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1. Introduction

Climate change has become a global nontraditional security
challenge, and achieving carbon neutrality is the global trend of
the era that will determine the future of humanity [1–5]. So far,
more than 137 countries have set goals or pledged to achieve car-
bon neutrality. In September 2020, China committed itself to peak
carbon emissions by 2030 and to achieve carbon neutrality by
2060, in what are known as China’s ‘‘dual carbon goals” [6].

Carbon dioxide (CO2) is the primary greenhouse gas (GHG)
emitted through human activity, and fossil fuel combustion is the
main human activity that emits CO2. In 2020, energy-related CO2

emissions accounted for about 87% of total CO2 emissions [7].
Different energy resource endowments and technological advan-
tages lead to different pathways for low-carbon transition around
the world; however, there is a common trend in which coal
consumption is being reduced, with oil consumption growth being
slowed down, natural gas consumption increasing and the pro-
duction of renewable energy expanded vigorously. China is the
world’s largest energy producer, consumer, and CO2 emitter [8,9],
and nearly 88% of China’s CO2 emissions come from the energy sys-
tem. Thus, achieving carbon neutrality in China requires a rapid and
deep transformation of the energy system by relying on improving
energy efficiency, cutting coal consumption, and significantly
increasing the proportion of clean energy sources [10]. China must
leverage the advantages of a new system concentrating nationwide
effort and resources on key national undertakings, strengthen gov-
ernment guidance, deepen institutional reform, enhance scientific
and technological innovation, and accelerate the green and low-
carbon energy consumption transition in order to support the
achievement of China’s dual carbon goals on schedule [11–14].

2. Energy consumption and carbon emissions in China

China’s total energy consumption, CO2 emissions, and energy
consumption per unit of gross domestic product (GDP) are at high
levels. According to statistics [9], China surpassed the United States
in total energy consumption in 2009 and in CO2 emissions in 2005,
thereby becoming the world’s largest energy consumer and CO2

emitter. In 2020, China’s primary energy consumption reached
4.98 billion tonnes of standard coal equivalent, and its CO2 emis-
sions reached 9.9 billion tonnes, respectively accounting for 26%
and 31% of the global totals. Due to objective factors such as
China’s energy-intensive industrial structure [15], coal-oriented
energy mix, and the rigid growth of China’s domestic demand,
China’s energy consumption and carbon emissions per unit of
GDP are at high levels. In 2020, China’s energy consumption per
unit of GDP was 3.4 tonnes of standard coal [9,16], which is 1.5
times greater than the global average and 2–4 times greater than
the equivalent value in major developed countries. China’s CO2

emissions per unit of GDP were 6.7 tonnes [9,16], which is 1.8
times greater than the global average and 3–6 times greater than
those of major developed countries (Fig. 1). However, China’s his-
torical cumulative carbon emissions per capita are lower than
the global average and far lower than those of developed countries
such as the United States, the United Kingdom, and France [17].

China’s energy consumption and CO2 emissions have gradually
reached a plateau. In recent years, as China has been deepening
reform comprehensively and promoting high-quality development
of economy, the growth of primary energy consumption has been
sloweddownsignificantly and theenergymixhasbeencontinuously
improved. The share of coal consumption has decreased from 70.2%
in 2011 to 56.8% in 2020, while the proportion of non-fossil energy
has risen from 8.4% in 2011 to 15.9% in 2020. China’s CO2 emissions
have gradually reached a plateau. According to statistics [9], from
2014 to2020, theaverageannual growth inChina’s energyconsump-
tionwas116million tonnes of standard coal equivalent,while that of
China’s CO2 emissionswas 94million tonnes; these values aremuch
lower than the average annual growth from2002 to 2013 of 218mil-
lion tonnesof standard coal equivalent and477million tonnesof CO2

emissions (Fig. 2). In particular, the proportions of natural gas,
nuclear power, hydropower, wind power, and solar PV have risen
rapidly in the energy mix [18], whereas the CO2 emissions per unit
of energy consumption increment have decreased from 2.18 tonnes
of CO2 per tonne of standard coal in 2002–2013 to 0.81 tonnes of CO2

per tonne of standard coal in 2014–2020.
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Fig. 1. Energy consumption and CO2 emissions per unit of GDP of global average
and major countries in 2020.

Fig. 2. Trends in energy consumption and CO2 emissions in China.
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There is still a long way to go before China achieves the green
and low-carbon transition of its energy structure. It is urgently
necessary to promote China’s green and low-carbon energy transi-
tion as an important channel for implementing the new national
energy-security strategy and achieving the goal of carbon neutral-
ity. At present, the transition of China’s energy structure presents
many difficulties, such as a large proportion of high-carbon energy
consumption, strong carbon-emission intensity, major loss of fossil
energy assets due to premature abandonment, difficult transfor-
mation of resource-based cities, a heavy burden of re-employment
of traditional energy industry personnel, and energy technology
that lags behind the goal of energy transformation. From its carbon
peak to carbon neutrality, China’s energy transition has a tighter
time schedule and involves heavier tasks in comparison with
developed countries or regions such as Europe and the United
States. Therefore, it is necessary for China to take an intrinsically
Chinese energy transition development path.
3. China’s energy-development strategies and initiatives against
a backdrop of carbon neutrality

3.1. Strategic thinking

Based on its national conditions and energy resource endow-
ments, China should firmly adhere to energy conservation and
efficiency improvement, insist on supply-and-demand coordina-
tion, strengthen top-level design of energy transition, and imple-
ment projects in energy conservation, decarbonization,
innovation, efficiency improvement, emergency response, and sup-
port. Efforts should also be made to accelerate the transformation
of the energy consumption structure from coal-oriented (with oil,
gas, and new energy respectively accounting for less than 20%,
while coal accounts for over 50%) to new-energy-oriented (with
coal, oil, and gas respectively accounting for less than 20%, while
1685
new energy accounts for over 50%). China should also speed up
the construction of a clean, low-carbon, safe, and efficient smart
energy system, which would underpin efforts to achieve its carbon
neutrality goal on schedule [19–22].

3.2. Three stages—To achieve a peak in carbon emissions followed by
carbon neutrality, China will have to pass through three stages

3.2.1. 2021–2035: Fossil energy will gradually reach peak level
In this stage, China will accelerate the pace of promoting the

clean utilization of coal while cutting its total consumption. At
the same time, we should maintain the steady development of
oil, rapid development of natural gas, and incremental develop-
ment of new energy. Meanwhile, more efforts will be made to
expand the deployment of mega-tonne-level carbon capture, uti-
lization and storage (CCUS) demonstration projects and the flexible
modification of coal power, while the energy storage for fossil fuel
energy systems will be mostly completed. In 2035, coal, oil, gas,
and non-fossil energy will respectively account for 39.7%, 15.8%,
13.5%, and 31.0% of China’s energy mix.

3.2.2. 2036–2050: Replacement of fossil energy with non-fossil energy
will be accelerated

During this time period, China will achieve overall break-
throughs in energy conservation and efficiency enhancement. Coal
reduction will be accelerated; however, a supply of coal should still
be guaranteed for emergency use. We will gradually reduce the oil
utilization, steadily expand the utilization of natural gas, and
increase the promotion and application of CCUS. Coal power will
gradually become a flexible peak-shaving power source. In 2050,
coal, oil, gas, and non-fossil energy will respectively account for
15.6%, 11.7%, 13.8%, and 58.9% of the energy mix.

3.2.3. 2051–2060: ‘‘Zero-carbon” new energy will gradually dominate
the energy mix

In this stage, high-carbon coal and oil will gradually return to
being used as chemical raw materials. Low-carbon natural gas will
become the best partner for the large-scale utilization of new
energy. In addition, large-scale CCUS will be achieved, along with
its commercial utilization. Hydrogen energy will be applied on a
large scale in sectors that have difficulty in reducing emissions.
Smart energy and energy-storage systems will be fully completed.
In 2060, coal, oil, gas, and non-fossil energy will respectively
account for 7.1%, 7.3%, 12.4%, and 73.2% of the energy mix.

3.3. Six significant systematic projects—Six systematic projects will aid
China in moving forward on an intrinsically Chinese energy transition
path

3.3.1. Energy-saving projects
China should utilize energy in a conserving and efficient way by

raising public awareness of energy conservation, adjusting the
industrial structure, upgrading energy-saving technologies, and
enhancing energy management. The concept that energy conserva-
tion is the top priority must be publicized, while the public mind-
set must be shifted from ‘‘being required to save energy” to
‘‘proactively saving.” It is also necessary to speed up the phasing
out of high-energy-consuming industries and promote the orderly
transition and upgrading of the industrial structure. At the same
time, China should deepen the integration of new-generation
digital technology, information technology, and the energy indus-
try, while promoting energy efficiency through technology innova-
tions. China should also enact and improve laws and regulations on
energy conservation and energy efficiency improvement, provide
governmental demonstrations, and enforce both rewards and
penalties. If the energy consumption per unit of GDP of our country
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can reach the global average level of 2020, its annual energy con-
sumption would be able to reduce by 30%.
3.3.2. Decarbonization projects
The energy industry should pioneer in achieving carbon neu-

trality by means of carbon reduction, utilization, replacement,
and storage. Focusing on energy conservation and efficiency,
energy efficiency should be enhanced, while the proportion of
clean energy should be increased so as to reduce energy consump-
tion per unit of GDP and carbon emissions. Efforts to combine arti-
ficial carbon utilization with ecological carbon absorption should
be redoubled; CO2 should be used directly to produce chemicals,
and the capacity of the ecology for carbon absorption and seques-
tration should be enhanced, while simultaneously increasing the
scale of such measures. China should also promote the replace-
ment of thermal power with green power—such as solar power,
wind power, and hydropower—and increase the replacement of
so-called ‘‘blue” and ‘‘gray” hydrogen with green hydrogen. It is
also necessary to give full play to the advantages of the petroleum
industry in terms of storage space, technology, and operational
experience; vigorously develop negative emission technologies
such as CCUS; and take advantage of near-depleted oilfields and
gas-field complexes, with the aim of forming an annual storage
capacity of more than 1 billion tonnes of CO2.
3.3.3. Innovation projects
It is necessary to attach importance to the research and devel-

opment (R&D) of disruptive technologies. China must forge wind
and solar power generation and intelligent control technologies
based on big data, cloud computing, artificial intelligence, and so
forth. The vigorous development of safe, highly efficient and low-
cost hydrogen technology is needed [23,24], along with highly effi-
cient, long-lasting, and low-cost advanced energy-storage technol-
ogy at various scales. It also need to conduct research on small
controllable nuclear fusion technology for a faster realization of
net zero emissions in energy supply.
3.3.4. Efficiency-promotion projects
China should accelerate the reduction in the amount of fossil

fuel burned to provide energy until the fossil energy sources can
be mainly used as raw materials for processing. It is necessary to
greatly promote the efficiency of energy utilization and improve
energy services through measures that include: ① making full
use of new-generation digital and intelligent information technol-
ogy;② accelerating the construction of multi-energy, complemen-
tary, multi-network integration and a two-way responsive smart
energy ecosystem with collaborative configurations of source, net-
work, load, and storage;③ supporting and encouraging all kinds of
energy entities to independently access the energy system and par-
ticipate in energy market transactions in terms of both purchasing
and selling.
3.3.5. Emergency projects
It is necessary to increase natural gas storage and give full play

to its role as the best partner of low-carbon transition, as a stabi-
lizer for the large-scale utilization of renewable energy, and as a
means of ensuring sufficient storage for emergency use. China
should maintain a bottom-line reserve of coal as a supply of strate-
gic reserve resources for medium- and long-term emergencies and
extreme conditions, while ensuring a necessary proportion of coal-
production capacity. It will also be necessary to make full use of
digital and intelligent technology to speed up the construction of
intrinsically Chinese energy reserves and emergency supply
systems.
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3.3.6. Supportive projects
China should improve the laws and regulations of the carbon

market and build a multi-source, multi-level, and differentiated
financial and tax support system. The construction of national
carbon-emission trading market should be accelerated, and efforts
should be made to establish a domestic and foreign trading system
for carbon market access. It is also necessary to explore green
finance reform and demonstration zones to encourage financial
institutions to participate in carbon market trading and enrich
trading products.
4. Conclusions

As the key to achieving peak carbon emissions and carbon neu-
trality, the energy industry should have a comprehensive under-
standing of the general trend of the world’s energy transition and
be fully aware of China’s energy resource endowments, which
include enriched coal, insufficient oil and gas, and abundant new
energy. China should unswervingly follow the path of intrinsically
Chinese energy transition and development. To achieve its dual
carbon goal on schedule, China needs to give full play to the tech-
nological and industrial advantages of PV, wind power, hydro-
power, and smart grids, and accelerate its energy consumption
transition from the old coal-oriented mode to a new-energy-
oriented mode.
References

[1] Gao Y, Gao X, Zhang X. The 2 �C global temperature target and the evolution of
the long-term goal of addressing climate change—from the United Nations
framework convention on climate change to the Paris Agreement. Engineering
2017;3(2):272–8.

[2] Special report on global warming of 1.5 �C [Internet]. Geneva: IPCC; 2018
[cited 2021 May 20]. Available from: https://www.ipcc.ch/sr15/.

[3] Jiang L. Global carbon cycle: from fundamental scientific problem to green
responsibility. Science 2021;73(1):39–43.

[4] IRENA. Global renewables outlook: energy transformation 2050. Edition: 2020
Abu Dhabi: IRENA; 2020.

[5] Net zero emissions race [Internet]. London: Energy & Climate Intelligence Unit;
2020 [cited 2021 May 20]. Available from: https://eciu.net/netzerotracker.

[6] Xi Jinping delivers an important speech at the general debate of the 75th
Session of the United Nations General Assembly [Internet]. New Delhi:
Embassy of the People’s Republic of China in India; 2020 Sep 22 [cited 2021
Sep 6]. Available from: https://www.fmprc.gov.cn/ce/cein/eng/zgxw/
t1817766.htm.

[7] Emissions gap report 2021 [Internet]. Nairobi: UN Environment Programme;
2020 Oct 26th [cited 2021 Nov 26]. Available from: https://www.unep.org/
resources/ emissions-gap-report-2021.

[8] Total energy consumption and composition [Internet]. Beijing: National
Bureau of Statistics; 2021 [cited 2021 May 20]. Available from: https://data.
stats.gov.cn/tablequery.htm?code=AD0H.

[9] Statistical review of world energy 2021. Report. London: BP plc; 2021.
[10] An energy sector roadmap to carbon neutrality in China [Internet]. Paris: IEA;

2021 Sep 29 [cited 2021 Oct 6]. Available from: https://www.iea.org/events/
an-energy-sector-roadmap-to-carbon-neutrality-in-china.

[11] Senshaw D, Askin M, Chimednamjil B. Green growth in action: achieving green
energy transformation. Report. Seoul: Global Green Growth Institute; 2020
April. Report No.: 11.

[12] World energy transitions outlook: 1.5 �C pathway [Internet]. Abu Dhabi:
IRENA; 2021 Jun [cited 2021 Sep 6]. Available from: https://www.irena.org/
publications/2021/Jun/World-Energy-Transitions-Outlook.

[13] Unpacking China’s 2060 carbon neutrality pledge [Internet]. Oxford: The
Oxford Institute for Energy Studies; 2020 Dec [cited 2021 Sep 6]. Available
from: https://www.oxfordenergy.org/wpcms/wp-content/uploads/2020/12/
Unpacking-Chinas-carbon-neutrality-pledge.pdf.

[14] Project comprehensive report writing group. China’s long-term low-carbon
development strategies and pathways, comprehensive report. China Popul
Resour Environ 2020;30(11):1–25. Chinese.

[15] China statistical yearbook 2020 [Internet]. Beijing: National bureau of
statistics; 2020 [cited 2021 May 20]. Available from: http://www.stats.gov.
cn/tjsj/ndsj/2020/indexch.htm. Chinese.

[16] World Bank national accounts data and OECD National Accounts data
[Internet]. Washington, DC: The World Bank; 2021 [cited 2021 May 20].
Available from: https://data.worldbank.org/indicator/NY.GDP.MKTP.CD?
locations=CN&view=chart.

http://refhub.elsevier.com/S2095-8099(21)00440-9/h0005
http://refhub.elsevier.com/S2095-8099(21)00440-9/h0005
http://refhub.elsevier.com/S2095-8099(21)00440-9/h0005
http://refhub.elsevier.com/S2095-8099(21)00440-9/h0005
http://refhub.elsevier.com/S2095-8099(21)00440-9/h0015
http://refhub.elsevier.com/S2095-8099(21)00440-9/h0015
http://refhub.elsevier.com/S2095-8099(21)00440-9/h0070
http://refhub.elsevier.com/S2095-8099(21)00440-9/h0070
http://refhub.elsevier.com/S2095-8099(21)00440-9/h0070


H. Dai, Y. Su, L. Kuang et al. Engineering 7 (2021) 1684–1687
[17] Ding Z. Carbon neutrality framework roadmap in China. China Ind Inf Technol
2021;8:54–61.

[18] Full text: energy in China’s new era [Internet]. Beijing: The State Council
Information Office of the People’s Republic of China; 2020 Dec 21 [cited 2021
Sep 6]. Available from: http://www.scio.gov.cn/zfbps/32832/Document/
1695135/1695135.htm.

[19] Zou C, Xiong B, Xue H, Zheng D, Ge Z, Wang Y, et al. The role of new energy in
carbon neutral. Petrol Explor Dev 2021;48(2):480–91.

[20] Zou C, Pan S, Dang L. On the energy revolution and the mission of science and
technology. J Southwest Pet Univ (Sci Technol Ed) 2019;41(3):1–12. Chinese.

[21] Energy technology perspectives 2020 [Internet]. Paris: IEA; 2020 Sep [cited
2021 May 5]. Available from: https://iea.blob.core.windows.net/assets/
1687
7f8aed40-89af-4348-be19-c8a67df0b9ea/Energy_Technology_Perspectives_
2020_PDF.pdf.

[22] 2050 world and China energy outlook [Internet]. Beijing: CNPC Economics &
Technology Research Institute; 2020 Dec 17 [cited 2021 Sep 6]. Available
from: https://iea.blob.core.windows.net/assets/a72d8abf-de08-4385-8711-
b8a062d6124a/WEO2020.pdf.

[23] Hydrogen and renewable gas forum [Internet]. London: IHS Markit; 2020 Jul 9
[cited 2021 May 20]. Available from: https://cdn.ihsmarkit.com/www/pdf/
0720/Hydrogen-and-Renewable-Gas-Forum-Brochure.pdf.

[24] China Hydrogen Alliance. White paper on China’s hydrogen energy
and fuel cell industry 2019. Report. Beijing: China Hydrogen
Alliance; 2019.

http://refhub.elsevier.com/S2095-8099(21)00440-9/h0085
http://refhub.elsevier.com/S2095-8099(21)00440-9/h0085
http://refhub.elsevier.com/S2095-8099(21)00440-9/h0095
http://refhub.elsevier.com/S2095-8099(21)00440-9/h0095
http://refhub.elsevier.com/S2095-8099(21)00440-9/h0100
http://refhub.elsevier.com/S2095-8099(21)00440-9/h0100
http://refhub.elsevier.com/S2095-8099(21)00440-9/h0120
http://refhub.elsevier.com/S2095-8099(21)00440-9/h0120
http://refhub.elsevier.com/S2095-8099(21)00440-9/h0120

	Contemplation on China’s Energy-Development Strategies and �Initiatives in the Context of Its Carbon Neutrality Goal
	1 Introduction
	2 Energy consumption and carbon emissions in China
	3 China’s energy-development strategies and initiatives against a backdrop of carbon neutrality
	3.1 Strategic thinking
	3.2 Three stages—To achieve a peak in carbon emissions followed by carbon neutrality, China will have to pass through three stages
	3.2.1 2021–2035: Fossil energy will gradually reach peak level
	3.2.2 2036–2050: Replacement of fossil energy with non-fossil energy will be accelerated
	3.2.3 2051–2060: “Zero-carbon” new energy will gradually dominate the energy mix

	3.3 Six significant systematic projects—Six systematic projects will aid China in moving forward on an intrinsically Chinese energy transition path
	3.3.1 Energy-saving projects
	3.3.2 Decarbonization projects
	3.3.3 Innovation projects
	3.3.4 Efficiency-promotion projects
	3.3.5 Emergency projects
	3.3.6 Supportive projects


	4 Conclusions
	References




