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Abstract: Carbon emission reduction is now a vital element in urban development. This study
explores the effectiveness of the two emerging methods to reduce carbon emission, which are carbon
emissions trading system (ETS) and sustainable energy strategy, in the process of urbanization. We
review the policy in the past decades to demonstrate the development of these two streams of carbon
emission reduction methods and empirically test the effectiveness of the two methods with panel
data across 30 provinces in China from 2009 to 2019. The sustainable energy strategy is confirmed to
be effective in reducing carbon emissions in the region, while the effectiveness of carbon emissions
trading system varies. We find that (1) substituting fossil fuel with other sustainable energy resources
can effectively reduce the carbon emission; (2) the rewards from carbon emissions trading is a good
incentive for the enterprises to reduce the carbon emissions; however, it is more tempting in the
provinces that have the carbon emissions trading system, although the trading can be conducted
across the province boarder. Our findings indicate that the sustainable energy strategy is a good
practice and worth expanding to the whole country. It can be difficult for some provinces to transform
and adopt the sustainable energy strategy if the fossil fuel is the major source for economic production.
It is important to avoid setting fossil fuel as the main source for economic production or household
consumption in the urbanization process. Meanwhile the carbon emissions trading system is found
to contribute to CO2 emissions reduction only within the province. Therefore, having more provinces
piloting the ETS will help the CO2 emission reduction further.

Keywords: carbon emissions; carbon emissions trading system (ETS); sustainable energy strategy;
urbanization

1. Introduction

Rapid urbanization may lead to high levels of carbon emissions, endangering the
environment and human well-being. This can also exacerbate the geographical inequality.
Studies show that a 1% increase in carbon emissions is associated with a 0.298% increase
in outpatients and a 0.162% increase in inpatients [1]. Many countries have recognized
the urgency of energy conservation and environmental protection and have attempted to
employ various policies, mechanisms, and strategies. These include institutional and legal
frameworks, such as government orders requiring high-energy-consuming companies to
make corrections by a deadline, as well as economic instruments such as taxes and subsidies.
In addition, countries have also leveraged technological progress and information to
increase environmental awareness. To further address this issue, the carbon emissions
trading system (ETS) has been adopted as a market-based incentivizing instrument. Under
the ETS, a cap is established for greenhouse gases (or CO2) during a compliance period.
Emissions allowances can be traded on the market as commodities [2]. Another measure
to reduce the carbon emissions is to adopt the sustainable energy strategy by substituting
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the fossil fuel with other sustainable energy resources. In this study, we quantitatively
investigate the effectiveness and the contribution of both measures in carbon emissions
reduction in China.

In 2009, China pledged at the United Nations Climate Change Conference to reduce
its CO2 emissions by 40–45% by 2020. The Chinese government has published a variety of
strategies to improve resource efficiency and reduce carbon emissions. The China Carbon
Emissions Trade Exchange (CCETE) includes seven pilot districts (2011), eight ETS pilots
(2013), and a national ETS (2021). Seven provinces have ETS pilots, namely Beijing, Tianjin,
Shanghai, Fujian, Hubei, Shenzhen, Guangzhou, and Chongqing. Guangdong province
has both Shenzhen and Guangzhou ETS. These provinces are collectively known as CCETE
provinces. Figure 1 demonstrates the carbon emissions across seven CCETE provinces in
China from 2009 to 2019.
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tainable energy resources, the province economy will not suffer the loss while the carbon 
emissions can be reduced. 

Figure 1. The Carbon Emissions across 7 CCETE provinces in China (2009–2019).

It shows that the CCETE provinces have made a significant contribution to carbon
emissions reduction by maintaining the low levels of carbon emissions with a small growth
rate, especially in comparison to other provinces without ETS pilot. Figure 2 shows the
annual growth of carbon emissions in each province in China between 2009 and 2019.
Whilst some provinces (i.e., Tianjin, Hebei, Jiangsu, Henan, Hunan, Guizhou, Yunnan,
and Qinghai) showed a carbon emission reduction over time, some other provinces which
heavily rely on the energy-intensive economic growth showed persisting high levels of
carbon emissions. In these provinces, the financial incentives from ETS might not be
adequate to trade-off the loss from the economic growth if they reduce energy use. In
this case, the sustainable energy strategy is vital. By substituting the fossil fuel with the
sustainable energy resources, the province economy will not suffer the loss while the carbon
emissions can be reduced.
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Figure 2. The Carbon Emissions across 30 Provinces in China (2009–2019).

This study aims to examine the impact and effectiveness of the two measures, namely
ETS and Sustainable Energy Strategy, in carbon emissions reduction. Panel data in China
from 2009 to 2019 are employed in our empirical tests. Our findings will shed some light
to the stakeholders, such as the policy makers and local authorities, regarding the future
urbanization progress.

In the following section, we will review the relevant literature in this area and briefly
introduce the development of sustainability policies, including the construction of CCETE
(pilot districts, ETS pilots, and national ETS). We follow the Kaya [3] model to develop our
empirical model and collect the empirical data from public data sources. The results and
findings will be discussed and followed by the conclusions with policy implications.

2. Literature Review
2.1. What Affects Carbon Emissions?

Since the 1990s, factors affecting carbon emissions have gained wider attention, with
the most famous example being the Kyoto Protocol proposed by the United Nations
Framework Convention on Climate Change (UNFCCC) in 1997. Kaya presented the
concept of the Kaya Identity based on IPAT [3,4]. This is widely accepted as an effective
way to calculate carbon emissions and establish the relationship between carbon emissions,
economic policies, population, and human activity. Later in 1993, Kaya co-authored
with Yokoboriet and developed the Kaya Identity further [5]. The relationship can be
calculated by global carbon emissions from human sources (F). The Kaya Identity has four
components: total population (P), GDP per capita (G), energy intensity of GDP (E/G), and
carbon intensity of energy (F/E). The relationship between these factors can be expressed
in the Equation:

FCO2 emissionsfromhumansources = Ppopulation × GGDP

Ppopulation
×

Eenergyconsumption

GGDP
× FCO2 emissionsfromhumansources

Eenergyconsumption
(1)

The Kaya Identity has been widely applied in the energy, environmental and economic
fields by the practitioners as it is clearly-structured and easy to use. For instance, it was
used as a key element in the development of future emissions scenarios, as demonstrated
by the Intergovernmental Panel on Climate Change (IPCC) Special Report on Emissions
Scenarios in 2000 [6].
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On the academic research side, there have been numerous applications of the Kaya
Identity in analyzing the global, country, and regional patterns of driving forces of GHG
emissions. The related studies have been summarized in Table 1.

Table 1. Summaries of the previous empirical investigations on GHG emissions based on Kaya
Identity.

Citation Country Time
Period

Demographic
Factors (P) Economics Factors Energy Related Factors

Ma and Cai,
2018 [7] China 2001–2015 N.A. 5 N.A.

Mahony,
2013 [8] Ireland 1990–2010 Population GDP

E = Total Primary Energy
Requirement (TPER) of all
fuel types; FFi = TPER of

fossil fuel type i; FF = TPER of
all fossil fuels; C = Total CO2
emissions from all fossil fuel

types; Ci = CO2 emissions
from fossil fuel type i

Jung et al.,
2012 [9] Korea 2002–2009 Population

GRDP is the gross
regional domestic

product

TEC is total energy
consumption; EC is fossil fuel

energy consumption.

Ma and Stern,
2008 [10] China 1971–2003 Population GDP

Carbon emissions from fossil
fuels consumption; fossil fuels

consumption (coal + oil +
natural gas); carbon-based

fuel consumption (FF +
biomass); total fuels
consumption (CF +
carbon-free fuels)

Wang et al.,
2005 [11] China 1957–2000 Population GDP; GDP

per capita

The mean CO2 emissions
coefficient of fossil fuels; the

fuel share in total
energy consumption

Chontanawat,
2019 [12] ASEAN 1971–2013 Population in

million persons

Real GDP: defined
and measured at
constant price in
million 2005 USD

CO2 emissions flux in Mt of
CO2 emissions; primary

energy supply in ktoe; fossil
fuel consumption in ktoe

Ortega-Ruiz
et al., 2020 [13] India 1999–2016 Population

Economic activity
(act), economic
structure (str)

Energy intensity (int), and
energy mix (mix)

Tavakoli,
2018 [14]

Top ten emitter
country of 2015
(China, United

States, India,
Russian Federation,

Japan, Germany,
Korea, Canada, Iran

and Brazil)

1971–2011 Population GDP capita Energy Intensity,
Carbon Intensity
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Table 1. Cont.

Citation Country Time
Period

Demographic
Factors (P) Economics Factors Energy Related Factors

Raupach,
et al., 2007 [15]

U.S., China, Japan,
India, the European

Union (EU), the
nations of the

Former Soviet Union
(FSU), developed
(D1), developing

(D2), and
least-developed (D3)

countries

1980–2004 Population GDP Energy consumption,
regional intensities

Eskander,
Nitschke,
2021 [16]

UK 2012–2019 Population Income
Total energy consumption of

all fuel types. Total
CO2 emissions

Lin and Raza,
2019 [17] Pakistan 1978–2017 Population GDP

CO2 emissions, energy
utilization, fossil

fuel emissions

Wang et al.,
2020 [18] US 1997–2016 Population GDP

Total CO2 emissions, CO2
emissions of fuel type in

sector, the energy needs by
fuel type in sector, the total
energy needs and industrial

added value in sector

Okorie,
2021 [19] Nigeria 1960–2019 Population GDP

Energy Structure, proxies for
some of the factors, input

factor, i.e., energy
consumption, output factor,

i.e., carbon emissions

Yang et al.,
2020 [20] China 2000–2015 Population GDP Carbon intensity

Pui, Othman,
2019 [21] Malaysia 2000–2016

The population-to-
employment effect,
The urbanization

effect, The per
capita CO2 effect

Scale effect,
economic structure

effect, the
capital-labor

substitution effect.

The sum of energy intensity
effect; the renewable energy
penetration effect; the fossil

fuels-renewable energy
substitution effect; the

investment efficiency effect

Lima et al.,
2016 [22]

Latvian and
Lithuanian 1995–2019 Population GDP CO2 emissions, CO2

emissions from fossil fuel type

Wang et al.,
2014 [23] China 1995–2011 Population

Land economic
output, land
urbanization,

urban area of per
capita, population

urbanization

Energy mix, energy intensity,
industrial structure

Xu et al.,
2014 [24] China 1995–2010 Population Economic output Energy structure, energy

intensity, industry structure

Robaina et al.,
2016 [25] Portuguese 2000–2008 N.A.

Total value added
generated by

tourism; the value
added generated

by tourism

Carbon intensity, energy mix,
energy intensity, tourism

consumption by the value
added generated by tourism

(VA effect)
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2.2. Factors That Affect GHG Emissions

1. Demographic Factors: Demographics are often seen as a key factor influencing GHG
emissions. In Kaya (1989) Identity, population growth is used as a basis to estimate
GHG emissions [3]. However, Tavakoli pointed out that there is a significant difference
in carbon emissions per capita, with the commission from the richest 1% of people
being 175 times that of the poorest 10% [14]. This reveals that using population
numbers alone to predict carbon emissions is not sufficient. Some researchers have
investigated the diversity factors that influence carbon emissions per capita, such as
the population age, education level, employment rate, occupation, labor productivity,
and the urbanization effect [12,21,23,24,26].

2. Economics Factors: In the Kaya Identity, GDP and GDP per capita are used to calculate
the effect of economic factors on GHG emissions. Many researchers have focused
on extending this equation to economic factors. Some researchers have revealed
that almost all countries see industrial transformation as an important part of a
low-carbon economy, as the primary, secondary and tertiary sectors have different
impacts on carbon emissions and should be viewed separately, for example, tourism
activity [25], economic structures [7,13,21,23–25]. Due to the growing gap between
the rich and poor, influenced by urbanization, industrialization, and global trade,
many researchers have focused on exploring alternative economic factors instead of
GDP or GDP per capita, such as income variance [12], purchasing power parity [15],
investment efficiency effect [21], land economic output, and land urbanization [23].
Furthermore, the market exchange rate was used as an important part of the economic
analysis in Raupach, et al., [15] using Kaya Identity for global carbon emissions.

3. Energy-related Factors: Kaya (1989) defined energy-related factors as the energy
intensity of GDP (E/G) and energy emissions (F/E) [3]. However, with the tech-
nological innovations, researchers have attempted to analyze the decomposition of
energy-related carbon emissions. In the area of energy system efficiency research,
many researchers have focused on dividing fossil fuel energy consumption and total
energy consumption (coal, peat, oil and gas), attributable to fuel quality and tech-
nology [8,9,11–13,16–21,23,24]. In the area of sustainable energy research, there is
much research focused on renewable energy, the substitution, and fuel switching of
fossil fuel types, for example, biomass, and the penetration of carbon-free energy
penetration [8,10,11,16,21,22].

2.3. How Does Carbon Emissions Trading System/Policy Affect Carbon Emissions?

ETS has been widely used in many countries as an effective approach to mitigate
GHG emissions as an incentivizing instrument as well as a market-driven policy. In 2005,
the first large-scale EU ETS was established with all 15 member states of the European
Union participating, and Norway, Iceland, and Liechtenstein joined the EU ETS in 2008.
Furthermore, New Zealand, India, Korea, and China officially launched their national ETS
in 2008, 2014, 2015, and 2021, respectively. It is worth noting that in the US, companies
were able to trade carbon emissions on the Chicago Climate Exchange instead of a national
ETS. Some research has investigated the effect of Emissions Trading System (ETS), mainly
focusing on the EU ETS and CCETE in China.

Regarding the case of how ETS contributes to carbon emissions, some studies have re-
vealed the effectiveness of ETS in reducing GHG emissions. For example, a 2–5% reduction
in CO2 emissions between 2005 and 2007 [27] and the reduction of over 1 billion tons of
CO2 in EU countries between 2008 and 2016 [28]. In Germany, the ETS has significantly
reduced carbon emissions by improving energy efficiency [29,30]. In China, the Green
Credit policy’s pressure to reduce energy intensity has had a variety of impacts on different
types of businesses. It has resulted in the reduction of fossil energy consumption [31],
capital renewal [32], and promotion of low-carbon technology innovation [33].

Some researchers have argued that the ETS has a limited ability to curb carbon emis-
sions and scholars have tried to find the reasons behind this. Firstly, the ETS has a limited
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innovation impact and cannot provide sufficient incentives for companies to create low-
carbon technologies [27,34,35]. For example, Rogge et al. revealed that ETS contributes
to the development of large-scale coal power generation technology in Germany, but has
a limited impact on low- or zero-carbon mitigation options [34]. In China, ETS helps
to reduce productive carbon emissions but does nothing for consumer emissions [36].
Secondly, some researchers are concerned about the “pollution haven” effect, which aggra-
vates the imbalance of emissions transfers between developing countries and developed
countries [37–39].

At the moment, the effectiveness of ETS on GHG emissions has not yet come to a
consistent conclusion. Therefore, in this study, we will explore further how and why ETS is
effective in reducing carbon emissions.

2.4. Does Low-Carbon Economy Strategy Matter?

Climate change has emerged worldwide, with a focus on implementing a low-carbon
economy to curb carbon emissions from demonstration activities. Many countries have
adopted relevant strategies and policies for low-carbon economy activities. For example,
European countries such as the UK, France, and Germany have set long-term targets to
reduce GHG emissions by 60%, 75%, and 80%, respectively, by 2050 [40]. Many countries
have realized the importance of a low-carbon economy and have tried to leverage different
policy mechanisms and programs including institutional and legal frameworks (e.g., bans
on single-use plastic), economic instruments (subsidies, taxes), and technology innovation.
In the tax research area, for example, transport fuel taxes, energy, and carbon taxes have
been widely used and recognized in many countries, such as European countries, the
US, China, Kenya, Ethiopia, Costa Rica, and Turkey [41–43]. However, many researchers
have pointed out that this policy will further increase income inequality and make it more
difficult for low-income households to afford the high price of gas and electricity [44,45].

There have been various low-carbon economy strategies applied in China, and some
researchers have revealed that they typically fall into two categories.

On the energy-related research side, many researchers have emphasized the impor-
tance of improving energy efficiency. Some have used the LMDI method to decompose
changes in China’s GHG emissions and have shown that the reduction in energy intensity
can effectively reduce carbon emissions. Examples of such studies include Fan and Ying
(2007), Auffhammer and Carson (2008), Zhang YG (2009), Zhang et al. (2014), Zhang and
Da (2015), Wang et al. (2016), and Naminse and Zhuang (2018) [46–52]. With technological
innovation, the development of clean energy, and the adjustment of energy structures,
effective control of GHG emissions is also possible. Examples of such studies include
Wang et al. (2011), Lu et al. (2013), Dogan and Seker (2016), Zhang et al. (2020), and Xu,
Le, et al. (2021) [53–57]. In Fujian, China, where nuclear power plays a significant role in
the energy mix, it has helped to achieve China’s 2020 target of a 40–45% reduction in CO2
emissions intensity per unit of GDP compared to 2005, reaching around 15% by 2020 [58].

On the GDP-related research area, many researchers have found that in coal-rich
regions, the intensity of carbon emissions per unit of GDP is usually reduced by growing
the economy [59–62]. Zhou et al. found that in Shanxi, Anhui, and Yunnan regions,
there is still a high resource intensity and negative carbon emissions footprint, which is a
manifestation of the environmental burden [63].

2.5. Sustainable Urbanization

An increasing body of studies has focused on the effect of CCETE (ETS pilots districts
and ETS pilots) on sustainable urbanization, and the literature can be divided into two
categories: urban economic environment and urban green innovation.

The former focuses on the synergistic interactions between the economy and the envi-
ronment systems. Firstly, some recent studies employing the Propensity Score Matching-
Difference-In-Differences (PSM-DID) approach have evaluated urban carbon reduction.
The results indicate that CCETE has achieved a significant reduction in ETS pilot cities’
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carbon intensity [64–68]. For example, the energy intensity of Hubei ETS has decreased
by 4.89% between 2014 and 2017 [67]. According to Tang’s study, the average urban car-
bon intensity of cities covered by the pilot is 80% lower than others. Furthermore, some
researchers are concerned about the negative economic impact of ETS. For example, in
2014, the first year of trading in Hubei ETS, Hubei’s GDP fell by about 0.06%, or about
$1.48 billion, and 88.09% of the industries involved in the transaction were negatively
affected [69]. However, recent studies have argued that the negative impact is limited and
still positive for sustainable urbanization [66–69].

The second category analyzes the effect of ETS on urban innovation. According to
the “Porter Hypothesis”, technology innovation encouraged by environmental regulation
policy is an important pathway to achieve sustainable development [70]. Liu et al. (2020)
analyzed the innovation index and found that ETS pilots have significantly spurred the
technology innovation of ETS pilot cities [71]. Li et al. (2021) used a dataset of green patent
applications to measure the level of urban green innovation, and the results indicate that
ETS has a positive impact on green innovation activities [72].

3. Policy Review and Analysis
3.1. Sustainability Policy Framework Development in China, from Policy-Oriented
to Market-Oriented

China realized the importance of energy conservation and emissions reduction and
promulgated the Report on Strengthening Energy Conservation in 1980, which marked
the first time that energy conservation was included in the country’s macro management.
Between 1980 and 1992, several mandates were proposed and formulated, resulting in a
comprehensive regulatory system based on energy efficiency management. As China was
in the planned economy phase during this period, all economic activities depended on
the directive plans issued by the government, and the energy management framework of
China was policy-led as well.

The energy policy can be divided into two parts: energy conservation and pollution
prevention. Three Energy Conservation Policies were passed in 1980, 1984, and 1996. A
series of policies and regulations in the “Interim Regulations on Energy Conservation
Management” advanced the development of a regulatory system for energy efficiency
management. At the same time, a supporting legal system in environmental legislation and
pollution prevention began to take shape. The management of atmospheric, sewage, and
waste discharges has continuously improved, including the setting of discharge standards,
the establishment of discharge permits, and the collection of discharge charges.

China has a tracked record of adjusting its energy structure and developing a sustain-
able energy strategy framework, with a large number of policies related to new energy
sources. In 1995, China introduced the “Outline for the Development of New and Renew-
able Energy Sources 1996–2010” and shifted the focus towards a sustainable industrial
structure and energy consumption structure, such as by encouraging the adoption of clean
and/or renewable energy sources such as wind, solar, and geothermal energy. In 1997, the
Law of the People’s Republic of China on Energy Conservation was passed, with a focus
on tapping into the market benefits of energy conservation and providing legal safeguards
for energy conservation. This was followed by the implementation of the first medium and
long-term energy development plan outline (2004–2020) in 2004 and the adoption of the
Renewable Energy Law in 2006 to support renewable energy.

The government also started to focus on market mechanisms to limit the carbon
emissions, including the imposition of emissions charges and fixed tariffs, as mentioned
in the 2003 Regulation on the Collection and Use of Emissions Charges. The collection
of sewage charges from enterprises is not only an effort to combat pollution, but also to
reduce the financial burden on the government in terms of environmental management.

In the past decade, China has adopted a market-based sustainable energy strategy
framework by developing low-carbon technologies and implementing low-carbon pilot
cities. Localized carbon taxes, carbon funds, preferential sustainable energy prices and
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green credits have been established in low-carbon pilot cities. The first batch of low-
carbon pilot provinces and cities include five provinces (Guangdong, Liaoning, Hubei,
Shaanxi, and Yunnan) and eight cities (Tianjin, Chongqing, Shenzhen, Xiamen, Hangzhou,
Nanchang, Guiyang, and Baoding).

For energy-intensive enterprises, resource taxes on crude oil, natural gas, and coal
were raised in China’s 12th Five-Year Plan. For green enterprises, the Energy Efficiency
Credit Guidelines provides preferential loan prices and the power to guarantee loan targets
on a priority basis. The sustainable energy strategy framework has optimized energy
intensity through technology development, and substitution between different types of
fossil fuels has effectively controlled carbon emissions. The fossil fuel substitution effect
has become an essential part of the process of building low-carbon development.

3.2. Carbon Emissions Trading System (ETS)

Since 2011, the China Carbon Emissions Trade Exchange (CCETE) has been estab-
lished with seven pilot districts and eight ETS pilots. In 2011, Beijing, Shanghai, Tianjin,
Guangdong, Shenzhen, Hubei, and Chongqing were selected as the pilot districts by the
National Development and Reform Commission (NDRC).

Then, China started to launch eight ETS pilots in Beijing, Tianjin, Shanghai, Fujian,
Hubei, Shenzhen, Guangzhou, and Chongqing. In 2013, the Shenzhen ETS made the first
carbon credit transaction, which marked the beginning of carbon trading pilot city opera-
tions. In the ETS pilots, only enterprises whose comprehensive energy consumption meets
specific standards are eligible for emissions allowance trading. For example, according to
“the Interim Measures for Carbon Emissions Rights Management and Trading in Hubei
Province”, promulgated in April 2014, a total of 138 enterprises are eligible for carbon
trading in the Hubei Carbon Trading Pilot.

The establishment of pilot districts and ETS pilots attempts to contribute to the con-
struction of a national carbon emissions trading market. In 2017, the central government
completed the national carbon emissions trading market. According to the “National Car-
bon Emissions Trading Management Measures (for Trial Implementation)” promulgated
in November 2020, CCETE covers more than 20 industries such as electricity, steel, and
cement, with nearly 3000 key emissions units, making it the second largest carbon market
in the world. The Chinese national ETS was officially launched in July 2021.

3.3. Sustainable Energy Strategy

As mentioned in the policy development timeline, the sustainable energy strategy has
been promoted in China for decades. It can be defined as the strategy in using different
types of energy resources. The sustainable energy resources include hydro, nuclear, wind,
and solar power, and the electricity power created from the sustainable energy resources
is considered as the adoption of a sustainable energy strategy. On the other hand, the
electricity power that is created from the fossil fuel is seen as the use of the unsustainable
energy strategy. We follow [73] to use to the fossil fuel substitution effect (SUB) to represent
the quantified level of the adoption of a sustainable energy strategy. The calculation of SUB
is expressed as

SUB =
electricity power created by sustainable energy resources
electricity power created by all types o f energy resources

(2)

SUB is one of the important indicators of the low-carbon economy transition, sus-
tainable energy adoption, and technology development. With the development of the
sustainable energy strategy, SUB has been increasing across the country from 2009 to 2019
with some geographical differences. Figure 3 shows that after 2014, the central and western
regions of China, mainly Qinghai, Sichuan and Hubei, have made extensive use of new
energy generation, mainly hydro, to replace traditional thermal power generation, such as
the famous Three Gorges Dam in Hubei Province. The SUB values for these regions have
been much higher than those of other regions, at 73.11%, 67.48%, and 66.33%, respectively,
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in 2009. In contrast, most of China’s regions have low SUB values, with 16 provinces having
SUB values of less than 10%. Shanghai, Tianjin, Jiangsu, Beijing, and Hebei, which are more
urbanized, have lower new energy usage rates, with SUB values of 0.00%, 0.00%, 0.08%,
0.15%, and 0.33%, respectively. Meanwhile, the SUB values for resource-dependent cities
are also low, for example 0.66% in Inner Mongolia and 2.36% in Heilongjiang. This means
that the eastern and northern regions of China are facing a greater challenge of energy
transition and industrial structure transformation. After ten years of continuous efforts, in
2019, only three provinces and cities had SUB values below 10%. This means that Chinese
provinces and cities have completed their basic energy transition and reduced their depen-
dence on traditional fossil energy sources. The province with the biggest change during
this decade is Yunnan Province, which has improved from 53.19% to 90.16%, essentially
freeing itself from dependence on traditional energy sources.
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3.4. The Carbon Emissions Reduction Effects from Carbon Emissions Trading System and
Sustainable Energy Strategy across China

Hypothetically, the SUB shall be negatively associated with the carbon emissions,
according to CERGC. Figures 4–8 demonstrate the negative correlation between carbon
emissions per capita (CEC), carbon emissions per unit of energy consumption (CEEC),
carbon emissions per capita of real GDP (CERGC), and various carbon dioxide calculation
models and SUB. Most provinces show a clear trend of decreasing carbon emissions
with increasing SUB values. The most pronounced downward trend is seen in CERGC,
with decreases ranging from 7.78% to 202.26%. This is due to the greater use of carbon
emissions per unit of GDP as a measure at the policy level. Shanxi, Henan, Guizhou,
Hebei, Shandong, and Sichuan are the provinces with the largest changes, with CERGC
decreasing by 202.26%, 153.60%, 143.91%, 107.93%, 106.35%, and 104.44%, respectively.
Meanwhile, with technological innovation and the promotion of alternative energy sources,
CEEC showed a slow downward trend. In 2019, most provinces had a CEEC below
3%. In provinces with a high proportion of primary and secondary industries, the CEEC
is relatively high, for example, Shanxi and Shaanxi, with a CEEC of 8.15% and 4.54%,
respectively. Finally, the CEC does not show a clear downward trend, with only eight
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provinces showing a downward trend, namely Beijing, Jilin, Henan, Chongqing, Sichuan,
Yunnan, Shaanxi, and Gansu.

SUB implies the geographical inequalities that are caused by the unbalanced degree of
urbanization and the distribution of resources. This feature is evident on the map, with
the east and west showing very different states of SUB development. This inequality
is mitigated by the operation of the CCETE, which includes Tianjin, Beijing, Shanghai,
Shenzhen, and Guangdong, all of which are located in provinces with high levels of
urbanization, low SUB values, and dependence on traditional energy sources. According
to Figure 9, we can clearly see that the establishment of these CCETE pilots has effectively
promoted the development of new energy uses in their regions. In Tianjin and Beijing,
for example, carbon emissions trading has been introduced since 2013, gradually driving
the adoption of new sustainable energy resources within the area. In 2012, Tianjin’s SUB
was 0.00%, but in 2013 it increased to 3.6%, achieving a breakthrough from nothing to
something. Hebei’s SUB increased from 0.33% in 2009 to 15.48% due to its proximity to
both Beijing and Tianjin. It indicates that there is synergy between the two measures in
terms of carbon emissions reduction.
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The synergy between the sustainable energy strategy and ETS motivates us to inves-
tigate further their impacts on carbon emissions reduction. Unlike the previous studies,
which focused on either ETS or a sustainable energy strategy, this study explores the
quantitative contribution of the two measures together, along with other factors which
are proven to be closely associated with carbon emissions, such as population, GDP, and
energy consumption.

4. Data and Methodology
4.1. Data

This study uses a panel dataset consisting of 31 provinces in China from 2009 to 2019,
and Tibet Province is not included in the dataset due to missing data. Standardized carbon
emissions data are from Carbon Emissions Accounts & Datasets (CEADs) [74,75]. Control
variables include population, policy strategy, economic factors, and energy-related factors.
The data are collected from the China Urban Statistical Yearbook and the China Energy
Statistical Yearbook for 2010–2020. In our study, the population is represented by the
population in each province; economic activities are presented by GDP per capita in each
province; and energy-related factors are represented by the total energy consumption in
each province (million tons of standard coal). The policy strategy factors are presented
by two variables: ETS and SUB. ETS is a dummy variable based on whether CCETE is
established in each province at the time, and the fossil fuel substitution effect (SUB) is used
to show what extent the fossil fuel is substituted by other sustainable energy resources. We
follow Zeng and Tong (2017) to calculate the SUB of each province in each year [73]. As
defined in last section, the fossil fuel substitution effect (SUB) represents the substitution
effect of new energy sources for traditional energy sources.

Table 2 shows a brief description and statistical summary of the variables used in the
empirical test.
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Table 2. Description and statistics summary of variables.

Variables Description Mean SD Max Min

CO2 Total apparent CO2 emissions (mt) 360.33 288.66 1700.04 35.46

ETS Equal to 1 if there is carbon emissions trading
system; equal to 0 otherwise / / / /

SUB Fossil fuel substitution effect (%) 0.25 0.24 0.92 0.00
POP Population 1364.71 912.74 4389.73 32.5
GDP Real GDP per capita (rmb) 587,946.91 545,055.40 7,321,626.00 31,364.00
ENG Total Energy Consumption (104 tce) 14,583.88 8658.96 41,390.00 1232.52

4.2. Empirical Model

The OLS regression method is used to explore various emerging factors that are
possibly affecting regional carbon emissions. Derived from the KAYA model (1989) that
is shown in Equation (1), we construct the empirical model (Equation (3)) to test how the
measures, namely the sustainable energy strategy and carbon trading system, have affected
the carbon emissions in the area.

CO2i,t = β0 + β1 × SUBi,t + β2 × ETS_Ni,t + β3 × ETS_Ri,t + β4 × GDPi,t + β5 × POPi,t + β6 × ENGi,t + εi,t (3)

where CO2i,t denotes the CO2 emissions in province i at year t; SUBi,t, GDPi,t, POPi,t and
ENGi,t represent the fossil fuel substitute effect, real GDP, population, and the total energy
consumption in province i at year t, respectively. ETS_Ni,t and ETS_Ri,t are the dummy
variables: ETS_Ni,t is equal to 1 if there was a carbon trading policy anywhere across the
country in year t; and equal to 0 otherwise; ETS_Ri,t is equal to 1 if there was a carbon
trading policy in province i at the year t; and equal to 0 otherwise. The ETS_N gives the
signal of potential financial incentives from carbon emissions trading. Previous studies
suggest that the firms prefer to trade carbon emissions credit locally (within the region);
therefore, we hope to investigate the effectiveness of the nationwide signal as well as the
local pilot practice, which is represented by ETS_R [76–78]. Therefore, in our empirical test,
three sub-panels of regression analysis are conducted.

4.3. Stationarity Check: Unit Root Tests

We use the ADF (Augmented Dickey Fuller) test and Phillips–Perron (PP) test to test
the stationarity of the variables in this paper. Table 3 presents the unit root tests for all
variables with a null hypothesis for which there is a unit root.

Table 3. Unit root test results.

Variable Cross-
Sections Observations

ADF PP
Level 1st Diff Level 1st Diff

GDP 30 300 25.79 94 *** 47.21 73.82 *
POP 30 300 51.87 101.88 *** 84.94 263.07 ***
SUB 30 300 24.29 89.91 *** 52.5 194.52 ***
ENG 30 300 103.34 *** 252.8 ***
CO2 30 300 85.98 * 141.16 ***

The reported numbers represent test statistics. *** and * indicate the rejection of the null hypothesis at the 1% and
10% level of significance, respectively.

The variables of real GDP, population, and fossil fuel substitution effect show that
they are not stationary; thus, first-differenced data series are used in the empirical test.
The variables of total energy consumption and CO2 emissions data have no unit root, and
therefore will not convert to be stationary by taking the first difference.
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5. Results and Discussion

In this section, we run the empirical test with three sub-panels of data. The first panel
explores the impacts of all the explanatory variables on CO2 emissions in the area. In panel
2, we assume that the impact of the carbon trading policy at the national level could have
been shared among all provinces; thus, we explore all the explanatory variables’ impacts
except the carbon trading policy across the country. In panel 3, we assume that the impact
of the regional level carbon trading policy could have been omitted by the announcement of
the national level carbon trading policy. Thus, we investigate the impact of all explanatory
variables except the carbon trading policy at the regional level. The empirical estimation
results of the three sub-panel regression models are presented in Table 4.

Table 4. Estimation results of the panel regression models.

Dep. Var. = log(CO2) Panel 1 Panel 2 Panel 3

constant
44.9099 ** 35.5507 ** 40.4881 **
(17.7649) (15.1943) (17.2656)

Explanatory Variables

log(SUB) −35.4778 * −25.4614 ** −34.2885 *
(20.5445) (12.0609) (18.3942)

ETS_N
−15.7700 −4.3127 *
(2.7372) (2.2020)

ETS_R
−15.7700 *** −17.0532 ***

(3.9135) (3.2382)

log(GDP) −0.0013 ** −0.0005 −0.0019 ***
(0.0006) (0.0005) (0.0006)

log(POP) 0.0183 0.0130 0.0236 *
(0.0128) (0.0117) (0.0127)

ENG
0.0223 *** 0.0227 *** 0.0228 ***
(0.0012) (0.0010) (0.0012)

no. of observations 298
R-squared 0.9894 0.9917 0.9893

adjusted R-squared 0.9880 0.9906 0.9879
S. E. of regression 59.87 64.08 59.94
effect specification cross-section fixed effect

Standard errors in parentheses; *** p < 0.01, ** p < 0.05, * p < 0.1.

As demonstrated in Table 4, across all three groups of tests, the fossil fuel substitution
effect is significantly associated with the local CO2 emissions in a reverse way. This
indicates that the more fossil fuel is substituted by sustainable energy resources in the area,
the lower the regional CO2 emissions. In our study, the fossil fuel substitution effect is
used to represent the sustainable energy resource strategy in each province. The empirical
result shows that when a province adopts a higher level of substituted sustainable energy
resources, CO2 emissions can be reduced if other variables stay equal.

Meanwhile, total energy consumption is found to have a positive effect on CO2
emissions in the area, which is consistent the previous findings based on Kaya’s (1989)
Model. This model suggests that the more energy is consumed, the higher the level of
CO2 emissions.

It is interesting to discuss what we have discovered about the carbon emissions trading
system. As we separate the policy into two levels—the national level and the regional
level—as two variables, the results show that the regional level of carbon trading policy
has negative impacts on CO2 emissions, while the national level of carbon trading policy
only has statistically significant negative impacts on CO2 emissions in the areas where we
do not include the regional level of the carbon emissions trading system. This implies that
provinces that have implemented a carbon emissions trading system are inclined to reduce
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their CO2 emissions for the financial rewards via trading, while provinces without a carbon
emissions trading system have no such incentive to reduce their CO2 emissions. This
might be caused by the hurdles of cross-province trading for carbon credit, as suggested
in previous studies. The national-level carbon emissions trading system is only effective
when the regional-level carbon emissions trading system is not included in the model.
This suggests that the national-level carbon trading policy varied across different areas
in the country, and that it is effective as a signal of potential financial rewards from the
future carbon credit trading. Without the pilot practice of a regional level carbon emissions
trading system, the incentives from such signals are limited.

In regard to the economic factor, the real GDP has a negative impact on CO2 emissions
in the area which shows that provinces with highly productive industries for the local
economy have the capability to reduce their CO2 emissions. However, the provinces that
rely on the energy-dependent industries for the local economy struggled to reduce CO2
emissions in the area. The demographics and population are found to be positively affecting
the CO2 emissions in the area, which is in line with previous findings based on Kaya’s
(1989) Model.

6. Conclusions and Policy Implications

Both the carbon trading system and sustainable energy strategy have been widely
discussed over the past decade, but only a handful of studies have focused on measuring
the effectiveness of both. This study uses the panel regression to investigate the impact of
both carbon emissions trading policies and the ongoing sustainable energy strategies across
30 provinces in China. The results show that sustainable energy strategies are effective
in reducing carbon emissions within the province. The sustainable energy strategy varies
across different provinces and over the past decades, so it is important to review the various
strategies, and the findings of this study confirm the effectiveness of such strategies in
reducing carbon emissions. The finding that substituting fossil fuels with sustainable
energy resources can effectively reduce carbon emissions in provinces where high-level
sustainable energy strategies are adopted has several policy implications. Firstly, it suggests
that governments should prioritize the development and implementation of sustainable
energy strategies to reduce carbon emissions. This could involve investing in renewable
energy sources such as solar, wind, and hydropower, as well as implementing policies
that promote energy efficiency and reduce energy consumption. Secondly, the finding
highlights the importance of local factors in determining the effectiveness of sustainable
energy strategies. Policymakers may need to consider the unique characteristics of different
regions when developing and implementing sustainable energy policies. For example,
urban areas may require different policies than rural areas, as they often have higher levels
of energy consumption and greater dependence on fossil fuels.

Our finding suggests that urban areas may be particularly well-suited to sustainable
energy strategies. Cities often have the infrastructure and resources necessary to support
renewable energy projects, such as access to financing, skilled labor, and technological
innovation. Additionally, urban areas may benefit from the economic and environmental
benefits of sustainable energy, such as reduced air pollution and improved public health.

To fully realize the potential of sustainable energy in urban areas, policymakers
may need to adopt a comprehensive approach that addresses the unique challenges of
urbanization. This could involve promoting sustainable transportation options, such as
electric vehicles and public transit, as well as investing in energy-efficient building design
and the development of smart grids that can better manage energy consumption. Overall,
the finding suggests that sustainable energy strategies can be an effective way to reduce
carbon emissions in the context of urbanization, but that these strategies must be tailored
to the specific needs and characteristics of different regions.

Meanwhile, the findings also suggest that the national level of carbon emissions
trading policy or announcement has little impact on carbon emissions change, while the
regional level carbon emissions trading system set-up helps to reduce carbon emissions
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locally. This might be because of the current nature of carbon credit trading: most players
prefer to trade the carbon credit locally rather than outside the region. Therefore, having
a carbon credit trading policy in place at each regional level will be helpful in reducing
the carbon emissions locally. The finding that the carbon emissions trading system (ETS)
only reduced carbon emissions in the provinces where the ETS pilot was implemented
has several policy implications. First, it suggests that a more comprehensive approach is
needed to reduce carbon emissions across the entire country, rather than just in specific
regions. This could involve implementing a nationwide ETS or other policies that target
emissions reduction in areas that are not covered by the pilot program. Secondly, the
finding also suggests that the effectiveness of the ETS may depend on local factors, such
as the level of industrial development and the availability of alternative energy sources.
Policymakers may need to consider these factors when designing and implementing carbon
reduction policies in different regions.

Our findings highlight the need to address the unique challenges of reducing emis-
sions in urban areas, where there are often higher levels of energy consumption and a
greater dependence on fossil fuels. Urbanization may also increase the demand for energy
intensive infrastructure, such as buildings and transportation systems, which could further
contribute to carbon emissions. To address these challenges, policymakers may need to
develop tailored policies and strategies that address the specific needs and characteristics of
urban areas. This could involve promoting renewable energy sources, encouraging energy
efficient building design, and incentivizing the use of low-carbon transportation options.
Overall, the finding highlights the need for a comprehensive and localized approach to
reducing carbon emissions in the context of urbanization.

In recent decades, China has undergone rapid urbanization and development. It is
crucial to pay close attention to the environmental impacts resulting from urbanization.
The fast-growing economy in China has also led to high energy consumption and thus
higher carbon emissions. These environmental issues can be effectively addressed by
adopting sustainable energy strategies and implementing a carbon trading system. A
well-designed and actively-traded carbon emissions trading system can be of great help
in reducing carbon emissions. The good practices in the pilot provinces in China can be a
useful showcase for countries around the world that are considering setting up their own
carbon emissions trading systems.

There are a few limitations to this study. In terms of sustainable energy strategy, we
can only use the fossil fuel substitution effect as a proxy to measure it quantitatively. As
the variety of strategies continues to grow and quantified indicators emerge in the future,
more precise measures of sustainable energy strategy can be employed in empirical studies.
In addition, the carbon emissions data are at the province level, corroborating findings
from the literature, but these data may not be adequate to present all the carbon emissions
information within a province. Future research can examine carbon emissions reduction
in different sectors to address this issue. Lastly, the synergy effect between two levels of
ETS policy is not explored sufficiently in this study due to the data limitations. We use a
dummy variable to represent the ETS on national and regional levels, which cannot reflect
the development of the ETS pilot over time. Future research can examine the degree of
development of ETS and its impact on carbon emissions reduction.
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26. Makutėnienė, D.; Perkumienė, D.; Makutėnas, V. Logarithmic Mean Divisia Index Decomposition Based on Kaya Identity of
GHG Emissions from Agricultural Sector in Baltic States. Energies 2022, 15, 1195. [CrossRef]

27. Calel, R.; Dechezleprêtre, A. Environmental Policy and Directed Technological Change: Evidence from the European Carbon
Market. Rev. Econ. Stat. 2016, 98, 173–191. [CrossRef]

https://doi.org/10.1016/j.scitotenv.2020.143688
https://www.ncbi.nlm.nih.gov/pubmed/33338785
https://doi.org/10.1177/1070496512442508
https://doi.org/10.1080/00963402.1972.11457931
https://www.cabdirect.org/cabdirect/abstract/20053119683
https://doi.org/10.1016/j.scitotenv.2018.04.043
https://doi.org/10.1016/j.enpol.2013.04.013
https://doi.org/10.1016/j.energy.2012.08.028
https://doi.org/10.1016/j.enpol.2008.03.013
https://doi.org/10.1016/j.energy.2004.04.002
https://doi.org/10.3390/en12040764
https://doi.org/10.1016/j.scitotenv.2020.139638
https://doi.org/10.1016/j.scs.2017.12.040
https://doi.org/10.1073/pnas.0700609104
https://doi.org/10.1016/j.jclepro.2021.127199
https://doi.org/10.1016/j.jclepro.2019.02.112
https://doi.org/10.1016/j.enpol.2020.111925
https://doi.org/10.1016/j.ssaho.2021.100214
https://doi.org/10.1016/j.pce.2019.102829
https://doi.org/10.1016/j.energy.2019.05.168
https://doi.org/10.1016/j.energy.2016.05.037
https://doi.org/10.1155/2014/782750
https://doi.org/10.1016/j.apenergy.2014.03.093
https://doi.org/10.1016/j.jclepro.2015.03.023
https://doi.org/10.3390/en15031195
https://doi.org/10.1162/REST_a_00470


Int. J. Environ. Res. Public Health 2023, 20, 5549 19 of 20

28. Bayer, P.; Aklin, M. The European Union Emissions Trading System Reduced CO2 Emissions despite Low Prices. Proc. Natl. Acad.
Sci. USA 2020, 117, 8804–8812. [CrossRef]

29. Cames, M.; Weidlich, A. Emissions Trading and Innovation in the German Electricity Industry—Impact of Possible Design
Options for an Emissions Trading Scheme on Innovation Strategies in the German Electricity Industry. In Emissions Trading and
Business; Antes, R., Hansjürgens, B., Letmathe, P., Eds.; Physica-Verlag HD: Heidelberg, Germany, 2006; pp. 39–51. [CrossRef]

30. Petrick, S.; Wagner, U.J. The Impact of Carbon Trading on Industry: Evidence from German Manufacturing Firms’; SSRN Scholarly
Paper; Social Science Network: Rochester, NY, USA, 2014. [CrossRef]

31. Pan, Y.; Dong, F. Green finance policy coupling effect of fossil energy use rights trading and renewable energy certificates trading
on low carbon economy: Taking China as an example. Econ. Anal. Policy 2023, 77, 658–679. [CrossRef]

32. Lee, C.C.; Chang, Y.F.; Wang, E.Z. Crossing the rivers by feeling the stones: The effect of China’s green credit policy on
manufacturing firms’ carbon emission intensity. Energy Econ. 2022, 116, 106413. [CrossRef]

33. Chen, Z.; Zhang, Y.; Wang, H.; Ouyang, X.; Xie, Y. Can green credit policy promote low-carbon technology innovation? J. Clean.
Prod. 2022, 359, 132061. [CrossRef]

34. Rogge, K.S.; Schneider, M.; Hoffmann, V.H. The Innovation Impact of the EU Emission Trading System—Findings of Company
Case Studies in the German Power Sector. Ecol. Econ. 2011, 70, 513–523. [CrossRef]

35. Lyu, X.; Shi, A.; Wang, X. Research on the Impact of Carbon Emission Trading System on Low-Carbon Technology Innovation.
Carbon Manag. 2020, 11, 183–193. [CrossRef]

36. Gao, Y.; Li, M.; Xue, J.; Liu, Y. Evaluation of Effectiveness of China’s Carbon Emissions Trading Scheme in Carbon Mitigation.
Energy Econ. 2020, 90, 104872. [CrossRef]

37. Zhang, H.; Duan, M. China’s Pilot Emissions Trading Schemes and Competitiveness: An Empirical Analysis of the Provincial
Industrial Sub-Sectors. J. Environ. Manag. 2020, 258, 109997. [CrossRef] [PubMed]

38. Jiang, W.; Cole, M.; Sun, J.; Wang, S. Innovation, Carbon Emissions and the Pollution Haven Hypothesis: Climate Capitalism and
Global Re-Interpretations. J. Environ. Manag. 2022, 307, 114465. [CrossRef] [PubMed]

39. Apergis, N.; Pinar, M.; Unlu, E. How Do Foreign Direct Investment Flows Affect Carbon Emissions in BRICS Countries? Revisiting
the Pollution Haven Hypothesis Using Bilateral FDI Flows from OECD to BRICS Countries. Environ. Sci. Pollut. Res. 2023, 30,
14680–14692. [CrossRef] [PubMed]

40. Shimada, K.; Tanaka, Y.; Gomi, K.; Matsuoka, Y. Developing a Long-Term Local Society Design Methodology towards a
Low-Carbon Economy: An Application to Shiga Prefecture in Japan. Energy Policy 2007, 35, 4688–4703. [CrossRef]

41. Lamb, W.F.; Antal, M.; Bohnenberger, K.; Brand-Correa, L.I.; Müller-Hansen, F.; Jakob, M.; Minx, J.C.; Raiser, K.; Williams, L.;
Sovacool, B.K. What Are the Social Outcomes of Climate Policies? A Systematic Map and Review of the Ex-Post Literature.
Environ. Res. Lett. 2020, 15, 113006. [CrossRef]

42. Sterner, T. Distributional Effects of Taxing Transport Fuel. Energy Policy 2012, 41, 75–83. [CrossRef]
43. Flues, F.; Thomas, A. The Distributional Effects of Energy Taxes; OECD: Paris, France, 2015. [CrossRef]
44. Beck, M.; Rivers, N.; Yonezawa, H. A Rural Myth? Sources and Implications of the Perceived Unfairness of Carbon Taxes in Rural

Communities. Ecol. Econ. 2016, 124, 124–134. [CrossRef]
45. Ge, X.J. Did the Introduction of Carbon Tax in Australia Affect Housing Affordability? Adv. Mater. Res. 2014, 869–870, 840–843.

[CrossRef]
46. Fan, Y.; Liu, L.-C.; Wu, G.; Tsai, H.-T.; Wei, Y.-M. Changes in Carbon Intensity in China: Empirical Findings from 1980–2003. Ecol.

Econ. 2007, 62, 683–691. [CrossRef]
47. Auffhammer, M.; Carson, R.T. Forecasting the Path of China’s CO2 Emissions Using Province-Level Information. J. Environ. Econ.

Manag. 2008, 55, 229–247. [CrossRef]
48. Zhang, Y. Structural Decomposition Analysis of Sources of Decarbonizing Economic Development in China; 1992–2006. Ecol.

Econ. 2009, 68, 2399–2405. [CrossRef]
49. Zhang, Y.-J.; Liu, Z.; Zhang, H.; Tan, T.-D. The Impact of Economic Growth, Industrial Structure and Urbanization on Carbon

Emission Intensity in China. Nat. Hazards 2014, 73, 579–595. [CrossRef]
50. Zhang, Y.-J.; Da, Y.-B. The Decomposition of Energy-Related Carbon Emission and Its Decoupling with Economic Growth in

China. Renew. Sustain. Energy Rev. 2015, 41, 1255–1266. [CrossRef]
51. Wang, H.; Yang, Y.; Keller, A.A.; Li, X.; Feng, S.; Dong, Y.; Li, F. Comparative Analysis of Energy Intensity and Carbon Emissions

in Wastewater Treatment in USA, Germany, China and South Africa. Appl. Energy 2016, 184, 873–881. [CrossRef]
52. Naminse, E.Y.; Zhuang, J. Economic Growth, Energy Intensity, and Carbon Dioxide Emissions in China. Pol. J. Environ. Stud.

2018, 27, 2193–2201. [CrossRef]
53. Wang, R.; Liu, W.; Xiao, L.; Liu, J.; Kao, W. Path towards Achieving of China’s 2020 Carbon Emission Reduction Target—A

Discussion of Low-Carbon Energy Policies at Province Level. Energy Policy 2011, 39, 2740–2747. [CrossRef]
54. Lu, W.B.; Qiu, T.T.; Du, L. A study on influence factors of carbon emissions under different economic growth stages in China.

Econ. Res. J. 2013, 48, 106–118.
55. Dogan, E.; Seker, F. Determinants of CO2 Emissions in the European Union: The Role of Renewable and Non-Renewable Energy.

Renew. Energy 2016, 94, 429–439. [CrossRef]
56. Zhang, F.; Deng, X.; Phillips, F.; Fang, C.; Wang, C. Impacts of Industrial Structure and Technical Progress on Carbon Emission

Intensity: Evidence from 281 Cities in China. Technol. Forecast. Soc. Chang. 2020, 154, 119949. [CrossRef]

https://doi.org/10.1073/pnas.1918128117
https://doi.org/10.1007/3-7908-1748-1_4
https://doi.org/10.2139/ssrn.2389800
https://doi.org/10.1016/j.eap.2022.12.014
https://doi.org/10.1016/j.eneco.2022.106413
https://doi.org/10.1016/j.jclepro.2022.132061
https://doi.org/10.1016/j.ecolecon.2010.09.032
https://doi.org/10.1080/17583004.2020.1721977
https://doi.org/10.1016/j.eneco.2020.104872
https://doi.org/10.1016/j.jenvman.2019.109997
https://www.ncbi.nlm.nih.gov/pubmed/31929047
https://doi.org/10.1016/j.jenvman.2022.114465
https://www.ncbi.nlm.nih.gov/pubmed/35091246
https://doi.org/10.1007/s11356-022-23185-4
https://www.ncbi.nlm.nih.gov/pubmed/36163571
https://doi.org/10.1016/j.enpol.2007.03.025
https://doi.org/10.1088/1748-9326/abc11f
https://doi.org/10.1016/j.enpol.2010.03.012
https://doi.org/10.1787/5js1qwkqqrbv-en
https://doi.org/10.1016/j.ecolecon.2016.01.017
https://doi.org/10.4028/www.scientific.net/AMR.869-870.840
https://doi.org/10.1016/j.ecolecon.2006.08.016
https://doi.org/10.1016/j.jeem.2007.10.002
https://doi.org/10.1016/j.ecolecon.2009.03.014
https://doi.org/10.1007/s11069-014-1091-x
https://doi.org/10.1016/j.rser.2014.09.021
https://doi.org/10.1016/j.apenergy.2016.07.061
https://doi.org/10.15244/pjoes/78619
https://doi.org/10.1016/j.enpol.2011.02.043
https://doi.org/10.1016/j.renene.2016.03.078
https://doi.org/10.1016/j.techfore.2020.119949


Int. J. Environ. Res. Public Health 2023, 20, 5549 20 of 20

57. Xu, L.; Fan, M.; Yang, L.; Shao, S. Heterogeneous Green Innovations and Carbon Emission Performance: Evidence at China’s City
Level. Energy Econ. 2021, 99, 105269. [CrossRef]

58. Jia, W.; Jia, X.; Wu, L.; Guo, Y.; Yang, T.; Wang, E.; Xiao, P. Research on Regional Differences of the Impact of Clean Energy
Development on Carbon Dioxide Emission and Economic Growth. Humanit. Soc. Sci. Commun. 2022, 9, 25. [CrossRef]

59. Li, J.-F.; Gu, A.-L.; Ma, Z.-Y.; Zhang, C.-L.; Sun, Z.-Q. Economic Development, Energy Demand, and Carbon Emission Prospects
of China’s Provinces during the 14th Five-Year Plan Period: Application of CMRCGE Model. Adv. Clim. Chang. Res. 2019, 10,
165–173. [CrossRef]

60. Huang, Y.; Yi, Q.; Kang, J.-X.; Zhang, Y.-G.; Li, W.-Y.; Feng, J.; Xie, K.-C. Investigation and Optimization Analysis on Deployment
of China Coal Chemical Industry under Carbon Emission Constraints. Appl. Energy 2019, 254, 113684. [CrossRef]

61. Huang, Y.; Matsumoto, K. Drivers of the Change in Carbon Dioxide Emissions under the Progress of Urbanization in 30 Provinces
in China: A Decomposition Analysis. J. Clean. Prod. 2021, 322, 129000. [CrossRef]

62. Zhang, H.; Zhang, X.; Yuan, J. Driving Forces of Carbon Emissions in China: A Provincial Analysis. Environ. Sci. Pollut. Res. 2021,
28, 21455–21470. [CrossRef] [PubMed]

63. Kaya Identity—Wikipedia. Available online: https://en.wikipedia.org/wiki/Kaya_identity (accessed on 2 April 2023).
64. Zhou, J.; Zhang, Z.; Xu, X.; Chang, D. Does the Transformation of Resource-Dependent Cities Promote the Realization of the

Carbon-Peaking Goal? An Analysis Based on Typical Resource-Dependent City Clusters in China. J. Clean. Prod. 2022, 365,
132731. [CrossRef]

65. Tang, K.; Liu, Y.; Zhou, D.; Qiu, Y. Urban Carbon Emission Intensity under Emission Trading System in a Developing Economy:
Evidence from 273 Chinese Cities. Environ. Sci. Pollut. Res. 2021, 28, 5168–5179. [CrossRef]

66. Huang, J.; Shen, J.; Miao, L. Carbon Emissions Trading and Sustainable Development in China: Empirical Analysis Based on the
Coupling Coordination Degree Model. Int. J. Environ. Res. Public Health 2021, 18, 89. [CrossRef]

67. Geng, W.; Fan, Y. Does a carbon trading policy contribute to energy intensity reduction? -evidence from the Hubei carbon trading
pilot. China Popul. Resour. Environ. 2021, 31, 104–113.

68. Tang, K.; Liu, Y. Investigating the Impact of Carbon Emission Trading on Urban Carbon Emissions in China. In Carbon-Neutral
Pathways for China: Economic Issues; Tang, K., Ed.; Springer Nature: Singapore, 2023; pp. 95–109. [CrossRef]

69. Tan, X.; Liu, Y.; Wang, Y. The Economic and Environmental Impacts of the Hubei Pilot Emission Trading Schemes-based on
Chinese Multi-Regional General Equilibrium Model. Wuhan Univ. J. 2016, 2, 64–72. [CrossRef]

70. Porter, M.E.; Linde, C. van der. Toward a New Conception of the Environment-Competitiveness Relationship—American
Economic Association. J. Econ. Perspect. 1995, 9, 97–118. [CrossRef]

71. Liu, C.; Ma, C.; Xie, R. Structural, Innovation and Efficiency Effects of Environmental Regulation: Evidence from China’s Carbon
Emissions Trading Pilot. Environ. Resour. Econ. 2020, 75, 741–768. [CrossRef]

72. Li, C.; Li, X.; Song, D.; Tian, M. Does a Carbon Emissions Trading Scheme Spur Urban Green Innovation? Evidence from a
Quasi-Natural Experiment in China. Energy Environ. 2022, 33, 640–662. [CrossRef]

73. Zeng, J.; Tong, W. The driving path of energy policy innovation on China’s green economic development: An empirical study
based on provincial panel data from 2007 to 2011. Econ. Issues Explor. 2017, 5, 155–163.

74. Shan, Y.; Liu, J.; Liu, Z.; Xu, X.; Shao, S.; Wang, P.; Guan, D. New Provincial CO2 Emission Inventories in China Based on Apparent
Energy Consumption Data and Updated Emission Factors. Appl. Energy 2016, 184, 742–750. [CrossRef]

75. Shan, Y.; Guan, D.; Zheng, H.; Ou, J.; Li, Y.; Meng, J.; Mi, Z.; Liu, Z.; Zhang, Q. China CO2 Emission Accounts 1997–2015. Sci. Data
2018, 5, 170201. [CrossRef]

76. Capoor, K.; Ambrosi, P. State and Trends of the Carbon Market 2009; World Bank: Washington, DC, USA, 2009.
77. Liu, L.; Chen, C.; Zhao, Y.; Zhao, E. China’s carbon-emissions trading: Overview, challenges and future. Renew. Sustain. Energy

Rev. 2015, 49, 254–266. [CrossRef]
78. Weng, Q.; Xu, H. A review of China’s carbon trading market. Renew. Sustain. Energy Rev. 2018, 91, 613–619. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.eneco.2021.105269
https://doi.org/10.1057/s41599-021-01030-2
https://doi.org/10.1016/j.accre.2019.09.003
https://doi.org/10.1016/j.apenergy.2019.113684
https://doi.org/10.1016/j.jclepro.2021.129000
https://doi.org/10.1007/s11356-020-11789-7
https://www.ncbi.nlm.nih.gov/pubmed/33415624
https://en.wikipedia.org/wiki/Kaya_identity
https://doi.org/10.1016/j.jclepro.2022.132731
https://doi.org/10.1007/s11356-020-10785-1
https://doi.org/10.3390/ijerph18010089
https://doi.org/10.1007/978-981-19-5562-4_7
https://doi.org/10.14086/j.cnki.wujss.2016.02.008
https://doi.org/10.1257/jep.9.4.97
https://doi.org/10.1007/s10640-020-00406-3
https://doi.org/10.1177/0958305X211015327
https://doi.org/10.1016/j.apenergy.2016.03.073
https://doi.org/10.1038/sdata.2017.201
https://doi.org/10.1016/j.rser.2015.04.076
https://doi.org/10.1016/j.rser.2018.04.026

	Introduction 
	Literature Review 
	What Affects Carbon Emissions? 
	Factors That Affect GHG Emissions 
	How Does Carbon Emissions Trading System/Policy Affect Carbon Emissions? 
	Does Low-Carbon Economy Strategy Matter? 
	Sustainable Urbanization 

	Policy Review and Analysis 
	Sustainability Policy Framework Development in China, from Policy-Oriented to Market-Oriented 
	Carbon Emissions Trading System (ETS) 
	Sustainable Energy Strategy 
	The Carbon Emissions Reduction Effects from Carbon Emissions Trading System and Sustainable Energy Strategy across China 

	Data and Methodology 
	Data 
	Empirical Model 
	Stationarity Check: Unit Root Tests 

	Results and Discussion 
	Conclusions and Policy Implications 
	References

