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GRAPHIC ABSTRACT

 China has pledged ambitious carbon peak and
neutrality goals for mitigating global climate
change.

* Major challenges to achieve carbon neutrality
in China are summarized.

* The new opportunities along the pathway of
China’s carbon neutrality are discussed from
four aspects.

* Five policy suggestions for China are provided.
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China is the largest developing economy and carbon dioxide emitter in the world, the carbon neutrality
goal of which will have a profound influence on the mitigation pathway of global climate change. The
transition towards a carbon-neutral society is integrated into the construction of ecological civilization
in China, and brings profound implications for China’s socioeconomic development. Here, we not
only summarize the major challenges in achieving carbon neutrality in China, but also identify the
four potential new opportunities: namely, the acceleration of technology innovations, narrowing
regional disparity by reshaping the value of resources, transforming the industrial structure, and co-
benefits of pollution and carbon mitigation. Finally, we provide five policy suggestions and highlight
the importance of balancing economic growth and carbon mitigation, and the joint efforts among the
government, the enterprises, and the residents.
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Climate change has become a pressing matter for all
mankind and so actions should be taken to mitigate global
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temperature rise (IEA, 2021a). Due to greenhouse gas
emissions, caused mostly by human activities, global
temperatures are rising at an unprecedented rate (NOAA,
2022). The Sixth Assessment Report (AR6) of the
Intergovernmental Panel on Climate Change (IPCC)
demonstrated how the global surface temperature
increased by 1.09 °C from 2011-2020 compared to
1850-1900 (IPCC, 2022). The report indicates that the
human-induced climate change has contributed to the
observed increase in the frequency and intensity of
climate and weather extremes, such as hot waves over
land, which has led to widespread detrimental impacts on
ecosystems, settlements, human lives, and infrastructure.
Projection also shows that the frequency and intensity of
such extremes will be larger with additional global
warming. It is estimated that if the global average
temperature rises by more than 1.5 °C, unavoidable and
irreversible damage will happen (Schaeffer et al., 2012;
Baker et al., 2018; Mitchell et al., 2018). To mitigate
climate change, especially to achieve the goal of global
temperature control of 1.5 °C, the world needs to
decarbonize rapidly and achieve net-zero emissions
around the middle of this century (Rogelj et al., 2016;
Hohne et al., 2020). Currently, 136 countries have made
carbon-neutral commitments (Fig. 1), accounting for over
88 % of global CO, emissions and over 90 % of the world
economy (Zandt, 2021).

In 2020, Chinese government announced at the General
Debate of the 75th Session of the United Nations General
Assembly that China will increase its nationally
determined contributions (NDCs), adopt stronger policies
and measures, and strive to peak CO, emissions by 2030
and realize carbon neutrality by 2060 (Xinhua Net, 2020).
In the past twenty years, China has made great efforts to
lower its carbon intensity (i.e., CO, emissions per unit
GDP) by around 70 %, laying solid foundation for carbon
neutrality. The carbon neutrality target requires the share
of non-fossil energy consumption to increase to more
than 80 % by 2060 (Xinhua News Agency, 2021a). China’s

Fig.1 Carbon neutrality is a balance of anthropogenic carbon
emissions and absorption.

efforts will be a key contribution to global climate
cooperation, potentially bringing forward the global
achievement of carbon neutrality by 5-10 years (China
Daily, 2021).

Towards carbon neutrality: an arduous
journey

Achieving carbon neutrality is challenging for China. The
major difficulties lie in four aspects (Fig. 2). First, China
has a carbon-intensive energy structure. In the past,
China’s energy consumption was dominated by coal, with
coal accounting for 56.8 % and natural gas, hydropower,
nuclear power, and other clean energy resources together
accounting for 24.3 % in 2020 (Ministry of Ecology and
Environment of the People’s Republic of China, 2021).
The proportion of fossil energy in energy consumption far
exceeds that of countries such as the United States and
European countries (Hohne et al., 2020). Second, China’s
industrial structure is highly dependent on fossil fuels.
Coal, iron and steel, petrochemicals, and cement account
for a high percentage of China’s industrial structure (Liu
et al., 2015). These industries have a high dependence on
fossil energy, but struggle to achieve raw material and
fuel substitution as well as to reshape their carbon-inten-
sive process within a short term, and thus many of them
belong to hard-to-abate sectors (China Discipline Insp-
ection and Supervision News, 2022; Fennell et al., 2022).
Third, China is in the phase of economic upswing, which
demands a continuous increase in energy consumption.
China is the largest developing country in the world, and
many regions are still in the process of industrialization
and urbanization. This will drive up energy consumption
in a short-term period, bringing a destined confliction to
the long-term plan for carbon-neutrality (Zhang et al.,
2022). The decoupling of economic development from
the growth of fossil-fuel consumption and related carbon
emissions remains a great challenge and needs
considering in an integrated manner. Fourth, China needs
to achieve carbon neutrality within a short time frame
(Liu et al., 2021). Compared to the Europe Union and the
United States spending 40 to 70 years to reach the
“carbon neutral” goal, China has only 30 years between
peaking and neutral emissions (Friedlingstein et al.,
2020). China is currently the world’s largest carbon
emitter, with total carbon emissions of 10.4 billion tons or
32 % of the global total in 2020 (EDGAR, 2021) and
expected to reach 11 billion tons by 2030 (Guan et al.,
2018). Carbon neutrality will require China to reduce its
carbon emissions by about 90 % (Duan et al., 2021).

Towards carbon neutrality: a flourishing era

Under the goal of carbon neutrality, China will greatly
increase its proportion of renewable energy like wind and
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Fig. 2 China’s carbon neutrality scenario (adjusted from Cheng et al., 2021).

solar energy (IEA, 2021a). In the past, China has relied
heavily on fossil energy for its development, and since
many of China’s resources need to be imported to meet
demand, there are constraints on energy security
(Odgaard and Delman, 2014). China has abundant wind
and solar resources, and has accumulated comparative
advantages in technologies and costs (Liu et al., 2022). In
terms of policies, the Central Committee of the Party has
set up a leading group for carbon neutrality, and
accelerated the establishment of the “1+N” policy system
(Government of the People’s Republic of China, 2021).
China has established specialized research teams in
various fields (Xinhua News Agency, 2021a), and with
the promotion of carbon neutrality, the national incentive
policy will be further improved.

There are four major opportunities through China
realizing carbon neutral (Fig. 3). First, carbon neutrality
requires a shift from resource-dependent in the past to a
technology-dependent society in the future. Carbon neu-
trality by 2060 will force China’s energy structure, in-
dustrial structure, and transportation structure to be adjust
with advanced technology (Yang et al., 2021). Carbon-
neutral technologies such as wind, solar, biomass and
nuclear power generation, energy storage, as well as carbon
capture, utilization and storage (CCUS) will provide
strong support for the green and low carbon transforma-
tion of China’s energy system (Koondhar et al., 2021; Tang
etal., 2021; Liuetal., 2022). Second, carbon neutrality
will lead to reshape the value of different regions and
resources in China. China’s wind and solar energy
resources are mainly distributed in western and northern
regions which are economically underdeveloped (Liu
et al., 2020). It is estimated that if half of the 600000 km?
arid area of the Ordos Plateau, Alxa Plateau, and Qaidam

Basin were covered with solar panels, the country’s
power needs could be met (Ding, 2022). As of 2020,
China’s wind power and photovoltaic installed capacity
are 280 gigawatts and 250 gigawatts, respectively (BP,
2021). In the past 10 years, the average costs per kilowatt
of onshore wind power and solar power projects have
dropped by about 30 % and 75 % respectively (IEA,
2021c; IRENA, 2021). In the process of promoting
renewable energy, the competitiveness of China’s
renewable resource-intensive regions will be increased,
and will help narrow regional disparity in terms of
development in China (Xinhua News Agency, 2021c¢).
Third, carbon neutrality will also transform the
structure of China’s power system. The traditional power
system relies on fossil energy (Tong et al., 2018), with
the supply of electricity dependent on demand. When
demand increases, the power generation can be ramped
up to meet the demand and ensure the supply. In contrast,
the new power system would mainly rely on “unstable”
renewable energy sources such as wind and solar power,
which have limited capacity to adjust their power outputs
on the supply side (Rinaldietal,2021; Tong et al.,
2021). Integration of wind and solar resources would
require more consumer participation and response on the
demand side. The electrification of industrial,
transportation and residential sectors is expected to
further enhance the potential capacity of demand side
management. For example, during the 14th Five-Year
Plan period, Sinopec has planned to build 1000 hydrogen
refueling stations or combined oil-hydrogen stations,
5000 charging and exchange stations and 7000 distributed
photovoltaic power stations (Xinhua Net, 2021). This
new power system based on new energy is worth looking
forward to (BP, 2021), as it will give rise to new
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Fig. 3 Opportunities and policy suggestions of carbon neutrality.

industries such as virtual power plants (Tong et al., 2020).

Fourth, carbon neutrality offers a unique chance to
maximize the synergetic effects in emission mitigation for
pollution and carbon dioxide (CO,), in order to address
the dual challenges of climate change and pollution in
China. For example, despite significant amelioration of
air pollution in recent years, the PM, 5 exposure is still far
beyond the WHO air quality guideline, and CO,
emissions have also shown a rebound after a several-year
decline, highlighting the great potential for coordinated
mitigation. China’s carbon neutrality goal can not only
cut down China’s carbon emissions by 90 % through in-
depth low-carbon energy transition, but also reduce PM, s
exposure to approach the WHO air quality guideline
(5 pg/m3). This synergetic effect would surpass the limit
of exhausting end-of-pipe control potential, which will
substantially contribute to the long-term air quality
improvement (Cheng et al., 2021; Zhang et al., 2021).
Carbon neutrality goal will also contribute to the
mitigation of solid waste and water pollution through
promoted low-carbon actions such as the development of
circular economy and the construction of “waste-free-
city” (Lee et al., 2021; Wei et al., 2021; Bleischwitz et al.,
2022). Climate goals to promote the reduction of CO,
emissions and coordinate the reduction of major
pollutants are inevitable choices for China’s long-term
climate and environmental governance (Tong et al.,
2020).

Finally, China’s carbon neutrality will substantially
benefit the world at large. As the largest developing
economy and greenhouse gas emitter, China’s steps
towards carbon neutrality will not only alleviate the
mitigation pressure of global climate governance, but
hopefully set a positive example for other emerging
emitters, and promote both political and technological
climate collaboration worldwide. China is now leading in
some low-carbon technologies, such as solar and wind
power generation and ultra-high voltage alternating

current (UHVAC) and ultra-high voltage direct current
(UHVDC) transmission technology (Xinhua Net, 2016;
Xinhua News Agency, 2021b). The technological coopera-
tion and local investment of such technologies will help
to lower carbon intensity in other economies, contributing
to the global net-zero emission target. The past decade
has witnessed the thriving investment and construction of
low-carbon projects in developing countries by China
through the Belt and Road Initiative, for instance,
investment in new energy vehicles, solar power, and wind
power  (China Economic Daily, 2019; International On-
line, 2020; Xinhua News Agency, 2022). China’s inter-
national low-carbon actions are expected to increase in
the future, driven by the carbon neutrality goal.

Towards carbon neutrality: an extensive and
profound systemic reform

Carbon neutrality is an extensive and profound economic
and social, systemic reform. Five integrated measures are
proposed here for China to achieve its carbon neutrality
target (Fig. 3): 1) Improve the efficiency of resource use,
and reduce energy demand as much as possible through
energy conservation, efficiency improvement, product
recycling and management systems (Xinhua News
Agency, 2021c). 2) Adjust the energy mix, and
substantially increase the proportion of non-fossil energy
use by building a flexible renewable-energy-dominant
power system and promoting the electrification of high-
emitting end-use sectors (The State Council of China,
2021). Promote technological innovation in industrial
processes to improve the capability of using low-carbon
energy such as hydrogen, and strongly develop energy
storage to increase the stability of the adjusted energy
system. 3) Store carbon in geological space, and
gradually promote the demonstration, and commercializa-
tion of carbon-negative technologies such as carbon
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capture and storage (CCS) and bioenergy with CCS
(BECCS). 4) Sequestrate carbon in the ecosystem, and
maintain and enhance ecological carbon sink through
strengthening forest cultivation and enhancing ecological
protection and restoration. 5) Build up a carbon finance
mechanism, and promote carbon emissions trading,
introduce national regulations for legislative support, and
probably hierarchically develop carbon-related financial
product systems.

More broadly speaking, carbon neutrality can be
extended beyond the mitigation of CO, emissions and
includes methane (CH,) and other greenhouse gases.
Unlike the dominant role of fossil fuel combustion in CO,
emissions, the other greenhouse gases have distinct
sources such as livestock, rice cultivation, fossil fuel
extraction, landfills, and wastewater treatment (Peng
etal.,,2016). Thus, the mitigation relies heavily on
measures in the agricultural sectors, improvement of
energy-producing activities, and progress in waste
treatment systems (Yusuf et al., 2012). The mitigation of
CO, and other greenhouse gases should be coordinated in
terms of policymaking, financial investment, and
technological development.

Carbon neutrality is a long-term undertaking that has
been integrated into the structure of ecological
civilization construction and the overall economic and
social development of China. Given challenges and
opportunities associated with carbon neutrality, actions
either too rapid or too slow should be avoided. It requires
a dynamic and smooth process that balances
socioeconomic growth and carbon reduction, coordinates
national policy and regional development, and merge
both short-term and long-term targets. Great efforts are
required to reshape the energy system, the industrial
structure, and many aspects of the society in a steady and
orderly manner by comprehensively considering energy
security, the relationship between government and
market, and the stability of supply chain etc. The public
participation should be encouraged by incentive
mechanisms, such as carbon Generalized System of
Preferences (GSP) for personal carbon footprint mitiga-
tion (EU-China Emissions Trading System, 2020). In this
way, a deep transition with wide coverage will be jointly
promoted and implemented by the government, the
enterprises, and the residents. Despite great challenges,
the arduous journey to carbon neutrality will bring a great
reform that leads the economy and society in China to a
flourishing era.
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