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Abstract

lectric vehicles maintain the fastest development in

China and undertake the responsibility of optimizing

energy consumption and carbon emission in the trans-
portation field. However, from the entire life cycle point of
view, although electric vehicles have a certain degree of energy
consumption and carbon emission reduction in the use phase,
they cause extra energy consumption and carbon emission in
the manufacturing phase, which weakens the due environ-
mental benefits to some extent. The recycling of electric
vehicles can effectively address the issue and indirectly reduce
the energy consumption and carbon emission in the manu-
facturing phase. China is setting up the recycling system and
strengthening regulation force to achieve proper energy
consumption and carbon emission reduction benefits of

Introduction

s the country with world’s largest auto market, China’s

automobile production and sales volume have

exceeded over 25% of the global level [1]. Meanwhile,
the new energy vehicle industry in China is also growing fast.
Taking Electric Vehicle (EV) as an example, the production
and sales of EVs in China has maintained annual growth rate
of over 100% from 2014 to 2016, and the annual growth rate
has even reached 420% in 2015 [2]. This situation brings new
opportunities and challenges for China’s automotive manu-
facturing. In fact, energy consumption and carbon emission
of EV manufacturing are much higher than those of tradi-
tional vehicles [3], and the difference may even exceed 60%
[4]. As the share of EVs in China automotive market is
becoming larger, it may influence the total energy consump-
tion and carbon emission of automotive industry, and even
possibly offset the energy and carbon emission reduced in the
use phase of EV.

The issue of energy consumption and carbon emission
reduction is extremely pressing for China as a large carbon
emission country. Since 2013, carbon emission in China has
reached 90 tons, accounting for over 25% of the global carbon
emission [5] and the proportion is still rising. Therefore,
Chinese government made a commitment in the Nationally
Determined Contributions (NDC) in 2015 that China would
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electric vehicles. Under the current electric vehicle recycling
technologies, China can reduce about 34% of carbon emission
in electric vehicle manufacturing phase. Traction battery recy-
cling is even more important. Taking NiCoMn lithium-ion
battery as an example, about 40% of carbon emission in manu-
facturing phase can be reduced by adopting appropriate recy-
cling technology. With the rapid development of battery recy-
cling technology, the proportion will continue to rise. If China
would like to obtain environmental benefits sufficiently, recy-
cling enterprises should be encouraged to adopt advanced
recycling technology and the government should adopt more
strict supervision measures. China has followed the examples
of Europe and the U.S. to set up the extended producer respon-
sibility recycling system. Due to late start of China, the benefits
have not been reflected yet.

reach the peak value of carbon emission before 2030 and
reduce 60% - 65% units of GDP carbon emission compared
with it in 2005 [6]. In this context, the promotion of EVs has
been deemed as a significant measure to fulfill the commit-
ment. If the performance of EVs in energy consumption and
carbon emission is unsatisfactory, it may affect the holistic
carbon emission reduction target of China.

Based on the conditions mentioned above, reduction of
energy consumption and carbon emission generated from EV
manufacturing in China will become increasingly important.
Besides adopting more advanced manufacturing technologies
and optimized processes, reducing the consumption of raw
materials through recycling is also an effective way, which can
not only reduce the potential pollution of End-of-Life Vehicles
(ELVs) on environment, but also apply most of the recycled
materials to new vehicle manufacturing. Due to the technolo-
gies and materials used for traction battery manufacturing,
recycling will become a puzzling environmental issue and a
great opportunity for energy consumption and carbon
emission reduction.

This paper aims to systematically summarize the EV
recycling in China. The evaluation of energy consumption
and carbon emission reduction through EV recycling is
carried out, together with the analysis on recycling technology
and relevant policies. In addition, this paper analyzes the



Downloaded from SAE International by Qinyu Qiao, Thursday, March 29, 2018

- RECYCLING-BASED REDUCTION OF ENERGY CONSUMPTION AND CARBON EMISSION

effectiveness of regulations in China in comparison with those
worldwide. Finally, since a large number of EVs in China have
not been recycled properly, this paper predicts and analyzes
the possible situations of future EV recycling in China under
the premise of adequate implementation of regulations.

Analysis of EV Recycling
Technology

An EV consists of body, chassis, powertrain (electric motor
etc.), transmission system, battery and tires [7]. According to
the dismantling process, the battery and tire will be disas-
sembled in the initial stage and recycled by other recycling
institutes. The rest will be recycled in accordance with the
vehicle recycling process similar to traditional vehicles [8].
Therefore, this paper will separately introduce the vehicle
recycling and battery recycling. Tire recycling will not be
discussed in detail due to the relatively small amount.

Vehicle Recycling Technology

The vehicle recycling technology is mature in developed coun-
tries. Taking the most advanced European vehicle recycling
technology as an example, it includes anti-pollution pre-treat-
ment, dismantling, shredding and after treatment process.
The shredding after treatment process includes metal treat-
ment, plastic treatment and energy recovery [8]. The complete
recycling process is indicated in Figure 1.

Pre-treatment aims to remove the hazardous pollutants
that may cause large negative impacts on environment, such
as acid fluids in vehicles. Some parts that may cause negative
impacts on subsequent recycling process should also be
removed, such as the airbag. About 3% of the total weight will
be reduced in this step [9].

Dismantling is the basic step of vehicle recycling.
Recycling enterprises dismantle the entire vehicle and recover
several components for sale such as the transmission, while
the rest will enter the next step. At the same time, some other
high value components that cannot be recovered easily will
be sold to other professional institutions. For example, traction
batteries in EVs are generally lithium-ion batteries with rela-
tively high value, which are unable to be recycled through
ordinary technologies. Therefore, professional battery recy-
cling enterprises will purchase and recycle them. To ensure
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the efficiency and accuracy, most of the dismantling work is
completed manually, while some hard works have to be done
through machines [10].

Shredding is the transitional step of vehicle recycling.
Owing to dozens of different material types spreading in
different components, it is difficult to separate one from
another directly. Therefore, recycling enterprises will reduce
them in size through shredding, which can make post-shred-
ding treatment more effective [11]. The relatively advanced
shredding technology is operated through dedicated equip-
ment, which enables to initially separate the metals such as
iron and copper to lower the cost of the subsequent
process [12].

Most of the advanced recycling technologies are applied
in post-shredding treatment, including metal treatment,
plastic treatment and energy recovery. Metal treatment refers
to the separation of different metals according to their physical
or chemical properties. The approaches include scan-based
selection through different volume of metal blocks, gravity
separation through different densities of metals, and magnetic
separation through different magnetic properties of metals
[8]. In fact, the weight of ferrous metals accounts for more
than 70% of separated products and above 95% of separation
efficiency can be reached through these approaches. Similar
treatments can be adopted to process some nonferrous metals
such as copper and aluminum, which feature low separation
cost and high value [13]. More than 60% of the post-shredding
materials are treated during metal treatment, which is the
most primary step during vehicle recycling [14].

High level technology is required for plastic treatment
[15], and it is generally conducted after metal treatment. The
vehicle plastics mainly include polypropylene (PP), polyvinyl
chloride (PVC) and acrylonitrile-butadiene-styrene (ABS),
accounting for more than 60% of all post-shredding plastics
[16]. In order to reduce cost, the treatments of these three
kinds of plastics are based on their physical and chemical
properties, including density, stiffness and malleability, which
can help effectively separate them from each other [17].
However, the recycled plastics cannot be directly used like
virgin materials and further treatments are necessary.
Although plastics are important materials, they may hinder
the follow-up recycling process if treated inappropriately. For
example, PP plastic will become wax after being heated and
PVC plastic will contaminate the pyrolysis gas of
chloromethane [12].

Energy recovery refers to taking the remaining separated
products that can be used as fuels, not simply processing as
landfill [12]. Since most of the rest cannot be directly
combusted and some may generate noxious gas during
combustion, the requirements for separation technology are
quite higher.

In China, the vehicle recycling industry is in a relatively
primary stage and the development of technology is
restricted to some extent. At present, the separation and
recycling of different metals can only be achieved by several
leading enterprises. Most of the vehicle recycling enterprises
can merely separate the steel and iron scraps from ELVs.
There is only a few enterprises that can realize comprehen-
sive recycling technology such as plastic recycling in devel-
oped countries [18].
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Traction Battery Recycling
Technology

With the development of EVs, traction battery industry is
booming in recent years, as well as the recycling technologies.
According to the current traction battery market and future
development plan in China, NiCoMn (NMC) lithium-ion
battery will become the major traction battery [2]. Taking
NMC battery recycling as an example, the mainstream recy-
cling technologies include pyrometallurgical process and
hydrometallurgical process. The hydrometallurgical recycling
technology has more development potentials. In this study,
these two technologies will be discussed respectively.

Pyrometallurgical recycling technology refers to recy-
cling through metal melting, which consists of smelting,
casting and sintering etc. The whole process includes pre-
treatment, smelting and casting, electrolysis, subsiding and
sintering [19], as indicated in Figure 2.

The key process is smelting and casting, which acquires metals
such as nickel, cobalt and manganese by their different melting
points. Finally, Li(Ni,Co,Mn,_, ,)O, can be obtained by sintering
with lithium carbonate in the subsequent process. Pyrometallurgical
recycling technology is relatively simple, and has relatively low
requirements for equipment. However, it consumes massive
energy, which will indirectly result in huge carbon emission.

Hydrometallurgical recycling technology is optimized
by Retriev Technologies (once named as Toxico). The whole
process includes pre-treatment, soak, edulcoration and
sintering [20], as indicated in Figure 3.

Pre-treatment mainly refers to squashing the batteries and
screening the waste. Soak refers to putting the residual into sodium
hydroxide solution to remove impurities such as aluminum.
Edulcoration can be conducted via acid liquor and oxidation to
eliminate the residual impurities. Finally, lithium carbonate is
added in sintering to acquire the ternary lithium materials.
Hydrometallurgical recycling technology consumes much less
energy than pyrometallurgical recycling technology, but it will
consume many more materials such as acid-base solution. Besides,
aluminum cannot be obtained due to the soak process, which
causes some loss. However, since the efficiency, cost and develop-
ment prospect of hydrometallurgical recycling technology is
higher than those of pyrometallurgical recycling technology, the
mainstream lithium-ion battery recycling enterprises in China
mainly adopt hydrometallurgical recycling technology at present,
which is more likely to become the future mainstream technology.

m Battery recycling by pyrometallurgical process
flow chart [19]
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Other Recycling Technologies

Other recycling technologies include the recycling of compo-
nents such as tires and electronic parts. Since the electronic
parts account for only a few of the total weight, this section
will mainly introduce the tire recycling technology.

At present, tire recycling technology is mature worldwide.
Mainstream enterprises in China adopt the dynamic desulfur-
ization technology, one of the globally recognized technologies.
The whole process include shredding, grinding, dynamic desul-
furation and remodeling, and butadiene styrene rubber will be
obtained ultimately [21]. The core treatment is dynamic desul-
furation, which consists of adding active and soft agent, and
putting the ground tire waste into dynamic desulfuration tank
under a certain temperature and pressure. The desulfurized
rubber may be obtained after a certain time of churning. In
general, due to the relatively smaller weight of tires, the reduc-
tion of energy consumption and carbon emission of tire recy-
cling is only a little. The significance of tire recycling mainly
liesin rubber resource recoveryand its relevant economic benefits.

Comprehensive Analysis of
Recycling Technologies

Overall description and contrastive analysis between different
parts and their recycling technologies are indicated in Table 1.

In general, the recycling technologies of vehicle, battery
and other parts are quite different. After many years of develop-
ment, vehicle recycling technology has been quite mature, but
it remains in initial stage and have due benefits of energy
consumption and carbon emission reduction. For example, an
end-of-life EV recycled can reduce about 32.1 GJ energy

TABLE 1 Comprehensive contrast between recycling
technologies of different parts

Vehicle Battery Others

Maturity High Low High
Technical Low High Low
impediment

Efficiency High Normal High
Environmental Normal High Low
benefits

Development Low High Low
potential
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consumption and 5.1 t CO,eq emission [22]. On the other hand,
the development of battery recycling is inadequate and different
technology roadmaps remain to be selected by Chinese enter-
prises. Due to large resource and energy consumption in battery
manufacturing, battery recycling has great development poten-
tial. In addition, the recycling technologies for others represent
the recycling of tires, electronic parts and so on. Due to the
small proportion of these parts in weight, they have relatively
small effect on environmental benefits when considering the
entire EV. Take tire recycling as an example, the relevant reduc-
tion of energy consumption and carbon emission only accounts
for about 2% of the total reduction of an entire EV recycling [22].

Analysis of Studies on
Reduction of Energy
Consumption and Carbon
Emission

The Energy Consumption and
Carbon Emission of EV
Manufacturing Phase in China

Because of rapid development of EVs, many scholars have
conducted analysis of full life cycle of EVs or just EV manu-
facturing, as indicated in Table 2.

Globally, different vehicles with different curb weights,
which refer to the weight of manufactured vehicles, are studied
based on regional preferences. Since the energy structure,

RECYCLING-BASED REDUCTION OF ENERGY CONSUMPTION AND CARBON EMISSION

manufacturing technology and material processing tech-
nology are quite different in various countries and regions,
energy consumption and carbon emission will have large
regional disparities in EV manufacturing phase. For example,
in the developed areas like Europe and the U.S., due to the
advanced equipment and relatively large proportion of renew-
able energy in energy structure, the energy consumption and
carbon emission of manufacturing per ton of EV are remark-
ably lower than those of other countries. In China, energy
consumption and carbon emission are higher than the world
advanced level due to relevant impediments such as technical
conditions. In fact, carbon emission of manufacturing per ton
of EV in China is about 60% higher than that in the U.S.

Therefore, if China would like to benefit from EVs to
achieve the carbon emission reduction commitment by 2030,
the extra environmental impacts brought by EV manufacturing
must be considered. It includes extra energy consumption and
carbon emission brought by manufacturing technologies, high-
emission factors brought by coal-based energy structure and
extra consumption brought by material processing technolo-
gies. However, EV recycling can largely reduce raw material
consumption, namely, reducing the energy consumption and
relevant carbon emission, and has enormous potential
environmental benefits.

Reduction of Energy
Consumption and Carbon
Emission by Recycling

EV recycling remains a relatively new issue, and systematic

studies on the reduction of energy consumption and carbon
emission are few at present. Many scholars take the separation

TABLE 2 Energy consumption and carbon emission in EV manufacturing phase

Resources [3] [23] [7] [24] [4]
Region Europe Australia u.s. Greece China
Curb weight (t) ~1.9 ~1.1 -1.4 ~1.1 ~1.7
Battery specification Li-ion (NMC) Li-ion Li-ion (NMC) Li-ion Li-ion (NMC)
Battery capacity 24 / 28 16 28
(kWh)

Energy consumption / / ~83 / ~92
(GJ)

GHG emission ~14.7 ~11.0 ~8.6 ~4.3 ~15.0
(t-CO.eq)
TABLE 3 Reduction of Energy consumption and carbon emission of EV recycling

Resources [8] [7] [18] [22]

Region Europe U.s. China China
Object Vehicle Battery Vehicle Both

Weight (t) ~1.5 ~0.2 ~11 -1.9

Battery specification / Li-ion (LiMnO,) / Li-ion (NMC)
Battery capacity (kWh)  / 28 / 28
Reduction of energy / ~—92 / ~— 321
consumption (GJ)

Reduction of GHG ~—19 / ~—31 ~—51

emission (t-CO,eq)
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of vehicle recycling and traction battery recycling into consid-
eration. Relevant studies and results of vehicle recycling and
battery recycling are listed respectively in Table 3.

As shown by the table, although recycling phase causes
energy consumption and carbon emission, the recycled scraps
can be recovered and used instead of virgin materials in the
manufacturing phase and significantly reduce its environ-
mental impact. In China, if one 1.9 t end-of-life EV is
completely recycled and the recovered materials are used for
manufacturing, it can help reduce about 32.1 MJ energy
consumption and 5.1 t-CO,eq emission, which is about 34%
of the total energy consumption and carbon emission of a new
1.9 t EV using virgin materials in the manufacturing phase
[22]. Considering the traction battery recycling individually,
the recovered materials can help reduce about 40% of energy
consumption and carbon emission of the same battery using
virgin materials in the manufacturing phase [22]. It can
address the issue of extra energy consumption and carbon
emission caused by EV manufacturing to some extent to assist
China to achieve the commitment by 2030.

Analysis of Relevant
Regulations in Various
Countries

If China would like to realize the maximum benefits, it should
adopt or develop the most suitable recycling technology and
formulate relevant polies to ensure the sound development of
recycling industry. Taking lead-acid battery as an example, the
recycling technology is very mature and enables to recycle more
than 99% of metallic lead under the circumstance of no envi-
ronmental pollution. At the same time, if the wasted lead-acid
batteries are not properly recycled, they will pose extremely
severe heavy metal pollution on the environment. However,
due to the lack of enforced regulation of the industry, illegal
recycling enterprises have opportunities to adopt the recycling
technologies that do not meet the standards. For example, the
cancellation amount of ELVs in China in 2012 was about
4.5 million, while the registered recycling amount was only
1.1 million, meaning that about two thirds of the ELVs were
treated illegally [25]. According to the standards of recycling
process, illegal recycling process tends to only obtain metal
scraps for sale and landfill the other parts which may contain
pollutants [26]. This situation indicates tremendous hazard on
the environment. In this study, relevant vehicle recycling
policies in Europe, America, Japan and China are compared.

Europe

Europe has begun to implement 2000/53/EC regulations since
2000. It requires all the member states of the European Union
(EU) to realize the 85% reuse and recovery rate by weight for
all ELVs by 2006, while the reuse and recycling rate should
reach 80% of each vehicle by weight. The levels have been raised
to 95% and 85% by 2015, meaning that over 95% of the ELVs
by weight should be reused and recovered, while the reuse and
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recycling rate should reach 85% of each vehicle by weight [27].
Manufacturers need to assume the cost of collecting, processing
and recycling systems of ELVs, while owners do not need to
bear any cost as stipulated. Meanwhile, government should
provide funds for all or most of recycling infrastructures set
up by individuals. In terms of supervision, the EU member
states must set up ELV registration and write-off systems. Only
the recycling institutes that meet the standards can offer write-
off certifications. All the vehicles will have a write-off time
limit according to the registration data. If the vehicles are not
written off within the time limit, manufacturers will be penal-
ized or even be deprived of operation qualification.

U.S.

The U.S. has realized the recycling rate of more than 95% and
recovery rate of 80%, meaning that about 80% of the vehicle by
weight can be recovered to provide components for reuse or just
recycled materials [28]. In fact, the reason why the EU and Japan
are eager to establish stringent vehicle recycling mechanism lies
in scarcity of landfills, while vehicle recycling in the U.S. is partly
driven by the market. Recycling enterprises try to make profits
by expanding capacity and improving technology. Due to the
possible hazardous pollutant landfill extremely concerned by
the public and the government [28], it may affect the social image
of vehicle manufacturers. Therefore, they tend to invest more
in developing more efficient recycling technologies.

Japan

The social characteristics of Japan are greatly different from
those of the Europe and the U.S. Japan promote large automobile
groups to take the responsibility of recycling and has realized
the recycling rate of more than 95%, which is mainly driven by
the supervision power of social organizations [29]. Japanese
government passed the ELV Recycling Law in 2002, and offi-
cially put it into operation in 2005 [30]. The responsibilities of
manufacturers are clearly defined in the law and recycling costs
that might be taken by consumers are restricted, as well as the
qualification verification of relevant recycling enterprises. The
law does not only standardize the original out-of-order vehicle
recycling market, but also promote the recycling rate of ELVs.
Meanwhile, many Japanese non-government agencies supervise
each role in the recycling chain and have great impacts among
consumers. They play positive roles in promoting all parties to
fulfill their obligations relying on the public force.

China

Since the promulgation of Administrative Measures on ELV
Recycling (No.307) by the State Council in 2001, Chinese
government has introduced a series of vehicle recycling regula-
tions, including recycling technology and recycling responsi-
bility, which constitute the lawful vehicle recycling systems.
However, due to late start of China automotive industry, China
has not yet formed a set of systematic laws and regulations like
the EU, the U.S. and Japan, and vehicle recycling is still disor-
dered in some areas [31]. In terms of EVs, Chinese government
has made requirements on traction battery recycling and
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referred to the issue of traction battery recycling for the first
time in the Energy Efficient and New Energy Vehicle Industry
Development Plan in July 2012, which provided a brief restric-
tion on battery recycling technology and markets [32]. After
that, a series of regulations such as Specifications for Vehicle
Battery Industry, Policies on EV Battery Recycling
Technologies, etc., have been issued, which basically stan-
dardize the traction battery recycling technology. Furthermore,
the Implementation Plan on Extended Producer Responsibility
System passed in early 2017 emphasizes the responsibilities of
all traction battery recycling participants.

On the other hand, Chinese government has already
started the management on hazardous materials from EVs,
which requires the manufacturers to keep the hazardous
pollutants under control [33]. This regulation is similar to the
2000/53/EC regulation in Europe and aiming to restrict the
usage of lead, cadmium, hexavalent chromium, mercury, poly-
brominated biphenyls and polybrominated diphenyl ether in
passenger vehicles.

Following the examples of Europe, the U.S. and Japan,
China has established a set of complete EV recycling system.
Although it is not systematic enough, it has possessed strong
feasibility and supervision measures, ensuring the legal recy-
cling of future EVs in China, and aiming to obtain the required
environmental benefits of EVs properly.

Contrast Analysis of Policies
and Regulations

Table 4 presents the general difference between regulations in
different regions, including the implement date, scope, super-
vision method and effect.

In general, various countries have their own measures to
realize appropriate vehicle recycling: Europe relies on govern-
ment supervision, the U.S. depends on market force and Japan
relies on non-governmental organizations. With sufficient refer-
ence to the regulations of other countries, China formulates the
manufacturer oriented recycling system in line with China’s own
market features. The supervision method is more similar to that
of Europe. Chinese government is in charge of releasing recy-
cling qualification licenses for manufacturers and requires them
to restrict the usage of hazardous materials and take responsibili-
ties of recycling according to law. Nevertheless, due to the short
implementation time, the effects have not been reflected yet.

TABLE 4 Contrast between vehicle recycling regulations in
various countries

Europe U.S. Japan China
Implement 2000 / 2002 2001 &
time 2015
Scope Vehicle Vehicle & Vehicle Vehicle &
battery battery
Method Official Market Unofficial Official
power power power
Effect 95% reuse  95% 95% Only a few
and recycling recycling ELVs
recovery rate & 80% rate recycled
rate recovery properly
rate

© SAE International

Discussion on Future EV
Recycling in China

According to the analysis of EV recycling technologies and
regulations in various countries mentioned above, the devel-
opment of future EV recycling in China should be focused on
four following aspects:

1. Technical standards should be defined clearly. As
mentioned above, China has paid attention to vehicle
recycling since 2001, and the technologies allowed for
vehicle recycling have been defined through a series
of regulations. However, only a few regulations are
focused on the traction battery recycling so far, which
are not clear enough to guide the development of EV
recycling industry. For instance, the Ministry of
Industry and Information Technology has already
issued the regulation named Recycling of Traction
Battery Used in Electric Vehicle - Dismantling
Specification in May 2017 [34]. This regulation is
focused on the dismantling stage, but does not involve
the technologies or environmental impacts of major
processes during battery recycling.

2. Strict supervision should be carried out with the
regulations. Although Chinese government has
already set up a series of regulations on recycling
responsibilities and hazardous materials management,
the lack of supervision restricts the influence
significantly. As mentioned above, in the last decade,
plenty of illegal vehicle recycling enterprises existed in
China. Most of them adopted illegal recycling
technology and caused huge pollution and waste. This
kind of situation must not repeat in the field of EV
and battery recycling. The government should pay
much more attention to the law enforcement and
consider use the power of market or third party
institutions, just the U.S. or Japan does.

3. Continue to refine the responsibilities of each
participants throughout the EV recycling chain.
Chinese government has already done a lot about the
responsibility partition on EV recycling. At present,
the EV manufacturers should take most of the
responsibility, which is similar to the developed
countries in Europe. There is no doubt that it is a good
beginning, but is needs continuous improvements to
adapt to the changeable EV industrial chain. For
instance, most EV manufacturers in China do not
produce traction batteries, they should establish the
battery recycling system under the help of battery
manufacturers. However, the responsibilities have not
been defined clearly between EV manufacturers and
battery manufacturers, which may cause supervision
loopholes in the future.

4. Consider supporting leading enterprises which reach the
standards by subsidies or tax cuts. Unlike the developed
countries such as Japan, China is a large country with a
complicated EV recycling industry, which makes it
difficult to supervise each enterprise. Furthermore,
China is a large country with long transportation
distance for ELVs, which reduces the efficiency of vehicle

© 2018 SAE International. All Rights Reserved.
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recycling. Regional recycling enterprises are necessary to
improve this situation, even if they are smaller than
other leading enterprises. Therefore, one method is to
concentrate the management on several leading
enterprises whose technologies meet the requirements,
and encourage them to operate in different regions. In
order to reach this target, government deposits on the
batteries or tires collection and recycling fees may help.

In short, China is a large country with complicated EV
recycling industry, which is quite different from the developed
countries. The government cannot simply adopt all the methods
taken by Europe, the U.S. or Japan, but some of the regulations
are valuable in the field of technology and supervision.

Conclusion

This paper analyzes the technological development of EV
recycling in China, the relevant benefits on energy consump-
tion and carbon emission, and policies and regulations. It
highlights the features and development directions of China
in establishing EV recycling technologies and institutions
by contrast with the developed countries such as Europe,
the U.S. and Japan. Precisely speaking, according to the
current EV recycling technologies, China can reduce about
34% of the energy consumption and carbon emission in EV
manufacturing phase if completely recycled and all the
recovered materials are used instead of virgin materials.
Traction battery recycling has even larger benefits. Taking
NMC lithium-ion battery as an example, about 40% of
carbon emission in manufacturing phase can be reduced by
complete recycling and recovery. With the rapid develop-
ment of battery recycling technologies, the proportion will
continue to rise. If China would like to obtain environmental
benefits sufficiently, recycling enterprises should be dedi-
cated to adopting the appropriate recycling technologies,
while strict supervisions are necessary. China has already
realized the significance and follows the examples of Europe
and the U.S. to set up the extended producer responsibility
recycling system. Due to late start of China, benefits have
not been reflected yet.

Although the current situation in China has been reason-
ably analyzed, the factors such as technology, regulation and
market stay in a stage of rapid changes due to the emerging
of China’s EV recycling industry and relevant analysis results
may change accordingly. The subsequent studies must focus
on the latest conditions to obtain more scientific results.

References

1. Organisation Internationale des Constructeurs
d'Automobiles (OICA), “Global Vehicle Production,” http://
www.oica.net, accessed Sep. 2017.

2. China Association of Automobile Manufacturers (CAAM),
“The Development of Chinese Automobile Industry Annual
Report,” (Beijing: Social Sciences Academic Press, 2016),
ISBN: 97875097961009.

© 2018 SAE International. All Rights Reserved.

3.

10.

11.

12.

13.

14.

15.

16.

17.

Hawkins, T., Singh, B., Majeau-Bettez, G., and Stromman,
A., “Comparative Environmental Life Cycle Assessment of
Conventional and Electric Vehicles,” Journal of Industrial
Ecology 17(1):53-64, 2013,
d0i:10.1111/§.1530-9290.2012.00532.x.

Qiao, Q., Zhao, F,, Liu, Z., Jiang, S. et al., “Comparative
Study on Life Cycle CO2 Emissions from the Production of
Electric and Conventional Vehicles in China,” 8th
International Conference on Applied Energy, 2016, Beijing,
P.R. China, doi:10.1016/j.egypro.2017.03.827.

Internation Energy Agency (IEA), “CO, Emissions from Fuel

Combustion,” http://www.iea.org/statistics/relateddatabases/
co2emissionsfromfuelcombustion, accessed Sep. 2017.

Chinese Government, “Enhanced Actions on Climate
Change: China’s Intended Nationally Determined
Contributions,” http://www.sdpc.gov.cn/xwzx/xw{b/201506/
t20150630_710204.html, accessed Sep. 2017.

Argonne National Laboratory (ANL), “The Greenhouse Gases,
Regulated Emissions, and Energy Use in Transportation
Model,” https://greet.es.anl.gov, accessed Sep. 2017.

Belboom, S., Lewis, G., Bareel, P,, and Leonard, A., “Life
Cycle Assessment of Hybrid Vehicles Recycling: Comparison
of Three Business Lines of Dismantling,” Waste Management
50:184-193, 2016, doi:10.1016/j.wasman.2016.02.007.

Cossu, R. and Lai, T., “Automotive Shredder Residue (ASR)
Management: An Overview,” Waste Management 45:143-151,
2015, doi:10.1016/j.wasman.2015.07.042.

Halabi, E., Third, M., and Doolan, M., “Machine-Based
Dismantling of End of Life Vehicles: A Life Cycle
Perspective,” Procedia CIRP 29:651-655, 2015, d0i:10.1016/j.
procir.2015.02.078.

Sawyer-Beaulieu S S., “Gate-to-Gate Life Cycle Inventory
Assessment of North American End-of-Life Vehicle
Management Processes,” Ph.D. Dissertation, University of
Windsor, Windsor, Ontario, 2011.

Vermeulen, I., Caneghem, J., Block, C., Baeyens, J. et al.,
“Automotive Shredder Residue (ASR): Reviewing its
Production from End-of-Life Vehicles (ELVs) and its
Recycling, Energy or Chemicals’ valorisation,” Journal of
Hazardous Materials 190(1):8-27, 2011, doi:10.1016/j.
jhazmat.2011.02.088.

Santini, A., Morselli, L., Passarini, F., Vassura, L. et al., “End-
Of-Life Vehicles Management: Italian Material and Energy
Recovery Efficiency,” Waste Management 31(3):489-494,
2011, doi:10.1016/j.wasman.2010.09.015.

Schmid, A., Naquin, P., and Gourdon, R., “Incidence of the
Level of Deconstruction on Material Reuse, Recycling and
Recovery from End-of Life Vehicles: An Industrial-Scale
Experimental Study,” Resources, Conservation and Recycling
72:118-126, 2013, d0i:10.1016/j.resconrec.2013.01.007.
Ferrao, P., Nazareth, P., and Amaral, J., “Strategies for
Meeting EU End-Of-Life Vehicle Reuse/Recovery Targets,”
Journal of Industrial Ecology 10(4):77-93, 2006, doi:10.1162/
jiec.2006.10.4.77.

Burnham, A., “Updated vehicle specifications in the GREET
vehicle-cycle model,” https://greet.es.anl.gov/publication-
update-veh-specs, accessed Sep. 2017.

Panaitescu, D., Iorga, M. and Ciucu, A., “New methods for
recycling plastic materials from end-of-life vehicles,”


http://www.oica.net
http://www.oica.net
http://dx.doi.org/10.1111/j.1530-9290.2012.00532.x
http://dx.doi.org/10.1016/j.egypro.2017.03.827
http://www.iea.org/statistics/relateddatabases/co2emissionsfromfuelcombustion
http://www.iea.org/statistics/relateddatabases/co2emissionsfromfuelcombustion
http://www.sdpc.gov.cn/xwzx/xwfb/201506/t20150630_710204.html
http://www.sdpc.gov.cn/xwzx/xwfb/201506/t20150630_710204.html
https://greet.es.anl.gov
http://dx.doi.org/10.1016/j.wasman.2016.02.007
http://dx.doi.org/10.1016/j.wasman.2015.07.042
http://dx.doi.org/10.1016/j.procir.2015.02.078
http://dx.doi.org/10.1016/j.procir.2015.02.078
http://dx.doi.org/10.1016/j.jhazmat.2011.02.088
http://dx.doi.org/10.1016/j.jhazmat.2011.02.088
http://dx.doi.org/10.1016/j.wasman.2010.09.015
http://dx.doi.org/10.1016/j.resconrec.2013.01.007
http://dx.doi.org/10.1162/jiec.2006.10.4.77
http://dx.doi.org/10.1162/jiec.2006.10.4.77
https://greet.es.anl.gov/publication-update-veh-specs
https://greet.es.anl.gov/publication-update-veh-specs

Downloaded from SAE International by Qinyu Qiao, Thursday, March 29, 2018

- RECYCLING-BASED REDUCTION OF ENERGY CONSUMPTION AND CARBON EMISSION

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

(WSEAS Transactions on Environment and Development,
4(12): 1009-1108, 2008), ISBN: 1790-5079.

Li, W., Bai, H,, Yin, J., and Xu, H., “Life Cycle Assessment of
End-of-Life Vehicle Recycling Processes in China-- Take
Corolla Taxis for Example,” Journal of Cleaner Production
117:176-187, 2016, doi:10.1016/j.jclepro.2016.01.025.

Xie, Y., Yu, H,, Ou, Y., and Li, C., “Environmental Impact
Assessment of Recycling Waste Traction Battery,” Inorganic
Chemicals Industry 47(4):43-46, 2015, d0i:10.3969/j.
issn.1006-4990.2015.04.012.

Georgi-Maschler, T., Friedrich, B., Weyhe, R., Heegn, H. et
al., “Development of a Recycling Process for Li-Ion
Batteries,” Journal of Power Sources 207:173-182, 2012,
d0i:10.1016/j.jpowsour.2012.01.152.

Li, X., Xu, H., Gao, Y., and Tao, Y., “Comparison of End-of-
Life Tire Treatment Technologies: A Chinese Case Study,”
Waste Management 30(11):2235-2246, 2010, doi:10.1016/j.
wasman.2010.06.006.

Hao, H., Qiao, Q., Liu, Z., and Zhao, F., “Impact of Recycling
on Energy Consumption and Greenhouse Gas Emissions
from Electric Vehicle Production: The China 2025 Case,”
Resources, Conservation and Recycling 122:114-125, 2017,
do0i:10.1016/j.resconrec.2017.02.005.

Sharma, R., Manzie, C., Bessede, M., Crawford, R. et al,,
“Conventional, Hybrid and Electric Vehicles for Australian
Driving Conditions. Part 2: Life Cycle CO,-e Emissions,”
Transportation Research Part C: Emerging Technologies
28:63-73, 2013, d0i:10.1016/j.trc.2012.12.011.

Nanaki, E. and Koroneos, C., “Comparative Economic and
Environmental Analysis of Conventional, Hybrid and
Electric Vehicles-The Case Study of Greece,” Journal of
Cleaner Production 53:261-266, 2013, doi:10.1016/j.
jclepro.2013.04.010.

China National Resources Recycling Association, “Situation
and development analysis of end-of-life vehicle recycling
industry in China (in Chinese),” Resources Recycling 9:18-20,
2013 http://www.cqvip.com/QK/87230A/201309/47316304.
html, accessed Dec. 2017.

Standardization Administration of the People’s Republic of
China, “Technical specifications for end-of-life vehicles
recycling and dismantling enterprise,” http://www.gb688.cn/

bzgk/gb/newGbInfo?hcno=39D310637CEBBE9SB8FF3B28E6
BC5D5D, accessed Dec. 2017.

Directive, E.U., “Directive 2000/53/EC of the European
Parliament and of the Council of 18 September 2000 on End-
Of Life Vehicles,” Official Journal of the European Union,
Article 7,2000.

Kumar, V. and Sutherland, J., “Development and Assessment
of Strategies to Ensure Economic Sustainability of the U.S.
Automotive Recovery Infrastructure,” Resources,
Conservation and Recycling 53(8):470-477, 2009,
doi:10.1016/j.resconrec.2009.03.012.

Zhao, Q. and Chen, M., “A Comparison of ELV Recycling
System in China and Japan and China’s Strategies,”

Resources, Conservation and Recycling 57:15-21, 2011,
d0i:10.1016/j.resconrec.2011.09.010.

30. Ministry of the Environment, “Enactment of ministerial
ordinances for partially amending the enforcement
regulations of the law for the recycling of end-of-life
vehicles,” http://www.env.go.jp/en/press/2003/0808b.html,
accessed Sep. 2017.

31. Zhao, F, Chen, Y., Hao, H., and Liu, Z., “The Problem
Analysis and Countermeasures of Recycling Automotive
Products in China,” Science and Technology Management
Research 36(11):116-120, 2016, doi:10.3969/j.issn.1000-
7695.2016.11.022.

32. Chinese State Council, “Energy Efficient and New Energy
Vehicle Industry Development Plan,” http://www.gov.cn/
zwgk/2012-07/09/content 2179032.htm, accessed Dec. 2017.

33. Ministry of Industry and Information Technology,
“Management on hazardous materials usage and recycling in
vehicles,” http://www.miit.gov.cn/n1146295/n1652858/
n1652930/n4509607/c4511600/content.html, accessed Dec. 2017.

34. Ministry of Industry and Information Technology,
“Recycling of Traction Battery Used in Electric Vehicle -
Dismantling Specification,” http://www.gb688.cn/bzgk/gb/
newGblInfo?hcno=6F377279B21A21DF3BC36069272F9970,
accessed Sep. 2017.

Contact Information

Han Hao

Lee Shau Kee Science & Technology Building
Tsinghua University

Beijing, China

hao@tsinghua.edu.cn

Acknowledgments

This study is sponsored by the National Natural Science
Foundation of China (71403142, 71774100, 71690241), Young
Elite Scientists Sponsorship Program by CAST (YESS20160140),
State Key Laboratory of Automotive Safety and Energy
(Z2Z2016-024), China Automotive Energy Research Center of
Tsinghua University (CAERC), Beijing Natural Science
Foundation (9162008).

Definitions/Abbreviations

ABS - Acrylonitrile-butadiene-styrene
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