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Highlights

Existing policy framework for EV battery waste treatment in China is reviewed.
Key elements of the policy framework are outlined.
Some of the key shortcomings of the policy framework are identified.

Practical policy suggestions are made to overcome these shortcomings.

Abstract. This paper reviews existing policies for supporting the treatment of electric vehicle (EV) battery waste in China,
and identifies some of their major shortcomings that policy makers may like to consider while making policy decisions.
The shortcomings of existing policies identified in this paper include: 1) no clear provisions for historical and orphan bat-
teries; 2) no target for battery collection; 3) unclear definition of the scope of authority among various central and local
agencies involved in the regulation of waste battery treatment; 4) unclear requirements for data auditing and verification
for tracking the entire life cycle of EV batteries; 5) limited consideration of the challenges to ensure stakeholder coopera-
tion; and 6) no explicit specification of the mechanisms for financing waste battery treatment. This paper also makes some
practical policy suggestions for overcoming these shortcomings.

Keywords: electric vehicles, extended producer responsibility, waste battery treatment, reuse, recycling, policy.

Introduction

Global energy consumption by transportation has histori-
cally been dominated by petroleum-based fuels, particu-
larly diesel and gasoline. While this domination has con-
tributed to the provision of cheap and reliable transport
services and consequently to socio-economic prosperity, it
has also made the transport sector one of the largest and
fastest-growing emitters of greenhouse gases (GHG), and
hence the major contributor to global warming — one of
the most pressing challenges of our times (Li et al., 2018;
Wang & Ge, 2019). Redressing this challenge has, there-
fore, become a policy imperative, and a rapid uptake of

electric vehicles (EVs) is widely considered as an attrac-
tive option for this purpose. The attractiveness of trans-
port electrification is manifested in a rapid deployment of
electric vehicles, with the global EV stock increasing from
0.23 million in 2013, to 3.29 million in 2018 — a more
than tenfold increase in five years (International Energy
Agency [IEA], 2020b).

A rapid EV deployment, however, also presents a se-
rious waste-treatment challenge, as mounting numbers
of waste batteries, if not treated properly, would release
heavy metals and toxic chemicals into the natural environ-
ment, causing soil contamination and water pollution (Or-
donez et al., 2016). According to the International Energy
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Agency, about 100-120 GWh of EV batteries will reach
their end of technical life worldwide by 2030, and without
proper treatment, this volume of battery waste is likely to
become a significant environmental liability (IEA, 2020a).
While the challenge of end-of-life EV battery treatment
is global, it is particularly acute in China (the country of
focus of this paper), which is currently the largest EV mar-
ket in the world, representing around 45% of the global
EV fleet (IEA, 2020D).

Several policy initiatives, designed based on the princi-
ple of Extended Producer Responsibility (EPR), have been
introduced in China, in anticipation of the impending
challenge of a large and growing volume of waste batter-
ies from EVs. These initiatives make the EV makers re-
sponsible for the entire life-cycle of the mobility batteries,
especially for their take-back, recycling, and final disposal.
As such, the EV makers’ responsibility - financial and
physical - for mobility batteries is extended to the post-
consumer stage of their life cycle. This approach, as argued
by its proponents, could internalise the costs of waste bat-
tery treatment into the decision-making of EV makers,
thus providing them with a better incentive to design EV's
and batteries in ways that could reduce the cost of waste
battery treatment and encourage battery repurposing and
material recycling.

The primary objective of this paper is to review the
policy initiatives for promoting the treatment of waste EV
batteries in China, with the aim of identifying potential
shortcomings. This objective is premised on our argument
that much of the contemporary policy debate on waste EV
battery treatment has tended to view it as a technological
challenge, requiring policy support for innovations tar-
geted at, for example, improving the cost-effectiveness of
lithium-ion recycling technologies (Gaines, 2014; Georgi-
Maschler et al., 2012; Li et al., 2013; Ordonez et al., 2016),
and redressing environmental issues that may emerge
during the course of battery recycling such as, waste gas
and slag produced in the pyrometallurgy process (Li et al.,
2016; Xiao et al., 2017), and wastewater (containing metal
ions, organics and strong acids) produced in the hydro-
metallurgy process (Agrawal & Sahu, 2009; Leonzio, 2016;
Muhammad & Lee, 2019). There is a general lack of dis-
cussion on the overall policy framework for supporting
the treatment of waste EV batteries most likely because
of its newness in the context of the EV industry. This dis-
cussion is, however, critical, as the efficacy of the policy
framework will largely determine the extent to which a
well-functioning system for treating waste EV batteries
can be developed.

This paper represents a point of departure from most
existing studies that view waste EV battery treatment as a
technological challenge, requiring policy support for in-
novations, in order to improve the cost-effectiveness of
battery treatment technologies, and to reduce environ-
mental impacts arising from the battery treatment process.
By assessing the overall policy framework, we contend,
this paper can enable useful insights on issues that policy
makers may wish to consider while designing policies to

improve the effectiveness of the existing policy framework
for supporting waste EV battery treatment. While these
insights are developed for China, they are also relevant for
other developing countries undertaking the electrification
of transport.

The paper is organised as follows. The next section pro-
vides a contextual backdrop on EV battery waste treatment
in China. Section 2 introduces the EPR concept and its
key elements. Section 3 discusses the existing policy frame-
work, designed based on the EPR principle, for promoting
EV battery waste treatment in China. Section 4 extends
this discussion, with a view to identify key shortcomings of
the existing policy framework. Last Section concludes this
paper. It also provides some policy suggestions.

1. Contextual backdrop

To provide the contextual backdrop, this section outlines
key issues that may affect the treatment of waste EV bat-
teries in China. This would enhance appreciation for the
arguments presented in this paper. It is also worth noting
that the issues discussed in this section are selected based
on a review of major existing studies on the treatment of
EV battery waste in China (see Table 1).

Technological immaturity: In order to reuse or recy-
cle waste batteries, their state of health and state of charge
need to be assessed. The state of health measures “the
degree to which a battery meets its initial design specifi-
cations’, and the state of charge measures “the degree to
which a battery is charged or discharged” (Harper et al.,
2019, p. 77). These measures provide important informa-
tion for determining whether a EV battery is best suitable
for reuse or recycling, and for maintaining the safety of
recycling process (Rezvanizaniani et al., 2014). In most
cases, these measures are developed manually, due to the
significant variation in the design (cell or module physi-
cal configuration) and chemistries of EV batteries, which
makes automatic sorting and assessment difficult (Arora
& Kapoor, 2018). However, this manual process is costly
and requires skilled workers and specialised equipment
(Elwert et al., 2018). The small pool of skilled workers for
undertaking the task further compounds this problem in
China (Zhang et al., 2020a).

As most waste EV batteries still retain up to 80% of
their initial capacity, it has been suggested that their reuse
through a hierarchy of less demanding applications (for
example, behind-the-meter energy storage) could be an
attractive option for optimising material use and lower-
ing the cost of lithium-ion batteries (Institute for Energy
Research [IER], 2019; Neubauer et al., 2015). Nonetheless,
significant debate on the technical viability of battery reuse
has been witnessed in the past few years, mainly caused
by concerns about the safety and reliability of reused bat-
teries (Baumhofer et al., 2014; Han et al., 2014; Martinez-
Laserna et al., 2018; Saez-De-Ibarra et al., 2016), which
primarily arises from the technical difficulty in providing
an accurate assessment of the “degradation behaviour” of
waste EV batteries (Martinez-Laserna et al., 2018). As a
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Table 1. Waste EV battery treatment: Key issues

Key issues

References

Sorting and assessment
- High reliance on costly manual process

Recycling

- Difficulty in accurately assessing the “degradation behaviour” of waste batteries

- Pyrometallurgical process: not suitable for recycling NMC and LFP batteries

Zhang et al., (2020a);
Zhang et al. (2020b);
Zheng et al. (2019);
Qiao et al. (2019);

treatment capacity
waste batteries

;l;flcmh:&l ;)i%lcal widely used in EV's Zeng et al. (2015); Yang
Y - Hydrometallurgical process: low recycling efficiency et al. (2019); Huang
- Direct recycling: not yet commercially viable et al. (2018); Harper
Repurposing et al. (2019); Han et al.
— Significant debate on the safety and reliability of reused batteries (2014)
- Concern about the technical viability of reusing waste batteries
- Collection: lack of consumer willingness to treat their waste batteries through
quahﬁéd recyclers T . Dominish et al. (2019);
- Recycling: poor economic viability, caused by low collection volume of waste Mayyas et al. (2018);
Economic batteries, high cost of existing technologies, low content of valuable materials in Li Y)’d Li AN e
. ¢ . o . . . i and Li (2020); Sun
unattractiveness some batteries, significant volatility of material (e.g., cobalt, and lithium) prices, (2018); D1EV (2020);
and excessive recycling capacity Orient) Securities (20&0)
- Repurposing: poor economic viability, caused by falling cost of new batteries,
high cost of waste battery refurbishment, and small market for reused batteries
- Underdeveloped capacity for handling (i.e., collecting, transporting, stockpiling,
Insufficient sorting, dismantling, and testing) waste EV batteries Zhang et al. (2020a);

- Small pool of trained technicians and professional staffs capable of handling

Neubauer et al. (2015)

Large informal

— A large portion of waste batteries being treated in small, unqualified workshops,
where “inferior” technologies and practice are often adopted for treating waste

Bie (2019); Elwert et al.

sector batteries, posing serious risks to personnel safety and ecological environment (2018); D1EV (2018)
SL;anerf disation in |~ Lack of standardisation in the design of mobility batteries, which tends to Engel et al. (2019); Jiang
battery design complicate the process of waste battery treatment et al. (2020)

result, the development of battery reuse technology is still
in its early stages, and most of this development in China
so far has been confined to a few pilot projects (Zhang
et al., 2020b; Zheng et al., 2019).

There are two main technologies for recycling lithi-
um-ion batteries, namely, pyrometallurgical process, and
hydrometallurgical process (Qiao et al., 2019). So far, the
hydrometallurgical process is the most widely used tech-
nology in China (Larouche et al., 2020). The main reason
is that the pyrometallurgical process cannot recover some
high-value materials (such as, lithium) from waste EV
batteries (Georgi-Maschler et al., 2012), and it is also not
suitable for recycling Li(Ni,Co,Mn,_, ,)O, (NMC) and
LiFePO, (LFP) batteries used in most of the country’s EVs
(Zeng et al,, 2015). Furthermore, the overall recycling ef-
ficiency of the pyrometallurgical process is still low, and it
is estimated that this process can only effectively recover
around half of the materials from battery waste (Qiao
et al,, 2019; Zeng et al,, 2015). One key reason for this
is the technical difficulty of treating heterogeneous waste
EV batteries with quite different physical characteristics
(e.g., size, and format) and chemical compositions (Huang
et al., 2018; Skeete et al., 2020).

Recent years have also witnessed the development of
direct recycling technology as an alternative to the hy-
drometallurgical process. This technology involves the
removal of cathode or anode material from the electrode

for making remanufactured batteries (Harper et al.,, 2019).
The attractiveness of this technology comes from its ability
to maintain the structure, morphology, and purity of the
valuable cathode materials, which are normally destroyed
in the pyrometallurgical and hydrometallurgical processes
(Yang et al.,, 2019). However, the direct recycling technol-
ogy has not yet demonstrated its commercial viability as
evidenced by its low efficiency of treating waste batteries
with poor state of health, inflexibility of handling metal
oxides of different compositions, and poor electrochemi-
cal performance (Harper et al., 2019).

Economic unattractiveness: There appears to be a
general lack of willingness for EV users in China to treat
their waste EV batteries through qualified recyclers. Rath-
er, many consumers sell their battery waste to unqualified
recyclers. It is quite common for these recyclers to vio-
late the environmental regulation, and dispose dangerous
toxins and heavy metals from waste batteries to landfill
without proper treatment. They could therefore pay high-
er prices to EV users for their waste batteries (Domin-
ish et al., 2019). This leads to a low collection volume of
waste batteries for qualified recyclers, and this problem
gets further exacerbated by poor consumer awareness of
the importance of waste battery treatment. For qualified
recyclers, a low collection volume of waste batteries means
high costs of battery recycling, thus making battery recy-
cling economically unviable (Mayyas et al., 2018).
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Other key factors, that affect the economic viabil-
ity of battery recycling, include the low content of valu-
able materials (such as, lithium) in some waste batteries
(LiFePQ,), high recycling costs incurred by most existing
technologies, significant volatility of material (such as, co-
balt, and lithium) prices, and excessive recycling capacity
fuelled by subsidies and policy misinterpretation (Danino-
Perraud, 2020; DeRousseau et al., 2017; Li & Li, 2020). In
China, the poor economic viability of waste EV battery
recycling is reflected in a low recycling rate: 2% in 2015,
and 10% in 2019 (D1EV, 2020; Sun, 2018).

For battery reuse, it is suggested that the cost gap
between reused and new batteries needs to remain suf-
ficiently wide to warrant the performance trade-oft (in
terms of, for example, lifetime, and reliability) in reused
batteries relative to new alternatives. However, this gap is
more likely to become narrower, as the cost of making
new batteries is expected to decline at the rate far exceed-
ing the rate at which the cost of making reused batter-
ies declines, which will in turn make reused batteries less
cost-competitive in the market (Engel et al., 2019). This is
especially true if one notes that the cost of new EV bat-
teries has declined by over 85% since 2010 - considerably
faster than many studies initially anticipated (see, for ex-
ample, Nykvist & Nilsson, 2015). The economic viability
of reusing wasted EV batteries gets further reduced by
factors such as, high cost of existing technologies for re-
furbishing waste batteries (Neubauer et al., 2015), and the
lack of a well-established market in China for reused bat-
teries, despite several government initiatives to install re-
used batteries in different kinds of energy storage systems
(most notably, backup power for telecom towers) (Orient
Securities, 2020).

Insufficient treatment capacity: Having sufficient
physical capacity for treating (i.e., transporting, stockpil-
ing, sorting, dismantling, and testing) waste EV batteries
is widely considered as essential for ensuring the effective
treatment of waste EV batteries (Melin, 2019). This ca-
pacity is however underdeveloped in China, even though
significant improvement has been made in the past few
years (Zhang et al., 2020a). This underdevelopment likely
reflects the technical complexity of handling hazardous
waste batteries with a wide variation in their chemical
compositions and physical characteristics (for example,
size, and format) (Neubauer et al., 2015). An example of
such complexity is provided by the selected excerpts from
Harper et al. (2019):

“Disassembly of battery packs from automatic applica-
tions requires high-voltage training and insulated tools to
prevent electrocution of operators or short-circuiting of
the pack. Short-circuiting results in rapid discharge, which
may lead to heating and thermal runaway. Thermal runa-
way may result in the generation of particularly noxious
by-products, including HF gas, which along with other
product gases may become trapped and ultimately result
in cells exploding. The cells also present a chemical hazard
owing to the flammable electrolyte, toxic and carcinogenic

electrolyte additives, and the potentially toxic or carcino-
genic electrode materials” (Harper et al., 2019, pp. 76-77).

The underdeveloped current state of the industry ca-
pacity for treating waste batteries gets further exacerbated
by the lack of trained technicians and professional staft
capable of undertaking the task. In response, the Minis-
try of Industry and Information Technology [MIIT] of
China has implemented a training program for special-
ised technical personnel for mobility battery treatment.
Despite this, it is observed that there is still a shortage of
skilled personnel in the battery treatment industry, rais-
ing safety concerns about waste battery treatment (Zhang
et al., 2020a).

Large informal recycling sector: As mentioned previ-
ously, a large proportion of the waste EV batteries is cur-
rently treated through small, non-qualified workshops,
posing serious risks to personnel safety and ecological en-
vironment (Bie, 2019). These risks get further exacerbated
if one notes the technical complexity of handling waste
EV batteries, which requires highly qualified technicians
and specialised tools (Elwert et al., 2018). These require-
ments, however, are often not fulfilled by small workshops,
who are more likely to adopt “inferior” technologies and
practice for treating waste batteries, in an effort to lower
the overall cost of waste battery treatment (Bie, 2019).
For example, it is reported that the task of treating waste
EV batteries is often undertaken by companies who treat
scrapped motor vehicles in China. Some of these com-
panies tend to stockpile and treat waste EV batteries in
places designed for treating general motor vehicles, un-
suitable for treating waste EV batteries, posing potential
environmental and fire risks (D1EV, 2018).

Lack of standardisation on battery design: There
seems to be a general lack of standards on the design of
EV batteries in China, as indicated by the availability of a
large number of battery-pack designs on the market that
vary significantly from each other in terms of size, format
(cylindrical, prismatic, and pouch), and chemical compo-
sition. The lack of standardisation on battery design could
however complicate the process of waste battery treatment
(Engel et al., 2019). For example, EV batteries with differ-
ent physical configurations require different approaches
for disassembling and recycling. In the direct recycling
process, for example, approaches for separating the planar
electrodes from the batteries with prismatic and pouch
cells are quite different from the batteries with cylindrical
cells (Harper et al., 2019).

2. Extended producer responsibility (EPR):
Concept and key elements

The concept of EPR has been applied globally to a va-
riety of wastes including, for example, electrical and
electronic equipment, lead acid batteries, packaging,
and tyres (Leclerc & Badami, 2020). It assigns produc-
ers the responsibility for the treatment of their used or
end-of-life products (waste EV batteries, in our instance)
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(Lindhqvist, 1992). This involves the establishment of a
take-back mechanism, whereby consumers return their
used products to be repurposed, recycled, or disposed, un-
der the producer’s responsibility (Khetriwal et al., 2009).
The attractiveness of this approach arises from its ability
to internalise the costs of waste treatment into the con-
siderations of the producers, thus providing them with
a better incentive to design their products in ways that
could lower the cost of waste treatment through, for exam-
ple, more standardised product design (Park et al., 2018;
Pouikli, 2020; Sachs, 2006). Its proponents also argue that
EPR-based policies could leverage private sector funding
and expertise to promote end-of-life waste treatment, and
hence reduce the financial burden of waste treatment on
the government (Lifset et al., 2013).

An EPR-based policy framework typically comprises
four key elements (Khetriwal et al., 2009; Leclerc & Bad-
ami, 2020; OECD, 2001). The first element is the scope of
waste products to be included in the policy framework
(Leclerc & Badami, 2020). For example, the scope of the
policy framework may be limited to waste batteries from
EVs purely run on battery power, but may also be extend-
ed to include those from hybrid and plug-in hybrid EVs.
The second element includes the targets for waste treat-
ment (Leclerc & Badami, 2020), which can be expressed
in terms of, for example, collection and recycling rates of
waste EV batteries, or material recovery rates. The third
element includes the regulatory arrangements for ensur-
ing the “quality” of waste treatment. Producers may be
mandated to treat the waste products according to spe-
cific standards. They may also be required to prioritise
repurposing rather than recycling in the treatment pro-
cess (Leclerc & Badami, 2020). Other stakeholders (such
as, consumers) may also be mandated to fulfil their own
responsibility (for example, returning waste products to
authorised outlets) in the waste treatment process (Khetri-
wal et al., 2009).

The fourth element is the allocation of producer re-
sponsibility, which can be further divided into two sub-
categories, namely, the allocation of physical and fi-
nancial responsibilities (Gupt & Sahay, 2015; Leclerc &
Badami, 2020). The physical responsibility is referred to
as the responsibility for the collection, transport, sorting,

Policy databases: State Council,

repurposing, recycling, and disposal of waste products.
These responsibilities can be either allocated to one or
several competing Producer Responsibility Organisations,
who collectively treat the waste products, or to each indi-
vidual producer. The producers may decide to fulfil their
allocated responsibilities by themselves, or to assign all or
part of them to authorised entities (e.g., specialised battery
recyclers) (Fuminori et al., 2011; Khetriwal et al., 2009).
The financial responsibility refers to the responsibility for
financing the treatment of waste products. It can be al-
located to the producers, who may choose to pass on the
costs incurred by waste treatment to consumers through,
for example, charging waste treatment fees at the time of
purchase or when consumers return their waste prod-
ucts (Khetriwal et al., 2009). The government may also
subsidise the waste treatment process in the forms of, for
example, direct financial support, or tax benefits (OECD,
2001; Walls, 2006).

3. EPR-based policy framework for wasted EV
battery treatment in China

This section first provides a historical review of the de-
velopment of policies for supporting waste EV battery
treatment in China, and then discusses the key elements
of the EPR-based policy framework emerged from this
development. Here, particular attention is given to four
elements of this framework, namely, scope, targets for bat-
tery treatment, regulatory arrangements, and allocation of
producer responsibility, as discussed in the previous sec-
tion. The method adopted for this section is a review of re-
lated policy documents and regulatory standards obtained
from government policy databases (see Figure 1). Some
journal articles and reports are also used for augmenting
discussion in the section.

3.1. Historical development

EV battery waste treatment was not a subject matter of
priority in China until the late 2000s, as the volume of
waste batteries was almost negligible, given the country’s
very small EV fleet (about 500 battery and plug-in hybrid
EVs in 2009). The only noteworthy policies during these

Related literature

Ministry of Industry and = - Policy documents
Information Technology, and obtained ” - Regulatory standards
Standardisation Administration from - Industry codes

—

— Scope
- Targets

Key elements of the policy framework

- Regulatory arrangements
— Allocation of producer responsibility

Figure 1. Method for conducting the policy review
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years were the introduction of various industry standards
and codes, focused on reducing human and environmen-
tal exposure to toxic chemicals during the manufacturing
process for mobility lithium-ion batteries, and on ensur-
ing the safety of battery transportation (Zeng et al., 2015).

The early 2010s witnessed higher priority being at-
tached to transport electrification in China, as indicated
by the implementation of a range of monetary (e.g., fi-
nancial subsidies, and tax exemptions) and non-monetary
(such as, traffic and vehicle ownership control exemp-
tions) incentives for promoting the uptake of electric
vehicles (Li et al., 2018). Prompted by these incentives,
the country’s EV stock (including both battery and plug-
in hybrid EVs) expanded at a rapid pace over the period
2010-2019, from about 1,900 in 2010, to over 3 million in
2019 (IEA, 2020a).

In anticipation of the impending challenge of treat-
ing waste batteries from a rapidly expanding EV fleet, the
Chinese government introduced several policies to pro-
mote the treatment of waste EV batteries. For example,
in 2012, the State Council released the Notice of the State
Council on Issuing the Planning for the Development of
the Energy-Saving and New Energy Automobile Industry
(2012-2020), with particular emphasis on providing the
overall guidance and direction for the development of EV
industry. Regarding EV batteries, such emphasis envisions
the establishment of a sound system for treating waste EV
batteries, the development of effective technical standards

and management rules for regulating this system, and the
effective enforcement of these standards and rules to pre-
vent the release of toxic materials into the environment
(State Council, 2012).

The commitment to promote the treatment of waste
EV batteries was re-affirmed by the release of the Guid-
ing Opinions of the General Office of the State Council on
Accelerating Promoting and Application of New-Energy Au-
tomobiles in 2014, which highlights the need to identify ef-
fective methods (e.g., up-front deposit payment refunded
upon the return of waste batteries) for promoting waste
EV battery collection, and to establish a sound system
for recycling and reusing waste batteries from EVs (State
Council, 2014). Later in 2016, the National Development
and Reform Commission [NDRC] and four other cen-
tral departments and administrations jointly released the
Electric Vehicle Battery Recycling Technology Policy, which
specifies the development direction of various aspects (i.e.,
design, manufacturing, collection, stockpiling, sorting,
transportation, recycling, and reuse) of waste EV battery
treatment, and requires EV and battery manufacturers to
be responsible for treating waste EV batteries, based on
the concept of Extended Producer Responsibility (EPR)
(NDRGC, 2016).

In order to implement the above-noted policies, a range
of national standards and codes have been introduced
over the period 2015-2020, for regulating various aspects
(for example, safety, testing, recycling, reuse, and disposal)

Table 2. Industry standards and codes for waste EV battery treatment (source: Standardisation Administration of China 2020)

Issuing Time Standards and Codes Issuer
Feb 2015 Zinc-air batteries for electric road vehicle: GB/T 1833.2-2015 SAC
May 2015 Lithium-ion traction battery pack and system for electric vehicles SAC
Part 1: Test specification for high power applications, GB/T 31467.1-2015
Part 2: Test specification for high energy applications, GB/T 31467.2-2015
Part 3: Safety requirements and test methods, GB/T 31467.3-2015
May 2015 Life cycle requirements and test methods for traction battery of electric vehicle: GB/T 31484-2015 | SAC
May 2015 Safety requirements and test methods for traction battery of electric vehicle: GB/T 1485-2015 SAC
May 2015 Electrical performance requirements and test methods for traction battery of electric vehicle: SAC
GB/T 31486-2015
May 2017 Aluminium and aluminium alloys plates, sheets, and strips for cans and caps of new energy power | SAC
batteries: GB/T 33824-2017
May 2017 Recycling of traction battery used in electric vehicle - Dismantling specification: GB/T 33598.2- | SAC, GAQSIQ
2017
July 2017 Coding regulation for automotive traction battery: GB/T 34014-2017 SAC, GAQSIQ
July 2017 Dimension of traction battery for electric vehicles: GB/T 4013-2017 SAC, GAQSIQ
July 2017 Recycling of traction battery used in electric vehicle - Test of residual capacity: GB/T 34015-2017 | SAC, GAQSIQ
March 2020 | Technical specifications of battery management system for electric vehicles: GB/T 38661-2020 SAC, SAMR
March 2020 | Recycling of traction battery used in electric vehicle SAC, SAMR
Part 1: Packing and transporting, GB/T 38698.1-2020
Part 2: Materials recycling requirements, GB/T 33598.2-2020
March 2020 | Recycling of traction battery used in electric vehicle — Echelon use Part 2: Removing SAC, SAMR
requirements, GB/T 34015.2-2020
May 2020 Electric vehicles traction battery safety requirements: GB 38031-2020 SAC, SAMR

Notes: SAC - Standardisation Administration of China; GAQSIQ - The General Administration of Quality Supervision, Inspection
and Quarantine; SAMR - State Administration for Market Regulation.
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of waste battery treatment (see Table 2 for details). These
standards and codes can be either mandatory (GB) or vol-
untary (GB/T). According to the Standardisation Law of
the People’s Republic of China, mandatory standards are
technical requirements designed for “safeguarding human
health and the safety of the person, state security, ecologi-
cal environment security, and meeting fundamental needs
of social and economic administration” (Article 9), and
voluntary standards are technical requirements “necessary
for supporting mandatory standards, and leading the rel-
evant industries” (Article 10).

The Interim Measures for the Management of Recycling
and Utilisation of Power Batteries of New Energy Vehicles
(thereafter, the Interim Measures), endorsed in 2018, fur-
ther consolidates existing policies and regulations for EV
battery waste treatment, and provides an overall policy
framework for promoting EV battery waste treatment,
compatible with the country’s aspiration for transport
electrification. Key aspects of the Interim Measures are:
1) EV makers are made responsible for EV battery waste
treatment, based on the EPR concept; 2) battery manufac-
turers are encouraged to design batteries in ways that are
easy to disassemble, and they are also mandated to provide
technical details required for the end-of-life battery treat-
ment to EV makers; 3) cascaded application of waste EV
batteries are encouraged; and 4) the Ministry of Industry
and Information Technology [MIIT] and other relevant
departments are made responsible for further progress-
ing the standardisation of waste battery treatment, and for
implementing an information system for regulating this
process (MIIT, 2018c).

For implementing the Interim Measures, the MIIT
and other six central ministries and commissions joint-
ly announced in 2018 the pilot programs for promoting
the recycling and reuse of waste EV batteries in Beijing-
Tianjin-Hebei, Yangtze River Delta, Pearl River Delta, and
Central regions (MIIT, 2018b). A traceability management
system also became operational in the year, wherein in-
formation for each EV battery is recorded and updated
by all relevant stakeholders (e.g., battery manufacturers,
EV makers, car dealers, reuse companies, and recyclers).
The implementation of this system is aimed at collecting
information of EV batteries, covering their entire lifecycle,
from manufacturing through to sales, use, dismantling,
recycling/reuse, and disposal, for the regulation of waste
battery treatment (MIIT, 2018a).

3.2. Key elements of the policy framework

As discussed above, the need for EV battery waste treat-
ment was not felt in China until the late 2000s, as the
numbers of waste batteries from a very small EV fleet
were almost negligible. The situation began to change in
the early-to-mid 2010s, as a rapid uptake of EVs, fuelled
by a range of monetary and non-monetary incentives,
promoted the national policy makers to consider ways of
redressing the waste-treatment issue posed by a rapidly

growing EV fleet. This resulted in the introduction of sev-
eral policies for promoting EV battery waste treatment. Re-
cent years also witnessed some efforts to consolidate these
policies, with a view to provide an overall framework for
promoting and managing EV battery waste treatment. This
framework is largely devised based on the EPR concept, and
the onus is placed on EV makers to facilitate battery waste
treatment. Key elements of this framework are presented in
Table 3, and further details are provided below.

Scope and targets: The EPR-based framework cur-
rently covers waste mobility batteries from all “new en-
ergy vehicles” including plug-in hybrid electric vehicles
(PHEVs), and battery electric vehicles (BEVs) (MIIT,
2020). It also sets out targets for the treatment of waste EV
batteries regarding material recovery, for each individual
battery recycler. These targets are set at 98% for nickel,
cobalt, and manganese, 85% for lithium-ion, and 97% for
rare earth elements and other metals (MIIT, 2019b).

Regulatory arrangements: A range of national and
industry standards has been introduced to regulate vari-
ous aspects (e.g., technical, safety and environmental) of
the process of EV battery waste treatment (see Table 2
for details). Their administration and enforcement is a
shared responsibility between several central (e.g., MIIT,
and SAMR) and local agencies, whose scope of authority
is not explicitly defined. For example, as stipulated in the
Interim Measures, the MIIT and the General Administra-
tion of Quality Supervision, Inspection and Quarantine
(GAQSIQ, now part of the SAMR) are responsible for de-
veloping a traceability management system for waste EV
batteries, and for establishing, together with the Ministry
of Ecology and Environment, the Ministry of Transport,
the Ministry of Commerce, and other relevant depart-
ments, an information sharing mechanism, to ensure ef-
fective management of mobility batteries over their entire
life cycle (MIIT, 2018c¢). There is no clear definition of the
scope of authority among these departments in assuming
their joint responsibility nor explicit guidelines for manag-
ing inter-institutional relationships.

Allocation of producer responsibility: According
to the Interim Measures introduced in 2018, it is the re-
sponsibility of the EV makers to establish waste battery
collection outlets and to transport collected batteries to
relevant companies for treatment (MIIT, 2018c¢). Interest-
ingly though, in the Guide to the Construction and Opera-
tion of New Energy Vehicle Power Battery Recycling Service
Outlets introduced more recently, both EV makers and
cascaded application companies are made responsible for
establishing waste battery collection outlets; they can ful-
fil this responsibility by either establishing their own or
joint outlets, or assigning the task to authorised entities.
EV makers are also made responsible to work with battery
makers, recyclers, and cascaded application companies in
the repurposing, recycling, and disposal of waste batteries
used in their EVs (MIIT, 2019a). In addition, the funding
mechanisms for waste battery treatment are not explicitly
specified in the current policy framework.
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Table 3. Key elements of the policy framework
(sources: Developed by the authors based on a review of MIIT, 2018a, 2019a, 2019b, 2020)

Key features

Scope
Lead acid batteries are not included

Waste mobility batteries from New Energy Vehicles (including hybrid vehicles, and battery EVs)
Batteries scrapped after cascaded applications and during the manufacturing process are also included

Lithium-ion recovery rate: >85%
Targets

Composite recovery rate of nickel, cobalt, and manganese: >98%

Composite recovery rate of rare earth elements and other metals: >97%
Material recovery rate: 290% (using material repair technologies)

Regulatory
arrangements | MEE, and SAMR) and local agencies

National and industry standards for governing the testing, storage, transportation, recycling, repurposing, and
disposal of waste EV batteries (see Table 1 for details), implemented and enforced by a range of central (e.g., MIIT,

MIIT responsible for developing and implementing a battery traceability management system

Physical responsibility

Financial responsibility

Collection: EV makers and cascaded battery application firms

Allocati . . .

of Orcjctill?;r Treatment: EV makers are encouraged to work with battery makers, recyclers, and cascaded application companies
Procucer 1in the repurposing, recycling, and disposal of waste batteries used in their EVs

responsibility

Mechanisms for financing waste battery treatment not explicitly specified

Notes: MIIT - Ministry of Industry and Information Technology; MEE — Ministry of Ecology and Environment; SAMR - State Ad-

ministration for Market Regulation.

4, Discussion

Based on the policy review conducted in the previous sec-
tion, this section discusses some of the major shortcom-
ings of the existing policy framework for EV battery waste
treatment in China.

Lack of provisions for historical and orphan batter-
ies: It has not been specified whether historical and or-
phan batteries are included in the scope of the current
policy framework. Historical batteries refer to waste bat-
teries from EVs that have been sold prior to the imple-
mentation of the current policy framework, and orphan
batteries refer to waste batteries from EVs whose manu-
facturers have ceased to exist. Though no reliable publicly
available data on historical and orphan batteries exists in
the Chinese EV market, it can be anticipated that this is-
sue will become more pronounced in the next couple of
years. As the government has started to cut EV subsidies
since 2017, many EV makers (especially some loss-mak-
ing EV start-ups) have struggled to survive in the face of
intensifying competition (Cui, 2017; Hancock, 2019). As
a result, Chinas EV sales recorded its first-ever annual
decline to 1.1 million units in 2019, down 6% compared
to the year prior (IEA, 2020a). The situation has become
even worse this year, as the lockdown measures, though
successfully getting the Covid-19 outbreak under control
rapidly, have also significantly affected EV sales. It is re-
ported that many EV makers have been struggling to keep
afloat with substantial drops in their car sales (Udemans &
Shen, 2020). If some of these EV makers enter bankruptcy,
their EVs and batteries will become orphan products.

No target on battery collection: The current policy
framework, as discussed in the previous section, only sets
targets for material recovery from waste EV batteries.
There is no target for the overall collection of waste bat-
teries. This target is however important especially if one

notes the current underdeveloped state of battery treat-
ment capacity in China. This, together with the signifi-
cant technological immaturity of battery waste treatment,
as discussed in section 2, means that the main policy
priority at the moment is to promote innovations in the
technology, process and practice of EV battery waste treat-
ment, and to encourage their successful industrialisation.
It is impractical to expect a large uptake of battery treat-
ment capacity in the short-run. Hence, a battery collection
target should be set to guide the gradual development of
capacity for waste battery treatment by, for example, first
requiring full collection and safe stockpiling of waste bat-
teries from EVs, and gradually increasing the treatment
rate, as the industry scales up its capacity for waste battery
treatment.

Unclear definition of the scope of authority: Ensur-
ing the treatment of waste EV batteries through qualified
channels is a difficult task in China, especially in the pres-
ence of a large informal recycling sector, as discussed in
section 2. Unqualified recyclers do not have to pay the
costs associated with complying with safety and environ-
mental regulations, and can offer EV users high bids for
their wasted batteries. Therefore, EV users are likely to be
misguided about the remaining value of their batteries,
opting to recycle them through unqualified recyclers. The
unfair competition from the informal sector can however
suppress the uptake of qualified facilities for treating waste
EV batteries. This issue has already been recognised by
the government, and a range of regulatory standards has
been introduced in the past few years to govern the pro-
cess of waste battery treatment. The actual outcome, to
a larger extent, depends on their effective administration
and enforcement, which is a shared responsibility between
several central (e.g., MIIT, and SAMR) and local agen-
cies. There is no clear definition of the scope of authority
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among these agencies nor explicit guidelines for managing
inter-institutional relationships (see section 4). This ar-
rangement may, however, lead to poor regulatory admin-
istration and enforcement. This viewpoint gets substanti-
ated by the recent EV subsidy fraud, where poor program
auditing and enforcement has been identified as the key
factor responsible for false reporting by large EV makers,
in order to receive the subsidies (Cui, 2017).

Insufficient regulatory requirements for data audit-
ing and verification: For a policy to deliver its expected
outcomes, effective data collection and audit is required,
because this will enable the assessment of the progress
of the policy endeavour and issues that may affect its ef-
fectiveness. In the context of EV battery treatment, the
MIIT has launched a traceability management system in
2018, wherein information for each battery is recorded
and updated by all relevant stakeholders (e.g., battery
manufacturers, EV makers, car dealers, reuse companies,
and recyclers), aimed at collecting data and information
regarding the entire life cycle of EV batteries from produc-
tion to disposal (see section 4). The implementation of this
system is governed by the Interim Measures for the Trace-
ability Administration of Recycling Traction Batteries of
New Energy Vehicles, where there is no clear requirement
for data auditing and verification (MIIT, 2018a). This sys-
tem just became operational recently, and there is a lack
of reliable data and information in the public domain that
can be used to examine its data quality. Despite this, it is
still reasonable to argue that the absence of clear require-
ments for data auditing and verification is a loophole and
can undermine the overall effectiveness of the traceability
management system.

Uncooperative stakeholders: As discussed in the pre-
vious section, the existing policy framework for waste EV
battery treatment is devised based on the EPR concept,
and the onus is placed on EV makers to facilitate waste
battery treatment by, for example, establishing service out-
lets through which waste batteries can be collected, sorted,
and transported to specialist recyclers or repurposers. To
fulfil their responsibility, EV makers need to work closely
with other relevant stakeholders (e.g., users, transporters,
recyclers, battery manufacturers, re-purposed battery us-
ers, and government) involved in the process of the col-
lection, testing, sorting, transportation, recycling, repur-
posing, and disposal of waste batteries. It is sometimes
challenging for EV makers to ensure the cooperation of
relevant stakeholders. For example, several studies point-
ed out that while some kinds of reward-penalty mecha-
nisms are put in place to encourage consumer participa-
tion in waste battery treatment (Tang et al., 2018; Viscusi
et al., 2011), these mechanisms are difficult to enforce.
This difficulty gets substantiated if one notes the lack of
consumer willingness to treat their waste EV batteries
through qualified recyclers in China, despite the inclu-
sion of a take-back clause in their EV purchase agree-
ments that require them to treat waste batteries through
qualified channels.

No explicit specification on financing mechanisms:
Incentives for EV battery recycling and repurposing have
been limited, due to factors, such as, significant techno-
logical immaturity, small market for reused batteries with
falling cost of new batteries and high cost of battery re-
furbishment, and poor economic viability for recycling,
caused by low collection volume of waste batteries, high
cost of existing technologies, low content of valuable ma-
terials in some batteries, significant volatility of material
(e.g., cobalt, and lithium) prices, and excessive recycling
capacity (see details in section 2). This means that some
mechanisms are required for subsidising the development
of EV battery waste treatment. This involves the setting
up of treatment fees collected from EV users to cover the
gap between the total system cost and the total recovered
value from the waste batteries. These fees can be collected
at the time of purchase or when EV users return their bat-
teries for treatment. The government may also decide to
subsidise the battery treatment process in the forms of,
for example, direct financial support, or tax benefits. The
financing mechanisms are however not explicitly speci-
fied in the current policy framework, and it is left to the
EV makers to decide on their own financing mechanisms
for waste battery treatment. Ineffective cost recovery may
lead to additional financial burden on EV makers, who are
currently struggling to keep afloat given recent substantial
declines in their vehicle sales.

Conclusions and policy suggestions

As discussed in this paper, an EPR-based policy frame-
work has been put in place by the Chinese government for
redressing the impending challenge of a large and growing
volume of battery waste from EVs. This framework places
the responsibility of facilitating waste battery treatment on
EV makers, with a view to internalise the costs of waste
battery treatment into their decision-making, thus provid-
ing them with a better incentive to design electric vehicles
and batteries in ways that could reduce the cost of wasted
battery treatment. While a very significant step forward,
this policy framework still suffers from several major
shortcomings: 1) no provisions for historical and orphan
batteries in the policy framework, indicating a major gap
in the coverage of waste batteries; 2) no target on battery
collection; 3) no clear definition of the scope of authority
among various central and local agencies involved in the
administration and enforcement of regulatory standards
on battery treatment nor explicit guidelines for managing
inter-institutional relationships; 4) a lack of clear require-
ments and provisions for data auditing and verification
for tracking the entire life cycle of EV batteries; 5) limited
consideration of the challenges to ensure cooperation of
all relevant stakeholders in the waste battery treatment
process; and 6) no explicit specification of the mechanisms
for financing waste battery treatment.

Accordingly, this paper suggests that redressing the
impending challenge of waste EV batteries in China will
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hinge upon some significant improvements or adjust-
ments of the existing EPR-based policy framework such
as the following. Historical and orphan batteries should
be included in the scope of the policy framework. Other-
wise, they may be recycled through unqualified channels,
or even end up in landfill, posing potential environmen-
tal and safety risks. In practice, however, the inclusion of
them will be hugely problematic, especially in regard to
who will be responsible for treating them. The government
may consider assigning this responsibility to a collective
producer organisation or a few select individual produc-
ers. The government should also cover the total costs as-
sociated with the treatment of these batteries through, for
example, tax levies on all EV users. Competitive bidding
may also be considered for the treatment of these batter-
ies, to reduce the treatment costs.

A target should be set on waste battery collection, to
ensure full collection and safe stockpiling of waste batter-
ies from EVss, especially in the backdrop of the current un-
derdeveloped state of battery treatment capacity in China,
which is unlikely to be improved in the near future, due
mainly to the technological immaturity of battery waste
treatment, as discussed in section 2. This target can be
intended at the national level, leaving more freedom for
the industry to choose where to concentrate efforts, or at
the provincial or local level.

The government may consider strengthening the cur-
rent regulatory arrangements for the treatment of waste
EV batteries by, for example, clearly defining the scope
of authority among various central and local agencies in
the regulatory process, introducing some mechanisms for
managing inter-institutional relationships, and making
clear requirements and provisions for data auditing and
verification. The government may also consider making a
clear and fair allocation of responsibilities among all rel-
evant stakeholders, and introducing some reward-penalty
mechanisms, in order to ensure their cooperation in the
process of waste battery treatment. In order to ensure the
financially viability of waste battery treatment, and to pre-
vent placing too much financial burden on EV makers, the
government may also like to consider providing clearer
specifications on the financing mechanisms, especially in
case the total value recovered from waste batteries is insuf-
ficient to cover the total costs of their treatment.

Further, given the real-world complexity and uncer-
tainty common to nearly all policy spheres, this paper
suggests that the development of policies for supporting
the treatment of waste EV batteries should be an iterative
process, wherein the policy outcomes are evaluated and
re-evaluated, in order to identify issues emerging over the
course of policy implementation as well as ways to redress
them. The MIIT - the apex body for policy formulation
and decision-making in the area of transport electrifica-
tion — should assume such a responsibility. A task force,
chaired by MIIT, should be established, with membership
from all actors involved in the treatment of waste EV bat-
teries. This task force will be empowered to periodically
review the battery treatment policies, and advise the MIIT

on the need for revisiting their specific elements.

The analysis conducted in this paper is qualitative in
nature. This analysis is useful, due to its ability to identify
some of the key shortcomings of the existing policy frame-
work for supporting the treatment of waste EV batteries in
China. The usefulness of this analysis can be augmented if
some quantitative analysis can also be undertaken to lend
credence to the insights gained from it, not just confined
to select examples or historical events. It is however dif-
ficult to undertake such an analysis, due to the limited
availability of reliable data and information in the public
domain required for quantitatively assessing the effective-
ness of waste EV battery treatment policies. This is prob-
ably because of the newness of the issue of waste batteries
in the context of EV industry. It would be highly beneficial
if a system of data collection could be established to en-
able future quantitative analysis to be undertaken on the
issue of waste EV battery treatment.
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