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ABSTRACT
An increase in the number of electric vehicle (EV) waste batteries has driven the growth of the waste battery market. In the EV battery industry, 
South Korea has demonstrated excellent output in battery production but poor output in waste battery reuse and recycling. To determine 
appropriate waste battery use, primary governance actors should establish their role and lead the early stage of the industrial ecosystem. Herein, 
we elucidated the appropriate role of each circular governance actor in EV waste batteries using the South Korean case. We used the analytic 
hierarchy process, a semiquantitative method, and included 37 circular economy experts. For the first class, the firm is the most important 
actor in the circular governance of waste batteries, with a weight of 0.404, followed by the central (0.375) and local (0.221) governments. For 
the second class, the reuse industry (0.167) requires more attention than the recycling industry (0.133). Because many countries worldwide 
interested in the waste battery market have yet to begin the implementation stage, analyzing South Korea’s case can offer practical insights 
for countries aiming to expand their waste battery market with a clear policy orientation towards carbon neutrality or net-zero emissions and 
strong policy actor leadership.
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1. Introduction

The escalation of the global climate crisis and implementation 
of carbon neutral policies have accelerated the transition to new 
and renewable energy sources, thereby increasing the supply of 
electric vehicles (EVs) [1, 2]. Recently, owing to the rapid transition 
to EVs, EV waste battery treatment has emerged as a critical public 
policy issue [3, 4]. Providing waste batteries, a second life could 
be beneficial for the environment and economy [5]. However, to 
date, environmental and transport policies have not prioritized 
value creation from EV lithium-ion battery (LIB) waste; therefore, 
the circular economy remains unachieved. This failure is primarily 
attributable to uncertain governance. Therefore, concrete gover-
nance is warranted in EV waste battery policies.

First, owing to the absence of proper management, an increase 
in the number of EV waste batteries [6] has raised concerns [7-9]. 
Despite the rapid growth of the EV battery market, policies directed 
toward their treatment are lacking. Second, waste battery policies 
can be a new driver for the economic growth of the nation. A 
sudden increase in the cost of raw materials for secondary batteries 
used in EVs has been stimulating the waste battery market [10, 
11]. For example, in the global market, the average price of lithium, 
a major raw material for secondary batteries, has increased by 
410% in 2022 compared with 2020 [12]. Furthermore, there has 
been an increase in the supply prices of cobalt and nickel [12]. 
Third, fierce competition to secure supply chains has triggered 
the waste battery market. Competition has been intensifying owing 
to the entry of new European companies, including Northvolt. 
Notably, the growing demand for producers to internalize battery 
production has facilitated the growth of the waste battery market.

The key drivers in the battery industry include structured coop-
eration among the government, companies, and stakeholders and 
a strong policy [13, 14]. This has been proven by the industrial 
models of China and Japan. However, the experience of South 
Korea in the EV battery industry has been like a double-edged 
sword: an excellent output in battery production but poor output 
in waste battery reuse and recycling. Therefore, infrastructural 
and societal needs for waste batteries have been established in 
South Korea; however, institutions and governance systems fail 
to meet these demands.

As South Korea is a leading country in EV technology, case 
studies concerning EV waste batteries from South Korea are emerg-
ing in international journals. Choi and Rhee [15] explained the 
recycling management and technology of end-of-life EV batteries 
in Korea. In addition, Chen et al. [16] compared next-generation 
vehicles in China, Japan, and South Korea and suggested devel-
opmental strategies and policy trends for vehicle batteries. 
Furthermore, Herrador et al. [17] compared circular economy poli-
cies on battery issues in Korea and Japan. However, these recent 
studies have failed to apply proper methodologies and have relied 
on reviews. In addition, previous studies have only explained 
Korean policies in general and not focused on governance systems. 
Therefore, we aimed to overcome the methodological limitations 
of previous studies by including an actual survey, i.e., the analytic 
hierarchy process (AHP), for policy experts in South Korea. Our 
primary objective was to determine which actor’s role should be 
prioritized in waste battery governance, ultimately facilitating the 
circular economy. Because many countries interested in the waste 
battery market are not yet in the implementation stage, analyzing 
South Korea’s situation can offer practical insights for countries 
aiming to expand their waste battery market with a clear policy 
orientation towards carbon neutrality or net-zero emissions and 
strong leadership of policy actors.

2. EV Waste Battery Policies in the European 

Union, Japan, China, and Korea

After the adoption of the Paris Climate Agreement in 2015, the 
supply of EVs has expanded and is expected to continue increasing. 
Although Asian countries such as China, Japan, and South Korea 
dominate the market and revenue share (Fig. 1), the European 
Union (EU) has implemented the leading institutions and legal 
frameworks [18, 19].

In the EU, it is expected that by the year 2040, 70% of the 
vehicles sold will be EVs because economic feasibility will improve 
with the development of EV manufacturing technology, resulting 
in regulations on fossil fuel vehicles. Furthermore, the recent EU 
battery and waste battery regulation (draft) law, which will revise 

Fig. 1. Battery and battery recycling market.
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the battery directive, has stated that an increase in battery usage 
will be a major factor influencing the transition to a climate neutral 
economy. Notably, the manufacture of new batteries may decrease 
owing to the increased use of recycled batteries, thereby decreasing 
the use of natural raw materials.

The Japanese government has predicted that by the year 2050, 
>500,000 EVs will be supplied as next-generation vehicles, with 
the generation of batteries after their use. Notably, Nissan Motor 
and Sumitomo Shoji established “Fore Energy Company” in 
September 2010 to review the reuse business of lithium-ion battery 
separators in EVs supplying electricity. In addition, “Vehicle to 
Home,” a conceptual diagram of the solution, aims to use the 
large-capacity batteries of EVs as a power supply device.

China has the world’s largest EV market share [20], and the 
Chinese government has presented a roadmap to supply 5 million 
new EVs by 2020. Furthermore, it has been promoting support 
policies, including vehicle purchase subsidies and exemption from 
acquisition tax [21]. The Chinese government has also implemented 
regulations to strengthen the management of the recycling of new 
energy vehicle batteries, standardize industrial development, pro-
tect the environment and human health, ensure safety, and promote 
comprehensive resource utilization and the development of the 
new EV industry. However, studies on the recycling of EV batteries 
are lacking [22].

In South Korea, 25,593 EVs were distributed (cumulative) in 
2017, representing an average annual growth rate of approximately 
85% (2011–2017). In addition, based on the fine dust management 
plan in Korea, the South Korean government planned to supply 
350,000 EVs by 2022. Furthermore, the South Korean EV battery 
market is expected to grow to 1,243 GWh by 2025, with an annual 
average growth rate of 46.7%. Notably, EV batteries are generally 
discarded after 5–10 years of use, and the initial EV market was 

established in 2011; therefore, the number of waste batteries may 
increase after 2020 [23].

3. Recycling and Reuse of Waste Battery

The EV waste battery business is divided into recycling and reuse 
methods (Table 1). Notably, EV batteries can no longer be used 
if their charging decreases to <70% of the initial capacity owing 
to decreased mileage and charging/discharging speed due to the 
operational reasons. Therefore, batteries with a charging capacity 
of 70% are warranted for replacement, necessitating recycling and 
reuse.

The recycling method involves disassembling the batteries and 
extracting and recycling their core materials, including cobalt and 
lithium. Therefore, facilities such as a waste battery discharge 
system are required for the recycling industry. Furthermore, it 
is important to secure process technologies that can minimize 
constituent materials. Recycling waste batteries can replace the 
import of raw materials and decrease costs associated with battery 
raw materials. Companies such as Belgium’s Umicore, which spe-
cializes in battery recycling, are successful business models [12].

In the reuse method, the condition of waste batteries is first 
evaluated, followed by changing them to energy storage systems 
(ESS) and uninterruptible power systems. Notably, domestic and 
foreign automakers are actively researching and developing new 
reuse methods. The reuse industry requires facilities to diagnose 
and analyze the remaining performance of waste batteries. 
Furthermore, technical expertise in ESS manufacturing and oper-
ation is warranted. Reusing waste batteries as ESS may establish 
new economic value. Although a successful model for the com-
mercialization of ESS remains undeveloped, vehicle manu-

Table 1. Comparison of the recycling and reuse of waste batteries [12]

Recycling of waste batteries Reuse of waste batteries

Definition After disassembling the waste batteries at the cell 
level, the rare metals are extracted and recycled

Using waste batteries at the module or pack level 
as an energy storage system (ESS)1 or uninterruptible 
power supply (UPS)2 

Main target batteries Small waste batteries from IT instruments Medium- or large-sized batteries such as electric 
vehicle batteries

Necessary facilities and 
requirements

A waste battery discharge system is warranted.
Secure technologies for recovering the structure 
materials are needed.

A waste battery diagnostic and analysis facility are 
warranted. 
Possessing expertise in ESS manufacturing and 
operation is an advantage.

Expected effects Saving raw material expenses owing to the 
replacement of raw material import.
For recycling 24 kWh NCM3 battery packs, sales 
of $600–$900 per pack are expected from selling 
metals. 

Because modules and cells need not be disassembled, 
the disassembly process is safe, without much 
additional expenses.

Business model Companies specializing in waste battery recycling, 
including Umicore in Belgium or SungEel HiTech 
in Korea, are doing business.

Examined as a new business model by automakers 
and battery makers.

Note 1: A system that saves electric power in storage devices and supplies the electric power when needed later.
Note 2: A facility that supplies emergency power at the time of power failure.
Note 3: A ternary battery that uses nickel, cobalt, and manganese as cathode materials.
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facturers are reviewing it as a new business model owing to 
its potential [12].

4. South Korean Electric Vehicle Waste Battery 

Governance and the Role of Actors

Governance in public policy can be defined as the process of 
decision-making by core policy actors [24-26]. Notably, policies 
are an outcome of interactions among policy actors; therefore, 
identifying the core actors and their roles has been the primary 
concerns of studies on energy and environmental policies [27-31].

Fig. 2 demonstrates that the primary policy actors in the domestic 
waste battery circulation system are the central government, parlia-
ment, corporations, and local governments. In addition, vehicle 
owners and automobile environmental associations play vital roles. 
First, the central government or parliament supports legal systems 
related to battery reuse and recycling. Next, the waste batteries 
are segregated at the company level, and the local government 
collects and stores returned waste batteries. Thereafter, the central 
government evaluates and classifies the performance of the stored 
waste batteries. Subsequently, the Automobile Environmental 
Association sells the waste batteries to companies for recycling 
or reusing as ESS. Furthermore, the companies develop business 
models and strengthen research and development (R&D) in the 
reuse and recycling processes. Lastly, the central government 
strengthens macroenvironmental regulations related to the circular 
economy and influences the entire cycle of waste batteries.

5. Materials and Methods

5.1. Research Models and Methods

In the present study, expert opinion regarding domestic EV battery 
waste policy was gathered to establish a governance system to 

promote the resource circulation of EV waste batteries. Thereafter, 
AHP was implemented to determine the issues that should be 
prioritized in establishing governance. AHP, proposed by Saaty 
[32], facilitates effective decision-making by systematically ranking 
several alternative or multi-criteria elements and comparing and 
analyzing their weights [32, 33]. It is a decision-making method 
that systematically evaluates mutually exclusive alternatives to 
derive priorities [34, 35]. This method is based on the principle 
that when a problem is complex and has multiple evaluation cri-
teria, the human brain uses a stepwise or hierarchical analysis 
process for decision-making [36]. This methodology has several 
advantages because it can help simply and quantitatively represent 
an otherwise unquantifiable human judgment [36, 37]. 
Furthermore, AHP is useful for generating quantitative results by 
measuring relative importance or preference on a ratio scale [38]. 
This method is widely used in environmental policy studies to 
help prioritize integrated policies [34-42]. Because we aimed to 
identify the actors that play the most important role in waste 
battery governance, AHP is the most appropriate methodology.

In AHP, issues are structured and hierarchically decomposed 
[43, 44]. Accordingly, structuring was performed by dividing the 
parties involved into the central government, local government, 
and enterprise based on who will play a major role in establishing 
governance to promote the resource circulation of EV waste 
batteries. Hierarchical decomposition comprised the essential roles 
each participant may play. Using this model, a desirable role was 
determined for policy actors in the future, including strategies 
for developing related policies. Fig. 3 presents the resulting AHP 
model.

In the AHP model used in this study, the first layer represented 
policy actors, comprising corporations, central governments, and 
local governments. The second layer described the role of each 
policy actor, which is as follows: corporations are mostly respon-
sible for developing a reuse and recycling business model and 
improving R&D; the central government establishes and supports 
micro-laws and systems, strengthens macroenvironmental regu-

Fig. 2. Role structure of different actors in the resource circulation of domestic electric vehicle waste batteries.
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lations, and evaluates performance; and local governments manage 
and supervise waste battery collection and storage and link the 
reuse and recycle of waste batteries. The priorities of these roles 
were analyzed using pairwise comparisons for each item.

5.2. Research Questions

To achieve the objectives of the present study, the main research 
questions comprised the weight of each actor’s role: firms, central 
government, and local government. The actual questionnaires are 
indicated in the supplementary materials (Fig. S1).

Question 1. Whose role should be prioritized in the circular 
governance of waste batteries?

Three expert groups were analyzed in this study: public, academ-
ic, and private (corporations and associations) sectors. The experts’ 
opinions on which policy actors’ roles should be emphasized the 
most in governance to promote the resource circulation of EV 
waste batteries and whether each expert group emphasizes different 
policy actors or roles were examined. Accordingly, the following 
questions were proposed:

Question 2-1. Expert groups (public/academic/private) will have 
different opinions on which role criterion of the firm is the most 
important.

Question 2-2. Expert groups (public/academic/private) will have 
different opinions on which role criterion of the central government 
is the most important.

Questions 2-3. Expert groups (public/academic/private) will 
have different opinions on which role criterion of the local govern-
ment is the most important.

We verified these questions by conducting an AHP survey in 
the three expert groups. Thereafter, the differences in responses 
among the groups were compared and analyzed. Lastly, the re-
sponse results of the entire expert group were analyzed to determine 
the priorities of the factors optimal for the governance of the re-
source circulation of waste batteries.

5.3. Data Collection and Analysis

This study aimed to determine the priorities for the roles necessary 
for establishing governance to promote the resource circulation 
of EV waste batteries using the AHP method. Based on the study 

hypotheses, the expert group was classified into three sectors: 
public, academic (research institutions and universities), and pri-
vate (corporations and associations). These groups were asked 
to fill out a questionnaire, followed by analysis of the results. 
Direct surveys, a primary data collection method, were completed 
by 10 public, 15 academic, and 12 private sector respondents. 
Furthermore, the data comprised public sector surveys of in-
dividuals working at central ministries, local governments, and 
public institutions; academic surveys of individuals employed at 
government-funded research institutes and universities (professors 
of related majors); and private sector surveys of individuals at 
companies, corporations, associations, and cooperatives.

Data collection was performed between September 6 and October 
13, 2022. Overall, 37 experts on EV waste batteries participated 
in this study. Because quantitative and qualitative factors can 
be integrated based on the characteristics of AHP analysis, the 
questionnaire was organized such that both factors were considered 
[33] and sought to obtain a relevant expert opinion. Therefore, 
the AHP method was used as a qualitative research method, and 
expert opinions were supplemented as a quantitative research 
method.

Based on the AHP method proposed by Saaty [32], items of 
pairwise comparison become appropriate for human perception 
when they comprise two or three hierarchical layers that can be 
compared and answered. In this stratified comparison, the views 
of the decision-makers were considered reasonably integrated. As 
previously demonstrated in Figure 3, this study comprised two 
hierarchies—the actors and their roles—required in developing 
a model for the resource circulation of EV waste batteries.

6. Results and Discussion

6.1. Demographic Characteristics of the Study Sample

The AHP sample was classified into three groups based on the 
affiliated institutions of each expert: public, academic, and private. 
Table 2 presents the demographic characteristics of the study 
sample. In total, 37 respondents (32 males, 86.5%; 5 females, 13.5%) 

Fig. 3. Analytic hierarchy process (AHP) model of the circular governance of waste batteries.
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participated in this survey, with a disproportionate number of 
male respondents. Four individuals were in their 30s (10.8%), 
14 were in their 40s (37.8%), 13 were in their 50s (35.1%), and 
6 were ≥60 (16.2%); therefore, the majority of the sample comprised 
individuals in their 40s and 50s. The working years of the in-
dividuals were as follows: 1 to <5 years: 2 respondents (5.4%); 

5 to <10 years: 8 respondents (21.6%); 10 to <15 years: 8 re-
spondents (21.6%); and >15 years: 19 respondents (51.4%); there-
fore, the group with working years of >15 years had the largest 
proportion. Organizational types were classified into the public, 
academic, and private sectors based on the affiliated organizations 
of the respondents; >10 individuals under each type participated 

Table 2. Demographic characteristics of the analytic hierarchy process sample

No. Affiliation Working periods (years) Ages (years) Sex Sector

1 National Assembly ~15s 50s Female PUBLIC

2 Korea Environment Corporation ~10s 50s Male

3 Korea Environment Corporation ~10s 40s Male

4 Korea Evaluation Institute of Industrial Technology ~10s 30s Male

5 Ministry of Trade, Industry and Energy 10–15s 40s Male

6 Ministry of Trade, Industry and Energy 10–15s 40s Male

7 Ministry of Trade, Industry and Energy ~15s 40s Male

8 Ministry of Environment ~15s 40s Male

9 Local Government ~30s 50s Male

10 Korea Productivity Center 10–15s 40s Male

11 Korea Institute of Industrial Technology ~10s 30s Female ACADEMIA

12 Korea Environment Institute 10–15s 40s Female

13 Korea Electrotechnology Research Institute ~15s 50s Male

14 Korea Institute of Geoscience and Mineral Resources ~10s 30s Female

15 Korea Institute of Geoscience and Mineral Resources ~10s 30s Male

16 Korea Transport Institute ~15s 50s Male

17 Korea Institute of Science and Technology ~15s 40s Male

18 Korea Institute of Science and Technology 10–15s 40s Male

19 Korea Institute of Science and Technology 10–15s 40s Male

20 Korea Institute of Civil Engineering and Building 
Technology

~30s 60s Male

21 University ~15s 50s Male

22 University ~15s 40s Female

23 University ~15s 60s Male

24 University ~15s 60s Male

25 University ~15s 60s Male

26 Korea ESS Industry Development Association ~15s 50s Male PRIVATE

27 Korea Battery Industry Association ~10s 50s Male

28 Korea Electric Vehicle Association ~10s 50s Male

29 Korea Automotive Recyclers Association 10–15s 50s Male

30 Korea Electronics Recycling Cooperative ~15s 50s Male

31 Corporation ~10s 50s Male

32 Corporation ~10s 40s Male

33 Corporation ~15s 40s Male

34 Corporation ~15s 50s Male

35 Corporation 10–15s 40s Male

36 Corporation ~15s 60s Male

37 Corporation ~30s 60s Male
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in the survey.

6.2. Confirmation of the Results and Analysis of the First 
Class

In the AHP model, the geometric mean was calculated after coding 
the collected questionnaires as primary data. Priority was eluci-
dated using the Expert Choice 11.5 program. The reliability of 
the AHP model was verified using the consistency index (CI), 
with a value of ≤0.10 indicating good reliability [32]. The CI formula 
is as follows:

CI = (λ_max∙n)/(n − 1) (1)

Notably, most items verified in this study had values of <0.10, 
confirming their reliability. Furthermore, the CI was ≥0.10 when 
the group was separately analyzed, excluding the questions for 
public sector experts regarding the priority of the roles of the 
local governments; however, it was within the generally accepted 
range of 0.1‒0.15 [32, 34, 35].

The results of the AHP analysis on the importance of the roles 
for the governance of the resource circulation of EV waste batteries 
revealed that priorities were in the following order: corporate 
(0.404), central government (0.375), and local government (0.221). 
The CI was 0.03, which is acceptable based on Saaty’s study [32]. 
Additionally, the weight difference between the role criterion of 
the corporate sector and central government was 0.03 and that 
between the role criterion of the corporate sector and local govern-
ment was 0.18; this indicates that the role of the companies is 
emphasized the most and that of the local government is less 
emphasized. A study on current EU and UK waste battery manage-
ment frameworks and policies has suggested the limitations of 
not solving technological innovations in terms of LIB recycling 
supporting the circular economy of EV batteries [45]. In this regard, 
it is possible to realize the importance of technological innovations 
in the circular economy of waste batteries and the context in 
which the role of the private sector is emphasized.

6.3. Analysis of the Second Class

Fig. 4 presents the results of the AHP analysis of the second 
class. In this figure, n1 represents the overall weight of the second 
class, including the three expert categories (public, academic, and 
private sectors). In n1, the weight of developing a reusable business 
model ranked first (0.167), followed by the establishment and 
support of micro-legislative systems (0.155); the development of 
a recycling business model ranked third (0.133). Furthermore, 
strengthening R&D ranked fourth (0.126), followed by strengthen-
ing macroenvironmental regulations (0.117) and supervising and 
managing the collection of waste batteries, which ranked sixth 
(0.091). Lastly, linking reuse and recycle waste batteries ranked 
seventh (0.086), followed by evaluating performance (0.070) and 
supervising and managing the storage of waste batteries, which 
ranked eighth and ninth, respectively.

As shown in n2, experts in the public sector, primarily public 
servants working for the ministry of the environment, the ministry 
of trade, industry, and energy, and the national assembly, presented 
the same results as n1. However, academic experts emphasized 

strengthening R&D, which was ranked third, instead of developing 
a recycling business model. However, private sector experts had 
a different priority: strengthening macroenvironmental regulations 
instead of developing a recycling business model. Based on this 
perspective, the private sector is more sensitive to government 
regulations than other sectors. Nevertheless, the sensitivity of the 
private sector to government regulations or policy measures is 
not limited to Korea and can be observed in cases of EV waste 
batteries in China and other countries [46].

6.4. Results of the Analysis of Individual Expert Groups: 
Public, Academic, and Private Sectors

The results of the priority analysis of the detailed indicators are 
as follows: Analysis of the role of the firm revealed that developing 
a reusable business model was the first priority, with a weight 
of 0.393, followed by developing a recycling business model (0.312, 
second) and strengthening R&D (0.296, third). The CI was 0.00763, 
which is acceptable. The differences in weights among the three 
indicators were not large; therefore, they were all considered 
important.

Experts in the public and private sectors shared similar weights 

Fig. 4. Comprehensive analytic hierarchy process (AHP) results. Detailed 
indicators of waste battery governance. R&D, research and 
development.
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for indicators of the role of the firm, thereby representing the 
overall ranking. However, academic experts considered developing 
a reusable business model (0.409) more vital than the public (0.388) 
and private (0.374) sector experts. Furthermore, among academic 
experts, there were different rankings for developing a recycling 
business model and strengthening R&D. The CI of the public, 
academic, and private sectors was set at 0.00001, 0.04, and 0.00029, 
respectively.

For the roles of the central government, establishing and support-
ing micro-legislative systems was the first priority, with a weight 
of 0.455, followed by strengthening macroenvironmental regu-
lations (0.341, second) and evaluating performance (0.204, third). 
The difference in weights among the three sectors was evident; 
therefore, prioritization is apparent for the role of the central 
government. The CI was 0.00111, which is acceptable. In this 
study, the micro-legislative system does not necessarily imply the 
size of the policy; rather, it implies that more detailed and precise 
regulations are warranted to promote the ecosystem of EV waste 
batteries.

All three expert groups shared the same order regarding the 
role of the central government. However, the private sector provided 
a very low weight to establishing and supporting micro-legislative 
systems (0.174). This is because the experts in the private sector, 
primarily the firm, give considerable importance to national-scale 
regulations for a greener and circular society. The CI of the public, 
academic, and private sectors was set at 0.03, 0.00235, and 0.00024, 
respectively, which are all acceptable.

Lastly, for the role of the local government, supervising and 
managing waste battery collection was the first priority, with a 
weight of 0.392, followed by linking reuse and recycle waste bat-
teries (0.372, second) and supervising and managing waste battery 
storage (0.236, third). The differences in weight between the first 
and second priorities were not large; therefore, they were consid-
ered important. The CI was set at 0.00311, which is acceptable.

All three expert groups shared the same order. The differences 
in weight were not as apparent as that for the roles of the central 
government and firm. The CI of the public, academic, and private 
sectors was set at 0.12, 0.00472, and 0.00006, respectively.

6.5. Discussion and Confirmation of the Questions & 
Limitations

Based on the results of AHP analysis, four questions were answered. 
For question 1, “Whose role should be prioritized in the circular 
governance of waste battery?,” the firm should be the most im-
portant actor, followed by the central and local governments. 
However, considering the current situation in South Korea, where 
the primary responsibility of waste batteries belongs to the local 
government, this prioritization is controversial. For example, 
Article 58(5) of the “Air Environment Protection Act” and Article 
79(4)(3) of the “Enforcement Rules of the Act” specify that owners 
of EVs who have received purchase subsidies must return the 
batteries to the governor of their local governments if they wish 
to cancel their vehicle registration for scrapping by December 
31, 2020.

EV waste batteries contain valuable rare metals and can be 
reused as energy storage devices; therefore, battery recycling and 

reuse are essential for conserving and recycling these materials 
[15]. However, it is difficult for local governments to efficiently 
perform the technology-intensive reuse and recycling of batteries. 
Based on the findings of the present study, we hypothesize that 
the powers and roles currently assigned to local governments 
should be transferred to private companies or that public–private 
partnerships (e.g., between firms and local governments and firms 
and central governments) should be reorganized to efficiently man-
age waste batteries.

Therefore, at least in the early stage of the circular ecosystem, 
waste batteries should be managed by firms and the central govern-
ment, but not the local government.

The second question (2-1), “Expert groups (public/academ-
ic/private) will have different opinions on which role criterion 
of a firm is the most important,” was confirmed via AHP analysis. 
For example, academic experts provided different ranks for devel-
oping a recycling business model and strengthening R&D. 
Furthermore, they had a long-term perspective of the circular econo-
my and prioritized R&D over the recycling business model, which 
has already been developed in the case of Korea.

The third question (2-2), “Expert groups (public/academ-
ic/private) will have different opinions on which role criterion 
of the central government is the most important,” was partially 
confirmed via AHP analysis. Although the overall ranking order 
was not different, the weighted values of private sector experts 
were visibly different from those of public and academic sector 
experts.

Lastly, the fourth question (2-3), “Expert groups (public/academ-
ic/private) will have different opinions on which role criterion 
of the local government is the most important,” was not confirmed 
via AHP analysis. Nevertheless, the overall ranking order and dis-
tribution of each weight were similar.

Nevertheless, the present study has two major limitations. First, 
because AHP analysis does not consider empirical confirmation, 
the sampling and subjectivity of the interpretation are potentially 
biased. Furthermore, sample bias should be considered. Although 
we attempted to include as many different expert groups as possible, 
the sample size may have contributed to biased results. Therefore, 
additional in-depth interviews, cost–benefit analysis, and other 
empirical evidence using a larger sample size are warranted to 
support the study results. Second, in this study, we identified 
companies, the central government, and the local government as 
the main governance actors; therefore, the importance of the roles 
of other key policy actors was not determined. For example, the 
role of citizens may be important in the advanced stage of the 
waste battery policy, which was not included in the study. 
Therefore, additional studies on the role of new actors after the 
establishment of the waste battery policy are warranted.

7. Conclusions

The EV market is rapidly growing toward green transportation 
and the global target of carbon neutrality. However, the after-effects 
of EV components, particularly waste battery treatment, remain 
unclear. To elucidate the correct use of waste batteries, the appro-
priate roles of primary governance actors should be identified 
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and they should lead to the early stage of the industrial ecosystem. 
In the present study, we determined the appropriate role of each 
circular governance actors in EV waste batteries using the case 
of South Korea. To achieve this, we performed AHP analysis, 
a semiquantitative method, of 37 experts in the circular economy. 
This study derived several insights and policy implications as 
follows.

Point 1. More authority and resources to firms and the central 
government.

First, more authority and resources should be designated to 
firms and the central government. In South Korea, the local govern-
ment is primarily responsible for waste battery management. 
However, in the early stage of the circular ecosystem of waste 
batteries, the responsibility should be given to firms (by developing 
a business model) and the central government (by reinforcing 
the detailed regulations), and not to local governments.

Point 2. Reuse industry requires more attention.
Second, the reuse industry requires more attention than the 

recycling industry, which has already been established and does 
not require advanced technology. However, because the reuse in-
dustry is in the beginner stage, it is vital to invest more in technology 
and put additional efforts into developing the reuse industrial 
value chain.

Point 3. Confirming consistent prioritization for significant 
issues.

Third, South Korean experts in different sectors mostly had 
similar opinions on circular governance. Excluding several detailed 
factors, the public, academic, and private sector experts exhibited 
comparatively consistent prioritization for significant issues, in-
cluding the urgency of developing a business model for reuse 
and recycling and implementing regulations for waste batteries.

Point 4. Korean case as guideline for EV waste battery governance.
Lastly, additional case studies should be conducted in other 

countries to confirm the results of the present study, enabling 
their generalizability. Nevertheless, the case discussed in this study 
is meaningful because South Korea occupies a large portion of 
the global EV and battery market in terms of production and 
consumption. Our study results can offer some guidelines for con-
forming the governance of EV waste batteries in latecomer countries 
in EV technology. This can ultimately facilitate the growth of 
the EV market toward sustainable and more ecological trans-
portation in global society.
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