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With economic development and accelerated industrialization, resource consumption

has seen rapid increase. Against such a consumer boom, vehicle ownership has

rocketed up, which also brings surging numbers of end-of-life vehicles (ELVs). Thus,

recycling and disposing those ELVs turn out to be a head-scratching issue. As a result,

how to effectively collect, dismantle, and recycling ELVs grows into a global topic. In

China, over the past two decades, the Chinese vehicle ownership had grown rapidly to

261.5 million in 2019. Likewise, the ELV recycling industry in China also faces mounting

challenges, especially in policy-making, recycling system, and the remanufacturing

industry. The key challenges in the sector are the loss of ELVs and illegal dismantling.

In recent years, despite the emergency of a group of large-scale quality dismantling

enterprises, the overall technological level in the industry and the recycling rate require

further advancement. In contrast, countries with highly mature automobile industry have

seen a different image. Japan, for instance, has been the pioneer in the field of ELV

recycling, created well-rounded laws and regulations on the industry, and developed

advanced know-hows to cope with technical challenges. Therefore, this study, firstly, tries

to summarize the laws and regulations and the latest industrial status of ELVs recycling

in China and Japan. The deviation, if any, shall be analyzed between Japan‘s existing

system and policy design, and the possible causes. Secondly, the Material Flow Analysis

(MFA) method is adopted to analyse the changes of Resource Input Intensity (RII) of

steel and oil for vehicles over the past 10 years, which shall provide the basis for future

research on material recycling and waste treatment. Thirdly, the overall recycling rate

of China’s automobile products is analyzed, with the prediction that as technologies

advance and related policies evolve, the recycling rate shall increase from 90 to 98%

within 5 years. Fourthly, against the backdrop of circular economy development, this
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paper tries to provide an enlightenment to ELVs recycling management in China and

Asian countries, with the stage of social development, policy system, social awareness

of resource recycling, market guidance and other factors combined in the research. As

a whole, this study tries to facilitate the sustainable development of the ELV recycling

industry, provides support for the policy-making, and contributes to the building of a

resource-saving and recycling-oriented society.

Keywords: China and Japan, ELVs, recycling, institutional, technology, policy

INTRODUCTION

Thanks to the advancement of the automobile industry and
the upsurge of vehicle ownership, End-of-life Vehicles (ELVs)
has surged accordingly (Kanari et al., 2003; Soo et al., 2021).
Through years of development, the EU, Japan, the United States,
and other major automobile manufactures and consumers have
fully acknowledged the importance of ELVs disposal (Daniels
et al., 2004). Fortunately, stakeholders have been on the right
track to move forward recycling work, and a relatively solid
recycling industry have been emerged after years of efforts (Sakai
S. I. et al., 2007; Jody and Daniels, 2011). As for China, in
2019, automobile ownership reached 254 million, equivalent
to that in the United States. However, the recycling industry
has failed to keep up with the development of the automobile
manufacturing. On top of it, some issues go with the policy-
making, regulations, and recycling, among other aspects. Existed
study have summarized China’s legal requirements for ELVs
recycling and analyzed such issue as the loss of ELVs in China,
the research has proposed that about 2/3 of them have entered
into illegal markets (Li et al., 2014). Some research focus on
analyzing the driving force of ELVs recycling business with the
help of ISM (Zhou et al., 2019), evaluating the efficiency and
sustainability of ELV recycling enterprises (Pan and Li, 2016), and
assuming the prediction of the future of China’s ELV industry
(Li Y. et al., 2020); Researchers also have taken the legislative
systems governing ELV recycling and the extended producer
responsibility (EPR) in developed countries for reference (Wang
and Chen, 2013), demonstrated their prediction over China’s
future material recycling and carbon emissions through dynamic
materials flow analysis and life cycle assessment (Liu M. Z.
et al., 2020), delved into the recycling system of the used auto
parts for remanufacturing in China based on the EPR system
(Wang and Chen, 2011), and carried out identification analysis
of the environmental impact of varied levels of ELVs recycling
technologies through LCA method (Li et al., 2016). Currently,
the main challenges confronting China’s ELV recycling industry
are massive loss of ELVs and insufficient recycling of materials.
As a result, future research shall focus on how to establish an
effective mechanism from the perspectives of policy-making and
institution-establishing to guide the ELVs industry into regular
operation, as well as how to improve the overall recycling rate
of materials.

Due to an early start in the automobile industry and
continuous promotion of circular development, Japan has seen
a relatively mature ELV recycling system. In Japan’s recycling

system, automobile manufacturers have played an indispensable
role, and EPR has been well-implemented. Japan’s End-of-Life
Vehicle Recycling Act (MOEJ) stipulates that manufacturers shall
be obliged to receive or deal with the airbags, fluorocarbons and
ASRs from the ELVs they sell. Some studies have summarized
the establishment of Japan’s recycling system and the performing
recycling technologies in China and Japan (Zhao and Chen,
2019), drawn a comparison of the ELV recycling methods, scopes
and industrial scales between China and Japan, and pointed out
such issues as non-standard recycling processes, and risks of
potential environmental pollution in China (Hu et al., 2009), and
evaluated the benefits of Japan’s ELV recycling and dismantling
operations through CO2 emission reduction (Kenta Sato et al.,
2019). There are some studies have compared the regulations
on the ELV recycling management, dismantling technologies,
etc. between China, Japan, and South Korea (Che et al., 2011),
investigated ASR disposal technologies in the ELV recycling
process (Sakai S. I. et al., 2007), investigated the process in
practice of dismantling and utilizing parts and materials in ELVs
sectors (Daisaku et al., 2003; Tomohiro et al., 2004), and analyzed
the impact of Japan’s End-of-Life Vehicle Recycling Act (MOEJ)
on the industry (Ogushi and Kandlika, 2005). All in all, Japan
has formed a relatively well-round legal system, which guides
the owners to deliver their vehicles with recycling fees. On
top of that, Japan has formulated the ASR recycling target to
guide the improvement of the vehicle recycling rate. With the
market-oriented development of the industry, Japan has been
confronted with the challenge of balancing policy designs and
market demands.

In Asia, most developing countries, including China, have
been confronted with the issue that the development of
automobile recycling has lagged behind the manufacturing,
circulation, and other segments in the industrial chain. The
recycling of ELVs has simply not received enough attention,
resulting in the loss of ELVs and low levels of recycling
technologies. The past studies have mainly focused on comparing
laws and regulations, systematic management, and technologies
between various markets, while they have demonstrated limited
researches on social awareness or adoption of quantitative
analysis methodology. What’s more, there is no research on the
changes of Japan’s recycling system, or on whether it could meet
the emerging needs of the industry. To fill in the aforementioned
research gaps, this study adopts a comparative analysis of the
ELVs recycling industry between China and Japan. It aims to
comprehensively examine the challenges and directions of ELVs
recycling at varied development stages, from the perspective of
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the recycling system, policy-making, market evolvement, and
material flow. This paper quantitatively analyses the material
flow and resource cycle of ELVs recycling in China. With
the analysis, it tries to help to manage ELVs recycling more
efficiently, promote the recycling of materials, and contributes
to the development of circular society. As a result, this paper
conducts a study of the following four aspects in China, Japan,
and other Asian countries, the status of materials recycling of
ELVs, the impact of social awareness of resource recycling on
the industry’s development, the issues in the recycling system
which is incompatible with the industry’s development, and the
discussions and suggestions on the balanced relationship between
the policy systems and the industry’s development.

COMPARATIVE ANALYSIS ON THE SCALE
OF THE ELVs COLLECTING AND
DISMANTLING INDUSTRY

ELVs in China have demonstrated a continuous upward trend
from 2010 to 2019 (Figure 1). In 2019, the number was 2.295
million, generating an annual growth of 15.3%, of which 1.951
million were automobiles, an increase of 16.8% over the previous
year (20201). As for the automobile ownership, there were 250
million in 20192, and the proportion of ELVs to the ownership
was about 0.77%. As for the market players, there were 755
ELVs collecting and dismantling enterprises and 2,271 collecting
branches in China by the end of 2019 (2020).

In contrast, ELVs quantity in Japan has been relatively
stable over the years, with an average of 3.4 million per year
(Figure 1). In 2019, there were 3.36 million ELVs in Japan,
and the proportion of ELVs to the ownership was about 4.3%.
In fact, some ELVs have been disposed of carelessly in Japan
too, yet the number has been relatively small. As for the
market players, according to the statistics published by the Japan
Automobile Recycling Promotion Center (JARC), there were
13,606 ELVs collectors, 3,468 fluorocarbons collectors, 3,367
ELVs dismantling enterprises, and 913 shredding companies by
the end of 2019. And the recycling rate of ASR reached 98.1%,
which should exceed 99% when converted into vehicle recycling
rate (Automotive Recycling Data Report, 20193).

When China and Japan are compared, it could be seen that the
number of ELVs in Japan is relatively stable, while that of China
demonstrates a continuous growing trend. By the end of 2019,
the ELVs number of Japan is twice that of China. In terms of the
proportion of ELVs number to the ownership, China has always
seen a low number, <1% over the years, while that in Japan has
been relatively high, standing at about 4.4%.

RECYCLING OF ELVs MATERIALS

China
As an effective analysis tool, Materials Flow Analysis (MFA)
could help to master the input and output of industrial materials

1Data of Scrapped Motor Vehicles.Ministry of Commerce of China, 2009–2019.
2Data of Automobile Ownership. China Bureau of Statistics, 2009–2019.
3Japanese Automobile Industry. Tokyo: Japan Automobile Industry Association,

2018–2019.

and waste generation to effectively supervise the direction of
material flow and the amount between the economic systems
and the ecological environment, thus reducing resource input,
improving resource efficiency and reducing waste discharge.
With the help of MFA, the materials’ purchase, consumption
and circulation in the automobile industry could be identified,
which shall provide scientific basis for promoting ELV recycling.
In particular, three key indicators: direct material input (DMI),
system processing output (SPO), and resource input intensity
(RII), are selected for material flow analysis. SPO shows the
pollutants from the system, and the wastes that have not been
reused in it, while RII measures the quality of material consumed
per unit automobile in the system, which equals to the amount
of resource input divided by the automobile production value
(EUROSTAT, 1997, 2001; Bao, 2011).

This paper delves into the statistics of material flow system
of China’s automobile industry from 2010 to 2019. As shown
in Table 1, the automobile ownership, at the beginning of 2019,
was 240.28 million, while, at the end of that year, the number
was 261.50 million, with 25.72 million units manufactured, and
25.77 million sold; the material input (steel) or consumption at
the manufacturing stage was about 50 million tons; the ELVs
collected were about 5.85million units, while the waste steel, non-
ferrous metals, plastics, and rubber produced added to about 15
million tons.

The result of material flow analysis of China’s automobile
industry is shown in Figure 2. In the production stage, iron, and
steel are the direct material input for automobile production,
which stood at 50 million tons in 2019. The input manufactured
25.72 million units of automobiles and generated 78.60 million
tons of solid waste. At the consumption stage, Chinese had driven
261.5 million units of automobiles and consumed 222.3 million
tons of gasoline, diesel, and lubricating oil, and generated 16.04
million tons of air pollutants. At the scrape stage, there was 5.85
million vehicles sent to receive scrape treatment, which generated
15 million tons of scrap steel, non-ferrous metals, plastics, and
rubbers. In short, the SPO of automobile industry in China was
109.6 million tons in 2019.

The changes in resource consumed in the industry could be
seen clearly from the Resource Input Intensity (RII).

RIIsteel = Material input (steel)/Automobile production (1)

RIIoil = Material input (oil)/Automobile ownership (2)

Figure 3 shows that the steel input per vehicle has been
decreasing over the years, which has been consistent with the
lightweight development trend of vehicles in China. The main
recyclable materials at the scrap stage in China are steel. The
reduction of steel affects the recycling rate of vehicles to some
extent. The reduction of oil resource input intensity per vehicle
from Figure 3 is mainly due to the continuous improvement
of China’s vehicle fuel consumption standards in recent years
and the use of new energy vehicles. It can be seen that the
extensive use of new energy vehicles will have a greater impact on
China’s resource consumption structure in the future. The same
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FIGURE 1 | Comparison of ELV recycling scale in China and Japan (Unit: 10,000 vehicles).

TABLE 1 | Material flow system data of China’ automobile industry (2010–2019).

Year 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Total materials in the system

(automobile ownership)

9,086 10,578 12,089 13,741 15,447 17,228 19,440 21,743 24,028 26,150

Automobile production 1,827 1,842 1,927 2,212 2,372 2,450 2,812 2,902 2,781 2,572

Automobile sales 1,806 1,851 1,931 2,198 2,349 2,460 2,803 2,888 2,808 2,577

Material input at the

manufacturing stage (steel)

4,200 4,300 4,600 5,000 5,200 5,400 5,700 5,800 5,650 5,000

Material input at the use

stage (oil)

16,117 17,196 18,696 19,135 20,143 22,255 22,249 22,794 20,188 22,239

ELVs collecting 280 170 180 248 427 510 478 442 501 585

Output at the manufacturing

stage (wastewater, waste

gas, and solid waste)

5,582 5,629 5,890 6,759 7,250 7,488 8,593 8,867 8,498 7,860

Output at the use stage (car

exhaust)

5,227 4,608 4,612 4,571 4,547 4,532 4,473 4,360 4,065 1,604

Second-hand car 400 682 794 847 920 942 1,039 1,240 1,382 1,492

Net increase in the system

(New car)

1,833 1,872 1,943 2,220 2,397 2,494 2,830 2,920 2,821 2,581

Output at the dismantling

stage

718 435 461 636 1,094 1,307 1,224 1,131 1,284 1,500

Unit: 10,000 vehicles, 10,000 tons.

1. The material input at the manufacturing stage mainly adopted steel indicators; the material input at the use stage mainly adopted the gasoline, diesel, and lubricating oil indicators;

the processing output data at the manufacturing stage were mainly waste water, waste gas, and solid waste indicators; and the dismantling and recycling stage mainly included waste

steel, non-ferrous metal, plastics, and rubber indicators.

2. The sources of the above data are mainly from China National Bureau of Statistics, China Association of Automobile Manufacturers, China Customs, China Iron and Steel Association,

corporate environmental assessment reports and survey data of China Automotive Technology and Research Center.

3. The ELVs collecting data includes the ELVs entering authorized enterprises and the lost ELVs.

conclusion can be drawn from the data of new energy vehicles in
Figure 44,5.

As could be seen in Figure 5, this paper studies the ways
of recycling of ELV parts and materials in China. Currently,

4The Ownership and Sales of New Energy Vehicles in China. Ministry of Public

Security, 2014–2019.
5The Ownership and Sales of New Energy Vehicles in China. CATARC, 2009–2013.

the recycling rate of ELVs stands at around 90% (Shen, 2013;
Ni, 2015; Chen, 2016). Although the proportion of steel in
an automobile shall further drop in the future, this paper

assumes that the recycling rate shall grow. With a series of

policies enacted in China, the application of remanufacturing
products shall be on the rise, and the reuse rate of parts shall
be considerably increased. Meanwhile, with the improvement
of material recycling technologies and wide adoption of ASR

Frontiers in Sustainability | www.frontiersin.org 4 April 2021 | Volume 2 | Article 645843

https://www.frontiersin.org/journals/sustainability
https://www.frontiersin.org
https://www.frontiersin.org/journals/sustainability#articles


Wang et al. End-of-Life Vehicle Recycling Industry Analysis

FIGURE 2 | Schematic diagram of material flow system of China’s automobile industry (2019).

FIGURE 3 | China’s automobile Resource Input Intensity (RII) in 2019.

recovery energy application, it is expected that the recycling rate
shall reach up to 98% (Ni, 2015; Chen, 2016).

In terms of the recycling of products, remanufacturing is
on the rise. Remanufacturing is an advanced form of recycling,
which could make crucial contribution to energy conservation.
Taking engines as an example, when compared with the
manufacturing of a new one, remanufacturing an old one could
save 80% of energy, 88% of water, and 92% of chemicals
while reducing 70% of waste (Ellen MacArthur Foundation,
2013). When the life cycle of engines is viewed, the average
global warming potential (GWP) created from making a new
engine equals 0.7 tons of CO2 (Bobba et al., 2020). However,
remanufacturing an old one, depending on the variance of
amount of remanufactured parts to replace unused ones, could
reduce GWP by 66.4–77.9%, which plays an undeniable role
in environmental protection (Bobba et al., 2020). The GWP

impact analysis refers to the international life cycle data system
(International Reference Life Cycle Data System, 2010). The basic
scenario is set as the GWP impact of a new engine (average weight
245 kg) produced during the life cycle (Ardente et al., 2018).

Although it was prohibited by regulations before 2019
to remanufacture the engines of ELVs, there existed
illegal dismantling of ELVs, and some of the engines were
remanufactured. As presented in Table 1, an estimation of the
proportion has been made of remanufactured engines in ELVs
under two scenarios.

(1) The minimum proportion scenario: the proportion of
remanufactured engines in ELVs is 1%

(2) The maximum proportion scenario: the proportion of
remanufactured engines in ELVs is 3%.

The number of remanufactured engines in different scenarios
has been calculated (Table 2). The GWP difference is comparted
between the same amount of remanufactured and newly
produced engines according to the maximum GWP reduction
(77.9%) (Figure 6). In 2019, under the max scenario, GWP
difference will reach 97,000 tons of CO2eq, which is of great
significance to the environment protection.

Japan
In Japan, improving the recycling rate of ASR has been the
goal behind related laws and regulations, which stipulate that
the recycling rate should reach 30% in 2005, 50% in 2010,
and 70% in 2015 (Ni, 2015). To make it happen, automobile
manufacturers are held accountable for the recycling of ASR and
the final disposal of airbags, fluorocarbons, and wastes, while
the disposal costs come from the recycling fees paid by the
vehicle users.

Frontiers in Sustainability | www.frontiersin.org 5 April 2021 | Volume 2 | Article 645843

https://www.frontiersin.org/journals/sustainability
https://www.frontiersin.org
https://www.frontiersin.org/journals/sustainability#articles


Wang et al. End-of-Life Vehicle Recycling Industry Analysis

FIGURE 4 | The ownership and sales of new energy vehicles in China (2010–2019).

FIGURE 5 | ELV parts and material recycling ways in China.

With difficulties of data collection and other issues
taken into consideration, this paper does not research on
Japan’s overall material flow in the industry, but carries
out MFA on the recycling stage (Figure 7). According
to statistics from JARC, Japan’s ASR recycling rate hit
98.1% in 2018, and the overall recycling rate exceeded 99%
(Automotive Recycling Data Report, 2019).

ELV RECYCLING POLICIES AND
MANAGEMENT SYSTEM

Policies
China
Among the sectors in the secondary industry, ELV recycling
plays a crucial role in the building of a circular society.
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TABLE 2 | Number of remanufactured engines in different scenarios.

Year 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Scenario 1 (min) 2.8 1.7 1.8 2.48 4.27 5.1 4.78 4.42 5.01 5.85

Scenario 2 (max) 8.4 5.1 5.4 7.44 12.81 15.3 14.34 13.26 15.03 17.55

Unit: 10,000.

FIGURE 6 | GWP difference between new engines and remanufactured engines in different scenarios.

FIGURE 7 | Materials flow analysis of ELVs in Japan.

According to the definition in the Circular Economy Promotion
Law of the People’s Republic of China, circular economy
refers to “the general term for the reduction, reuse, and
recycling activities in the process of production, circulation,

and consumption, etc.” (The National People’s Congress of
China, 2008). ELV recycling activities concern issues such
as safety, environment protection, and resource utilization.
According to the field attribute of the ELVs recycling industry,
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TABLE 3 | China’s circular economy policies and regulations systems.

Issue year Policy name Issue department

1995 (revised in 2020) Law of the People’s Republic of China on the Prevention and Control of

Environmental Pollution by Solid Waste

National People’s Congress

2007 Comprehensive Working Plan for Energy Conservation and Emission Reduction National Development and Reform

Commission, etc.

2008 Circular Economy Promotion Law of the People’s Republic of China National People’s Congress

2010 Decision on Accelerating the Cultivation and Development of Strategic Emerging

Industries

State Council

2013 Directory of Key Products and Services in Strategic Emerging Industries National Development and Reform

Commission

2015 Opinions on Accelerating the Ecological Civilization Construction State Council

2017 Implementation Plan of Extended Producer Responsibility System State Council

2017 Circular Development Leading Plan National Development and Reform

Commission

the main policies governing circular economy could be seen
in Table 3.

Since the beginning of the twenty-first century, China has seen
rapid development in the automobile industry and continuous
increase of ELVs, alongside the occurrences of illegal assembly of
vehicles and other illegal activities. To supervise ELV recycling
sector, the State Council of the People’s Republic of China
issued theMeasures for Administration of Recycling of End-of-life
Vehicles in 2001 (State Council of China, 2000), promote the ELV
recycling industry to operate legally. The measures have served
as the main legal ground for the development of the industry
currently, and for the introduction of subsequent policies.
Nowadays, most ELV collecting and dismantling enterprises in
China are of small size with relatively outdated technologies.
Yet, the sector has imposedmounting pressure on environmental
protection. To better protect the environment and advocate
energy saving and emission reduction, the Chinese government
have passed a succession of policies, such as Technical Policy on
Recycling of Automotive Products (National Development Reform
Commission of China, 2006), Technical Specifications for End-of-
life Vehicles Collecting and Dismantling Enterprises6,7, and other
technical policies and standards, which have advanced the ELV
recycling industry in China (Table 4).

Japan
Japan’s management on the automobile recycling industry have
focused on waste disposal and recycling. The main higher-level
laws governing waste disposal are theWaste Disposal Law (1970)
and the Fluorocarbons Recovery and Destruction Law (2002). The
legal basis for recycling is established on the Resource Recycling
Promotion Law (1991) and the Basic Law for Establishing the
Recycling-based Society (2000). The Resource Recycling Promotion
Law enacted in 1991 (revised in 2000 as the Law for the Promotion
of Effective Utilization of Resources) introduced the concept of

6GB 22128-2008. Technical Specifications for End-of-Life Vehicles Recycling and

Dismantling Enterprise.
7GB 22128-2019. Technical Specifications for End-of-Life Vehicles Collecting and

Dismantling Enterprise.

resource recycling into law for the first time, establishing the “3R”
policy, i.e., Reduce, Reuse, and Recycle (Aki, 2016).

On top of the aforementioned laws and regulations, Japan has
implemented such laws as Waste Disposal Law, Fluorocarbons
Recovery and Destruction Law, and Law for the Promotion
of Effective Utilization of Resources, regarding the automobile
industry. However, it is the End-of-Life Vehicle Recycling Act
(MOEJ) (2002) that makes all the difference (Ministry of
Economy, 2002) which was officially put into effect on January
1, 2005. The law is the one that was specifically enacted for
automobile scrapping and recycling the disposals. After End-of-
Life Vehicle Recycling Act (MOEJ) has been put into effect, a
new ELV recycling system have been established, bringing Japan’s
automobile collecting, dismantling and recycling industry into a
new development stage.

The Management System of ELV Recycling
Overall Framework

China
The ELV recycling sector in China has been dominated
by enterprises undertaking ELVs collecting and dismantling
business, while vehicle manufacturers have not involved in it
yet (Wang et al., 2015). To make things worse, there has lacked
professional shredding firms (Figure 8). When the value chain
of ELV treatment is viewed, ELVs, firstly, shall be sent by
end owners to dismantlers. Then the collected automobiles are
dismantled, in which useful parts are sold, and car bodies cut
as per requirement by steelmakers, which eventually end up in
steelmakers’ workshops as scraps (State Council of China, 2000).

Japan
As for the legal framework in Japan, it could be seen from
the following event. In July 2002, the Japanese government
passed the End-of-Life Vehicle Recycling Act (MOEJ), which took
effect on January 1, 2005. The law stipulates that recycling
fees be paid, and an electronic trace and feedback system be
introduced that covers the entire process. The law has successfully
bound stakeholders into an interlink, such as vehicle owners,
automobile manufacturers, ELVs collectors, and dismantling
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TABLE 4 | China’s policies and regulations on ELV recycling industry.

Issue year Policy name Issue department

2001 (revised in 2019) Measures for Administration of Recycling of End-of-life Vehicles State Council

2008 (2019 revised edition) Technical Specifications for End-of-life Vehicles Collecting and Dismantling

Enterprises (GB22128)

Ministry of Commerce

2012 Regulations for Compulsory Scrapping Standard of Motor Vehicles Ministry of Commerce, etc.

2020 Detailed Rules for the Implementation of the Measures for Administration

of Recycling of End-of-life Vehicles

Ministry of Commerce, etc.

FIGURE 8 | China’s ELV recycling management framework.

firms, fluorocarbons recycling enterprises, resource recycling
companies, and industry associations. Hence, an ELV recycling
system has taken form (Figure 9).

The End-of-Life Vehicle Recycling Act (MOEJ) specifies that
users should bear the disposal cost of fluorocarbons, airbag,
and automobile shredder residue (ASR) items from ELVs. As
a result, owners of disposed automobiles shall pay recycling
fees when they purchase new cars. The sum and data shall be
managed by JARC and Japan Auto Recycling Partnership (JARP),
which shall provide necessary assistance in the disposal of waste
products, such as fluorocarbons and airbags. Varied requirements
have been established of three substances: ASR, fluorocarbons
and airbags in Japan’s automobile recycling system. Based on
such a system, three circulation routes have been formulated for
ELVs, information, and capital in the recycling process, which
jointly constitute the ELVs recycling system in Japan (Ministry
of Economy, 2002; Japan’s Ministry of Economy, 2005).

Responsible Subject
The participants and responsibility-taking of the ELV recycling
system in China and Japan are varied (Figure 10). In Japan,
diversified entities participate in it, including ELVs collectors,
dismantlers, fluorocarbons collectors, shredders, and automobile
manufacturers/importers. In contrast, the recycling system in

China, however, the ELV dismantlers play a key role, which
undertake the collection of all ELV, dismantling, and part of
shredding, among other works.

As a matter of fact, Japan’s recycling system has been designed
under the guidance of Extended Producer Responsibility (EPR),
in which consumers must pay the disposal fees of vehicles, and
are obliged to hand their ELVs over to appropriate collectors,
while automotive manufacturers shall appropriately manage the
aforementioned three kinds of wastes. In contrast, Chinese
consumers are not obligated to pay recycling fees. According to
the current law (Measures for Administration of Recycling of End-
of-life Vehicles), collecting and dismantling enterprises shall pay
ELV owners at market prices. To make things worse, automobile
manufacturers have failed to play a crucial role in the system
(Ministry of Economy, 2002; Japan’sMinistry of Economy, 2005).

Regulatory System
Compared with Japan, China has more regulatory bodies
for ELV recycling (Table 5). The Ministry of Commerce has
been the administrative authority in charge of the industry,
responsible mainly for the certifying of related enterprises’
qualification. The agency shall review those enterprises that
have filed the application for developing ELV collecting and
dismantling business. Those who pass the review shall be granted
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FIGURE 9 | Japan’s ELV recycling management framework 0.

FIGURE 10 | Comparison of participating subjects and responsibilities of the ELV recycling system in China and Japan.
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TABLE 5 | Comparison of the regulatory system of ELV recycling industry in China and Japan.

Regulation link China Japan

Management

department

Duties Management department Duties

Enterprise qualification

certification

Commerce department Formulate standards, review enterprises’

applications and be responsible for the

issuance of Qualification Certificate

Ministry of Economy, Trade

and Industry and Ministry of

the Environment

Formulate the access and

management standards

Industrial and

commercial

administrative

department

Handle registration procedures and issue

business licenses

Local governments Register and access approval

for enterprises

Automobile collecting Public security organ Issue the De-registration Certificate to

organizations or individuals of ELVs

JARC and JARP Carry out information and

capital management;

Assist manufacturers or

importers in waste disposal

Commerce department Uniform formulation and issuance of ELV

recycling Certificate

Industrial and

commercial

administrative

department

Supervise the business activities of ELV

collecting enterprises

Automobile dismantling Public security organ Supervise the public security of

enterprises and the destruction during the

automobile dismantling

Industrial and

commercial

administrative

department

Supervise the business activities of

enterprises

Environmental

protection department

Mainly supervise environmental violations

the Qualification Certificate. Otherwise, they are forbidden to
carry out related businesses. At the same time, administrative
agencies relating to industry and commerce, public security and
environmental protection shall carry out regulatory supervisions
over corresponding process.

Likewise, registration or authority’s approval is required to
engage in businesses relating to automobile recycling in Japan.
Those enterprises, engaged in ELV collection and fluorocarbons
recycling, shall register at local governments and be reviewed
every 5 years. As for the enterprises who involve in ELV
dismantling and shredding shall report to local governments for
approval and renewal every 5 years. The approval and renewal
standards, on the other hand, are formulated by two central
ministries, namely, theMinistry of Economy, Trade and Industry
and Ministry of the Environment, and are implemented by
governments at all levels as reference (Business Office of the
Chinese Embassy in Japan, 2005).

Changes in the Industry’s Adaptability of
Policies and Management Systems
China
Current policy-making and management system in the ELV
recycling sector in China have mainly aimed to prevent the
illegal operations of using scrapped automobile parts to assemble
vehicles, and sell them in the market to make profit out of it.

Actually, the ELV sector has put on a new image since 2019,
when the Measures for Administration of Recycling of End-of-
life Vehicles was revised. Before 2019, it was required that the
“five assemblies” of ELVs must be destroyed and cannot flow, in
any form, back into the market (State Council of China, 2000).
Fortunately, with the upgrading of China’s automobile industry,
the occurrence of assembled automobiles is less frequently seen,
while the tremendous waste of ELV resources has turned out to
be the leading issue restricting the development of the industry.
Taking 2019 as an example, only 1.951 million ELVs had been
collected by qualified entities in China, while the de-registration
data showed that the estimated number should be 5.8 million
units. According to automobile sales and ownership changes,
only about 30% of the ELVs flowed into the qualified dismantlers.
As a result, there was enormous waste and loss of ELVs, which led
to potential risks and environmental pollutions.

To deal with the issues in the ELVs recycling sector in
2019, the State Council passed the newly revised Measures
for Administration of Recycling of End-of-life Vehicles, which
have made adjustment of the following aspects targeting
the incompatibility between the management system and the
industry’s needs (State Council of China, 2019):

1) Selling “five assemblies” of ELVs has been permitted to
remanufacturing enterprises to improve resources recycling
rate. After the adjustment, “five assemblies” could flow
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into formally established remanufacturers and re-entered
the market as remanufactured products, which has greatly
improved the recycling rate of automobile resources.

2) The number of ELV collecting and dismantling enterprises
has no longer been under control to further facilitate free
competition in the market. Before the adjustment, it had been
required that each region should only, in principle, set up one
entity for the collection of ELVs. The policy actually limited
the numbers of recycling firms in the sector, which fostered
monopoly at local levels, and hampered free competition.
Fortunately, after the adjustment, the qualification certifying
system has been further improved and unified planning
removed, which has provided strong impetus to the market.

3) ELVs have no longer been collected at the prices of scrap
metals, while traded at the price of useful parts. Before the
adjustment, each automobile could cost but RMB 1,000, which
had been greatly lower than the owners’ expectation, leading
to the outflow of some automobiles to illegal markets. After
the adjustment, however, the ELVs have been traded at the
market prices, leading ELVs to flow into qualified enterprises.

Japan
In Japan, over the years since the enactment of End-of-Life Vehicle
Recycling Act (MOEJ) in 2005, the ELVs recycling system has
evolved into a new stage under the government regulations and
market requirement (Figure 11). When compared with what it
was at the beginning of the policy design, the system has mainly
seen the following changes:

1) ELV dismantling enterprises have gradually turned into
the mainstream in the recycling system. In the original
policy design, ELV collectors shall deliver the automobiles to
fluorocarbons collectors, and then to dismantlers. However,
due to high costs of transportation and under the impetus
of foreseeable benefits out of ELVs dismantling, some
dismantlers have more than been willing to undertake the
work of ELV collecting, fluorocarbons collecting, automobile
dismantling, and part of ELV residues’ disposal. According
to the statistical data released by JARC of Japan (2010–2019)
(Automotive Recycling Data Report, 2019), the proportion of
ELVs directly collected by dismantling/shredding enterprises
increased from 70.7 to 86.9%. The proportion of ELVs
collected by enterprises with only collecting business
decreased from 18.4 to 8.5% (Figure 12). This trend shows
that ELVs dismantling enterprises have played an important
role in the recycling system.

2) The role of ELVs recycling fee has gradually diminished.
According to the law, recycling fees has been designed to
facilitate the recycling. On the one hand, it could pay for the
disposal of fluorocarbons, airbag and ASR; on the other hand,
it could motivate automobile owners to deliver their cars to
collectors (2004). However, as the marketization of the sector
has furthered, enterprises have competed for ELVs resources.
Against such a backdrop, when handing over their vehicles,
the consumers not only could recover the recycling fees they
have paid, but also could gain extra money, which is paid by
the recycling companies basing on those vehicles’ condition,
and most often much more than the fees. As a result, the

role of guidance of the policy of taking the recycling fees has
been weakened.

The ELV recycling management in Japan oversees three aspects:
ELVs, information, and capital, which involves multiple entities
from enterprises, owners to the government. The integration of
various factors has built a well-rounded ELV recycling system.
However, when it is viewed from the industry’s development over
the years, even though the recycling system has been sophistically
designed, the original intention has not been strictly followed, a
new development model has evolved since then. Judging from its
evolutionary path, it could be seen that market orientations have
been the main driver of changes. Under the leverage of economic
factors such as variable costs and ELVs’ values, the sector shall
move toward value maximization. Naturally, dismantlers have
intended to handle the collection of ELVs and fluorocarbons.
Meanwhile, the entities’ competitiveness could be kept by raising
purchase prices.

Social Awareness of Resource Recycling
Domestically, in addition to the support from government
policies and the evolvement of the industry, a healthy
development of the ELV recycling industry shall also rely on its
integration with social awareness.

First and foremost, it requires an emphasis on recycling.
China has been a large country with abundant natural resources,
which has taken root in people’s heart. Exploiting natural
resources comes first, while the concept of recycling has been
introduced quite lately and is not well-accepted. Consequently,
for automobiles, the entire society’s attention has been paid on
production and consumption. However, recycling, the follow-up
process in the industrial chain, has been neglected. In contrast,
Japan is an island country with a size similar to that of Yunnan
Province in China. It has been short of natural resources,
especially landfill capacity, and relied on imports to maintain
economic development. Therefore, Japan has attached great
importance to the development, utilization and conservation of
resources, and embarked much earlier on the path of circular
economy. Since the beginning of the twenty-first century, Japan
has achieved the transformation from a resource poor country
to a powerful country through the development of circular
society. It was against such a backdrop that Japan enacted the
Waste Disposal Law (1970), the Resource Recycling Promotion
Law (1991), and the Basic Law for Establishing the Recycling-
based Society (2000), etc., which created a reliable legal system.
Meanwhile, economic leverages have been widely adopted to
guide the operations of enterprises and behaviors of citizens. For
instance, consumers have been required to pay recycling fees
when they buy new cars, so as to enhance their awareness of
resource recycling.

Secondly, it concerns social awareness of the social attributes
of automobiles. Automotive products differ from products such
as appliances and clothes. Apart from a strong dependence
on energy and space, they, with prominent social attributes,
involve social issues such as traffic safety and environmental
protection. Before the revision of theMeasures for Administration
of Recycling of End-of-life Vehicles (State Council of China, 2000),
the price of collecting of ELVs had been associated with scrap
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FIGURE 11 | Evolution of Japan’s ELV recycling management framework.

FIGURE 12 | The trend of proportion of ELVs being collected by various types of enterprises.

metals, which was far below the vehicle owners’ expectation.
Hence, unexpected amount of ELVs flew into the illegal market.

Due to weak awareness of the social attributes of automotive
products, and the lackluster market push, numerous automobiles
have not been well-handled, creating potential social
dangers. In contrast, when it comes to Japan, on one hand,
under the social influence of the recycling system, vehicle
owners have recognized the social attributes of automotive
products; on the other hand, thanks to the competition in
the recycling market and the prevalence of circulation of
used cars and ELVs, automobile owners could easily obtain
appreciable value, and naturally are more willing to hand their
ELVs over.

Compared with China, Japan has enjoyed the advantage of
well-accepted social consensus in automobile recycling, which
has been one of the drivers behind the normal operation of
Japan’s automobile recycling system. However, Japan’s emphasis
on environmental protection and resource utilization has begun
in the 1970s, which has not gone through a long history. Back
then, industrial pollution and resource consumption behind the
rapid economic growth made Japanese realize the necessity of
making a difference. Therefore, the social awareness of a country
has been in constant evolution, which has been propelled, first
and foremost, by the development of productivity. Actually,
the transformation of social awareness takes the efforts of one
generation or even several generations.

Frontiers in Sustainability | www.frontiersin.org 13 April 2021 | Volume 2 | Article 645843

https://www.frontiersin.org/journals/sustainability
https://www.frontiersin.org
https://www.frontiersin.org/journals/sustainability#articles


Wang et al. End-of-Life Vehicle Recycling Industry Analysis

DISCUSSION

The Management Policies of Automobile
Recycling Should Be Forward-Looking
First of all, the impact shall be taken into consideration of the
development trend of the production, the consumption, the
second-hand vehicles, the maintenance, and other front-end
segments in the automobile recycling industry in combination
with the industrial environment of the domestic automobile
market. Secondly, there shall be a sound prediction of the
global market size and technological trends in advance, and
prejudgment of the future development of the industry. Taking
the rise of new energy vehicles as an example, about 40 countries
cross the glove have realized a large-scale promotion and
application of the technology. In 2019, the global sales volume
of new energy vehicles exceeded 2.1 million sets, and the
ownership reached 7.2 million sets. It is estimated that by 2030,
the sales volume of new energy vehicles will reach 43 million
sets, and the ownership will exceed 250 million sets (2020). The
high rocketing ownership of new energy vehicles has posted
new requirement for energy input, resource utilization, and
environmental protection.

In addition, the reasonability and feasibility shall be fully
assessed of the combination of the industry’s management with
regulatory tools such as taxes, financial tools, insurances, funds
among others. At present, many Asian countries are in the
process of development, and most of their automobile industries
are either at the start-up or development stage. With the
outburst of vehicle ownership, they shall face many challenges
problems in the future, such as vehicle recycling and scrapping,
material reuse, electric vehicle scrapping, etc. Therefore, it is of
great importance to implement forward-looking mindset in the
making of automobile recycling policies (Chen and Zhang, 2009;
D’Adamo et al., 2020).

An Organic Integration With the Market Is
a Key Driver for the Stable Operation of the
System
It could be learned from the industrial development of the world,
China and Japan that no matter what kind of models they have
adopted, they shall sooner or later move toward a market-driven
and value-driven model with the development upgrading of the
industry (Forton et al., 2006; Vermeulen et al., 2011). As a result, a
complete integration with the market is necessary for a rapid and
healthy development of the industry. It turns out that even an
ELV could maximize surplus-value. Under the market model, the
smoothest development path is bound to be the one that could
maximize surplus-values. For instance, Japanese companies pay
automobile owners far more sums than recycling fees to improve
their competitiveness. However, in China, due to the low revenue
of ELVs recycling, most ELVs have not been well-recycled. As
result of market changes, “five assemblies” have changed from
being destroyed to being remanufactured.

An Improved EPR System Should Be
Established
In the processes of the design, manufacturing, marketing, and
recycling of automobiles, the manufacturers are involved in

most of the industrial chain. They possess obvious advantages
in technologies, recycling, and collecting networks, and could
play a vital role. It is essential to draw lessons from Japan’s
experience and good global practices to formulate the Extended
Producer Responsibility (EPR) system, and establish a producer-
led recycling system (Wang et al., 2017). For Asian countries,
especially, the EPR concept has not been well-received yet. Basic
obligations such as the publication of automobile dismantling
manuals and the establishment of a recycling network have yet
to be performed.

The Establishment of Social Awareness of
Resource Recycling Should Integrate With
the Actual Situation of the Country and Be
Implemented Gradually
Automobile products features a long industrial supply chain
and covers wide aspects. A number of participants involve in
the recycling end of the chain, including vehicle manufactures,
insurance agencies, used parts circulation companies, ELVs
collectors, dismantlers and recyclers, steel makers, waste disposal
enterprises, shredders, consumers, etc. (Sakai et al., 2020).
Therefore, it takes the joint efforts of all participants to build
an effective recycling system. Against such a background, an
effective integration of the processes in the system with a strong
awareness of resource recycling are necessary for its sound
operation. The existing automobile recycling system in Japan, for
instance, has relied on a relatively established social awareness to
run smoothly (Tanaka, 1999). Yet it has built on a legal design
embracing recycling fees, active sale of ELVs, wide circulation of
used cars and parts, and refinement of dismantling work, which
also has continuously adopted external advanced experience for
reference (Ueta and Koizumi, 2001).

Explore the Sustainable Recycling System
Under the Background of Global
Integration
Nowadays, the automobile industry has achieved a high degree
of globalization, and the recycling industry at the end of
the industrial chain shall inevitably join the trend of global
integration. Judging from the development of China and Japan,
it can be seen that whether it is the rise of electric vehicles
worldwide, or the global circulation of used cars and parts, or
the global extension of EPR, the automobile recycling industry
shall be impacted (Steward and Mayyas, 2019; Li et al., 2020).
Therefore, it is necessary to reflect on such aspects as related
policies’ formulation, the sector’s management, technologies’
upgrading, and the circulation of products in line with the
development of the global industry. Meanwhile, an adaptive
recycling systems to the future development trend shall be
explored continuously.

CONCLUSION

In this paper, the Material Flow Analysis (MFA) method is
adopted to analyses the input and output of China’s automobile
industry, the Resource Input Intensity (RII) of steel and oil, as
well as the recycling of ELVs in Japan. Thanks to the lightweight
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trend, the consumption of steel has decreased over the years.
However, in terms of the material recycling rate, Japan registered
99%, 9 percentage points higher than that of China. With
the improvement of recycling technologies and the enacting of
relevant facilitating policies, the number in China is expected
to reach 98% in 2025. Fortunately, the new trend not only
affects China, but also impacts Asia and even the world at large.
It shall continue to bring about changes in the proportion of
compositions of automobile materials in the future, thus affecting
the recycling of those materials and waste disposal. What’s more,
it also provides a reference for future direction of material
recycling and the enactment of forward-looking management
policy about automobile recycling.

This paper adopts, for the first time, the social awareness
of resource recycling as one of the key factors influencing the
development of ELV recycling industry, and analyzes into various
development stages of it on the industry. From the analysis of
social awareness between China and Japan, it can be seen that
the social attributes of ELV recycling industry are very strong,
especially in developing countries, where the awareness is still
being shaped. Therefore, to improve the industry, not only shall
wemaneuver within the industry, but also require the joint efforts
from the entire society.

In addition to learning from Japan’s recycling system, this
paper also studies the deviation between Japan’s current system
and its original policy designs, where the possible causes are
analyzed. It concludes that there always is and will be deviation
between the guidance framework of policies or regulations, and
the actual development of the regulated industry. As for the
main cause herein, it is market evolvement. The maximization
of remained value of ELVs has been the ultimate goal of the
industry. As for how to integrate the two organically on the
prerequisite of safety and environmental protection, it is the
challenge facing the administrative bodies. For Asian countries,
especially, while they are at an immature stage of industrial
development, more attention should be paid to the guiding role
of the market.

As for China, Japan, and other Asian countries, in the
face of new recycling system, and ever-changing technical

requirements, policies, market orientation, social awareness of
resource recycling, and sustainable development, they shall be
all taken into consideration to deal with the impact on the
future development and explore the right path for domestic
industries while coping with new overseas demands from the
automobile industry.
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