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Abstract

The study investigates the effect of electricity market reform on regional carbon emissions and 
its underlying mechanism, employing a difference-in-differences (DID) model. Specifically, the 
construction of electricity spot markets is treated as a quasi-natural experiment, and panel data from 
282 inland municipalities in China spanning 2012-2021 serve as the study's sample. The results of the 
study show that the electricity spot market can significantly reduce regional carbon emissions. After 
a series of robustness tests, such as the placebo test and the PSM-DID test, the conclusion still holds. 
Further analyses show that the mechanism by which the construction of the electricity spot market can 
have an impact on regional carbon emissions is that it has an economic agglomeration effect and a 
green innovation effect. Heterogeneity suggests that electricity spot market construction has the greatest 
impact on the intensity of direct carbon emissions in cities. In regions where the government's low-
carbon governance is stronger, electricity spot market construction has the greatest impact on the 
intensity of urban direct carbon emissions.
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Introduction

The World Meteorological Organization, in its 2022 
Greenhouse Gas Bulletin, reported that atmospheric 
concentrations of carbon dioxide (CO2) reached a 

record 415.7 parts per million (ppm) in 2021, the 
highest level observed in over two million years. 
Notably, China's carbon emissions escalated to 1,147.7 
million tons in 2022, surpassing all global records. 
This data underscores the integral relationship between 
global carbon emissions reduction trends and China's 
initiatives in energy conservation and emissions 
reduction. The imperative to mitigate carbon emissions 
intensity in pursuit of environmental protection and 
sustainable development is clear. During the 75th *e-mail: zcc19960508@foxmail.com
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session of the UN General Assembly's General Debate, 
China articulated its ambition to attain "carbon peak 
and carbon neutrality" for the first time. The nation 
has engaged in comprehensive efforts to lower carbon 
emissions, transitioning towards a low-carbon, energy-
efficient paradigm. This includes the promotion of clean 
energy development and application, enhancement of 
energy efficiency, and fostering of green technological 
innovation. Furthermore, the emphasis on bolstering 
carbon market regulation and incentivizing market-
driven emission reduction strategies is pivotal in 
fostering a low-carbon economy. Consequently, 
enhancing energy efficiency and diminishing carbon 
emissions are imperative tasks [1].

Electricity consumption is closely linked to carbon 
emissions. Electricity production often burns fossil 
fuels, releasing large amounts of carbon dioxide and 
other greenhouse gases. Therefore, it becomes crucial 
to promote green technology innovation and low-
carbon energy-saving transformation [2]. In 2015, 
China put forward the Implementation Opinions on 
Promoting the Construction of the Electricity Market, 
aiming to gradually establish an electricity market 
balancing mechanism based on medium- and long-
term trading, supplemented by spot trading. In 2018, 
China even started a new round of exploration of 
electricity marketization reform. Currently, the initial 
eight spot pilots have conducted continuous settlement 
trial operations, while the subsequent six pilots have 
successfully completed simulated trial operations 
(data sourced from China Power Network). On 18 
September 2023, the National Development and Reform 
Commission and the National Energy Administration 
issued a notice on the Basic Rules of the Electricity Spot 
Market (for Trial Implementation). The comprehensive 
multi-level electricity marketization policy reflects 
China's emphasis on optimizing the allocation of 
electricity resources, improving energy efficiency, 
and developing green technologies to achieve low-
carbon, energy-saving, and emission reduction targets. 
Therefore, the assessment of the carbon-reducing effects 
of electricity marketization reforms deserves attention.

The earliest studies on "Electricity Marketization 
Reform," dating back to the late 1990s and early 
2000s, mark the inception of a global shift towards 
liberalizing electricity markets. Burkard Eberlein 
(2000) delved into the strategic responses of market 
actors and regulatory continuities amidst evolving 
market dynamics in his study on the liberalization of 
the German electricity market [3]. A. Rønne (2000) 
provides a detailed account in his paper on Denmark's 
electricity reform, outlining the legislative changes 
that were enacted to enhance market organization and 
address environmental considerations [4]. Lastly, H. 
Outhred (2000) offers a comprehensive review in his 
study on Australia's electricity sector reform, focusing 
particularly on the restructuring process and its 
outcomes within the National Electricity Market [5]. 
Collectively, these early studies provide foundational 

insights into the initial phases of electricity market 
reforms, highlighting the complexities and challenges 
inherent in transitioning to market-oriented approaches 
in different national contexts. In recent years, the latest 
literature on electricity marketization reform paints 
a picture of a sector at the crossroads of technological 
innovation, environmental sustainability, and regulatory 
adaptation. Banks (2022) focuses on the decarbonization 
transition in the U.S. electricity markets, driven by 
policy incentives, technological advancements, and 
consumer preferences. The increasing penetration of 
variable renewable energy (VRE) and distributed energy 
resources (DERs) has significantly influenced market 
structures, both in restructured and regulated markets 
[6]. The Australian electricity market's decarbonization 
efforts, as discussed by Cantley-Smith et al. (2023), 
reveal the complexities of regulatory frameworks 
in facilitating market reforms. The paper identifies 
regulatory roadblocks and transformative opportunities, 
emphasizing the need for adaptive policies that can 
support the transition to a net-zero emissions future [7]. 
Schneiders et al. (2022) explore the concept of peer-
to-peer (P2P) electricity trading within the broader 
context of the sharing economy. This perspective adds 
a novel dimension to the discourse on electricity market 
reforms, highlighting the potential of decentralized 
trading models [8]. China's electricity marketization 
reform is relatively late, and there is relatively little 
literature on electricity marketization reform. From the 
perspective of the research object, despite the growing 
attention toward power marketization reform, there is a 
paucity of literature that examines its policy effects as 
a quasi-natural experiment, particularly in the realm of 
empirical studies. From the research results, most of the 
literature discusses the history and process of electricity 
market-oriented reform, and the policy effect of 
electricity market-oriented reform is not yet determined. 
"Carbon emission", as an important indicator for 
measuring the green development of the environment, 
is crucial for evaluating the role of electricity market-
oriented reform.

In recent years, scholars have increasingly devoted 
attention to electricity market-based reform. However, 
two significant limitations in the current research 
landscape deserve attention. Firstly, there is a dearth of 
literature exploring the carbon reduction effect of such 
reforms. Secondly, a notable absence is the utilization 
of the difference-in-differences (DID) model, which 
could potentially mitigate endogeneity issues in the 
resulting conclusions. In 2018, China carried out a pilot 
of the electric power spot market in eight regions, which 
provided a new opportunity to study the electric power 
market-based reform. The study considers this pilot 
as a quasi-natural experiment and analyzes its carbon 
reduction effect using a DID model, which has important 
research value.

Utilizing panel data from 282 inland municipalities 
in China spanning 2012-2021, this study examines the 
carbon reduction effects of the electricity spot market 
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through the construction of a difference-in-differences 
(DID) model. This approach aims to validate the 
necessity of electricity market-based reforms and offers 
empirical evidence to inform future recommendations.

The potential marginal contributions of this study are 
threefold. Firstly, by utilizing a difference-in-differences 
model and focusing on the electricity spot market, it 
evaluates the carbon reduction impact of electricity 
market-based reform in China, thereby providing 
empirical evidence for the efficacy of such reforms and 
enriching relevant research findings. Secondly, the study 
delves into the internal functioning of the electricity 
spot market, confirming the economic agglomeration 
and green innovation effects stemming from electricity 
market-based reform. This offers valuable insights 
into the operational logic of China's electricity market. 
Finally, the findings offer a testament to the effectiveness 
of China's electricity market-based reforms, serving as 
a valuable reference for future market-oriented reforms 
across multiple energy sources.

Institutional Background and Theoretical 
Mechanism

Institutional Background

As a large power-consuming country, China's 
power consumption in 2022 is 8636.9 billion kWh 
and power generation reached 8693.9 billion kWh 
[9]. Meanwhile, electricity consumption is one of the 
major carbon emission sources. China leads the world 
in carbon emissions, accounting for about one-third 
of the world's emissions, so it is imperative to reduce 
carbon emissions and promote energy efficiency and 
low-carbon transition in electricity [10]. In the early 
days, the Chinese government took a series of measures 
to unify the management of electricity, the main one 
being a vertically integrated monopoly operation 
model. This monopoly model of power utilities 
contributed significantly to early economic growth and 
improved reliability of power supply [11]. However, 
as the size of the power system grew, the vertically 
integrated monopoly model was no longer adapted to 
China's evolving needs, and the national power market 
generally faced the following three major problems: 
first, monopolies in the power sector inhibit efficiency, 
leading to over-investment and under-utilization of grid 
equipment; second, losses caused by poor operations 
or poor decision-making under a monopoly are usually 
borne by the consumer; and lastly, monopolies have 
too close a governmental relationship is too close 
and often subject to unnecessary intervention, which 
prevents electricity prices from truly reflecting costs. 
Therefore, it is urgent to determine the price and 
quantity of electricity supply and demand through 
market competition and to take measures to break the 
monopoly, deregulate, and introduce competition to 
the electricity industry, so as to achieve the optimal 

allocation of electricity resources in a more reasonable 
way [12-14].

China has been implementing power market-based 
reforms since 2002, with the aim of efficiently allocating 
power resources and enhancing their efficiency. In 2002, 
the State Council introduced the 'Reform Programme 
on Electricity System Mechanisms,' outlining four 
critical reform objectives: the separation of power 
plants from the grid, the segregation of primary and 
ancillary sectors, the disentanglement of transmission 
and distribution, and the introduction of competitive 
bidding for grid access. These reforms were intended 
to address the escalating demand for electricity and 
foster market competition, highlighting the urgency of 
such interventions. In 2015, the "Opinions on Further 
Deepening the Reform of the Electricity System" 
marked the start of a new round of electricity reform, 
promoting the continued improvement of the electricity 
market-based trading mechanism and deepening the 
electricity trading system. In August 2017, the National 
Development and Reform Commission (NDRC) and the 
National Energy Administration (NEA) jointly issued 
the "Notice on the Pilot Work on Construction of the 
Electricity Spot Market," designating eight regions in 
the South, commencing with Guangdong, along with 
Inner Mongolia, Zhejiang, Shanxi, Shandong, Fujian, 
Sichuan, and Gansu, as pilot areas for constructing the 
electricity spot market. This initiative aims to delve 
into the structure and framework of the electricity spot 
market, fostering effective competition within it. The 
pilot construction responded to the need to deepen power 
reform and expand transaction scale, aimed at exploring 
the trading mechanism of the electricity spot market and 
provided experience and data for the subsequent power 
system reform [15].

Characteristics of the electricity spot market 
construction include: the pilot areas cover the east, 
center, and west of China. The eastern part includes 
Guangdong, Zhejiang, Shandong, and Fujian; the 
central part includes Shanxi and Inner Mongolia; and 
the western part includes Sichuan and Gansu, which 
ensures that the pilot covers all major power-consuming 
regions in order to obtain comprehensive data. Second, 
the market-based formation mechanism for electricity 
prices has been improved to ensure a balance between 
supply and demand through active participation in 
market regulation. Third, a clean energy quota system 
was established to support market-based trading with 
clean energy enterprises, such as hydropower and 
wind power, to promote consumption. Fourth, allow 
eligible users to enter the market, properly handle 
cross-subsidization, and improve safeguards. Finally, 
strengthen the supervision during and after the event 
to reduce market volatility, ensure normal operation 
and fair competition, and give play to the central role 
of the market in resource allocation [16-19]. Since the 
inception of the pilot program, the power spot market 
reform has witnessed significant progress, yielding 
noteworthy results in the southern regions, commencing 
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with Guangdong. Specifically, since November 2021, 
the number of market participants in the spot market 
has increased substantially, from 29,000 to 48,000. 
Additionally, the volume of electricity traded in the 
medium- to long-term market stands at approximately 
276.9 billion kilowatt-hours (kWh), while the amount 
transacted in spot market deals amounts to roughly 20.1 
billion kWh. Notably, the average spot price over recent 
days has hovered around RMB 0.601/kWh, surpassing 
the benchmark coal price by approximately 30%. 
Overall, the market has successfully evacuated a total 
of RMB 17.1 billion in power generation costs. The spot 
market operation has achieved positive results [20]. In 
March 2021, China opened a second batch of pilot work, 
including Liaoning, Jiangsu, Anhui, Henan, Hubei, and 
Shanghai, to supplement its pilot area so that the final 
results obtained from the pilot are more rigorous and 
scientific.

Typical Case

Guangdong Province, as one of the first batches of 
the electricity spot market pilot provinces, has been 
the leader and wind vane in the construction of the 
electricity spot market in all provinces in the country 
since the start of the settlement trial operation. As 
of 31 December 2023, Guangdong's total electricity 
consumption reached 850.2 billion kWh in 2023, an 
increase of 8% year-on-year, making it the first province 
in the country to exceed 800 billion kWh [21]. According 
to data from the Electricity Division of the Guangdong 
Energy Bureau, the highest unified load in Guangdong 
in 2023 hit another record high of 145 million kilowatts 
(kW), about 3 million kW higher than last year's peak. 
The province's power operation was safe and orderly, 
with sufficient supply, which strongly responded to the 
situation of another record high of power and electricity 
and reliably supported the high-quality development of 
Guangdong's economy and society.

The success of Guangdong's electricity spot market 
is not only reflected in the multi-dimensional coverage 
of policy implementation, but also in its close integration 
with green technology innovation and regional 
economic agglomeration. First, the series of policies and 
guidelines formulated by the government significantly 
improved market transparency and fair competition, 
creating a favorable environment for the application and 
development of green technologies [22]. The policies 
enacted by the Guangdong Energy Bureau, such as 
the Guangdong Electricity Retail Market Management 
Measures, have not only fortified the transaction 
oversight in the electricity market, thus safeguarding 
market integrity, but they have also steered the market 
towards a healthy, green, and low-carbon development 
trajectory. Furthermore, the Guangdong government's 
reform of the electricity pricing and trading mechanism 
has provided incentives for a more efficient and 
environmentally sustainable mode of electricity 
production and consumption, thereby catalyzing 

advancements in green technology. The government's 
strong support for new and renewable energy has 
accelerated technological innovation in these areas and 
promoted the widespread use of green technologies in 
the electricity market. Finally, the Guangdong electricity 
market uses the market price mechanism to promote the 
clustering effect of the regional economy. The market 
price mechanism drives enterprises to adopt lower-cost 
aggregation schemes through price signals, facilitates 
enterprises to flexibly choose labor and intermediate 
inputs matching their emission reduction technologies, 
and improves their own emission reduction technology 
level [23]. This series of measures promotes the organic 
combination of green technology innovation and 
regional economic agglomeration, demonstrates the 
central role of the market mechanism in optimizing 
resource allocation and promoting green development, 
and provides valuable experience and models for the 
green economic transformation of Guangdong and the 
whole country.

The electricity spot market, with its flexible and 
dynamic market mechanism that reflects real-time 
changes in electricity supply and demand through real-
time price signals, provides incentives for investors to 
invest in renewable energy projects. [24-26] At the same 
time, electricity spot markets are often coupled with 
carbon pricing policies, renewable energy quota systems, 
and other policies that work together to promote a low-
carbon transition in the power sector. [27-29] These 
combined factors make electricity spot markets play a 
significant role in reducing carbon emissions. On the one 
hand, the electricity spot market promotes the research, 
development, and application of green technologies 
through economic incentives (e.g., green certificates, 
carbon trading, etc.). Participants can obtain additional 
economic benefits by investing in green technologies, 
such as selling green certificates or participating 
in carbon trading. These measures accelerate the 
commercialization of clean energy technologies and 
promote the optimization of the energy mix. On the other 
hand, the electricity spot market promotes the clustering 
of energy and environmental protection industries in the 
region. The market mechanism has attracted enterprises 
related to electricity production, sales, services, and 
green technologies to gather in certain regions, forming 
industrial clusters. This agglomeration effect not only 
promotes technological innovation and knowledge 
sharing, but also improves the overall efficiency of the 
industrial chain and reduces production and operating 
costs, thus further reducing carbon emissions [30-32].

Theoretical Mechanism

The construction of the electricity spot market 
enhances the market-based price formation mechanism 
for electricity transactions, necessitating a transparent 
and equitable trading framework, a rational and efficient 
price discovery mechanism, the establishment of 
robust market oversight mechanisms, a comprehensive 
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information disclosure system, the reduction of market 
entry barriers, the refinement of legal and regulatory 
frameworks, and the provision of pertinent policy 
support. These measures are crucial for optimizing the 
market's efficient allocation of resources and harnessing 
the value attributes of electricity resources across 
varying temporal and spatial dimensions. The basic 
rules of the spot electricity market (Trial) have given 
full play to the efficient allocation of resources by the 
market and the value attributes of electricity resources in 
different times and spaces. Under the market mechanism 
of spot trading, electricity is traded as an ordinary 
commodity, market players declare supply and demand 
bids in advance, and real-time prices are formed by 
specialized market agencies and uniformly cleared. On 
the one hand, the construction of the electricity spot 
market can promote the structural reform of the supply 
side of electricity, and promote the development of clean 
and efficient energy so as to improve the efficiency and 
quality of electricity supply [33]. On the other hand, 
the construction of the electricity spot market invisibly 
allocates the supply and consumption of electricity 
resources through the price mechanism of the market, 
which ultimately achieves the optimal allocation of 
electricity and reduces the intensity of carbon emissions 
[12].

The study concluded that the construction of an 
electricity spot market can reduce regional carbon 
emissions; the key lies in the exertion of the economic 
agglomeration effect and green innovation effect [13].

Electricity spot market construction can promote 
the regional economic agglomeration effect. First of 
all, the spot market construction of electric power 
improves the efficiency and transparency of electric 
power transactions, reduces the cost of electricity 
for enterprises, and thus attracts more industrial 
agglomeration. The market mechanism of power trading 
can promote the optimal allocation of power resources, 
attract investment, and promote the development of 
related industries, thus driving regional economic 
growth and forming an economic agglomeration effect. 
Secondly, as the degree of agglomeration increases, 
professional environmental protection enterprises, 
contract energy management companies, or third-party 
carbon emission monitoring institutions may appear, 
which can provide professional services at low cost and 
achieve the scale effect of energy saving and emission 
reduction; finally, economic agglomeration will produce 
positive externalities on carbon emissions, reduce costs 
through factor sharing, reduce transportation distances, 
and improve production efficiency, so as to conserve 
energy in order to reduce the intensity of carbon 
emissions [14, 15, 34].

The study concludes that the construction of the 
electricity spot market can promote the green innovation 
effect in the region. Firstly, the electricity spot market 
continuously raises the cost of usage for inefficient 
and highly power-consuming power users through 
the price mechanism, thus realizing the elimination 

of the least efficient through the market competition 
mechanism. The elimination mechanism will force 
power users to continuously seek ways to reduce 
power consumption and improve efficiency, thus 
promoting green technological innovation. Secondly, 
the construction of the electricity spot market promotes 
the consumption of clean energy such as hydropower, 
wind power, solar power, and nuclear power [35], which 
puts forward higher technological requirements for the 
main body of electricity consumption [36] and will force 
the main body of electricity consumption in the region 
to undertake green technological innovation. Finally, 
the construction of the electricity spot market has 
developed a perfect subsidy mechanism and safeguard 
measures, such as providing funds to reduce taxes and 
lower costs, which provide a guarantee for the main 
body of electricity consumption to undertake green 
technological innovation. Green technology innovation 
can not only improve the efficiency of electricity use 
and optimize the structure of electricity consumption, 
but also reduce the greenhouse gases produced in the 
process of electricity use, thus reducing the intensity of 
carbon emissions.

In summary, the study proposes the following 
hypotheses:

Hypothesis 1: Electricity spot market construction 
can effectively reduce regional carbon emissions.

Hypothesis 2: The construction of an electricity spot 
market can produce regional economic agglomeration 
effects and green innovation effects, and then reduce 
regional carbon emissions.

Study Design

Model Design

Benchmark Regression Model

To test hypothesis 1, drawing on the findings of Dong 
et al. (2022) [31], the study considers the construction of 
the electricity spot market as a quasi-natural experiment 
and uses a DID model to identify its policy effects. The 
specific model is as follows:

	 	 (1)

where i denotes city and t denotes year, carbon 
denotes the study's explanatory variable carbon reduction 
effect, which is carbon emissions per capita and carbon 
emissions generated per unit of GDP, respectively. Treat 
× time is the study's explanatory variable electricity spot 
market construction constructed through a DID model. 
Controls denotes a set of control variables selected 
by the study that may affect the regional low-carbon 
transition. δ denotes individual fixed effects in the city 
dimension, and μ denotes time fixed effects in the year 
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dimension. ε denotes the disturbance term. If the β is 
significantly negative, it indicates that the construction 
of the electricity spot market can reduce regional carbon 
emissions.

Mechanism Tests Model

The stepwise regression method has been 
questioned in economics. A common method of testing 
mechanisms is to only examine the relationship between 
the explanatory variable and the mechanism variable 
and not to empirically test the relationship between the 
mechanism variable and the dependent variable, as well 
as the extent of the indirect impact effect, such as Dell 
(2011) [37]. Therefore, in order to test hypothesis 2, this 
article first constructed the following model:

	 	 (2)

Among them, MV represents Mechanism Variables, 
including economic agglomeration and green innovation, 
while other variables are the same as in model (1). If β 
is significantly positive, it indicates that the construction 
of the electricity spot market can generate economic 
agglomeration effects and green innovation effects. The 
explanation for reducing regional carbon emissions 
through economic agglomeration and green innovation 
comes from the derivation of theoretical mechanisms.

Meanwhile, this article draws on the approach of 
Alesina and Zhuravskaya (2011) and adopts the research 
approach of the instrumental variable (IV) method [38]. 
Due to the fact that the construction of the electricity 
spot market as a quasi-natural experiment is exogenous, 
this article will use it as the IV of Mechanism Variables 
for further testing. Specifically, after estimating the 
regression coefficients through model (2), this paper uses 
treat × time as the IV fitting mechanism variable MV 
', which excludes endogenous factors unrelated to the 
construction of the electricity spot market. Furthermore, 
this article examines the relationship between the newly 
fitted Mechanism Variables and the dependent variable 
and constructs the following model:

	 	 (3)

Among them, MV is a newly fitted mechanism 
variable that includes economic agglomeration and green 
innovation. If β is significantly negative, it indicates that 
the economic agglomeration effect and green innovation 
effect of electricity spot market construction can further 
reduce regional carbon emissions.

Definition of Variables

Explained Variables

Carbon emission (carbon): First, based on the carbon 
emission data of each prefecture-level city in China, 
three types of emission ranges are used to measure 
regional carbon emissions, as follows:

(1) Scope 1 refers to all direct emissions within the 
city's jurisdiction, including mainly GHG emissions 
from transport and buildings, industrial processes, 
agriculture, forestry, land use change, and waste 
disposal activities.

(2) Scope 2 refers to indirect energy-related 
emissions that occur outside of the city's jurisdiction, 
including mainly emissions from purchased electricity, 
heating, and/or cooling to meet the city's consumption.

(3) Scope 3 refers to other indirect emissions caused 
by activities within the Town that occur outside the 
jurisdiction but are not included in Scope 2, including 
GHG emissions from the production, transport, use, 
and disposal of all goods purchased by the Town from 
outside the jurisdiction.

Total carbon emissions is the sum of carbon 
emissions from the three scopes.

Furthermore, the study divides the total carbon 
emissions by the number of population and regional 
GDP, respectively, to obtain the carbon emissions per 
capita (CPC) and the carbon emissions generated per 
unit of GDP (CPG) to measure the regional carbon 
emissions. If the construction of the electricity spot 
market can achieve the carbon reduction effect, the 
coefficient of treat × time should be significantly 
negative.

Explanatory Variables

Electricity spot market construction (treat × time): 
the study constructs policy variables for electricity spot 
market construction through the DID model. Among 
them treat is a dummy variable; treat is 1 when the city 
is selected as a pilot to carry out electricity spot market 
construction and 0 otherwise. Time is a dummy variable, 
1 when the electricity spot market is constructed and 0 
otherwise. The interaction term treat × time indicates 
the net effect of the electricity spot market construction 
of the city compared to the non-construction of the city 
after the construction of the electricity spot market 
compared to the construction of the city before the 
construction effect.

It is important to explain that although the electricity 
spot market construction was notified in 2017, the pilot 
regions started to organize the construction in 2018. 
Therefore, the time variable of the study is bounded by 
2018, with 1 after 2018 and 0 otherwise.
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Mechanism Variables

Economic: It is believed that the construction of 
an electricity spot market can achieve regional carbon 
emission reduction, mainly due to the economic 
agglomeration effect by promoting the optimal allocation 
of electricity resources. Referring to the research results 
of Ciccone and Hall (1993), the degree of agglomeration 
of economic activities is measured by economic density 
[39]. The specific calculation formula is as follows:

	 	 (4)

Where i represents the ith city, t represents the year, 
A is the area of the region, and eco is the number of 
urban jobs. In the study, Economic1 uses the number 
of urban employment calculated by the formula, and 
Economic2 uses the logarithm of urban employment 
calculated by the formula.

Green innovation (Green): the study concludes 
that the construction of an electricity spot market can 
achieve a regional carbon reduction effect, mainly due 
to the various ways to force or incentivize the region 
to carry out green technological innovation. Referring 
to the research results of Du et al. (2022) [40] and Li 
et al. (2023) [41], the study uses regional green patent 
application data to measure green innovation (Green1). 
Considering that patent applications are not necessarily 
granted, the number of granted regional green patents 
is chosen as an alternative measure of green innovation 
(Green2). At the same time, since the patent data do not 
follow a normal distribution, the study treats them with 
+1 to take the logarithm.

Control Variables

Drawing on the literature on regional carbon 
emission measurement, the study selects a series 
of control variables that may affect regional carbon 
emission, as shown in Table 1. First, the study concluded 
that the scale and structure of regional economic 
development affect carbon emissions.

(1) Economic aggregate: economic aggregate reflects 
the scale of production and consumption in a region, 
and a larger economic scale is usually accompanied 
by higher energy demand and carbon emissions, so 
economic aggregate affects carbon emissions. Therefore, 
the study measures economic aggregates in terms of 
Gross Regional Product (GRP) and takes logarithms.

(2) Economic structure: Economic structure 
determines the efficiency and type of carbon emissions. 
Industrial activities are usually energy-intensive and 
have high carbon emissions, while the service sector has 
relatively low carbon emissions. Therefore, the study 

measures economic structure by the regional secondary 
industry GDP share and tertiary industry GDP together.

(3) Employee size: The number of employees reflects 
the scale of industrial activities in a region. A larger 
number of employees usually means higher industrial 
activities and energy demand, which in turn leads to 
higher carbon emissions. Therefore, the size of the 
workforce affects the regional carbon emissions. The 
study measures employee size in terms of the number of 
employees and takes the logarithm.

(4) Enterprise size: The profitability and size of an 
enterprise affect its investment capacity and technology 
choice, which in turn affect carbon emissions. Larger 
or more profitable firms are more likely to invest 
in high-efficiency, low-carbon technologies, and 
production processes that reduce carbon emissions per 
unit of product or service. Conversely, smaller or less 
profitable firms may lack the ability to invest in newer 
technologies, leading to higher energy consumption 
and carbon emissions. Therefore, enterprise size and 
profitability are important factors affecting regional 
carbon emissions. The study measures enterprise size 
and enterprise profitability in terms of the number of 
industrial enterprises and industrial enterprise profits 
and takes the logarithm.

(5) The level of foreign business: the level of foreign 
business reflects the degree of regional openness to 
the outside world; foreign-funded enterprises tend to 
bring more advanced and environmentally friendly 
technologies, which affects regional carbon emissions. 
The study measures the foreign business level by 
the number of foreign-funded enterprises and takes 
logarithms.

(6) Transport conditions: Transport activities are an 
important source of carbon emissions. The volume of 
freight and passenger transport is an important indicator 
of the intensity of regional transport activities. The 
study measures transport conditions by the volume 
of road freight and road passenger transport and takes 
logarithms.

(7) Government management level: reflected by 
indicators such as fiscal revenues and expenditures, 
the government's ability to formulate and implement 
policies is crucial to promoting low-carbon development 
and reducing carbon emissions. The study measures 
the level of government management by revenue and 
expenditure within the general budget of local finance 
and takes logarithms.

Samples and Data

The panel data of China's inland cities from 2012 to 
2021 are selected as the initial research sample. After 
the missing value elimination treatment, 282 cities 
with a total of 2608 observations are obtained. At the 
same time, in order to facilitate the presentation of 
empirical results, the study has processed the units of 
some variables, which will not affect the direction and 
significance of the regression coefficients.
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The carbon emission data and regional green patent 
data are from the China Research Data Service Platform 
(CNRDS), and other data are from various statistical 
yearbooks.

The acquisition of raw carbon emission data entailed 
gathering diverse information from various sources. 
Specifically, energy consumption data segmented by 
energy type and industry sector were procured from 
the China Energy Statistical Yearbook and respective 
statistical yearbooks of varying levels. Industrial 
process and product utilization data were retrieved 
from the China Industrial Statistical Yearbook and 
its corresponding statistical yearbooks. Furthermore, 
agricultural, forestry, and other land-use activities data 
were gathered from the China Agricultural Statistical 
Yearbook, China Livestock Statistical Yearbook, China 
Forest and Grassland Statistical Yearbook, and other 
relevant publications. Data pertaining to agricultural, 
forestry, and other land use activities are sourced from 
the China Agricultural Statistical Yearbook, China 
Livestock Yearbook, China Forestry and Grassland 

Statistical Yearbook, and various statistical yearbooks 
of varying levels. Waste treatment data are procured 
from the China Environmental Statistical Yearbook 
and corresponding statistical yearbooks. Additionally, 
data on purchased electricity, heating, and cooling are 
obtained from the China Urban Statistical Yearbook, 
China Energy Statistical Yearbook, and other statistical 
yearbooks at various levels. Emission factors are based 
on official data, including the "Guidelines for Provincial 
Greenhouse Gas Emission Inventories (for Trial 
Implementation)" and the carbon emission inventory 
guidelines issued by the governments at all levels, and if 
there are any default data, they are supplemented by the 
IPCC Emission Factor Database.

Variables Definition Measures

Carbon the sum of the carbon emissions of the 
three sources

Scope 1 emissions + Scope 2 emissions + 
Scope 3 emissions (ten thousand metric 

tons)

Carbon per capita carbon emissions per capita
Carbon (ten thousand metric tons) / the 

number of population (ten thousand 
people)

Carbon per GDP carbon emissions generated per unit of 
GDP

Carbon (ten thousand metric tons) / GDP 
(ten thousand yuan)*10000

treat × time Whether to carry out the electric power 
spot market construction

the construction of electric power spot 
market was carried out is 1 (or not 0)

GDP GDP Ln (GDP (ten thousand yuan))

Industry Development of the secondary industry The proportion of GDP in the secondary 
industry (%)

Service Development of the tertiary industry The proportion of GDP in the tertiary 
industry (%)

Staff Employee size Ln (Number of employees (ten thousand 
people))

Firm Enterprise size Ln ( Number of industrial enterprises 
above designated size (unit))

Profit Corporate profitability Ln (Profit of industrial enterprises above 
designated size (ten thousand yuan))

Foreign Foreign investment Ln (Number of foreign-funded enterprises 
(unit)

Cargo The volume of freight transport Ln (Road Freight Volume (ten thousand 
metric tons))

Passenger Passenger traffic volume Ln (Highway passenger volume (ten 
thousand people))

Revenue Revenue Ln (Revenue within the general budget of 
local finance (ten thousand yuan))

Expenditure Fiscal expenditure Ln (Expenditure within the general budget 
of local finance(ten thousand yuan))

Table 1. Variable definition.
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Empirical Analysis

Descriptive Statistics 

Table 2 reports the results of the descriptive statistics 
for the main variables. CPC has a mean of 11.272 with 
a standard deviation of 9.831, and CPG has a mean of 
2.506 with a standard deviation of 2.251, suggesting that 
the intensity of carbon emissions varies greatly across 
cities. Treat × time has a mean of 0.107, suggesting 
that the sample size following the construction of the 
spot market for electricity accounts for the overall 10.7 
percent. The descriptive statistics of other variables are 
shown in the table and will not be repeated.

Baseline Regression 

Benchmark Regression Results

Table 3 reports the baseline regression results. As 
shown in columns (1) and (3), the coefficients of the 
interaction term treat × time are significantly negative. 
After adding control variables to the model, as shown in 
column (2), the coefficient of the interaction term treat 
× time is -0.477 with a significance level of 0.01. This 
indicates that the per capita carbon emissions of the host 
city are reduced after the construction of the electricity 
spot market. As shown in column (4), the coefficient 
of the interaction term treat × time is -0.129, and the 

significance level is 0.01. This indicates that after the 
construction of the electricity spot market, the intensity 
of carbon emissions generated per unit of GDP in the 
host city is reduced. Therefore, the construction of an 
electricity spot market reduces the carbon emissions of 
the region, and hypothesis 1 is proved.

Electricity spot market construction has regional 
carbon emission reduction because, on the one hand, 
electricity spot markets promote competition and 
efficiency among companies. Market-based reforms 
usually introduce competition, prompting power 
companies to improve efficiency and reduce waste. 
Increased efficiency is usually accompanied by 
optimized energy use, which reduces carbon emissions. 
On the other hand, the electricity spot market can 
incentivize consumers and firms to reduce energy 
consumption and choose more environmentally friendly 
energy sources by introducing a price for electricity that 
reflects the true cost [42].

Dynamic Effects Test

The application of the DID model presupposes that 
the study satisfies the parallel trend assumption, i.e., the 
explanatory variables in the experimental and control 
groups show consistent trends ex-ante. The study drew 
on Jacobson et al. [43] to develop the following model 
for dynamic effects testing:

Variable Obs Mean Std. Dev. Min Max

CPC 2608 11.226 9.632 1.09 70.025

CPG 2608 2.504 2.251 0.131 20.354

treat × time 2608 0.107 0.31 0 1

economic1 2608 2.119 4.766 0.018 67.838

economic2 2608 3.543 1.192 -0.637 7.817

green1 2608 5.392 1.587 1.099 10.454

green2 2608 4.94 1.595 0.693 9.871

GDP 2608 16.727 0.909 14.42 19.884

industry 2608 0.45 0.106 0.107 0.88

service 2608 0.43 0.099 0.115 0.839

staff 2608 3.583 0.848 1.099 6.649

firm 2608 6.696 1.053 3.045 9.475

profit 2608 13.987 1.358 8.089 17.759

foreign 2608 3.037 1.647 0 8.099

cargo 2608 9.104 0.866 4.949 13.225

passenger 2608 8.158 1.139 2.197 12.566

revenue 2608 14.124 1.039 11.749 18.169

expenditure 2608 15.031 0.724 13.348 18.25

Table 2. Descriptive statistics.
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	 	 (5)

Among them, year is the dummy variable for each 
year from 2012 to 2021. Other variables in model (2) 
are the same as in model (1). Referring to the results of 

Nunn and Qian (2011), the study used the year before 
the start of the demonstration project (2017) as the base 
period, and the following figure plots all coefficients and 
95% confidence intervals for treat × year [44].

As depicted in Figs. 1 and 2, prior to 2018, 95% 
of the confidence intervals encompassed a value of 0, 
suggesting that before the establishment of the electricity 
spot market, the pilot regions and non-pilot regions 

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

CPC CPC CPG CPG

treat × time -0.490*** -0.477*** -0.082** -0.129***

(0.125) (0.125) (0.041) (0.036)

gdp -1.657*** -2.013***

(0.438) (0.127)

industry -0.601 -2.317**

(2.974) (0.956)

service -2.734 -2.053**

(2.757) (1.016)

staff -0.523*** 0.088

(0.201) (0.066)

firm -0.327 -0.187***

(0.285) (0.063)

profit 0.140 -0.054***

(0.090) (0.020)

foreign -0.042 -0.176***

(0.243) (0.043)

cargo -0.240** 0.027

(0.101) (0.037)

passenger 0.237*** 0.001

(0.079) (0.022)

revenue 0.061 0.027

(0.255) (0.070)

expenditure -1.178*** -0.031

(0.415) (0.095)

_cons 11.279*** 59.773*** 2.513*** 40.176***

(0.030) (6.570) (0.011) (1.685)

City FE Yes Yes Yes Yes

Year FE Yes Yes Yes Yes

Obs 2608 2608 2608 2608

R2 0.980 0.981 0.955 0.976

​Note: The figures in parentheses are robust standard errors, and ***, ** and * indicate significance at the levels of 0.01, 0.05 and 0.1, 
respectively.

Table 3. Benchmark regression results.
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exhibited a similar trend in both per capita carbon 
emission and carbon emission per unit of GDP, thereby 
fulfilling the criterion of parallel trends. Moreover, after 
2018, the construction of the electricity spot market 
began to have a negative effect on both, i.e., it produced 
a regional carbon reduction effect.

Robustness Tests

Placebo Test

The carbon-reducing effects of electricity spot 
market construction may be influenced by potential 
unobservables from city-years, which may interfere 
with the study's findings. To mitigate the endogeneity 
issue, this study employs a placebo test. Specifically, 
it creates new pseudo-policy variables by randomly 

selecting an equal number of cities as the pilot cities for 
electricity spot market construction across 500 random 
samples, designating them as pseudo-pilot regions, and 
subsequently interacting these variables with the TIME 
variable. If most of the pseudo-policy variables fail to 
achieve effects similar to those of electricity spot market 
construction, it means that their policy effects are hardly 
disturbed by potentially unobservable factors.

Figs. 3 and 4 plot the regression results of the 
pseudo-policy variables formed by 500 random samples 
on carbon emissions per capita and carbon emissions 
per unit of GDP, respectively. In the figure, the blue 
hollow circles depict the regression coefficient values, 
while the solid curves represent the kernel density of 
the distribution. The vertical dashed line on the x-axis 
marks the true regression coefficient values associated 
with the construction of the electricity spot market (as 

Fig. 1. Dynamic effects of per capita carbon emissions.

Fig. 2. Dynamic effects of carbon emissions per unit of GDP.
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detailed in Table 3, Columns (1) and (2)). The horizontal 
dashed line on the y-axis indicates the 0.1 level of 
significance.

As shown in Fig. 3 and Fig. 4, most of the regression 
results of the 500 random samples are around the value 
of 0 and do not reach the 0.1 level of significance. 
Meanwhile, the actual regression results of electricity 
spot market construction are all singular values. 
Therefore, it can be assumed that the vast majority of the 
pseudo-experimental group could not realize the policy 
effect of electricity spot market construction, and the 
research findings are hardly disturbed by unobservable 
factors.

PSM-DID Test

In order to further eliminate the interference of 
factors that may have an impact on the selection of 
pilot regions for the construction of the electricity spot 
market, the study matches the pilot regions with non-
pilot regions through the method of propensity score 
matching. Referring to Heckman et al. [45], firstly, the 
study selects all the control variables as covariates, i.e., 
the study considers that these factors may influence 
the selection of pilot regions. Secondly, propensity 
scores were calculated and matched through the nearest 
neighbor principle. Finally, regression analyses are then 
performed on the sample after matching.

The findings from the PSM-DID analysis, presented 
in Column (1) of Table 4, indicate that after PSM 
matching of 2026 observations, the coefficients of the 

Fig. 3. Placebo test for per capita carbon emissions.

Fig. 4. Placebo test for carbon emissions per unit of GDP.
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interaction term 'treat × time' are consistently negative 
and significant. This suggests that the carbon-reduction 
effect of the electricity spot market construction remains 
robust after eliminating the confounding influence of 
factors that may have influenced the selection of pilot 
regions.

Control of Other Policy Interference

In recent years, China has introduced a series 
of energy policies to effectively manage energy 
consumption and carbon emissions, such as energy 
rights trading. In order to eliminate the possible 
interference of the same period and type of policies on 
the research findings, it is necessary to control them. In 
2017, China carried out a pilot of energy rights trading 
in four provinces, including Zhejiang, Fujian, Henan, 
and Sichuan, and the study constructed its policy 
variable RIGHT based on the DID model and added it as 
a control variable into the model (1).

Column (2) of Table 4 reports the results controlling 
for the interference of the energy rights trading policy. 
The coefficients of the interaction term treat × time are 
all significantly negative, indicating that the carbon 
reduction effect of electricity spot market construction 
remains robust after controlling for possible disruptions 
from energy rights trading policies.

Hysteresis Effect Test

In order to further confirm the causal relationship 
between the two, the study applies a one period lag to 
the explanatory variables and all the control variables, 
i.e., it tests the relationship between the explanatory 
variables, the control variables, and the explained 
variables in period t-1.

Column (3) of Table 4 reports the results of the 
lagged effects test. The coefficients of the interaction 
term treat × time are all significantly negative, which 
provides further evidence of the causal relationship 
between electricity spot market construction and 
regional carbon reduction effects.

Cluster Analysis

To further mitigate the effects of the endogeneity 
problem, the study analyzes robust standard errors 
clustered at the individual city level.

Column (4) of Table 4 reports the results of the 
tests after the clustering analysis. The coefficients of 
the interaction term treat × time are all significantly 
negative, which indicates that the carbon reduction effect 
of electricity spot market construction remains robust 
after clustering the robust standard errors to individual 
cities.

Excluding Municipalities

In order to avoid the effect of municipalities, this 
paper conducts robust tests after removing the four 
municipalities.

Column (5) of Table 4 reports the results of the test 
after removing the municipalities. The coefficients of 
the interaction term treat × time are all significantly 
negative, indicating that the carbon-reducing effect of 
electricity spot market construction is still robust after 
removing the municipalities.

Further Analysis

Mechanical Tests

Table 5 reports the mechanism testing results of 
economic agglomeration effects. Firstly, as shown in 
columns (1), the coefficients of the interaction term 
treat × time are 0.185, with significance levels of 
0.05, respectively. Secondly, based on the regression 
coefficients in column (1), this article fitted the new 
mechanism variable economics' with treat × time as 
IV. As shown in columns (2) and (3), the coefficients 
of economics' are significantly negative, indicating that 
economic agglomeration further reduces regional carbon 
emissions. As shown in columns (4) - (6), after replacing 
the measurement method of economic agglomeration, 
the regression results remain unchanged. This indicates 
that the construction of the electricity spot market 
significantly promotes economic agglomeration in the 
region and thus facilitates regional carbon emission 
reduction.

Table 6 reports the mechanism testing results of 
green innovation effects. Firstly, as shown in column 
(1), the coefficients of the interaction term treat × time 
are 0.063, with a significance level of 0.005. Secondly, 
based on the regression coefficients in column (1), this 
article fitted the new mechanism variable green with 
treat × time as IV. As shown in columns (2) and (3), 
the coefficients of green 'are significantly negative, 
indicating that green innovation further reduces regional 
carbon emissions. As shown in columns (4) - (6), after 
replacing the measurement method of green innovation, 
the regression results remain unchanged.

This indicates that the construction of the electric 
power spot market promotes green technological 
innovation, which ultimately contributes to the 
realization of the regional carbon reduction effect.

The construction of the electricity spot market 
achieves carbon emission reduction by fostering 
economic agglomeration effects and fostering green 
technological innovation. This is likely due to the 
fact that, firstly, economic agglomeration facilitates 
the vertical and horizontal integration of industries, 
enabling by-products from certain enterprises to serve 
as intermediate inputs for others, thereby fostering 
a virtuous economic cycle and promoting resource 
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efficiency. Enterprises can save energy to reduce 
carbon emissions through factor sharing to lower costs, 
reduce transport distances, and improve production 
efficiency. On the other hand, green technological 
innovation improves energy efficiency and replaces 
traditional high-carbon emission energy sources, such 
as solar and wind power, instead of coal and oil. This 
promotes environmental awareness and facilitates 
carbon reduction actions at the broader societal level, 
such as the development of carbon capture and storage 

technologies, which reduce carbon emissions on a wider 
scale [14, 15, 28]. Therefore, hypothesis 2 is proved.

Heterogeneity Analyses

Source of Carbon Emissions

By promoting regional economic agglomeration and 
green technology innovation, electricity spot market 
construction mainly affects the intensity of direct carbon 
emissions, especially those generated by transport, 

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

economic1 CPC CPG economic2 CPC CPG

treat × time 0.185** 0.063***

(0.087) (0.015)

economic’ -9.440** -2.734** -7.981** -2.311**

(4.220) (1.209) (3.568) (1.023)

_cons -1.011 104.248*** 53.071*** 0.177 61.400*** 40.662***

(4.901) (21.526) (5.914) (1.023) (6.712) (1.699)

controls Yes Yes Yes Yes Yes Yes

City FE Yes Yes Yes Yes Yes Yes

Year FE Yes Yes Yes Yes Yes Yes

Obs 2608 2608 2608 2608 2608 2608

R2 0.969 0.981 0.976 0.984 0.981 0.976

​Note: The figures in parentheses are robust standard errors, and ***, ** and * indicate significance at the levels of 0.01, 0.05 and 0.1, 
respectively.

Table 5. Mechanism tests of economic agglomeration.

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

green1 CPC CPG green2 CPC CPG

treat × time 0.063** 0.112***

(0.029) (0.029)

green’ -6.107** -1.768** -4.213** -1.220**

(2.730) (0.782) (1.884) (0.540)

_cons 2.068 61.321*** 40.639*** 1.521 69.459*** 42.996***

(1.317) (6.705) (1.697) (1.305) (8.228) (2.078)

controls Yes Yes Yes Yes Yes Yes

City FE Yes Yes Yes Yes Yes Yes

Year FE Yes Yes Yes Yes Yes Yes

Obs 2608 2608 2608 2608 2608 2608

R2 0.965 0.981 0.976 0.966 0.981 0.976

​Note: The figures in parentheses are robust standard errors, and ***, ** and * indicate significance at the levels of 0.01, 0.05 and 0.1, 
respectively.

Table 6. Mechanism tests of green technology innovation.
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building, and industrial production processes. Therefore, 
electricity spot market construction has a stronger 
impact on carbon emissions in Scope 1. The study 
divides the carbon emissions into the carbon emissions 
of scope 1, scope 2, and scope 3 according to the three 
carbon emission sources and examines how the impact 
of the construction of the electricity spot market on 
the carbon emissions of these three scopes is different, 
respectively.

The test results are shown in Table 7, and it can be 
seen that the interaction term coefficients of columns 
(1) and (4) are larger and more significant, and the 
construction of the electricity spot market has a greater 
impact on the carbon emission of scope 1. There is a 
need to actively explore more avenues of electricity 
market-based reform programs to effectively manage 
carbon emissions for other scopes.

The possible reasons for this are that, on the one 
hand, electricity market construction directly affects 
the energy use choices of businesses and households 
by improving the efficiency and flexibility of electricity 
supply and promoting cleaner and more efficient energy 
consumption. On the other hand, for sectors such as 
transport, buildings, and industrial production, the 
development of electricity markets can have a greater 
impact on the direct carbon emissions of these sectors 
by reducing reliance on traditional fossil energy sources 
and promoting electrification and energy efficiency [46].

Government Low Carbon Governance Efforts

Environmental governance has negative 
externalities, and electricity market-based reforms need 
to be complemented by government administrative 
instruments in order to work better. Therefore, the study 
explores the differences in the impact of the electricity 
spot market on regional carbon emissions under different 

strengths of government low-carbon governance. The 
study employs the frequency of occurrence and the 
respective weights of low-carbon-related terminology in 
provincial government work reports as proxy indicators 
for environmental governance at the prefecture-level city 
government level. Specifically, the frequency of terms 
such as "low-carbon" and "carbon dioxide" is utilized to 
quantify the intensity of the government's low-carbon 
governance efforts. These measures are then categorized 
into two distinct groups, based on the median value of 
their annual occurrences.

The test results are shown in Table 8. Columns (2) 
and (4) are the groups with greater intensity, and their 
interaction term coefficients are both larger and more 
significant, which shows that the construction of the 
electricity spot market has a greater effect on reducing 
the intensity of carbon emissions. This suggests that 
in the electricity market, the market determines the 
allocation of resources, while the government carries 
out appropriate regulation, which can further strengthen 
the effect of environmental governance.

On the one hand, cities with stronger governmental 
low-carbon governance already have a more mature 
policy and technological base to support and take 
advantage of the electricity market. These cities 
may be able to integrate renewable energy, promote 
electric vehicles, and energy efficiency measures more 
effectively, and achieve a better allocation of energy 
through the electricity market, thus achieving more 
significant results in reducing carbon emissions. On the 
other hand, cities with stronger government low-carbon 
governance tend to be accompanied by higher public 
awareness of environmental protection and corporate 
emphasis on sustainable development. In such an 
environment, the construction of the electricity market 
can more effectively promote the use of clean energy 

CPC CPG

(1) Scope 1
e1

(2) Scope 2
e2

(3) Scope 3
e3

(4) Scope 1
e4

(5) Scope 2
e5

(6) Scope 3
e6

treat × time -0.342*** -0.066 -0.069 -0.087*** -0.009 -0.033**

(0.090) (0.041) (0.058) (0.024) (0.010) (0.016)

_cons 36.955*** 8.544*** 14.274*** 25.788*** 5.302*** 9.087***

(4.559) (2.032) (2.887) (1.128) (0.435) (0.761)

controls Yes Yes Yes Yes Yes Yes

City FE Yes Yes Yes Yes Yes Yes

Year FE Yes Yes Yes Yes Yes Yes

Obs 2608 2608 2608 2608 2608 2608

R2 0.977 0.920 0.910 0.974 0.916 0.890

​Note: The figures in parentheses are robust standard errors, and ***, ** and * indicate significance at the levels of 0.01, 0.05 and 0.1, 
respectively.

Table 7. Carbon emission sources.
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and the transformation of energy consumption patterns, 
thus reducing carbon emissions more significantly [47].

Conclusions and Policy Recommendations

The study selects the panel data of 282 inland cities 
in China from 2012 to 2021 as samples. Electricity 
spot market construction is used as a quasi-natural 
experiment to construct a DID model to investigate the 
impact of electricity spot market construction on the 
carbon emission of the host city, and the results show 
that the per capita carbon emission and the carbon 
emission per unit of GDP of the host city are reduced 
after the construction of electricity spot market. 
Subsequently, the study conducted a series of robustness 
tests, such as the placebo test and the PSM-DID test, 
and the conclusions still hold after the tests. Further 
analyses show that electricity spot market construction 
reduces regional carbon emissions by promoting 
regional economic agglomeration and green technology 
innovation. Heterogeneity shows that electricity spot 
market construction has the greatest impact on the 
intensity of urban direct carbon emissions. The impact 
of electricity spot market construction on the intensity 
of carbon emissions is greater in regions where the 
government's low-carbon governance is stronger. Based 
on the conclusions, the study proposes the following 
policy recommendations:

Firstly, consideration can be given to expanding 
the scope of cities in which the electricity spot market 
is piloted so as to gradually promote the marketization 
process. By increasing the number of pilot cities, the 
carbon-reducing effect of electricity market-based 
reform can be more comprehensively assessed and 
prepared for full implementation in the future.

Second, in the process of promoting the construction 
of the electricity spot market, it is necessary to 

continuously improve the electricity market-based 
trading mechanism. Sound market-based trading rules 
and mechanisms are established to improve market 
transparency and fairness, promote efficient allocation of 
power resources, and thus achieve the goals of reducing 
carbon emissions and improving resource use efficiency.

Third, actively promote the integration of market 
supervision into the entire process of electricity 
spot market construction. The effective and efficient 
functioning of the electricity spot market is pivotal 
in advancing the refinement of China's electric 
power market system, fostering a stable, healthy, and 
environmentally sustainable development of the electric 
power spot market. Ultimately, this will contribute to 
the establishment of a nationally unified electric power 
market that is aligned with the objectives of low-carbon 
energy transition and socioeconomic progress.

Finally, increase support for technological 
innovation: this study found that green technological 
innovation is the key to achieving carbon reduction. 
Therefore, the government should increase its support 
for technological innovation, including the provision of 
financial support and technology information-sharing 
platforms. By incentivizing and supporting enterprises 
and research institutes to carry out technological 
innovation, it can promote the development and 
application of clean energy technologies and further 
reduce carbon emissions.

By adopting the above policy recommendations, 
the electricity market reform can be further promoted 
to achieve the goal of reducing carbon emissions and 
low-carbon transition and contribute to sustainable 
development. The study has some limitations. Firstly, 
due to the limitation of data availability, the article is 
not exhaustive in exploring the mechanisms and only 
analyzes the impact of green technology innovation 
as an operating mechanism without discussing other 
mechanism analyses such as the use of renewable 

CPC CPG

(1) Low force (2) Strong force (3) Low force (4) Strong force

treat × time -0.431** -0.919*** -0.041 -0.108**

(0.170) (0.257) (0.053) (0.050)

_cons 63.531*** 45.650*** 45.539*** 24.655***

(8.340) (10.523) (2.273) (2.307)

controls Yes Yes Yes Yes

City FE Yes Yes Yes Yes

Year FE Yes Yes Yes Yes

Obs 1689 915 1689 915

R2 0.984 0.981 0.978 0.980

​Note: The figures in parentheses are robust standard errors, and ***, ** and * indicate significance at the levels of 0.01, 0.05 and 0.1, 
respectively.

Table 8. Government's low-carbon governance efforts.



Yifei Li, et al.18

energy. Secondly, the article's discussion of boundary 
conditions is relatively limited, and the study only 
analyzes heterogeneity based on dividing cities into 
eastern, central, and western regions. In the future, the 
analysis can be extended by exploring dimensions such 
as the degree of marketization of cities.

Acknowledgements

This paper did not receive any specific grant from 
funding agencies in the public, commercial, or not-for-
profit sectors.

Conflict of Interest

The authors declare no conflict of interest. 

References

1.	 PERCEBOIS J., POMMERET S. Reform of the 
European electricity market: Should we prefer a price 
based on a weighted average of marginal costs with cross-
subsidies? The Electricity Journal, 37 (1), 107364, 2024.

2.	 LI X., TAN Z., SHEN J., YANG J., FAN W., ZHAO 
H., ZHANG T. Research on the operation strategy of 
joint wind-photovoltaic-hydropower-pumped storage 
participation in electricity market based on Nash 
negotiation. Journal of Cleaner Production, 140981, 2024.

3.	 EBERLEIN B. Institutional change and continuity in 
German infrastructure management: the case of electricity 
reform. German Politics, 9 (3), 81, 2000.

4.	 RØNNE A. Electricity reform in Denmark. Journal of 
Energy & Natural Resources Law, 18 (1), 97, 2000.

5.	 OUTHRED H. Electricity sector reform in federal 
Australia. 2000 IEEE Power Engineering Society Winter 
Meeting. Conference Proceedings IEEE, 1, 114, 2000.

6.	 BANKS J.P. The decarbonization transition and US 
electricity markets: Impacts and innovations. Wiley 
Interdisciplinary Reviews: Energy and Environment, 11 
(6), e449, 2022.

7.	 CANTLEY-SMITH R. Recent Developments in the 
United Nations. Chinese Journal of Environmental Law, 
7 (1), 9, 2023.

8.	 SCHNEIDERS E., CHEON E.J., KJELDSKOV J., 
REHM M., SKOV M.B. Non-dyadic interaction: A 
literature review of 15 years of human-robot interaction 
conference publications. ACM Transactions on Human-
Robot Interaction (THRI), 11 (2), 1, 2022.

9.	 WANG E.Z., LEE C.C. The impact of clean energy 
consumption on economic growth in China: is 
environmental regulation a curse or a blessing? 
International Review of Economics & Finance, 77, 39, 
2022.

10.	 JIANG C., LI K. J., QI Y. The impact of economic 
development on clean energy consumption in China: based 
on morlet wavelet transform analysis. Applied Mechanics 
and Materials, 448, 4219, 2014.

11.	 GAN T., ZHOU Z., LI S., TU Z. Carbon emission 
trading, technological progress, synergetic control of 
environmental pollution and carbon emissions in China. 

Journal of Cleaner Production, 141059, 2024.
12.	BIAN Z., LIU J., ZHANG Y., PENG B., JIAO J. 

A green path towards sustainable development: The 
impact of carbon emissions trading system on urban 
green transformation development. Journal of Cleaner 
Production, 140943, 2024.

13.	 CHU B., DONG Y., LIU Y., MA D., WANG T. Does 
China's emission trading scheme affect corporate financial 
performance: Evidence from a quasi-natural experiment. 
Economic Modelling, 132, 106658, 2024.

14.	 BAI J., MA W., WANG Y., JIANG J. Political incentives 
in market-based environmental regulation: Evidence from 
China’s carbon emissions trading scheme. Heliyon, 2024.

15.	 LIN B., LIU Z. Assessment of China's flexible power 
investment value in the emission trading system. Applied 
Energy, 359, 122663, 2024.

16.	 LUNA-ROMERA J.M., CARRANZA-GARC A.M., 
ARCOS-VARGAS Á., RIQUELME-SANTOS J.C. 
An empirical analysis of the relationship among price, 
demand and CO2 emissions in the Spanish electricity 
market. Heliyon, 2024.

17.	 WANG Y., ZHANG Q. How does electricity consumption 
of energy-intensive manufacturing affect the installed 
capacity of power generation? Empirical evidence under 
the background of China's supply-side structural reform. 
Energy Efficiency, 15 (7), 44, 2022.

18.	 LI H., LI X., ZHANG Y., ZHAO Y., PAN J., ZHAO H. 
Declaration strategy of wind power and pumped storage 
participating in the power market considering multiple 
uncertainties. Energy, 130624, 2024.

19.	 GUAN X. China's social policy: Reform and development 
in the context of marketization and globalization. 
Transforming the developmental welfare state in East 
Asia. London: Palgrave Macmillan UK, pp. 231, 2005.

20.	ZOU P., CHEN Q., XIA Q., HE C., GE R. Logical 
analysis of electricity spot market design in foreign 
countries and enlightenment and policy suggestions for 
China. Automation of Electric Power Systems, 38 (13), 18, 
2014.

21.	 YU D., XU X., DONG M., NOJAVAN S., 
JERMSITTIPARSERT K., ABDOLLAHI A., 
PASHAEI-DIDANI H. Modeling and prioritizing 
dynamic demand response programs in the electricity 
markets. Sustainable Cities and Society, 53, 101921, 2020.

22.	JIAYU B., XINGANG W., CHAOSHAN X., ZHIYONG 
Y., SHOUTAO T., HE C. Development Status and 
Measures to Promote the Development of Renewable 
Energy in China. 2021 3rd Asia Energy and Electrical 
Engineering Symposium (AEEES). IEEE, 1102, 2021.

23.	AUSTNES P.F., RIEMER-SØRENSEN S., BORDVIK 
D.A., ANDRESEN C.A. Balancing the Norwegian 
regulated power market anno 2016 to 2022. Energy 
Strategy Reviews, 52, 101331, 2024.

24.	CHI Y.Y., ZHAO H., HU Y., YUAN Y.K., PANG Y.X. The 
impact of allocation methods on carbon emission trading 
under electricity marketization reform in China: A system 
dynamics analysis. Energy, 259, 125034, 2022.

25.	YING Z., XIN-GANG Z. The impact of Renewable 
Portfolio Standards on carbon emission trading under the 
background of China’s electricity marketization reform. 
Energy, 226, 120322, 2021.

26.	XIN-GANG Z., SHURAN H., HUI W., HAOWEI 
C., WENBIN Z., WENJIE L. Energy, Economic, and 
environmental impacts of electricity market-oriented 
reform and the carbon emissions trading: A recursive 
dynamic CGE model in China. Energy, 131416, 2024.



The Impact of Electricity Marketization Reform... 19

27.	 CHANG X., WU Z., WANG J., ZHANG X., ZHOU M., 
YU T., WANG Y. The coupling effect of carbon emission 
trading and tradable green certificates under electricity 
marketization in China.  Renewable and Sustainable 
Energy Reviews, 187, 113750, 2023.

28.	FAN J., ZHAO D., WU Y., WEI J. Carbon pricing and 
electricity market reforms in China. Clean Technologies 
and Environmental Policy, 16, 921, 2014.

29.	 ZHANG Z., WANG J., FENG C., CHEN X. Do pilot zones 
for green finance reform and innovation promote energy 
savings? Evidence from China. Energy Economics, 124, 
106763, 2023.

30.	WU Z., ZHOU M., YAO S., LI G., ZHANG Y., LIU X. 
Optimization operation strategy of wind-storage coalition 
in spot market based on cooperative game theory. Power 
System Technology, 43 (8), 2815, 2019.

31.	 YUGUO C., XUAN Z., GANG L.U.O., YANG B., 
ZHENFEI T., HAIWANG Z. Demand response 
mechanism and approach of electricity spot market in 
bidding mode without price on user side. Automation of 
Electric Power Systems, 43 (9), 179, 2019.

32.	 	 GONG G., WANG H., ZHANG T., CHEN Z., WEI 
P., SU C., WEN Y., LIU X. Research on electricity market 
about spot trading based on blockchain. Proceedings of 
the CSEE, 38 (23), 6955, 2018.

33.	 GAN T., ZHOU Z., LI S., TU Z. Carbon emission 
trading, technological progress, synergetic control of 
environmental pollution and carbon emissions in China. 
Journal of Cleaner Production, 141059, 2024.

34.	ZHANG X., ZHENG X. Does carbon emission trading 
policy induce financialization of non-financial firms? 
Evidence from China. Energy Economics, 131, 107316, 
2024.

35.	 CHAOBO Z., QI S. Can carbon emission trading 
policy break China's urban carbon lock-in?. Journal of 
Environmental Management, 353, 120129, 2024.

36.	TAO M., POLETTI S., WEN L., SHENG M.S. 
Enhancing New Zealand's emissions trading scheme: 
A comprehensive sector-level assessment for a stronger 
regulatory framework. Journal of Environmental 
Management, 352, 120106, 2024.

37.	 DELL M. The persistent effects of Peru's mining mita. 
Econometrica, 78 (6), 1863, 2010.

38.	ALESINA A., ZHURAVSKAYA E. Segregation and the 
Quality of Government in a Cross Section of Countries. 
American Economic Review, 101 (5), 1872, 2011.

39.	 CICCONE A., HALL R.E. Productivity and the density 
of economic activity. National Bureau of Economic 
Research, 4313, 1993.

40.	DU Z., ZHU C., ZHOU Y. Increasing Quantity or 
Improving Quality: Can Soil Pollution Control Promote 
Green Innovation in China’s Industrial and Mining 
Enterprises? Sustainability, 14 (22), 14986, 2022.

41.	 LI Z., LI M., HAN Y., YE X. Sustainable Development: 
R&D Internationalization and Innovation. Polish Journal 
of Environmental Studies, 32 (2), 2023.

42.	MA R., ZHOU H., QIAN W., ZHANG C., SUN G., 
ZANG H. Study on the transaction management mode 
of virtual power plants based on blockchain technology. 
2020 12th IEEE PES Asia-Pacific Power and Energy 
Engineering Conference (APPEEC). IEEE, 1, 2020.

43.	 JACOBSON L.S., LALONDE R.J., SULLIVAN D.G. 
Earnings losses of displaced workers. The American 
Economic Review, 685, 1993.

44.	NUNN N., QIAN N. The potato's contribution to 
population and urbanization: evidence from a historical 
experiment. The Quarterly Journal of Economics, 126 (2), 
593, 2011.

45.	 HECKMAN J.J., ICHIMURA H., TODD P.E. Matching 
as an econometric evaluation estimator: Evidence from 
evaluating a job training programme. The Review of 
Economic Studies, 64 (4), 605, 1997.

46.	ZHAO M., SHEN C., LIU F., HUANG X.Q. A game-
theoretic approach to analyzing power trading possibilities 
in multi-microgrids. Proceedings of the CSEE, 35 (4), 848, 
2015.

47.	 ZENG M., MA X.C., YANG L.L. Design and analysis 
of adjustable carbon emissions allocation mechanism in 
electricity market. Power System Technology, 34 (5), 141, 
2010.


