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China has already committed to peaking carbon dioxide emissions by 2030 and achieving carbon neutrality by 2060 (referred to as
the 30·60 Target), which has brought both daunting challenges and great opportunities to the automobile industry in China.
However, there is still a lack of comprehensive and in-depth studies on the challenges, paths, and strategies for reducing carbon
emissions to fulfill the 30·60 Target in automobile industries. +erefore, this paper proposes low-carbon development strategies
for China’s automobile industry. +is study’s method is to integrate the results from different literature to summarize the status,
challenges, opportunities, and refine the coping strategies for carbon emission of the automobile industry. +e results indicated
that the paths for achieving the 30·60 Target include joint carbon emission reduction by upstream and downstream enterprises
inside the industry. It also needs cross-industry and cross-sector coordinated decarbonization outside the industry. Meanwhile,
the low-carbon policy and regulation system should be established to provide a direct driving force and fundamental guarantee for
the low-carbon development of China’s automobile industry.

1. Introduction

To date, thousands of experts and scholars worldwide have
proved that global warming is real with all kinds of scientific
evidence [1]. A consensus has been reached that the surge in
human-caused carbon emissions is the primary cause of
global warming.+e concept of carbon neutrality is designed
to control global temperature rise [2]. China committed to
peaking carbon dioxide emissions (CO2) by 2030 and
achieving carbon neutrality by 2060 (the 30·60 Target) in
September2020 [3]. China emitted about 10.2 billion tons of
carbon in 2020. It accounts for about one-third of global
carbon emissions, twice that of the United States and three
times that of the European Union [4]. Realizing China’s
carbon neutrality target is crucial for global carbon
neutrality.

+e transport sector has contributed about 10% of
China’s carbon emissions in recent years. Road transport

carbon emissions are the primary source of carbon emis-
sions from the transport sector, accounting for about 73% in
2018, as shown in Figure 1 [5]. +e carbon emissions of the
automobile industry accounted for about 97.8% of the road
transport sector in 2020 [6]. +e automobile industry is one
of the significant energy consumption sectors and green-
house gas emissions. Meanwhile, the automobile industry
has a high potential to reduce carbon emissions due to
immature technologies, such as battery manufacturing
technologies [7]. +us, the automobile industry is an es-
sential part of China’s efforts to achieve the 30·60 Target [8].

Recently, a new round of scientific and technological
revolution is driving the overall restructuring of the auto-
mobile industry, which is moving faster with the carbon
neutrality goal [9]. +e Society of Automobile Engineering
of China (China-SAE) in the Energy-Saving andNew Energy
Vehicle Technology Roadmap 2.0 has planned the time point
for the automotive industry to achieve its carbon reduction

Hindawi
Journal of Advanced Transportation
Volume 2022, Article ID 5834707, 13 pages
https://doi.org/10.1155/2022/5834707

mailto:liuzongwei@tsinghua.edu.cn
https://orcid.org/0000-0001-6219-534X
https://orcid.org/0000-0002-3475-2927
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2022/5834707


goals. It proposed that the automobile industry should peak
carbon emissions by 2028 and achieve carbon neutrality by
2050 to smoothly achieve China’s 30·60 Target [10]. It means
that the automobile industry in China faces daunting
challenges under the 30·60 Target.

+ere are many studies about the carbon emission of the
automobile industry while mainly concentrating on three as-
pects. First, the literature focused on how to calculate the total
carbon emission of the automobile industry. Lee et al. explored
an eco-control approach for carbon accounting for supply chain
management in the automobile industry. +is study finds that
eco-control can foster alignment between a firm’s carbon
management strategy and carbon performance measurement
and provides useful quantified information for corporate de-
cision-makers [11]. Hao et al. built a bottom-up model to
address energy, environmental impacts of greenhouse gas
emission reduction from the passenger vehicle fleet. +e results
indicate that for passenger vehicles, the target of GHGemissions
reduction generally synergizes with petroleum security en-
hancement, urban air quality improvement, and transport cost
reduction but conflicts with the targets of rare metal conser-
vation and transport well-being improvement [12]. Second, the
literature paid attention to reducing carbon emission tech-
nologies. Qiao et al. conducted a comparative study on life cycle
CO2 emission from electric and conventional vehicles in China.
+e results showed that the CO2 emissions from the production
of an electric range from 14.6 to 14.7 t, 59% to 60% higher than
the level of an ICEV, 9.2 t [13]. Wu et al. investigated obstacle
identification, analysis, and solutions of hydrogen fuel cell
vehicles for application in China under the carbon neutrality
target. +e results revealed that hydrogen fuel cell vehicles
application is one of the effective measures of carbon emission
reduction, and the economic, technical, social, and political
obstacles should be addressed [14]. +ird, the literature in-
vestigated the impact of carbon policy on the automobile in-
dustry. Du et al. conducted a study focused on policymaking
and its impact on the automobile industry in the context of

carbon neutrality. +ey concluded that carbon neutrality is a
problem that automobile companies must face and should set
targets and time nodes related to carbon neutrality as soon as
possible and speed up implementing specific measures [15]. Du
et al. studied the costs and potentials of reducing CO2 emissions
in China’s transport sector based on the energy system analysis.
+e results underlined the carbon peak policy while making
alternative fuel vehicles (AFV) more efficient, which increases
the overall cost of emissions reduction [16].

However, there is still a lack of comprehensive and in-
depth studies on the challenges, paths, and strategies for
reducing carbon emissions to fulfill the 30·60 Target in
automobile industry [17], because of the short time that
China has put forward the carbon neutrality goal. Mean-
while, many scholars paid more attention to the basic re-
search on the technologies for reducing carbon emissions
from automobiles and calculating carbon emissions
throughout the life cycle. [18]. +erefore, it is important to
summarize and point out the strategic directions and
technology paths toward low-carbon development of the
automobile industry from the macro level.

To bridge these gaps, this paper systematically studies the
challenges, opportunities, and coping strategies for China’s
automobile industry to achieve the 30·60 Target. First, the
connotation of China’s 30·60 Target is interpreted. Second,
the current situation, challenges, and opportunities of the
automobile industry to reduce carbon emission are analyzed.
Finally, the path and direction of the carbon neutrality goal
are proposed based on the current situation and develop-
ment vision of the automobile industry in China.

2. Interpretation of China’s 30·60 Target

2.1. Connotations of China’s 30·60 Target. Carbon neutrality
refers to zero carbon dioxide emissions. It can be achieved by
offsetting the total greenhouse gas emissions directly or
indirectly. +e emissions are generated by enterprises,
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Carbon emissions from transport sector continue to grow in China
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Figure 1: Carbon emission of the road transport sector and automobile industry [5, 6] (note: the carbon emissions of the automobile
industry account for about 97.8% of the road transport sector in 2020).
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organizations, or individuals within a certain period by
afforestation, energy conservation, and emission reduction.
Carbon peaking refers to the steady decline of carbon
emissions after reaching a plateau. +e process of achieving
the 30·60 Target in China is shown in Figure 2, from which
we can see the difference between carbon peaking and
carbon neutrality goals.

It should be said that the technical difficulty in achieving
the goal of peaking carbon emissions by 2030 is relatively
low for China. It can be achieved by mainly adopting carbon
reduction technologies (referring to technologies for re-
ducing carbon emissions) and partially adopting zero-car-
bon technologies (referring to the use of clean energy
without carbon emissions) [19]. In comparison, the tech-
nical difficulty in achieving the carbon neutrality goal by
2060 is exceptionally high. In addition to applying carbon
reduction and zero-carbon technologies, it is also necessary
to adopt negative carbon technologies (meaning capturing
carbon from the environment and sequestering or reusing it,
or absorbing carbon from the natural environment using
tree planting, etc.) [20]. In addition, according to China’s
climate management authority up to date, the carbon
peaking goal only refers to the peak of carbon dioxide
emissions. In contrast, the carbon neutrality goal refers to
the neutrality of all greenhouse gases.

Carbon emissions will gradually enter the plateau period
with stable fluctuations around the time of achieving the
carbon peaking goal, as shown in Figure 2. +e more
prolonged carbon emissions stay on the peak plateau after
reaching the peak, the shorter the window of time to achieve
carbon neutrality and the higher the cost of subsequent
decarbonization. +erefore, although carbon peaking must
precede carbon neutrality from the timeline perspective, the
two must complement specific actions. It makes no sense to
peak carbon emissions first and go carbon neutral later. It
should be emphasized that carbon peaking is a prerequisite
for carbon neutrality—the sooner the carbon peaking goal is
achieved, the lower the peak emissions value will be. +us,
the sooner the carbon peaking goal is achieved, the better it is
for achieving carbon neutrality. At the same time, the time
point of entering the carbon emission plateau should be as
early as possible as when the carbon peak occurs. It will
promote the industrial application of carbon neutrality
technologies and increase the time window for carbon
neutrality.

Given the above, carbon peaking and carbon neutrality
are intrinsically related and fundamentally different. Gen-
erally speaking, carbon peaking is an important milestone
and critical time point for carbon neutrality. In contrast,
carbon neutrality is the ultimate goal of carbon peaking and
the fundamental symbol of a complete transformation of the
national development model. Moreover, the carbon peaking
goal is not as tricky as carbon neutrality. +e carbon neu-
trality goal limits the time and peak value of the carbon
peaking goal. It fundamentally rejects the “cheating” path of
raising carbon peak value first and lowering it later. Ac-
cordingly, the carbon peaking goal will become more
challenging and meaningful under the constraints of the
carbon neutrality goal. At the current time point, China

must reasonably develop a carbon peaking strategy and
factor carbon neutrality in its low-carbon energy transition.
Only in this way can we ensure that carbon neutrality could
be achieved as scheduled after peaking carbon emissions.

In addition, the 30·60 Target will open a new chapter of
human civilization. From an energy perspective, it would
accelerate decarbonization on the energy supply side,
leading to fossil fuels being replaced entirely, and the pro-
portion of renewable energy will be significantly increased
[21]. At the same time, the transformation in energy con-
sumption should also be accelerated. A clean electricity-
based energy consumption pattern must be established in
the future [22]. From the industry perspective, carbon
neutrality will accelerate the adjustment and optimization of
industrial structures [23]. Specifically, it can be summarized
into three aspects. First, the 30·60 Target will drive the
upgrading of relevant technologies and the innovation of
industrial models. Second, the 30·60 Target will curb energy-
intensive industries’ expansion and capacities. +ird, the
30·60 Target will make the digital economy, high-tech in-
dustries, and services the development priorities [24].

From the enterprise perspective, the core competitive-
ness of enterprises will change. Low-carbon manufacturing
and low-carbon products become the necessary ability for
enterprises to win competitive advantages [25]. At the same
time, the development concept and business model of en-
terprises will also change. Enterprises must carry out low-
carbon operations throughout the life cycle of the products.
+ey should consider carbon emissions during product use
and energy use during the product life cycle, including the
production process. Carbon trading management will be the
basis for effective business operations in the future. Com-
panies with high-carbon emissions must spend a lot of
money buying carbon credits to avoid losing out to the
competition. It is expected that in the future, low carbon
emissions will become a new economic norm and trade
barrier in the world. Companies with high carbon emissions
will be shut out of the market [26]. From the perspective of
society, there will be fundamental changes in the way people
produce and live. +e whole society needs to develop a low-
carbon culture. Everyone should have a low-carbon con-
sciousness and start a green and economic low-carbon
lifestyle.

2.2. Challenges Facing China in Achieving the 30·60 Target.
As the world’s second-largest economy, China has a
daunting task to achieve the 30·60 Target. Figure 3 shows the
fossil fuel-related carbon dioxide emissions and the carbon
neutralization goal planning of major countries in the world
[27, 28]. According to China’s carbon emission trend and
carbon neutrality plan, its challenges in achieving the 30·60
Target can be summarized as a “tight schedule and heavy
task” compared with other countries.

+e schedule is tight. China is now the world’s largest
carbon emitter, while the buffer time from carbon peaking to
carbon neutrality is just 30 years. +e time gap between
carbon peaking and carbon neutrality in most developed
countries is 50–60 years [28]. China’s goal of achieving
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carbon neutrality by 2060 has exceeded the expectations of
many international experts. It means that a country like
China must control the increase and eliminate the stock of
CO2 within 40 years. However, China is developing where its
emissions are far from peaking. +is challenge is unprece-
dented for China.

+e task is heavy. First, China’s carbon emissions have
topped the world, as shown in Figure 3. China accounts for
about one-third of global carbon emissions, twice that of the
United States and three times that of the European Union
[4]. At the same time, neither China’s industrialization nor
urbanization has yet reached its peak. +e demand for life
services is also in the stage of rapid growth. Many new
production capacities and services will be needed to meet the
growing needs of the national economy and people’s live-
lihood in the future. If China does not change its devel-
opment model, carbon emissions will grow further.

Second, the 30·60 Target is an unprecedented and
complex national system project involving multiple fields
and factors. If any one of them is not fully implemented or
linked to the others, it is impossible to achieve carbon
neutrality. +erefore, China must think comprehensively
and advance as a whole.+e government should adopt a top-
down approach for strategic deployment and a bottom-up

approach for tactical support to implement decarbonization
orderly and systematic.

+ird, the high-carbon economy itself has development
inertia and technological limitations. It is not easy to
completely abandon the original development model. At
present, China’s adoption of low-carbon energy and energy
efficiency is relatively low. It is difficult to change the eco-
nomic growth model in a short time. New products and
services require new energy for support, which means China
needs to decarbonize both incremental fuels.

Fourth, to achieve the 30·60 Target, economic growth
and people’s livelihood should be considered. A low-carbon
transition at the expense of economic growth is not desir-
able. China must continue to meet the growing needs of its
1.4 billion people for a better life. It is the prerequisite for
implementing carbon peaking and carbon neutrality actions
and achieving the 30·60 Target. As a result, China’s low-
carbon transition is more challenging than expected.

To sum up, the essence of China’s 30·60 Target is the
innovation of science and technology, reconstruction of
social infrastructure, and transformation of the country’s
economic development model. +ese involve the simulta-
neous transformation of the country’s energy mix, industrial
structure, industrial foundation, and the accompanying
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Figure 2: +e process of achieving the 30·60 target in China.
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transformation of social infrastructure and cultural envi-
ronment. It is a grand strategy that concerns the fate of the
country.

2.3. Overall Strategies to Achieve China’s 30·60 Target.
Experts and scholars have reached a basic consensus on
achieving the carbon neutrality goal for China. A concerted
effort must be made from six aspects, such as emission
reduction from the source, energy substitution, energy-
saving, efficiency improvement, recycling, process trans-
formation, and carbon capture [29].

First, we need to pay attention to the following points in
the direction and principle of low-carbon development. On
the one hand, the universality of the climate problem de-
termines that it is difficult to achieve global temperature
control targets through bottom-up emission reduction. Top-
down planning is inevitable. On the other hand, the carbon
peaking goal and carbon neutrality goal should be consid-
ered simultaneously and cannot be separated. It is the basic
principle that must be followed [30].

Second, attention needs to be paid to the scope and
manner of achieving the carbon neutrality goal. On the one
hand, carbon neutrality is reflected in production activities,
lifestyle, and values. It is important to emphasize that life-
style changes are also essential for achieving carbon neu-
trality. Efforts should be made to encourage society to
advocate a green and economic lifestyle. On the other hand,
future economic growth should be based as much as possible
on carbon-neutral technologies to avoid the costs of sub-
sequent replacement of high-carbon models.

Finally, specific measures to achieve carbon neutrality need
to be considered. First, energy supply-side reform needs to be
accelerated. +e methods include increasing the proportion of
renewable energy, building a new energy mix dominated by
zero-carbon electricity, and vigorously promoting energy
storage technology and industrial layout to ensure a balanced
power grid [31]. Second, energy demand-side reform needs to
be strengthened. We will comprehensively promote terminal
electrification, emission reduction from the source, and energy
efficiency improvement in industrial, transportation, and
construction sectors [32]. +ird, the whole process of industrial
production needs to be improved. Targeted measures such as
material substitution, technological innovation, process
improvement, and equipment transformation should be
adopted for the possible carbon emissions in each link [33].

In general, the technologies for achieving the 30·60
Target can be divided into three categories. One is carbon
reduction technologies, which are mainly a matter of
technological advancement. +ese technologies include
energy efficiency improvements, resource recovery, process
innovation, and fuel/feedstock substitution [29]. +e second
type is zero-carbon technologies, which are mainly about
energy substitution. If carbon-based fossil fuels dominate
the energy mix, it is impossible to achieve carbon neutrality
nomatter howmany carbon reduction technologies are used
[34]. To achieve this goal, China must promote energy
decarbonization, including introducing renewable, nuclear,
and biomass energy. It should form an energy supply system

that contains renewable energy sources and energy storage
carriers.

Meanwhile, electric and hydrogen energy should become
the primary terminal energy sources. Under this prospect,
electric and hydrogen energy will become the leading car-
riers of human energy in the future.+e production, storage,
transportation, and use of electric and hydrogen energy will
become increasingly critical [35].

+e third type is negative carbon technologies, which
refer to recycling carbon emissions from human activities.
+ey belong to the scope of carbon sinks, divided into two
main types: natural and artificial carbon sinks [36]. Natural
carbon sinks include ocean carbon sinks and agroforestry
carbon sinks, achieving carbon sequestration through
oceans, forests, and so on.+is approach is less costly but has
limited potential. Artificial carbon sinks refer to carbon
capture, storage, and utilization technologies. +is approach
is costly and requires breakthroughs in the technologies.
+ere is not much application space in the short term, but it
is the key technology to achieve carbon neutrality in a long
time [37]. Moreover, these technologies will also expand the
space for the human use of fossil fuels.

+e above explains the strategic thinking, severe chal-
lenges, significant opportunities, and overall implementa-
tion strategies of China’s 30·60 Target. +e following will
focus on the coping strategies for achieving the 30·60 Target
in the automobile industry in China.

3. Coping Strategies for the Automobile
Industry under the 30·60 Target

Carbon emissions from the transport sector are an integral part
of the total carbon emissions of the world and every country.
Figure 4 shows the predicted carbon emissions reduction of all
sectors of China’s transport sector to achieve carbon neutrality
[4, 38]. Aswe can see from the figure, although the total amount
of carbon emissions in China is higher than that in the United
States, the carbon emissions from the transport sector in China
are still lower than that of theUnited States.+e transport sector
contributed 11% of China’s carbon emissions in 2020, well
below 37% in the United States and 24% globally. It shows that
the transport sector in China is still not saturated.+ere is still a
lot of space for development in the future. It also means
enormous pressure and potential room for carbon reduction in
the transport sector in China.

To achieve carbon neutrality by 2060, China’s transport
sector will need to reduce carbon emissions by 75 to 80
percent from the 2015 level, according to the research by
Energy Foundation in China on China’s mid-and long-term
plan for low-carbon development and transformation of its
transport sector [38]. Broken down by sector, road transport
needs to cut emissions by 81.2 percent, civil aviation by 3.3
percent, and waterways by 5.6 percent to meet the goal.
+erefore, the emission reduction of the transport sector
should prioritize road transport. In this sense, as an essential
part of road transport, the automobile industry will be the
key to achieving the carbon neutrality goal in China’s
transport sector [6].
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In addition, the automobile industry, as a comprehensive
manufacturing industry, has a long industrial chain, involves
a wide range of fields, and consumes a lot of energy. +e
automobile industry is a pillar and a carrier in the national
economy. Its low-carbon and the zero-carbon transition are
also more representative and vital for China.

3.1. Challenges to the Automobile Industry under the 30·60
Target. Compared with other industries, the automobile
industry faces three significant challenges in achieving the
30·60 Target.

First, the automobile industry is large and attracts great
attention in China. Car ownership per thousand in China is
not yet saturated, and carbon emissions from its automobile
industry will continue to grow for the foreseeable future.
+ere are 292 million cars in China (as of the second quarter
of 2021). China will have nearly 550 million cars by 2050,
predicted by Hao et al. [39]. It implies a complex incremental
substitution and de-stocking in China’s automobile indus-
try. +e effect of low-carbon and zero-carbon transforma-
tion in the automobile industry will symbolize China’s
compliance with the international commitment of achieving
the 30·60 Target. It is because that the automobile industry is
highly concerned and dominant. For example, China is the
world’s largest market for new energy vehicles, and it is still
growing at a high speed. Moreover, the market penetration
rate of new energy vehicles has reached 15% in July 2021,
which has attracted global attention [40].

Second, the global economic and trade mechanism has
changed, and has increasingly fierce low-carbon competition.
+e current international political and economic environment
is increasingly uncertain. Countries are likely to develop stricter
trade policies around carbon emissions, creating new trade
barriers. Regulations such as carbon border regulation mech-
anisms, carbon footprints, carbon leakage laws, etc., will limit
the manufacturing model with high carbon emissions and be
used for low-carbon emissions. It will affect a country’s auto-
mobile industry [41]. Taking carbon leakage laws as an example,

the European Union is currently discussing legislation to ex-
amine the carbon emissions of products from the whole life
cycle perspective, which is expected to be implemented in 2023.

With the introduction of carbon leakage laws, those
products produced in high-carbon regions will not be allowed
to be sold in the relevant legislative areas, or high carbon taxes
will be required to be paid. Even if low- or zero-carbon
technologies are used in the production process, more attention
needs to be paid to electric vehicles with relatively high carbon
emissions in the production process [42]. It suggests that au-
tomobile enterprises should carry out low-carbon
manufacturing and develop low-carbon products in shifting to a
low-carbon market. Otherwise, they will not win the compe-
tition in the future [43].

+ird, the automobile industry alone cannot solve the
problems concerning the 30·60 Target. Due to its high inter-
connection with other industries, the automobile industry
cannot achieve carbon neutrality on its own. For example, 90%
of the carbon emissions in the production stage of the auto-
mobile come from indirect emissions of high-carbon electricity
[44]. Only the adoption of clean energy can accelerate the
process of carbon neutrality in the automobile industry.
+erefore, the sustainable competitiveness of the automobile
industry can only be guaranteed by the coordinated cross-in-
dustry development in China.

In short, the automobile industry is likely to be forced to
accelerate the pace of achieving the 30·60 Target because of
its high carbon emissions and high profile [10]. In this
regard, the Chinese government and the automobile in-
dustry must have sufficient understanding and expectations.

3.2. IdentificationofKeyFactorsAffectingCarbonEmissions in
the Automobile Industry. Carbon emissions of automobiles
mainly cover the automobile manufacturing, use, and
recycling stages [13]. By analyzing the life-cycle carbon
emissions of automobiles, this paper summarizes the key
factors affecting carbon emissions in the automobile in-
dustry, as shown in Figure 5.
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Figure 4: +e role of the road transport (automobile industry) sector in achieving the 30·60 target in China [4, 38].
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+e factors affecting carbon emissions in the auto-
mobile use stage include vehicle carbon emission in-
tensity, structure and level of car ownership, vehicle miles
traveled, and carbon emission factors of fuels [45].
+erefore, the following ways can be adopted to reduce
the carbon emission intensity in the automobile use stage.
First, it can reduce vehicle carbon emission intensity by
improving engine thermal efficiency and using hybrid
technologies [46] and alternative fuels [47]. +ese tasks
can be completed by automobile companies alone. On the
other hand, improving traffic efficiency and reducing
congestion can improve the fuel economy of the auto-
motive. Improvements in these jobs will depend on the
transport sector. Second, it can optimize the structure
and level of car ownership [48]. Examples include re-
ducing the sales of high-carbon cars and increasing low-
carbon cars. Measures should be taken to curb the
purchase of and accelerate the elimination of high-carbon
cars. Realizing these needs requires a change in people’s
low-carbon lifestyles [49]. +ird, it can reduce vehicle
miles traveled. For example, private car trips should be
minimized, and people should be encouraged to use buses
and subways more often [50]. Besides, we should reduce
the use of road transport and increase rail or waterway
transport [51]. Meanwhile, optimizing urban planning,
increasing the frequency of shared trips, and reducing the
number of unnecessary trips are also ways to reduce the
vehicle miles traveled [52]. Fourth, it can lower the
carbon emission factors of fuels. For example, it should
conduct low carbon fuel production to lower the carbon
emission factors of fuels.

+e factors affecting carbon emissions in the auto-
mobile manufacturing stage include energy consumption
and material consumption per unit of automobile
product manufactured [13]. +erefore, on the one hand,
carbon emissions in the automobile manufacturing stage
can be reduced by cutting the energy consumption per
unit of product manufactured. For example, it can be
achieved by reducing fossil fuel consumption, increasing
production efficiency, and reducing high-carbon
manufacturing processes. On the other hand, it can re-
duce the material consumption per unit of product
manufactured, such as lowering the consumption of
high-carbon raw materials [53].

+e factors affecting carbon emissions in the auto-
mobile recycling stage mainly include the reduction of
carbon emissions from vehicle recycling and material
recycling [54]. Generally speaking, recycling will sig-
nificantly reduce carbon emissions from automobile
manufacturing. +us, some scholars have classified car-
bon emissions in the automobile recycling stage and the
material consumption in the automobile manufacturing
stage. +e control of carbon emissions in the automobile
manufacturing and recycling stages mainly depends on
the automobile industry. Still, it can only be effectively
implemented under the premise of cost control [55].

3.3. Coping Strategies for the Automobile Industry to Achieve
Carbon Peaking and Carbon Neutrality Goals. From the
above analysis, it can be seen that the automobile industry
should not fight alone in the long journey toward carbon
peaking and carbon neutrality goals. In contrast, it should
coordinate effectively with other related industries and
fields. Decarbonization is a systematic change for the au-
tomobile industry.

Inside the automobile industry, carbon emission re-
duction must be achieved through the linkage between the
upstream and downstream of the industrial chain, including
design, procurement, production, use, recycling, service, and
other links. And decarbonization must be achieved across
the industrial automobile chain and throughout the life cycle
[56]. Outside the automobile industry, decarbonization of
the automobile industry must be achieved through cross-
industry and cross-sector collaboration [57]. +e energy
industry needs to provide zero-carbon energy for the au-
tomobile industry. +e transport sector should provide low/
zero-carbon mobility application scenarios in the automo-
bile industry. It requires establishing a low-carbon policy
and regulation system with carbon trading as the core, which
will provide the most direct driving force and fundamental
guarantee for the low-carbon and decarbonization trans-
formation of the automobile industry. +e coping strategies
for the automobile industry to achieve the carbon peaking
and carbon neutrality goals are as shown in Figure 6.

+erefore, the coping strategies for the automobile in-
dustry to achieve carbon peaking and carbon neutrality goals
can be summarized as follows. +e carbon emission re-
duction in the automobile industry needs to be centered on
the carbon emission reduction throughout the life cycle; it
should be based on the coordinated decarbonization of
multiple industries and sectors and finally supplemented by
negative carbon technologies.

3.3.1. Inside the Automobile Industry: Carbon Emission
Reduction throughout the Life Cycle. To achieve carbon
emission reduction throughout the life cycle, the automobile
industry should take the following measures. +e first is to
reduce carbon emissions in the production process, in-
cluding energy efficiency improvement, process innovation,
fuel/raw material substitution, and green energy use.
According to the China Automobile Technology and Re-
search Center calculations, the amount of carbon emissions
in the automobile production stage in China is maintained
between0.06 and 0.07 billion tons per year [44]. +e second
is to change the use of carbon products, including energy
conservation and efficiency improvement and operational
efficiency improvement [58]. In particular, low-carbon/zero-
carbon products should be used more intensively to dilute
their production’s energy and emissions’ costs [59]. At the
same time, the product’s service life should be extended as
much as possible. In the past, this was mainly to reduce costs
while reducing production to reduce carbon emissions in the
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future [60]. In addition, in the structure of car ownership in
China’s automobile industry, commercial vehicles and
passenger cars account for 16.7% and 83.3%, respectively.
However, the corresponding carbon emissions account for
56% and 44%, respectively. +erefore, commercial vehicles
will be an essential field of carbon emission reduction in the
transport sector in the future [61]. Low-carbon technologies
for commercial vehicles should be promoted in the future.
For example, promoting the adoption of fuel cells in
commercial vehicles is a good move.

+e third is to reduce carbon emissions through recy-
cling, including improving the efficiency of material recy-
cling and developing a circular economy. Material recycling
means that the production of raw materials can be reduced.
It will effectively reduce the carbon emissions of rawmaterial

production from mining, processing to application. +e
carbon emissions from electric vehicles can be cut by 8%–
11% through recycling (from Grave to Cradle stage) [62]. In
particular, the recycling of power batteries will significantly
reduce the overall carbon emissions of electric vehicles [63].
Fourth, the carbon emission reduction target of the auto-
mobile industry can be achieved by reducing the carbon
emissions of the supply chain. Specific methods include
material substitution and process innovation. +e former
solves the carbon emission problem of the upstream in-
dustrial chain from the source of materials while the latter
effectively reduce carbon emissions in the production
process of components [64]. For example, many automobile
enterprises have carried out low-carbon supply chain
management through collaboration with suppliers [11].

Life cycle carbon emission of Automobile

Automobile
use stage

Automobile
manufacturing

stage
Energy consumption per unit of product

manufactured
Material consumption per unit of product

manufactured

Vehicle carbon
emissions intensity

Structure and
level of car
ownership

Vehicle miles
traveled (VMT)

Carbon emission
factors of fuels

Low-carbon
lifestyle

Automobile
industry 

Transportation
industryEnergy industry

Automobile
recycling stage

Carbon emissions from vehicle recycling and
material recycling

Raw materials per unit of product are recycled to
replace the reduced carbon emissions

Figure 5: Identification of key factors affecting carbon emissions in the automobile industry.
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Production

Recycling Use
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(including design, procurement, production, use, recycling, service, and other links)

Inside the auto industry: coordinated carbon emission reduction in the upstream and downstream
Outside the auto industry: cross–industry and cross–sector collaborative decarbonization

Figure 6: Coping strategies for the automobile industry to achieve carbon peaking and neutrality goals.
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3.3.2. Outside the Automobile Industry: Cross-Industry and
Cross-Sector Collaborative Decarbonization. In terms of
external cooperation, efforts are mainly reflected in the
cross-industry and cross-sector coordinated decarbon-
ization. First, carbon emission reduction in the automobile
industry can be realized by optimizing the structure of the
energy industry. For example, the share of clean energy can
be steadily increased [65]. At the same time, the develop-
ment of electric vehicles and hydrogen fuel cell vehicles
should be taken into account in the future to increase the
consumption of renewable energy. In addition, efforts
should be made to break through the challenges facing
vehicle-to-grid (V2G) technology and business models to
promote the development of a smart grid [66]. Second, the
structural optimization and redistribution of the transport
sector can reduce the carbon emissions of the automobile
industry. For example, we can continuously enrich the
application scenarios of low-carbon/zero-carbon automo-
bile products and improve their usage intensity and oper-
ational efficiency. In the future, the barriers between smart
cars, smart transportation, and smart cities can be broken
down to realize the large-scale low-carbon application of
smart electric vehicles. Finally, carbon emissions can be
eliminated through negative carbon technologies. Some
hard-to-eliminate carbon emissions in the automobile in-
dustry can be neutralized through reforestation and the
application of carbon capture, storage, and utilization
technologies.

3.3.3. Establishment of a Low-Carbon Policy, Regulation, and
Standard System with Carbon Trading Policy as the Core.
+e policy, regulation, and standard system are essential
drivers for the transformation of automobile power and the
development of the automobile industry [67]. +e carbon
peaking and carbon neutrality goals have put forward new
requirements for the integrity of the automobile industry’s
policies, regulations, and standards. It is necessary to further
improve the policies, regulations, and standards for the
automobile industry.

First of all, automobile test and evaluation standards are
the foundation of the automobile industry’s policy, regu-
lation, and standard system. Specifically, passenger vehicle
fuel economy test standards for passenger cars provide a
benchmark for the quantitative evaluation of vehicles’ en-
ergy consumption. Meanwhile, they also serve as the basis
for the implementation of incentive policies, such as the
corporate average fuel consumption (CAFC) and new en-
ergy vehicle (NEV) credits policy for passenger car enter-
prises (i.e., the CAFC & NEV dual credits policy) in China’s
automobile industry. However, the current automobile test
and evaluation standards are still not perfect, especially for
the energy consumption standards for new energy vehicles,
calling for the formulation of life cycle-based evaluation
methods as soon as possible. On the other hand, China still
faces a shortage of test standards and policies for commercial
vehicles. After all, commercial vehicles contribute more than
half of the carbon emissions in the automobile industry. It is
necessary to establish a system for evaluating the average fuel

consumption of commercial vehicle enterprises as soon as
possible.

Second, fiscal and tax incentive policies can reduce the
incremental cost of promoting new energy vehicles. It can
accelerate the market-based development of new energy
vehicles [68]. At present, the existing incentive policies
mainly include fiscal subsidies, purchase tax exemption, and
right-of-way policies for new energy vehicles. To further
promote the low-carbon development of the automobile
industry in the future, it is necessary to establish a com-
prehensive fiscal and tax policy system for the automobile
industry from the perspective of the whole life cycle, which
should include the production, consumption, and usage
stages.

+ird, based on controlling the fuel economy of en-
terprises, the corporate average fuel consumption of the
CAFC&NEV dual credits policy has been issued to promote
the development of new energy vehicles [69]. In recent years,
the CAFC & NEV dual credits policy has achieved notable
results in promoting the development of new energy ve-
hicles. However, the fuel economy of conventional cars is
falling rather than rising due to the implementation of the
CAFC & NEV dual credits policy. It needs to be optimized
and adjusted in the future. It is suggested that the NEV credit
policy should be phased out in due course according to
industrial development. At the same time, the CAFC credit
parameters should be determined in a scientific manner to
ensure the gradual decrease of the average fuel consumption
of automobile enterprises.

Finally, neither fiscal and tax incentive policies nor the
CAFC&NEV dual credits policy is directly related to carbon
emissions; they only indirectly affect the carbon emissions of
the automobile industry. In the future, the automobile in-
dustry needs to establish a policy, regulation, and standard
system with carbon emission control policy as the core, as
shown in Figure 7. +e automobile industry’s carbon
emission control should aim to achieve the low-carbon
development of the automobile industry and promote the
development of energy conservation, emission reduction,
and efficiency enhancement in the automobile industry in
China.

Policies directly related to carbon emission control include
carbon tax and carbon trading policies [70]. +e carbon tax
policy takes the carbon dioxide emissions from automobiles as
the evaluation standard. It controls the application of high-
carbon fuels and high-carbon automobile products by levying
corresponding taxes and fees on vehicle fuels and vehicle
purchases. +e carbon trading policy is an instrument that
endows carbon dioxide with a commodity property to achieve
energy conservation and carbon emission reduction based on
market regulation. It can control the total amount of carbon
emissions [71]. Compared with foreign carbon trading policies,
the carbon market in China lacks control over emissions from
vehicles in public use. Some localities could try carbon-sharing
programs to incentivize people to stop using conventional
vehicles or switch to alternative energy sources [72].

In general, compared with the carbon tax policy, the carbon
trading policy has the advantages of a definite emission re-
duction effect, flexible response measures for enterprises, lower

Journal of Advanced Transportation 9



cost of emission reduction for the whole society, and low re-
sistance to policy implementation. +erefore, the Chinese
government should prioritize establishing a unified carbon
tradingmarket, incorporate the transport sector into the carbon
trading market as soon as possible, and carry out relevant basic
research on the transport sector’s entry into the carbon trading
market. Finally, it is suggested that China needs to improve the
automobile test and evaluation standards, establish fiscal and tax
incentive policies based on the whole life cycle consideration,
and switch the dual credits policy to a carbon control policy. It is
important to ensure the low-carbon transformation of the
automobile industry. China should establish a low-carbon
policy, regulation, and standard system with carbon trading as
the core as soon as possible.

4. Conclusion

+is paper systematically studies the challenges and op-
portunities brought about by the 30·60 Target and the coping
strategies for the automobile industry. +rough analysis, the
following conclusions are drawn:

(1) Achieving the 30·60 Target is an environmental issue
and a development issue. More importantly, it is a
significant issue concerning human survival mode. It
should be the fundamental starting point for all
relevant emission reduction efforts of the country. In
this sense, achieving carbon neutrality is a must.
Achieving the 30·60 Target will mainly rely on
carbon reduction technologies in the short term. At
the same time, zero-carbon and negative carbon
technologies will be necessary for the medium and
long term. In the future, carbon emission reduction
will become the most critical issue in China’s social
development, while the cost and other related issues
will be of secondary importance.

(2) +e automobile industry contributes a significant
portion of carbon emissions to road transport and is an
essential link in China’s efforts to achieve the 30·60
Target. In particular, the automobile industry must
effectively collaborate with other related industries and
sectors to achieve carbon neutrality. +e paths include
joint carbon emission reduction by upstream and
downstream players inside the industry and cross-in-
dustry and cross-sector coordinated decarbonization
outside the industry. Meanwhile, the low-carbon policy
and regulation system should be established to provide
a direct driving force and fundamental guarantee for the
low-carbon development of the automobile industry in
China.

(3) Achieving the 30·60 Target is a systematic national
project that is highly complex and interconnected.
As the leader, adequate means, and carrier of na-
tional economic transformation and upgrading, the
automobile industry should bear the brunt to achieve
the carbon peaking and carbon neutrality goals. In
the future, the automobile industry must make
concerted efforts with other related industries from
the whole life cycle perspective. Only in this way can
the automobile industry effectively support China’s
historical transformation toward low-carbon and
zero-carbon development.
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