ECRT
and strengthening its overall coordination and connection with
carbon emission rights trading. In 2022, the Chinese government
additionally pointed out that it is imperative to refine the regulation
of total energy consumption and intensity. ECRT is designed to
advance the market-oriented reform of resource elements and fully
leverage the decisive role of the market in resource allocation,
thereby establishing a powerful reverse mechanism. It spurs
enterprises to enhance energy consumption management and
effectively control their own energy consumption through various
means. Consequently, it promotes the adjustment and upgrading of
the energy structure and expedites the transformation of the
development mode of energy consumption.

Globally, many countries are also facing similar challenges in
energy consumption and carbon emissions. The European Union,
for example, has been at the forefront of promoting renewable
energy and carbon reduction policies. It has set ambitious targets for
reducing greenhouse gas emissions and increasing the share of
renewable energy in the energy mix, and has implemented a
series of measures such as carbon trading schemes and strict
environmental regulations. These policies have not only had a
significant impact on the energy structure and economic
development within the EU, but also provided valuable
experience and reference for other countries. In addition,
countries like the United Kingdom have made significant
progress in phasing out coal-fired power plants and promoting
the development of clean energy technologies. The United States,
although its policies have fluctuated in recent years, also has a long
history of research and practice in energy conservation and emission
reduction technologies and policies.

As the ECRT becomes an important driving force for high-quality
economic development and in response to the urgent requirements of
climate change actions, exploring the contribution of ECRT to the low-
carbon transformation of the energy structure can provide theoretical
support for reasonably enhancing the government’s environmental
regulatory capacity and promoting energy conservation and emission
reduction. It can also contribute to the international community’s
understanding and efforts in global climate change mitigation and
energy structure optimization, allowing for more international
cooperation and knowledge sharing in this area. The structure of
this article is shown in the figure as follows Figure 1.

2 Literature foundation
2.1 Discussion on environmental policy

Environmental resources are the foundation for the survival and
development of human society. They are public goods that are not
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TABLE 1 Descriptive statistics.

10.3389/fenvs.2024.1502860

Variable Obs Mean SD Min Max
InLCES 330 1.7351 0.069 1.6176 1.9665
Treat x Time 330 0.0606 0.239 0.0000 1.0000
InSR 330 0.8728 0.050 0.7572 1.0418
InNQP 330 ~1.9253 0.791 -3.6213 ~0.1315
InER 330 ~3.9893 0.925 ~7.7198 ~1.4061
InIN 330 9.6139 1.397 53181 12.3990
InPGDP 330 22315 0.048 2.1450 23777
InRD 330 ~4.2543 0.598 ~5.4941 ~2.7289
InTL 330 ~2.5520 0301 -3.1173 ~1.6112

Does Energy-consuming right trading policy achieve a low-carbon Transition of
the energy structure? A quasi-natural experiment from China
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Framework structure chart.

Policy implications of energy-consuming right trading

Comprehensive
analysis

exclusive but competitive, with serious externalities and are
protected by environmental regulations. Therefore, this article
divides  global
environmental policies, national environmental policies, and

environmental policies into international
regional environmental policies according to their effectiveness

for discussion respectively.
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2.1.1 International environmental policies
International environmental policies address a range of
environmental issues, including biodiversity loss, climate change,
and pollution. Through international conventions and agreements,
countries cooperate to set goals, develop strategies to address
environmental threats, and establish regulations. International
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Trend chart of the mean value change of low-carbonization of
energy structure.
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Trend chart of the mean value change of new-quality productive

forces level.

environmental regulations include: The United Nations Framework
Convention on Climate Change (UNFCCC), which was adopted in
1992 and has been ratified by almost all countries. It has laid the legal
foundation for international cooperation in addressing climate
change and is an authoritative, universal, and comprehensive
international framework (Awewomom et al., 2024). The United
Nations Convention to Combat Desertification (UNCCD) was
adopted in Paris, France on 17 June 1994. It is the vision and
spokesperson for the global land and aims to promote strengthened
cooperation among the international community in combating
desertification and alleviating the impacts of drought (Dooley,
2002). The Convention on Biological Diversity (CBD) is a legally
binding international treaty with three main objectives: conserving
biological diversity, sustainably using biological diversity, and
sharing the benefits arising from the utilization of genetic
resources in a fair and equitable way (Normile, 2010). The
UNFCCC, the UNCCD and the CBD are collectively known as
the “Rio Conventions.” The Kyoto Protocol is a branch of the United
Nations Framework Convention on Climate Change (UNFCCC). It
commits industrialized countries and economies in transition to
limit and reduce greenhouse gas (GHG) emissions in accordance
with agreed specific targets and implements the United Nations
Framework Convention on Climate Change (Depledge, 2022). The
Paris Agreement came into force on 4 November 2016. It is a legally
binding international treaty and marks the beginning of a transition
to a world of net zero emissions (Meinshausen et al., 2022). These
environmental regulatory policies play a crucial role in preventing
global  pollution, sustainable

promoting development, and

protecting natural resources. At present, the international
environment is complex and volatile, which has a great impact
on environmental issues. Conducting international cooperation is
an effective way to address these challenges. The establishment of
the United Nations Environment Agency has generally promoted
international cooperation and the emergence of international law
(Perrez, 2020). However, there are some countries that may raise
objections to the environmental regulatory policies of the United

Nations. For instance, Pallemaerts M criticizes that international
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environmental law subordinates environmental policy obligations to
economic development policies, thereby reflecting the triumph of
unrestrained anthropocentrism (Pallemaerts, 1992).

2.1.2 National environmental policies
Countries formulate environmental policies according to

national locations, economic structures and

geographical
priorities, etc., including a series of regulations, laws and plans
that are conducive to environmental

reducing pollution,

maintaining ecological balance and promoting sustainable
development (Assamoi and Wang, 2023). National environmental
policies include: In 2018, the British government promulgated
Our 25 Year

Environment,” which clarifies the actions and measures of

“A Green Future: Plan to Improve the
the British government to help restore the natural environment
and maintain the health of the people (HM Government, 2018).
In 2021, the government announced the “Net Zero Strategy,”
detailing a series of measures to help the country achieve net
zero emissions by 2050 (HM Government, 2021). As the
environmental protection authority of the U.S. government, the
United States (USEPA)

undertakes responsibilities such as formulating and implementing

Environmental Protection Agency
environmental protection policies, monitoring and evaluating
environmental conditions, formulating environmental standards
and regulations, enforcing laws and supervision, as well as
environmental research and technical support (Anastas and
Zimmerman, 2021). As the largest developing country in the
world, along with economic development, social progress and the
improvement of public environmental awareness, China has
adopted policies to protect the environment, implemented the
sustainable development strategy and explored a new path of
giving priority to ecology and green development (Zhang
et al.,, 2024).

2.1.3 Regional environmental policies

Regional environmental policies have exerted a remarkable
influence in alleviating pollution issues across different regions by

frontiersin.org
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TABLE 2 Regression results.

Variable

10.3389/fenvs.2024.1502860

Treat x Time 0.0116%* 0.0144** 0.01547%* 0.0168*** 0.0169**
(0.0058) (0.0058) (0.0059) (0.0058) (0.0058)
InIN —0.0137*** —0.0129%** —0.0094** -0.0093**
(0.0042) (0.0042) (0.0043) (0.0044)
InPGDP -0.1351 -0.1819 —-0.1928
(0.1264) (0.1253) (0.1515)
InRD —0.0338*** —0.0339***
(0.0105) (0.0105)
InTL -0.0016
(0.0128)
Constant 1.7344*% 1.8664*** 2.16014* 2.0867* 2.1055%**
(0.0010) (0.0401) (0.2778) (0.2743) (0.3116)
N 330 330 330 330 330
R 0.9410 0.9431 0.9434 0.9454 0.9454
Year FE Yes Yes Yes Yes Yes
Prov FE Yes Yes Yes Yes Yes

Note: At 10%, 5%, and 1% levels, respectively, *, **, and *** signify statistical significance. Parentheses denote robust standard errors.

means of comprehensive international cooperation and the
construction of a unified environmental management system
among partner This transnational cooperation
mechanism has notably enhanced the processing efficiency in
Regional
environmental policies frequently give rise to the establishment of

countries.

addressing  regional  environmental  problems.
regional agreements, norms and standards that are designed to
curtail pollution emissions, restrain waste migration, enhance
resource utilization efficiency and preserve biodiversity. These
environmental policies create a system of resource sharing and
cooperation for participating countries and jointly assume the
collective responsibility for environmental protection and
sustainable development within the region (Yang et al, 2023).
According to the reports of ASEAN countries in their Voluntary
National Reviews (VNRs), some countries have promulgated many
environmental policies on achieving the Sustainable Development
Goals. However, the main reasons for the insufficient progress of
ASEAN countries in the environmental dimension of the Sustainable
Development Goals are insufficient environmental policies or
insufficient attention to the Sustainable Development Goals (Elder
and Ellis, 2023). The formulation of European forest policies is
influenced by the process of European integration. After the
European Commission launched the new “EU Biodiversity Strategy
for 2030” and the new “EU Forest Strategy,” the polarization between
the environment and forestry and land use alliances is still continuing.
However, the introduction of these environmental policies has
restoring the health of the natural

environment, protecting wild animals and plants, creating new

injected vitality into
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economic opportunities and improving the quality of life of the
people of the European Union (Sotirov et al., 2021).

2.2 Influencing factors of energy structure

At present, there are relatively few literatures on energy structure
research, and most of these literatures focus on the relationship
between energy consumption and its influencing factors (Oteng-
Abayie and Mensah, 2024; Zou and Chau, 2006). Regarding the
influencing factors of energy structure transformation, existing
research mainly analyzes from two levels: internal structure and
external regulation. First, for internal structural factors, climate
financing and the development of innovative technologies
accelerate the commercialization of promising clean technologies
in the medium term, increase energy self-sufficiency, and reduce the
proportion of coal in terminal consumption, thereby inhibiting the
transformation of an energy structure dominated by coal (Warren,
2020). Industrial agglomeration brings economies of scale and
agglomeration effects. Through resource sharing within the
region, it improves energy utilization efficiency, promotes energy
conservation and emission reduction, and then promotes the low-
carbon transformation of the energy structure (Lin and Zhu, 2017).
However, in the traditional industrial structure, the increase in the
output value of high-energy-consuming industries and backward
production management equipment will lead to a reduction in
energy utilization efficiency, which is not conducive to the low-
carbon transformation of the energy structure (Xia and Wang,

frontiersin.org


https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2024.1502860

Chen et al.

15

Regression Coefficients
.05
!

T T T T T
policy  aft1 aft2 aft3 aft4
Policy Time

T T T T
bef bef4 bef3 bef2

FIGURE 4
Parallel trend test.

2020).
environment is one of the internal driving forces to promote the

Second, for external regulatory factors, the policy

transformation of the energy structure (Bai et al., 2023; Jia et al,
2024; Su and Tan, 2023). Differentiated environmental policies will
have different impacts on energy consumption (Jia et al., 2024). The
implementation of carbon trading policies can improve energy
utilization efficiency and solve the problem of energy structure
transformation (Hong et al, 2022). However, the policies of
some countries and regions may trigger a green paradox, thus
producing unexpected adverse consequences (Grafton et al., 2014).

In conclusion, scholars have conducted multi-dimensional
analyses of environmental policies and energy structures and
achieved relatively fruitful results. However, at present, there are
relatively few studies on the relationship between environmental
policies and energy structures. Based on this, from the perspective of
ECRT, we study its mechanism of action on the energy structure. By
employing the entropy method and the benchmark regression
model and selecting panel data of 30 provinces (including
municipalities directly under the central government) in China,
we measure the energy structure. We empirically test the impact of
energy consumption rights policies on the low-carbonization of the
energy structure and put forward suggestions to promote the low-
carbon transformation of the energy structure. The possible
marginal contributions are as follows: First, quantitatively
measure the low-carbonization of the energy structure from an
empirical perspective and study the specific impact of energy
consumption rights policies on the low-carbon transition of the
energy structure, in order to provide a reference for promoting the
development of energy-consuming rights trading policy and the
low-carbon transformation of the energy structure. Second, this
study delves into the mechanism through which industrial structure
upgrading and new-quality productive forces play a role in
promoting the low-carbon transformation of the energy structure
under energy consumption rights policies. Additionally, it examines
the moderating effect of environmental regulations, thereby
providing a foundation for formulating effective industrial and
energy policies. Third,
grounded in the

undertake a heterogeneity analysis
degree of industrial agglomeration and
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Results of the placebo test.

renewable energy endowment. This analysis aims to unveil the
disparities in the impact of energy consumption rights policies
on the low-carbon transformation of the energy structure under
diverse circumstances, thereby offering a reference for the precise
implementation of regional policies.

3 Theoretical analysis and research
hypothesis

3.1 Energy-consuming rights trading policy
and energy structure

The energy-consuming rights trading policy assists in promoting
the low-carbon transformation of the energy structure by promoting
the intelligent and efficient use of energy (Zhang et al., 2023). Energy is
the foundation of human social development and economic
operation. However, the traditional energy supply model faces
many problems such as environmental pollution, resource
depletion and carbon emissions (Guo et al, 2024a). In this
context, the proposal of the energy-consuming rights trading
policy provides new opportunities and impetus for the low-carbon
transformation in the energy field. According to Porter’s hypothesis,
the energy consumption right trading system will promote
technological innovation (America’s Green Strategy, 1991). New
technologies including artificial intelligence, big data analysis, the
Internet of Things, and blockchain are all within the realm of
technological innovation. Their rapid development and application
are driving the transformation and upgrading of traditional industries
and attracting numerous high-end talents and enterprises to invest
and cluster. This process also exerts a revolutionary impact on the
energy sector. The application of artificial intelligence technology in
the energy field, through establishing an accurate energy consumption
relationship system, not only enables energy consumers to have a
better understanding of energy consumption but also realizes efficient
energy distribution and intelligent scheduling, thus improving the
energy structure. With the assistance of the Internet of Things and big

data analysis, an intelligent energy network is established to facilitate
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TABLE 3 The results of replacing the dependent variables.

Variable

10.3389/fenvs.2024.1502860

Treat x Time —0.0664*** —0.1458*** 0.0255**
(0.0174) (0.0207) (0.0104)
nIN 0.0056 0.2845%%* -0.0144
(0.0561) (0.0138) (0.0111)
InPGDP -3.8389 —1.5487%%* 0.2774
(2.1983) (0.3992) (0.6317)
InRD 0.3139*** 0.0259 -0.0603
(0.0917) (0.0289) (0.0480)
InTL 0.1067 0.2483%* 0.0232
(0.1381) (0.0395) (0.0380)
Constant 9.0420* 11.7581*** 1.0797
(4.0885) (0.9783) (1.3630)
N 330 330 60
R 0.8886 0.4647 0.9755
Year FE Yes Yes Yes
Prov FE Yes Yes Yes

Note: At 10%, 5%, and 1% levels, respectively, *, **, and *** signify statistical significance. Parentheses denote robust standard errors.

the large-scale utilization of renewable energy. Meanwhile, as human
understanding of nature and the level of scientific and technological
innovation grow, enterprises can develop more advanced and efficient
new materials and new energy sources, thereby reducing reliance on
limited resources and promoting the optimization and adjustment of
the energy structure. Therefore, the formation and development of the
energy-consuming right trading policy will have a direct influence on
the low-carbon transformation of the energy structure. Based on the
above analysis, a research hypothesis is put forward.

H1: The energy-consuming right trading policy can promote the
low-carbon transformation of the energy structure.

3.2 The mediating role of industrial
structural upgrading

The energy-consuming right trading policy centers on industries.
Through the application of new technologies, new processes and new
models, it drives the upgrading of industrial structure and facilitates
the transformation of traditional industries into emerging industries
with high added value and efficient energy utilization (Liu et al., 2020).
Consequently, it provides the necessary technical conditions and
industrial space for the transformation of energy structure. In the
context of the rapid iterative upgrading of technology, a series of
emerging industries with long-term development orientations, such as
intelligent manufacturing, new materials, and environmental
protection equipment, have come

into being, unleashing

Frontiers in Environmental Science

tremendous development potential and facilitating the continuous
upgrading of industrial structure and high-quality economic
development. Meanwhile, the upgrading of industrial structure
reduces the demand for coal in energy at the production end, cuts
down carbon emissions and propels the transformation of energy
structure. Specifically, as new energy technologies achieve continuous
breakthroughs, the corresponding industrial chains also emerge and
grow. These burgeoning industries can not only optimize the
traditional industrial structure but also stimulate the development
of related ancillary industries such as equipment manufacturing,
energy storage, and smart grids, thereby forming a complete new
energy industry system and offering crucial support for the low-
carbon transformation of the energy structure (Yang et al,, 2024).
Based on the above analysis, a research hypothesis is put forward.

H2: The energy-consuming right trading policy promotes the low-
carbon transformation of the energy structure by promoting
the upgrading of industrial structure.

3.3 The mediating role of new quality
productive forces

The energy-consuming right trading policy offers substantial
support for the development of new-quality productive forces by
stimulating enterprises’ internal impetus for energy conservation and
consumption reduction through market mechanisms. New-quality
productive forces are complex productive forces with scientific and

frontiersin.org
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Balance test.

technological innovation as the fundamental driving force and are
characterized by the enhancement of labor productivity, the
expansion of division of labor, product innovation, and the all-
round and free development of people. They are a new type of
productive force with an endogenous dynamic mechanism and
continuously increasing sustainability (Li et al., 2024). New quality
productive forces have promoted the emergence of new technologies
such as artificial intelligence, big data, and 5G. These new technologies
can improve production efficiency, optimize industrial chains, create
new business models, and enhance resource utilization efficiency and
green technology innovation capabilities (Liu and He, 2024). New
quality productive forces promote the agglomeration of elements such
as finance, technology, and human resources, and promote the
formation and development of emerging industrial chains, thereby
promoting green technology improvement and production process
optimization among each other (Guo et al., 2024b; Wang et al., 2024a).
New-quality productive forces improve total factor productivity and
reduce environmental pollution by strengthening the efficient flow
and sharing of information, technology, talents, and resources (Li and
Liu, 2024). Therefore, the energy-consuming right trading policy can
help build a new low-carbon, efficient and coordinated energy
production and consumption system by promoting new-quality
productive forces, thus providing solid support for the low-carbon
transformation of the energy structure. Based on the above analysis, a
research hypothesis is proposed.

H3: The energy-consuming right trading system promotes the low-

carbon transformation of the energy structure by promoting
new-quality productive forces.

4 Research design

4.1 Model setting

To investigate the influence of the energy-consuming right
policy on the low-carbon transformation of the energy structure,
this article sets up the following regression model.
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FIGURE 7
The results of propensity score value probability distribution
density function.

InLCES;; = o + ftreat; x time, + 6 X + p; + A, + & (1)

In this context, i and t respectively stand for province and year.
The explained variable, InLCES;, represents the low-carbon index of
the energy structure. treat; is a dummy variable for pilot provincial
regions. time, is a dummy variable for the occurrence time of the
pilot policy. Xj is the control variable. y; and A, are provincial fixed
effects and year fixed effects
random error term.

respectively. & is the

4.2 Variable description

4.2.1 Explained variable

Low-carbonization of energy structure (InLCES;) serves as a
crucial indicator for gauging the low-carbon transformation of
energy structure in a region (Guo and Hu, 2023). In this paper,
the low-carbonization index of energy structure is employed for
characterization. Unlike the traditional calculation methods that use
the proportion of coal or clean energy consumption, this paper
classifies the consumed energy into coal, oil and gas, and other
energy consumption. The low-carbonization index of energy
structure is calculated by adopting the algorithm of spatial vector
included angle. The specific calculation method is as follows:

First, the consumed energy is divided into three categories: coal, oil
and gas, and other energy consumption. The consumption proportion
of each type of energy in year t is taken as a component of a spatial
vector, thus forming a set of three-dimensional vectors.

E; = (e}, e, ¢€}) 2
Second, calculate the included angles 0L, Hf and 9? between E;

and the vectors Ej = (1,0,0), E2=(0,1,0) and E} = (0,0,1)
arranged from high-carbon to low-carbon energy consumption.

3 . .
2 (e} x &
i=1

0! = arccos

: : o li=123 3)
(S <3 r)
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TABLE 4 Regression results of excluding the interference of other
environmental policies.

Variable InLCES InLCES
1) (2
Treat x Time 0.0219*** 0.0189***
(0.0064) (0.0060)
InIN —0.0099** —-0.0113**
(0.0046) (0.0051)
InPGDP —0.3503** -0.0064
(0.1621) (0.1995)
InRD —-0.0369*** —-0.0293**
(0.0107) (0.0122)
InTL 0.0009 -0.0066
(0.0142) (0.0147)
Constant 2.4288*** 1.7135%%*
(0.3320) (0.4220)
N 253.0000 253.0000
R’ 0.9412 0.9491
Year FE Yes Yes
Prov FE Yes Yes

Note: At 10%, 5%, and 1% levels, respectively, *, **, and *** signify statistical significance.
Parentheses denote robust standard errors.

Finally, weight all the vector included angles in year ¢ to form the
low-carbonization index of energy structure LCES;. The specific
calculation formula is as follows:

LCES; = iie{ (4)

s=1t=1

4.2.2 Explanatory variable

The dummy variable of ECRT (treat; x time,;) is the core
explanatory variable of this paper (Wang et al, 2024b). Among
them, treat; is a group dummy variable. According to the
establishment of energy-consuming right pilot areas, if an
energy-consuming right pilot is established in this area, the
variable takes the value of 1; otherwise, it takes the value of 0.
time; is a time dummy variable. It takes the value of 1 for years
2017 and after, and takes the value of 0 before 2017.

4.2.3 Intermediary variable

Industrial structure upgrading (SR) refers to the process in
which the proportion of different industries in the economic
structure of a country or region changes and develops in the
direction of more modern, high-value-added, and high-tech
industries. Referring to the research of Xv et al. (Xv and Jiang,
2015), the level of industrial structure upgrading is calculated
through Formula 5, where g; is the output value proportion of
the i-th industry.
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SR=Yg xi 5)

i=1

New quality productive forces (NQP) are rich in connotations
and cover multiple aspects such as new technologies, new models,
and new industries. Thus, following the method of Lu et al. (2024),
an evaluation system for new-quality productive forces is
constructed from three aspects: scientific and technological
productive forces, green productive forces, and digital productive
forces. The entropy weight-TOPSIS method is employed to calculate
new-quality productive forces.

4.2.4 Moderating variable

Environmental regulation (ER) represents a series of regulations
and controls of the government on regional green development. In
this paper, it is measured by the proportion of the completed
investment in industrial pollution control of each province in
industrial added value (Guo et al., 2024c).

4.2.5 Control variable

Referring to the practice of Guo et al. (2024d), this paper selects a
series of control variables that may affect the low-carbon
transformation of energy structure, specifically including:
innovation level (IN), represented by the number of invention
patent applications received; economic development level
(PGDP), represented by per capita GDP price deflator; research
and development intensity (RD), represented by the ratio of internal
expenditure on research and development to regional GDP; tax
burden level (T'L), represented by the ratio of tax revenue to

regional GDP.

4.3 Data sources and descriptive statistics

This study employs balanced panel data of 30 provinces in China
(excluding Hong Kong, Macao, Taiwan, and Tibet) from 2010 to
2021 to investigate the impact of the initiation of ECRT in 2017 on
the low-carbon transformation of regional energy structure. The
data sources are the Statistical Yearbooks of China over the years,
statistical yearbooks of various provinces, etc. Missing values are
filled by interpolation. To eliminate heteroscedasticity in the data
and make it more stable, after taking logarithms of all variables, the
descriptive statistical information of each observed variable is as
shown in Table 1.

4.4 Analysis of calculation results

4.4.1 The level of low-carbonization of
energy structure

According to Formulas 2-4, the changing trend of the average
value of low-carbonization of energy structure in the whole country
and major regions is shown in Figure 2. The level of low-
carbonization of energy structure presents a pattern of “Eastern >
Western > Central.” As the economic and technological innovation
center of China, the eastern region is home to more research and
development institutions and high-tech enterprises. It can absorb
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TABLE 5 Regression results of the mediating effect.

Variable

10.3389/fenvs.2024.1502860

Treat x Time 0.0105%** 0.1146%**
(0.0030) (0.0199)
InSR 0.7875***
(0.1002)
InNQP 0.0134*
(0.0061)
InIN —0.0044* 0.0077* 0.5041%* -0.0034
(0.0023) (0.0043) (0.0259) (0.0029)
InPGDP -0.0521 -0.1954 1.8661*** 0.9336***
(0.0788) (0.1865) (0.4535) (0.0424)
InRD 0.0054 0.0317%* -0.0707 —0.0309***
(0.0055) (0.0121) (0.0686) (0.0068)
InTL 0.0084 —0.0568*** 0.2909** 0.0381%**
(0.0066) (0.0143) (0.0497) (0.0049)
Constant 1.0747%% 1.3995%* —-10.5013%** -0.3240**
(0.1621) (0.4187) (1.4908) (0.1342)
N 330 330 330 330.0000
R’ 0.967 0.890 0.8138 0.6122
Year FE YES YES YES YES
Prov FE YES YES YES YES

Note: At 10%, 5%, and 1% levels, respectively, *, **, and *** signify statistical significance. Parentheses denote robust standard errors.

and apply new energy technologies more rapidly, thus promoting
the low-carbonization process of the energy structure. Although the
overall economic level of the central region is higher than that of the
western region, the industrial structure of the central region is more
reliant on traditional energy sources and faces greater pressure in
industrial transformation and upgrading as well as low-carbon
development. In contrast, the western region is abundant in
energy sources such as solar energy, wind energy, and
geothermal energy. Under the guidance of the national low-
carbon development strategy, more emphasis will be placed on
developing local renewable energy to achieve a win-win situation
between economic development and environmental protection (Liu
et al., 2024).

4.4.2 Level of new quality productive forces
According to the aforementioned approach, the evaluation
scores of new-quality productive forces for 30 provinces
(including municipalities directly under the central government)
are calculated. The trend of the average value of new-quality
productive forces in the whole country and the three major
regions is depicted in Figure 3. In terms of regional distribution,
the level of new-quality productive forces exhibits a pattern of
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“Eastern > Central > Western.” The development level of new-
quality productive forces in the eastern region is higher than the
national average. Firstly, the economic foundation is one of the
fundamental causes for this regional disparity. Benefiting from the
unique geographical advantages of the eastern region and the early
implementation of reform and opening-up policies, it has amassed
abundant capital and technological resources. The higher social
productivity and consumption level also provide solid economic
support for the transformation and application of new-quality
productive forces, endowing the eastern region with a distinct
advantage in the initial accumulation of new-quality productive
forces. In contrast, due to geographical location and historical
reasons, the economic development of the central and western
regions started relatively late, and their capital accumulation and
technological foundation are relatively weak.

Secondly, scientific and technological innovation capabilities
also have a significant impact on regional differences in new
quality productive forces. The eastern region concentrates
China’s first-class universities and scientific research institutions.
For instance, Zhongguancun Science and Technology Park in
Beijing and Zhangjiang High-tech Park in Shanghai. These places
gather a large number of scientific research resources and form a

frontiersin.org


https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2024.1502860

Chen et al.

TABLE 6 Heterogeneity tests.

Variable Non-renewable-

based

Renewable-
based

(1) 2

10.3389/fenvs.2024.1502860

Low-industrial
agglomeration

High-industrial
agglomeration

(3) (4)

Treat x Time 0.0279* 0.0125 0.0155** 0.0138
(0.0164) (0.0090) (0.0077) (0.0098)
InIN 0.0148%*% 0.0476*** -0.0064 -0.0051
(0.0050) (0.0060) (0.0085) (0.0049)
InPGDP -0.5813* —0.7684*** -0.4835 —-0.3065*
(0.3049) (0.2428) (0.3586) (0.1758)
InRD 0.0594%% 0.0194 —0.0828*** -0.0230**
(0.0180) (0.0208) (0.0240) (0.0109)
InTL —0.0735%%% —0.0900*** -0.0292 0.0010
(0.0233) (0.0197) (0.0272) (0.0147)
Constant 2.9285%* 2.8691*** 2.5202%* 2.32957%*
(0.6506) (0.5108) (0.7348) (0.3624)
N 154 176 165 165
R 0.8044 0.9218 0.9524 0.9333
Year FE Yes Yes Yes Yes
Prov FE Yes Yes Yes Yes

Note: At 10%, 5%, and 1% levels, respectively, *, **, and *** signify statistical significance. Parentheses denote robust standard errors.

good innovation ecosystem. High-level scientific research activities
and a large number of innovative enterprises accelerate the
transformation and application of technological achievements,
thereby promoting the formation and development of new-
quality productive forces. In contrast, the central and western
regions relatively lack such scientific and technological engines.
The the
development speed of their new quality productive forces.

scarcity of scientific research resources limits

Finally, varying degrees of openness to the outside world result
in different speeds of acquiring international advanced technologies
and management experience. The eastern region, due to its high
degree of openness in the early stage and close connection with the
international market, has absorbed a large amount of advanced
technology and management experience through means such as
introducing foreign capital and engaging in international
cooperation. This provides external support for the improvement
of its level of new-quality productive forces. However, due to
historical and geographical factors, the central and western
regions have relatively low levels of openness and insufficient
degrees of internationalization, which limits their ability to obtain
external resources and advanced technologies.

In terms of growth rate, the national level of new-quality
productive forces is growing rapidly. It increased from 5.4795 in
2011 to 5.9858 in 2021, an increase of 1.09 times. Among them, the
level of new-quality productive forces declined from 2020 to 2021.
Considering that the epidemic has had a severe impact on the
Chinese economy, production activities in some regions are
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restricted, and enterprise production and operation are also
greatly affected.

5 Empirical results and analysis
5.1 Baseline regression

This paper conducts a regression on the baseline regression
Formula 1. Table 2 reports the regression results of ECRT on the
low-carbonization of energy structure. Among them, column (1)
only controls the fixed effects of province and year. The interaction
coefficient is 0.0116 and passes the significance test at 5%. Columns
(2) to (5) sequentially add control variables on the basis of column
(1). After controlling other influencing factors, the estimated
coefficients of the core explanatory variable Treat x Time of the
model are all significantly positive. The regression results show that
ECRT significantly promotes the low-carbon transformation of
energy structure. Hypothesis H1 is verified

5.2 Parallel trend test

The application of the difference-in-differences method
necessitates fulfilling the parallel trend assumption. That is,
before the introduction of ECRT, there should not be any
systematic disparity in the low-carbon transformation of energy
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TABLE 7 Regression results of the regulation effect.

Variable

Treat x Time 0.1739%%%
(0.0578)

InER —0.0078**
(0.0032)

(Treat x Time) x InER 0.0276**
(0.0122)

InIN —0.0008
(0.0039)

InPGDP 0.9338***
(0.0790)

InRD —0.0289***
(0.0089)

InTL 0.0465*
(0.0113)

Constant -0.3793*
(0.2191)

N 330.0000
R? 0.6371

Year FE Yes
Prov FE Yes

Note: At 10%, 5%, and 1% levels, respectively, *, **, and *** signify statistical significance.
Parentheses denote robust standard errors.

structure between pilot areas and non-pilot areas. Hence, this paper
conducts a parallel trend test by drawing on the event study method
proposed by Jacobson et al. (1992) Taking 2016, the year prior to the
introduction of ECRT, as the base year, it examines the changes in
effects of each year before and after the introduction of the pilot
policy. The test results are shown in Figure 4. The results indicate
that in the years before the introduction of ECRT, there is no
significant difference in the low-carbon level of energy structure
between pilot areas and non-pilot areas. After the policy is
introduced, the low-carbon level of energy structure in pilot areas
is significantly higher than that in non-pilot areas. Thus, the parallel
trend test is passed.

5.3 Robustness test

The main sources of endogeneity issues include variable
measurement errors, omitted variables, and reverse causality. In
the case of this paper, there is little need to be overly concerned
about the reverse causality problem. Since the explained variable is
the low-carbonization level of the energy structure of individual
provinces at the micro level, and the core explanatory variable is a
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dummy variable for macro policies. The introduction of ECRT is
determined by the Chinese government and is less influenced by
individual provinces and regions. Therefore, the core conclusion of
this paper will not be unduly disrupted by the reverse causality
problem. In this section, robustness tests will mainly be conducted
on variable measurement and omitted

focusing errors

variable issues.

5.3.1 Placebo test

Based on the passing of the parallel trend test, this paper
conducts a placebo test to further examine to what extent the
benchmark regression results are disturbed by random factors
and omitted variable problems. In this study, through random
sampling, the experimental group is randomly assigned to the
entire sample for a placebo test. This operation is repeated
1000 times to improve the validity of the test. Figure 5 shows the
scatter distribution of the probability density distribution of the
synergistic estimation. The synergistic estimation of the placebo test
is concentrated around 0, and most of them are not significant. The
estimation results of the benchmark regression are not included in
the test results. This indicates that the conclusion of this study is not
affected by other unobserved variables.

5.3.2 Replace the measurement method of the
explained variable

To mitigate the possible endogeneity issue arising from variable
measurement errors, this paper selects two indicators, namely,
carbon emissions and energy structure, and reconstructs the
proxy indicator for the low-carbonization of energy structure
before conducting sequential regressions. Specifically, carbon
emissions ([nEM) are measured by taking the logarithm of the
total combined carbon emissions within three scopes. Scope
1 refers to all direct emissions within the urban jurisdiction,
mainly encompassing greenhouse gas emissions from
transportation and buildings, industrial production processes,
agriculture, forestry and land use changes, and waste disposal
activities. Scope 2 pertains to indirect emissions related to energy
that occur outside the urban jurisdiction, primarily including
emissions generated by purchased electricity, heating, and/or
cooling to meet urban consumption. Scope 3 denotes other
indirect emissions caused by internal urban activities and
occurring outside the jurisdiction but not included in Scope 2,
which comprises greenhouse gas emissions from the production,
transportation, use, and waste disposal of all items purchased by
cities from outside the jurisdiction. Energy structure (InES) is
measured by calculating the proportion of coal in the energy
structure. The regression results are presented in columns (1)
and (2) of Table 3. In these two regressions, the regression
coefficient of Treat x Time is consistently negative, indicating
that the measurement error problem of the explained variable,

the low-carbonization index of energy structure, is not severe.

5.3.3 Propensity score matching-difference in
differences method (PSM-DID)

The differences in development levels among different provinces
may lead to a sample selection bias problem in the benchmark
regression structure of this paper. In order to better select control
group regions, this part will use PSM-DID to enhance the
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TABLE 8 Regression results of the expansive analysis.

10.3389/fenvs.2024.1502860

Variable InGTFP InGTFP
(3) (4)
Treat x Time -0.0309** 0.1786***
(0.0153) (0.0640)
InNQP —0.1343*** 0.0896*
(0.0161) (0.0454)
InER 0.0098** 0.0505*** 0.0386* 0.0291
(0.0041) (0.0080) (0.0206) (0.0406)
InIN —0.0441*** 0.0285** —0.0770*** —0.1055**
(0.0071) (0.0112) (0.0209) (0.0443)
InPGDP 1.26137** —0.9787*** 0.8091* 1.1178
(0.3229) (0.1744) (0.4289) (2.6916)
InRD —0.1285*** —0.1069*** 0.2427** -0.0112
(0.0244) (0.0214) (0.0551) (0.1553)
Constant —2.6667*** 2.1453*%* 0.7051 -1.0109
(0.7254) (0.5138) (1.1903) (6.1090)
N 330 330 330 330
R’ 0.9020 0.5099 0.4917 0.7596
Year FE Yes Yes Yes Yes
Prov FE Yes Yes Yes Yes

Note: At 10%, 5%, and 1% levels, respectively, *, **, and *** signify statistical significance. Parentheses denote robust standard errors.

comparability between pilot areas and non-pilot areas. The
covariates are the control variables in the benchmark regression
of this paper. Through Logit regression, the probability of each
region becoming an experimental area is predicted. Then, the
nearest neighbor 1:1 matching method is used to match the
control group for the experimental group samples, thereby
reducing the endogeneity problem caused by the self-selection
bias of ECRT when it is established. Finally, DID regression is
performed based on the matched samples. The PSM balance test
chart is shown in Figure 6. The results show that the sample
deviation between the treatment group and the control group is
significantly reduced after matching, indicating that the matching
effect is relatively ideal. At the same time, this paper also further
examines the matching effect of the experimental group and the
control group through the probability distribution density function
diagram of propensity score values. Figure 7 shows that the
probability density distribution of propensity score values of the
experimental group and the control group after matching is closer
than before matching, indicating that the matching effect is good.

Column (3) of Table 3 shows the regression results of PSM-DID.
The results show that the regression coefficient of Treat x Time is
significantly positive at the 5% level, and the magnitude of the
coefficient is not much different from the coefficient in the
benchmark regression. This indicates that after considering
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sample self-selection and sample selection bias problems, the
promoting effect of ECRT on the low-carbon transformation of
energy structure is still significant, once again verifying the
robustness of the core conclusion of this paper.

5.3.4 Exclude the interference of important
environmental policies

In 2013 and 2014, China confirmed the launch of carbon
emissions trading pilots in Beijing, Tianjin, Shanghai, Chongging,
Hubei, Guangdong and Shenzhen. In order to exclude the
interference of the carbon emissions trading pilot on the
empirical results of this paper, the pilot areas are excluded and
regression is performed again. The results in the first column of
Table 4 show that the regression coefficient of Treat x Time is still
significantly positive, indicating that the carbon emissions trading
pilot policy does not overly interfere with the empirical conclusion
of this paper.

In 2015, the Chinese government organized various regions to
compile the development plans for new energy demonstration cities
and new energy application industrial parks, and carried out new
energy demonstration city pilots in multiple cities led by Beijing. The
new energy demonstration city policy may seriously affect the
energy consumption structure of the region. In order to exclude
the interference of this environmental policy on the benchmark
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conclusion of this paper, the pilot provinces are excluded and
regression is performed again. The results in column (2) of
Table 4 show that the regression coefficient of Treat x Time is
still significantly positive, indicating that the new energy
demonstration city policy has little interference on the empirical
conclusion of this paper.

6 Discussion
6.1 Mechanism test

The analysis results in the foregoing text suggest that the
establishment of energy-consuming right pilot areas has notably
promoted the low-carbon transformation of the energy structure
within the pilot regions. Consequently, this section will further
explore the mechanism through which ECRT drives the low-
carbon transformation of the energy structure.

Table 5 presents the mediating role of industrial upgrading and
new-quality productive forces in the impact of ECRT on the low-
carbon transformation of the energy structure. As shown in columns
(1) and (3), the are 0.0105 and
0.1146 respectively, both passing the significance test at the 1%
level. This indicates that ECRT has significantly boosted the
upgrading of industrial structure and the improvement of the

regression  coefficients

level of new-quality productive forces. The coefficient of InSR in
column (2) is significantly positive at the 1% level, suggesting that
ECRT can infuse strong impetus into the low-carbon transformation
of the energy structure by promoting industrial structure upgrading.
The core of ECRT lies in promoting the efficient allocation of energy
factors. Through policy guidance, enterprises are compelled to
conduct technological innovation and intelligent upgrading,
enhance the high-quality development level of the industry, foster
the development of emerging industries such as new energy, new
materials, and energy-saving and environmental protection
technologies, and prompt the transformation and upgrading of
traditional industries, reducing reliance on fossil energy and
the
Therefore, new-quality productive forces can not only drive the

increasing utilization efficiency of renewable energy.
upgrading of industrial structure to be more high-end, intelligent,
and low-carbon but also provide technical support and innovative
impetus for the clean production, efficient utilization, and low-
carbon transformation of energy. Hypothesis H2 is verified
Column (4) shows that the coefficient of InNQP is significantly
positive, indicating that ECRT can promote the low-carbon
transformation of the energy structure by advancing new-quality

productive forces. The goal of new-quality productive forces is

sustainable high-quality ~development. By promoting the
intelligence and high efficiency of energy utilization, it aids in
promoting the low-carbon transformation of the energy

structure. New technologies such as artificial intelligence, big data
analysis, the Internet of Things, and blockchain all fall within the
research purview of new-quality productive forces. Their rapid
development and application drive the transformation and
upgrading of traditional industries, attract many high-end talents
and enterprises to invest and gather. This process also has a
revolutionary impact on the energy field. The application of
Internet of Things technology in the energy field, through the
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establishment of smart grids and energy internet, not only
enables efficient distribution and intelligent scheduling of energy
but also promotes the large-scale application and development of
renewable energy, improving the energy structure. With the help of
artificial intelligence and big data analysis, energy consumers can
better understand energy consumption and achieve energy
conservation and optimized utilization through precise energy
systems. At the
understanding of nature and the level of scientific and

management same time, as humanity’s
technological innovation increase, the formation of new-quality
productive forces can cultivate more advanced and efficient new
materials and new energy sources, thereby reducing dependence on
limited resources and promoting the optimization and adjustment
of the energy structure. Hypothesis H3 is verified

In summary, this paper clarifies the transmission mechanism by
which ECRT promotes the low-carbon transformation of the energy
structure. That is, the introduction of ECRT promotes the extensive
application of new energy, renewable energy, and clean energy
through promoting industrial upgrading and the improvement of
new-quality productive forces, realizes efficient distribution and
intelligent scheduling of energy, and promotes the low-carbon

transformation of the energy structure.

6.2 Heterogeneity test

In order to further analyze the heterogeneous impact of ECRT
on the low-carbonization of the energy structure and at the same
time corroborate the robustness of the establishment of the influence
mechanism in this paper, this part will conduct a heterogeneity
analysis from the perspectives of renewable energy endowment and
industrial agglomeration.

6.2.1 Renewable energy endowment

The development and utilization of renewable energy is one of
the important ways to solve energy and environmental problems.
However, the differences in natural resources in different regions of
China lead to different development potentials of renewable energy.
For example, solar and wind energy resources are more abundant in
coastal areas and high-altitude areas, while biomass energy is more
accessible in agriculturally developed areas, generally presenting a
distribution pattern of “more in the west and less in the east.”
Therefore, according to the proportion of renewable energy
consumption in total social electricity consumption, 30 provinces
(including municipalities directly under the central government) in
the country are divided into two groups. Areas with a proportion of
more than 30% are classified as the group with abundant renewable
energy, and areas with a proportion of less than 30% are classified as
the group with scarce renewable energy. Among them, the abundant
group includes thirteen provinces of Yunnan, Qinghai, Sichuan,
Hunan, Gansu, Guangxi, Guizhou, Hubei, Jilin, Heilongjiang,
Jiangxi, Ningxia, Guangdong and one municipality directly under
the central government, Chongqing. The regression results are
shown in columns (1) and (2) of Table 6. The energy-consuming
right trading policy has a significantly positive driving effect on the
low-carbon transformation of the energy structure in provinces rich
in renewable energy, while the coefficient of provinces lacking in
renewable energy is not significant. In areas rich in renewable
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energy, technological innovations such as more efficient solar
photovoltaic technology, wind power generation technology and
its supporting energy storage technology can promote the local
energy structure to transform to low carbon more quickly. In areas
lacking in renewable energy, the dependence on traditional energy is
greater, and technological innovation is limited in a short time, so it
is difficult to quickly realize the low-carbon transformation of the
energy structure. Therefore, the impact of the energy-consuming
is obvious in areas rich in

right trading policy

more
renewable energy.

6.2.2 Degree of industrial agglomeration

The introduction of the energy-consuming right trading policy
has accelerated the integrated and clustered development of a
number of strategic emerging industries such as new energy, new
materials, and green environmental protection, and promoted the
agglomeration of factors such as finance, technology, and human
resources. The energy-consuming right trading policy has promoted
the formation and development of emerging industrial chains and
brought about industrial agglomeration effects. Therefore, this paper
uses the ratio of the number of employed people to the
the of industrial
agglomeration. According to the quintile of this indicator, each

administrative area to measure level
province is divided into two groups: areas with higher industrial
agglomeration degree and areas with lower industrial agglomeration
degree. The regression results are shown in columns (3) and (4) of
Table 6. The results show that the coefficient of Treat x Time is
significantly positive in areas with a higher degree of industrial
agglomeration, and although the coefficient in areas with a lower
degree of industrial agglomeration is positive, it is not significant.
This indicates that compared with areas with a lower degree of
industrial agglomeration, the energy-consuming right trading policy
has a more obvious promoting effect on the low-carbon
transformation of the energy structure in areas with a higher
degree of industrial agglomeration. This may be because areas
with a higher degree of industrial agglomeration provide a
“communication - demonstration - imitation” platform for
enterprises in the region. Upstream and downstream enterprises
can learn from and learn from each other’s successful experiences,
promote mutual green technology improvement and production
process optimization, and is conducive to the formation of
standardized industry norms. Industrial agglomeration improves
total factor productivity by strengthening the efficient sharing and
flow of talents, information, and technology, which is conducive to
the low-carbon transformation of the energy structure. Therefore,
areas with a higher degree of industrial agglomeration are relatively
more affected by the energy-consuming right trading policy.

6.3 Moderating effect analysis

Examine the moderating effect of environmental regulation in
the process of new quality productive forces affecting the low-carbon
transformation of energy structure. The regression results are shown
in Table 7. The coefficient of the interaction term between the
dummy coefficient of the energy-consuming right trading policy and
environmental regulation is significantly positive, which is
consistent with the structure of the benchmark regression
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coefficient, indicating that environmental regulation has a
positive moderating effect on the low-carbon transformation of
energy structure. This may be due to the strengthening of
environmental target constraints in various places, which has
increased the attention and environmental governance efforts of
local governments on environmental protection, and further
enhanced the energy efficiency effect of energy-consuming right
transactions. The government formulates pollutant discharge
standards and stipulates that products and production processes
meet environmental protection requirements, etc., which increases
the environmental protection cost and production cost of
enterprises. Under pressure, enterprises will reduce traditional
energy consumption, improve green innovation technology, and
promote the green transformation level of enterprises. Thus, it can
drive the low-carbon transformation of the energy structure.

6.4 Extended analysis

Based on the foregoing analysis, it is evident that the energy-
consuming right trading policy promotes green technological
innovation and the transformation and application of clean
energy through channels such as industrial structure upgrading
and new-quality productive forces, thereby realizing the low-
of the energy
technological innovation and the application of clean energy are

carbon  transformation structure.  Green
of utmost significance for regional development. On the one hand,
green technological innovation holds positive implications for
realizing the transformation of the development mode from
resource-driven to innovation-driven. It serves as an important
driving force for green and low-carbon development, enhancing
the green total factor productivity of the entire society and
propelling high-quality regional development. On the other hand,
compared with traditional chemical fuels, clean energy exhibits
characteristics such as renewability, cleanliness, and sharing. It
can not only address the quantitative shortage of traditional
energy resources but also protect the natural environment and
reduce environmental pollution on the basis of substitution,
thereby realizing sustainable economic and social development.
The intuitive question that arises is whether the promoting effect
of the energy-consuming right trading policy and new-quality
productive forces on the low-carbon transformation of the energy
structure can be transformed into higher green total factor
pollution, thereby
This paper
conducts an examination on this aspect. Specifically, this paper
employs the total discharge of wastewater, the emission of sulfur

productivity and lower environmental

facilitating regional sustainable development?

dioxide in exhaust gas, and the generation of general industrial solid
waste to measure environmental pollution, and uses the entropy
method to synthesize these three indicators into a comprehensive
environmental pollution index (EVP). Regarding green total factor
productivity (GTFP), this paper utilizes the SBM model to calculate
green total factor productivity. Among them, input indicators
include (1) labor input, which is measured by the annual average
number of employees in industrial enterprises above designated size
by industry. (2) Capital input, where the annual average balance of
net fixed assets of industrial enterprises above designated size by
industry is selected as an approximate estimate of capital stock, and
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the price index of fixed asset investment by industry constructed is
used to convert it into constant prices in 2000. (3) Energy
total
consumption of industrial enterprises above designated size by

consumption, which is measured by the energy
industry. This paper chooses the total industrial output value
including intermediate input costs rather than industrial added
value as the expected output of industrial sub-sectors. Undesired
output is measured by industrial wastewater discharge, industrial
waste gas discharge, and industrial solid waste discharge.

Table 8 presents the results of the extended analysis. The results
indicate that the energy-consuming right trading policy and new-
quality productive forces can reduce the level of environmental
pollution and promote the improvement of green total factor
productivity. This highlights that the energy-consuming right
trading policy and new-quality productive forces can not only
reduce environmental pollution but also enhance the green total
factor productivity of regions and promote regional sustainable

development.

7 Conclusion and policy implications

Since the reform and opening up, China has witnessed rapid
economic growth and its total economic output has risen to the
second place globally. However, this extensive economic growth
pattern has also brought about serious environmental pollution
issues, which once posed a threat to the health and safety of the
nation’s people. Hence, how to reduce environmental pollution,
realize the green transformation of economic development mode,
and promote the low-carbon transformation of energy structure has
become an important research topic at present. This paper
approaches from the perspective of energy consumption structure
and examines the impact of the energy-consuming right trading
policy on energy structure. Specifically, taking advantage of the
quasi-natural experiment of China’s government’s introduction of
the energy-consuming right trading policy in 2017 and utilizing the
national energy consumption data from 2010 to 2021, this paper
conducts a detailed examination of the impact of the energy-
consuming right trading policy on regional energy structure at
the provincial level. The study finds that the introduction of the
energy-consuming right trading policy has significantly promoted
the low-carbon transformation of energy structure in the pilot areas.
Mechanism analysis indicates that the energy-consuming right
trading policy promotes the low-carbon transformation of energy
structure by facilitating industrial structure upgrading and
enhancing new-quality productive forces. Heterogeneity analysis
reveals that the promoting effect of the energy-consuming right
trading policy is more obvious in areas with abundant renewable
resources and high levels of industrial agglomeration. The
moderating effect shows that environmental regulation has a
significant promoting effect on the energy-consuming right
trading policy and the low-carbon transformation of energy
structure. Extended analysis demonstrates that the energy-
consuming right trading policy also promotes the improvement
of green total factor productivity and reduces environmental
pollution, thus facilitating the sustainable development of the
low-carbon transformation of energy structure. The energy-
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consuming right trading policy is a useful supplement to the
local environmental protection law enforcement effect.

Based on the above research conclusions, the following
suggestions are put forward:

First, steadily promote the expansion of pilot areas for the
energy-consuming right trading policy and comprehensively
drive the low-carbon transformation of energy structure. At
present, China’s energy-consuming right trading policy is still in
the pilot stage. It has promoted the low-carbon transformation of the
energy structure in the pilot areas and has a wide range of influences.
The government should expand the pilot scope, delegate power to
local governments to explore experience, increase investment
support for green technological innovation, and encourage
enterprises and research institutions to increase research and
development investment.

Second, accelerate the pace of industrial structure upgrading and
vigorously develop new-quality productive forces. Industrial
structure upgrading and new-quality productive forces are
important ways to promote the low-carbon transformation of
energy structure. They can promote energy conservation and
emission reduction, improve resource utilization efficiency and
form new economic growth points. In terms of industrial
structure upgrading, the focus should be on developing low-
carbon economy and green industries, phasing out traditional
industries, promoting the high-end and intelligent transformation
of manufacturing industry, and accelerating the development of
knowledge and technology-intensive service industries to reduce
energy dependence. In terms of the development of new-quality
productive forces, it is a key driving force for energy structure
transformation. Promoting sustainable high-quality development,
promoting the efficient and intelligent utilization of energy,
promoting scientific and technological innovation, transforming
economic development mode, focusing on new energy and new
materials, reducing resource dependence and optimizing
energy structure.

Third, implement regionally differentiated strategies and
emphasize the sustainability of energy development. China has
significant regional disparities. To promote the low-carbon
transformation of the energy structure, differentiated approaches
are required. In regions abundant in renewable resources, increase
policy support and capital investment to drive the development of
new energy industries and strengthen ecological protection. In areas
with
protection standards and low-carbon policies, pilot carbon

scarce resources, implement stringent environmental
trading markets, enhance supervision, and encourage the research
and development of low-carbon technologies and products. In
regions with a high level of industrial agglomeration, create scale
effects and strengthen planning and management. In areas with a
low level of industrial agglomeration, conduct green transformation
of traditional industries and develop renewable energy industries.

In the context of global efforts to address climate change,
industrial industrial

promoting upgrading,

agglomeration, and formulating strong policy support are

promoting

generally applicable low-carbon transformation approaches.
Although the above suggestions are based on the analysis of a
specific country, its core principles and strategic directions also

have reference and practical value for other countries.
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It should be noted that this paper still has the following
deficiencies: The connotation of new-quality productive forces is
rich. The calculation of new-quality productive forces is limited by
data and methods and cannot reflect all factors. In the future, more
factors can be included in the research scope. The research
perspective is limited to the provincial level. Subsequent research
can be conducted from micro perspectives such as cities and
enterprises for in-depth exploration.
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