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Abstract
The automotive industry faces challenges because of the electrification of vehicles and the rapidly increasing need for 
electric vehicle batteries (EVBs). Raw materials availability is limited; however, there will also be a significant number 
of end-of-life (EOL) batteries. This creates various circular economy (CE) business opportunities for EVB manufacturers, 
third-party providers, and other stakeholders. However, not all CE solutions are sustainable or economically feasible. In 
this study, through the use of case studies, expert interviews, and a survey, we determined the current state of the EVB CE 
in Finland, the possible options for utilizing EOL vehicle batteries, and the greatest barriers for the EVB CE. We found 
that some EVB-related CE applications are not supported by the government and legislation, for example environmental 
regulations and building standards. CE opportunities include a shorter lead time for some components, which makes them 
attractive for EOL applications.
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1 Introduction

The number of electric vehicles (EVs) has rapidly increased 
during the past decade (Bobba et al. 2019; Hu et al. 2022) 
because of the environmental advantages (Fallah et al. 2021; 
Harper et al. 2019), aims to improve air quality (Harper et al. 
2019; Thorne et al. 2021), customer needs (Fallah et al. 
2021; Harper et al. 2019), and reduced taxes and grants for 
the EV purchasers (Fallah et al. 2021). At the end of 2021, 
there were roughly 12 million EVs worldwide, and some 
estimates show that the number may be as high as 54 million 
by 2025 (Statista 2022). The rapid electrification of trans-
portation in turn increases the demand for electric vehicle 
batteries (EVBs) (Deng 2015; Harper et al. 2019; Jaffe 2017; 
Sanclemente Crespo et al. 2022). According to many studies, 
the suggested lifecycle guaranteed by the vehicle manufac-
turers for EVBs in vehicle use is roughly 8–10 years (Hu 
et al. 2022). After this, the batteries can still hold 60–80% 
of their original capacity, which enables other uses (Saxena 

et al. 2015; Shahjalal et al. 2022). In the near future a large 
quantity of end-of-life (EOL) batteries will be available 
(Sanclemente Crespo et al. 2022). Even though EVs bring 
various environmental benefits during their lifetime, they 
may become a burden if waste is not managed correctly (Fal-
lah et al. 2021; Harper et al. 2019). Thus, it is important to 
enable efficient EOL operations (Yanamandra et al. 2022).

There are already numerous second-life solutions for EOL 
EVBs, such as in household energy storage, balancing elec-
tricity grids, or using them in less demanding EVs (Ai et al. 
2019; Sanclemente Crespo et al. 2022). All the second-life 
options outlined above may reduce environmental impacts 
and bring economic benefits but also extend the life of EVBs 
(Ai et al. 2019; Bobba et al. 2019). EVBs can be recycled at 
the end of their lifetime, which may also provide local access 
to critical materials such as cobalt (Harper et al. 2019).

The European Union (EU) has recently made a proposal 
for a new battery regulation which includes provisions for 
a CE (European Commission 2020), and several studies 
have been conducted related to the CE of EVBs (Hu et al. 
2022; Olsson et al. 2018; Shahjalal et al. 2022). For exam-
ple, Hu et al. (2022) developed an EVB recycling model 
that minimizes the total carbon dioxide emissions and total 
costs. Shahjalal et al. (2022) made a comprehensive study 
of the current status of recycled Li-ion batteries (LIBs), and 
Albertsen et al. (2021) reviewed current LIB CE strategies 
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and their adoption among European vehicle manufacturers. 
However, the EV industry is rapidly changing, and new CE 
models related to EOL EV battery management are being 
established. In addition, several generic challenges and 
barriers of CE exist, and these have been addressed, for 
example, by Kirchherr et al. (2018), Govindan & Hasangic 
(2018), Ranta et al. (2018). and Farooque et al. (2019). Bar-
riers specifically related to EVB CE are covered in the stud-
ies of da Silva et al. (2023), Gephardt et al. (2022), Fallah & 
Fitzpatrick (2022), Sopha et al. 2022, Azadnia et al. (2021), 
Schulz et al. (2021), and Olsson et al. (2018).

However, previous studies on EVC CE have mostly 
focused on countries with a large population, and sparsely 
populated countries with small population have received 
insufficient attention. To address this gap, we define through 
the research literature and an empirical data the best avail-
able solutions for EOL EVB utilization in Finland. The study 
focuses mainly on EVBs used in passenger cars. Finland is 
a sparsely populated country with long distances, and it is 
located far from its main markets, which creates challenges 
for a CE (Työ- ja elinkeinoministeriö 2021; Leppänen et al. 
2022). Finland has also established a national battery strat-
egy to support the development of a battery ecosystem in 
Finland (Työ- ja elinkeinoministeriö 2021). One goal in the 
strategy is to promote a CE and digital solutions. The EVB 
CE studies concerning Finland are missing, and because of 
rapid increase in the number of EVs, studies are needed to 
cover this research gap. Additionally, an in-depth under-
standing of challenges and barriers of EVB CE should be 
created to develop the CE of EVBs in Finland.

The above-described objectives can be formed into the 
following research questions:

• RQ 1 What is the current state of the EVB CE in Finland?
• RQ 2 What are the challenges and barriers of a CE of 

EVBs?

The structure of this paper is as follows. Section  2 
presents the literature background, Sect. 3 describes the 
research method and process, and Sect.  4 presents the 
results. The findings are discussed in Sect. 5, and the con-
clusions are provided in Sect. 6.

2  Literature review

2.1  The circular economy

CE is considered an umbrella term for different activities and 
methods that aim for sustainability, including economic, envi-
ronmental, and social dimensions (Geissdoerfer et al. 2017; 
Kirchherr et al. 2017). The framework for the CE has been 
introduced by Ellen MacArthur Foundation (Ellen MacArthur 

Foundation 2013). According to Korhonen et al. (2018), the 
concept of a CE is not fully defined but it has been considered 
as an alternative for the currently dominating ‘take-make-dis-
pose’ culture (Korhonen et al. 2018; Stahel 2016). One of the 
key issues in the CE concept is to utilize the remaining value 
of the product (Olsson et al. 2018) through reusing, refurbish-
ing, remanufacturing, and recycling (Kirchherr et al. 2017; 
Korhonen et al. 2018). One additional option, which is not 
usually considered as circular, is to use the material for energy 
through combustion. This order enables the highest possible 
value for the product in its whole lifecycle, as well as the high-
est energy efficiency (Korhonen et al. 2018).

Reusing is typically considered as the most viable EOL 
option because it does not consume additional resources 
(Stahel 2016). In other options, additional resources are used 
to extract the value (recycling) or to return the product in 
functional (refurbishing) or even like-new or better condition 
(remanufacturing) (Korhonen et al. 2018; Soh et al. 2015). 
In remanufacturing and refurbishing, the product is returned 
to its original function, whereas in recycling the materials of 
the product can be used for something else. The main benefit 
of remanufacturing is that the same core materials can be 
used over and over again, which saves resources compared 
to the value chain of manufacturing totally new products. 
One dimension of the CE is the sharing economy, meaning 
that the products are shared between users to enable a higher 
use rate (Korhonen et al. 2018).

Even though the CE is promoted by the European Union 
(EU), several national governments, and businesses around 
the world (Korhonen et al. 2018), some authors such as 
Kirchherr et al. (2017) and Korhonen et al. (2018) have 
criticized the CE concept for meaning different things to 
different people or being a collection of separate ideas from 
several fields and semi-scientific concepts (Corvellec et al. 
2022). Net sustainability of the CE concept is not always 
clear; for example, land originally used for mining may be 
used in the production of renewable energy, which cannot 
always be considered as clean (Korhonen et al. 2018). The 
CE may also increase logistics and transportation because 
of the need to recycle materials (van Buren et al. 2016; 
Korhonen et al. 2018). The CE also requires cultural change 
to current customer habits (Korhonen et al. 2018). Gupta 
et al. (2020) propose that more resources will be needed 
for research and capability building to support sustainable 
development, as well as governmental incentives and tax 
benefits for organizations working towards sustainable 
development.

2.2  The circular economy of electric vehicle 
batteries

The manufacturing of EV LIBs is energy intensive and pol-
luting, and it requires scarce or non-sustainable materials 



102 Environment Systems and Decisions (2024) 44:100–113

1 3

such as lithium, cobalt, and nickel (Albertsen et al. 2021; 
Jaffe 2017). Cobalt is mostly mined in the Democratic 
Republic of the Congo, sometimes in socially non-sustain-
able ways. Virgin lithium resources are significant and the 
price is relatively low, but its mining has high environmental 
impacts (Deng 2015; Jaffe 2017). Jaffe (2017) states that 
without CE practices, increasing the capacity of battery 
manufacturing using only virgin raw materials would require 
the establishment of new mines and building infrastructure 
for different manufacturing stages.

EV batteries reach their EOL in 8–10 years after a certain 
number of charging cycles (Hu et al. 2022), when they still 
have 60–80% of their original capacity left (Olsson et al. 
2018; Saxena et al. 2015). However, Saxena et al. (2015) 
highlight that 70–80% capacity still meets the needs of most 
vehicle users, and they propose that the EOL of batteries 
should be defined according to the needs of certain vehicle 
user groups. Additionally, the price of an EVB is relatively 
high, accounting for up to half of the cost of the EV (Jiao 
and Evans 2016; Shahjalal et al. 2022). Thus, EVBs have a 
high remaining value when they are reused or repurposed, 
but they also contain economically valuable materials that 
make them a significant material source when the batteries 
are recycled (Harper et al. 2019; Hu et al. 2022.

Currently, secondary lithium is not used due to the rela-
tively low price and abundance of virgin lithium (Helbig 
et al. 2018; Jaffe 2017). Still, Deng (2015) mentions that it 
may be difficult to meet future lithium needs, which makes it 
difficult to lower the price of an LIB. However, the new EU 
proposal for battery regulation aims to recycle up to 70% of 
lithium by 2030 (European Commission 2022). Cobalt can 
make the recycling of batteries a viable and even manda-
tory option (Yanamandra et al. 2022), and the recycling of 
EV batteries may ensure stable supply chains (Harper et al. 
2019). Wrålsen et al. (2021) state that raw material prices 
and availability may accelerate interest in applying circular 
business models.

CE principles play an important role in EOL EVB man-
agement. With these principles, environmental benefits can 
be increased while at the same time meeting the increas-
ing demand of materials needed for new batteries (Hu et al. 
2022; Olsson et al. 2018). The primary EOL management 
options for EV batteries are reusing or repurposing (Ai et al. 
2019; Hu et al. 2022), and recycling (Olsson et al. 2018; 
Wegener et al. 2015). Refurbishing or remanufacturing are 
challenging to implement and they are not common in the 
EVB CE, but they have been investigated in some studies 
(e.g., Ai et al. 2019). However, EOL management of EV 
batteries may require several different circular model activi-
ties (Wrålsen et al. 2021); for example, Olsson et al. (Olsson 
et al. 2018) propose that the largest benefits can be achieved 
when the batteries are first reused and then recycled. Extend-
ing battery life has been seen as an option to reduce the 

negative environmental impacts of EV batteries related to 
hazardous and rare raw materials (Olsson et al. 2018).

Because batteries consist of cells, suitable cells can be 
re-used in batteries, whereas cells in poor condition can 
be replaced with new ones and the removed cells can be 
recycled for materials (Hu et al. 2022). Even though battery 
reusing seems to be a common EOL activity, Shahjalal et al. 
(Shahjalal et al. 2022) state that used EVBs cannot be used 
straight after removing from the vehicles, but they should 
be first inspected, and any possibly damaged cells should be 
replaced to avoid harm, such as the risk of explosion.

The first steps of EOL EVB management include collec-
tion and logistics of the batteries (Hu et al. 2022; Slattery 
et al. 2021). The appearance and performance of the bat-
teries can be tested, and good quality batteries can be used 
as such for similar or other purposes, whereas low quality 
batteries can be disassembled and recycled for useable mate-
rials (Hu et al. 2022). Disassembly and recycling should 
be performed in a controlled atmosphere with no atmos-
pheric air (Shahjalal et al. 2022). Disassembly is usually per-
formed manually because of inflexibility and the high capi-
tal costs of automation. Also, faulty (e.g., corroded) parts 
may require human intervention (Soh et al. 2015). Battery 
recycling methods are pyrometallurgical recovery, physical 
material separation, hydrometallurgical metals reclamation, 
direct recycling, and biological metals reclamation (Harper 
et al. 2019).

2.3  Applications for second‑life batteries

Because EOL EV batteries can be in relatively good con-
dition, they may enable straight reusing and repurposing 
applications, providing an environmentally and economi-
cally alternative for various functions (Jiao and Evans 2016; 
Shahjalal et al. 2022). A potential profit for the original bat-
tery manufacturer would be achieved when selling EOL 
batteries for the second-life user instead of paying for the 
recycling cost (Olsson et al. 2018). For example, used vehi-
cle batteries can create revenue for the vehicle manufactur-
ers and offer low-priced batteries (Volan et al. 2021). Some 
second-life applications for used EV batteries are off-the 
grid applications such as forklift trucks and other EVs which 
are used in less demanding environments (Albertsen et al. 
2021; Olsson et al. 2018), energy peak smoothing in renew-
able energy networks (Albertsen et al. 2021; Saez-De-Ibarra 
et al. 2016), or home electricity storage (Olsson et al. 2018; 
Volan et al. 2021).

2.4  Barriers to an EVB circular economy

Despite the environmental benefits, there are a number of 
recognized challenges and barriers that may impact an EOL 
EVB CE (Govindan & Hasangic 2018; Kirchherr et  al. 
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2018). In this study, we define CE barriers and challenges 
as issues that may limit the EOL options of the certain CE 
applications, for example, because of unprofitability in eco-
nomic or environmental view. Barriers to EVB CE recog-
nized in the literature have been listed in Table 1.

One major challenge is the overall management of EOL 
batteries when the number of batteries increases (Harper 
et al. 2019). The process is also costly and it requires tech-
nology innovations (Albertsen et al. 2021; Deng 2015). The 
original equipment manufacturers (OEMs) may not have a 
willingness for EOL battery management because the return 
may not cover the costs, and customers may be unwilling 
to pay for used products (Albertsen et al. 2021). Other rec-
ognized challenges are reverse logistics and potential risks 
during transportation (Ai et al. 2019; Shahjalal et al. 2022), 
and the technical development of EV batteries and, thus, a 
rising variation in battery types and physical properties such 
as mass, cell number, and chemistry (Shahjalal et al. 2022; 
Wrålsen et al. 2021). Variations in chemistry between differ-
ent battery manufacturers brings challenges for third-party 

EOL activities if labeling is insufficient. According to Ai 
et al. (2019), collection and treatment facilities are currently 
inadequate.

Reverse logistics include collection, handling, storage, 
and recycling (Shahjalal et al. 2022). The transportation and 
collection of EOL EVBs is considered to be one of the most 
expensive parts of EOL management (Olsson et al. 2018; 
Slattery et al. 2021). It is also highly regulated due to their 
nature as hazardous waste; some transportation companies 
do not transport used LIBs, and air transportation is totally 
prohibited (Olsson et al. 2018).

Technical issues also include battery design: current 
battery packs are not designed for easy disassembly, 
which may significantly affect EOL battery CE operations 
(Harper et al. 2019; Soh et al. 2015). Each battery type has 
a specific battery management system (BMS) tailored for 
that specific battery type (Olsson et al. 2018). Disassem-
bly of batteries may require breaking the material, which 
lowers the value of packing material in the waste hierar-
chy (Harper et al. 2019). Second-life batteries may also 

Table 1  Barriers for the EVB CE recognized in the literature

Barrier Author(s)

Overall management of the batteries when their number increases Harper et al. (2019)
Costly process that requires technology innovations Albertsen et al. (2021); Deng (2015), Wrålsen et al. (2021)
Willingness for EOL management (companies) and for using used 

products
Albertsen et al. (2021)

Reverse logistics and potential risks during transportation Ai et al. (2019), Shahjalal et al. (2022)
Technical development of the batteries and rising number of variations Ai et al. (2019), Olsson et al. (2018), Shahjalal et al. (2022), Wrålsen 

et al. (2021)
Inadequate collection and treatment facilities Ai et al. (2019)
Expensive collection and transportation of EOL EVBs Olsson et al. (2018), Slattery et al. (2021)
Regulations Olsson et al. (2018)
EVBs not designed for easy disassembly Harper et al. (2019), Soh et al. (2015)
Tailored battery management systems Olsson et al. (2018)
Breaking the packaging material may lower the quality in terms of the 

CE
Harper et al. (2019)

Imbalances in battery cells, technologies to even the voltage differences 
will increase the number of components in batteries

Khalid et al. (2021)

Specialized tools and know-how for disassembly Harper et al. (2019), Wegener et al. (2015)
Labor intensive and risky battery disassembly Harper et al. (2019), Shahjalal et al. 2022, Wegener et al. (2015)
Lack of standardization, low of volume of certain battery types Harper et al. (2019), Shahjalal et al. (2022), Wegener et al. (2021), 

Wrålsen et al. (2021)
Electric power lines mainly fitted to existing vehicle models Wegener et al. (2015)
Rapid development restricts development of automatic disassembly Yanamandra et al. (2022)
Building of EOL management network is expensive Hu et al. (2022)
Unclear producer responsibility Olsson et al. (2018)
Uncertain future trends make material flow estimation challenging Fallah et al. (2021)
Diseconomies of scale Wang et al. (2014)
Closed-loop supply chains or circular business models are not yet in use da Silva et al. (2023)
Absence of information related to EOL EVB applications Bonsu (2020)
Lack of business models for closing the loop Bonsu (2020)
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have higher chemical imbalances between different cells 
compared to new batteries, which predisposes them to 
premature failure. Variances can be balanced using active 
balancing technologies, but this increases the number of 
components and, thus, the complexity of the batteries 
(Khalid et al. 2021). Second-life batteries require close 
inspection, assessment of their performance capability, 
and strict monitoring and protection. Battery disassembly 
also requires specialized tools and high-voltage training to 
prevent short-circuits, explosions, toxication, or damage 
to the operators (Harper et al. 2019; Wegener et al. 2015).

Vehicle batteries are mostly disassembled manually, 
which is labor intensive, expensive, and includes many 
risks (Harper et al. 2019; Shahjalal et al. 2022). There 
have been attempts to automate disassembly operations to 
reduce costs and time, improve the purity of the separated 
materials, and ensure the safety of the disassembly opera-
tors (Harper et al. 2019; Shahjalal et al. 2022). The purity 
of separated materials would be a benefit in the down-
stream of production. However, barriers for automation 
include variations in design and chemistries of batteries 
from different manufacturers due to a of lack of standardi-
zation, which also leads to a low volume of certain battery 
types (Harper et al. 2019; Shahjalal et al. 2022). Wegener 
et al. (2015) claim that car manufacturers only make small 
changes for the current vehicle models to fit the electric 
system to current car models. Cell designs and chemistries 
are also rapidly developing, which challenges recyclers 
in developing economical automated recycling processes 
(Yanamandra et al. 2022). However, Wegener et al. (2015) 
suggest a combination of robots and humans in disassem-
bly tasks in which robots can undertake the simpler tasks.

Hu et al. (2022) claim that building a recycling network 
for EV batteries is expensive, impeding the sustainable 
development of EVs. Even though the OEMs may not 
have profit-related incentives for managing EOL batter-
ies, they are always responsible for the product until it is 
considered as waste (Albertsen et al. 2021; Olsson et al. 
2018). Producer responsibility requires the manufacturers 
to manage EOL batteries, but that responsibility can be 
shifted to other parties if the EOL batteries are reused in 
other purposes. If there are many actors in the second-life 
battery value chain, the producer responsibility may not 
always be clear (Olsson et al. 2018).

Despite the rapidly increasing number of EVs, Fallah 
et al. (2021) claim that estimation of the future material 
flows would be challenging because of the uncertain future 
trend. Even though a CE of battery materials has been 
seen as an important way to improve resource availability, 
economies of scale cannot be achieved with the current 
waste streams (Wang et al. 2014). Even though the average 
age of current EVs is quite low, they have not yet reached 

their EOLs. Returning EVBs come mostly from accidents, 
recalls, and malfunctions (Thorne et al. 2021).

In conclusion, EVB EOL management could be more 
economically viable with better sorting technologies and 
methods to separate electrode materials, greater process 
flexibility, a redesign of the recycling process, and stand-
ardization of batteries from different manufacturers (Harper 
et al. 2019; Shahjalal et al. 2022). Furthermore, a support-
ive environment created by policies, standards, and law has 
been mentioned by several authors (Ai et al. 2019; Albertsen 
et al. 2021; Fallah et al. 2021). For example, the EU seeks to 
secure the supply of some critical materials that are neces-
sary for EVs, meaning that import of these materials should 
be reduced (Albertsen et al. 2021). Ai et al. (2019) state 
that with a landfilling ban, all batteries would be recycled 
even though the operation may not be economically viable. 
Yanamandra et al. (2022) compare LIB recycling to lead 
acid (LA) batteries, which is a mature battery technology 
having an almost 99% recycling rate. Deng (2015) mentions 
that it is challenging to manufacture low carbon footprint 
electrode materials, which could be considered as green 
batteries. While battery chemistry changes can mean less 
expensive batteries, for example if the quantity of cobalt 
decreases in the batteries, battery value recovery decreases 
correspondingly (Wang et al. 2014).

3  Research methodology

3.1  Research process, method, and data

A qualitative research approach with abductive reasoning 
was chosen for this study. We adopted abductive approach to 
claim for multiple contributions in a more convincing way, 
for example, related to new barriers relevant for the EVB CE 
context; relative importance of these barriers as perceived by 
different actors; insights on how these barriers are influenc-
ing the EVB CE in Finland; and recommendations for pos-
sible improvements. Thus, it is suitable for studying issues 
that have not yet been widely studied. Research patterns in 
abductive reasoning are not strictly defined, and multiple 
methods can be used. For a wide view, we used triangulation 
using Finnish cases related to EOL EVB management, sta-
tistics, survey, and expert interviews. The literature review 
was carried out by utilizing the most recent research papers 
related to EVB EOL operations. The literature was searched 
through Scopus database, but also Google Scholar was used 
as a supportive database. For the barriers of the EVB CE, 
the literature review was done in a systematic way using 
keywords “electric vehicle battery” OR “EVB” AND “cir-
cular economy” OR “CE” AND “barrier*”. This led only to 
seven publications that were published between 2018 and 
2023 with a mention of these keywords in the abstract, title, 
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or the keywords. Additionally, some publications cited in 
these publications were screened for further sources and 
cornerstone publications in the field (snowball sampling 
method). Other relevant topics in the literature review were 
covered rather in a narrative than systematic way. The lit-
erature was used in the section two to form a body for the 
literature review, but also to define questions for the survey, 
and to compare the literature with the empirical evidence in 
discussion. The main empirical data were collected through 
expert interviews and a Webropol survey, which was aimed 
at experts in the battery industry but also in the field of the 
CE in general. The research process is illustrated in Fig. 1.

The common questions in the survey and the interview 
are presented in Table 2.

The survey was sent through different battery-and cir-
cular-economy-related networks, and also personally to 
actors in Finnish battery-related industries. The survey 
reached 90 + experts in both academia and industry and led 
to 10 responses. Five respondents represented the field of 
research and education, two of whom had planned or ongo-
ing research related to the CE of EVBs. The average working 

experience of the respondents was 15 years. In addition, 
three extensive semi-structured interviews were conducted 
with experts in the field. The participants for the interviews 
were chosen because of their strong expertise and unique 
know-how in the field. The results from the survey and inter-
views were analyzed qualitatively using a content analysis 
approach. The interview and survey data were coded and 
organized into emerging themes and issues. The findings 
are presented in Sect. 4. The background information of the 
interviewed persons is presented in Table 3.

3.2  EVB CE operators in Finland

In Finland, the EOL EVB is managed by Suomen Autokier-
rätys. The actual operations are done by four independent 
operators. In total, there are 288 dedicated collection points 
and 450 registered car repair shops to collect EVBs. The 
collection points are scrapyards or authorized repair shops 
that can replace the battery for still operational vehicles. The 
customers can return the batteries to any collection point 
free of charge. After collection, the batteries are transported 

Fig. 1  Research process

Table 2  Questions used in the survey and the interview

No Question

1 Do you have activities related to the circular economy of vehicle batteries in your organization?
2 What type of activities do you have related to the circular economy of vehicle batteries?
3 Do you see the circular economy of batteries as an opportunity or as a ‘necessary evil’? (For example, because of producer responsibility.)
4 In your opinion, what types of challenges are related to the circular economy of vehicle batteries?
5 In your opinion, in what type of applications (reusing in vehicles or repurposing in energy storage, material recycling, diagnostics, etc.) is 

the best potential in the circular economy of batteries?
6 In your opinion, are there any specific strengths or weaknesses in the vehicle battery circular economy ecosystem of Finland? (For example, 

actors and operations, policies/legislation, markets, technology, environmental issues, etc.)
7 Do you feel that the availability of batteries and the materials needed for manufacturing them could be improved in Finland through a CE?
8 In your opinion, what kinds of future possibilities could a CE of EVBs provide?
9 Do you have anything else to add?

Table 3  Background information of the interviewed persons

Industry Job title Experience in 
years

Activities

Battery industry Specialist 10 Battery development and manufacturing
Research/chemical industry Professor 20 + Li-ion batteries, black mass recycling, recovery and reuse of valuable metals
Battery industry CEO 15 Building and development of intelligent energy storing systems using EOL 

EV batteries, including software development
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to the operators for evaluation of the future steps (Suomen 
Autokierrätys 2022).

Fortum Waste Solutions both repurpose and recycle bat-
teries, currently focusing on recycling. Fortum also provides 
services such as safe handling, transportation, and storing of 
EVBs for other companies through their logistics network. 
Fortum currently has a plant in Finland that can recycle 
around 10,000 EVBs annually using mechanical recycling 
processes, but a second facility is under construction for 
hydrometallurgical recycling. Together, these would allow 
as much as 95% of the critical metals and 80% of the entire 
battery to be recycled. Fortum has also piloted repurpos-
ing EVBs as stationary energy storage in hydropower plants 
(Fortum 2022a, 2022b).

Eurajoen Romu has a history of recycling EOL vehicles 
and lead batteries but is currently also recycling EVBs. The 
recycling methods have not been revealed, but they have a 
mechanical battery plant focused on recycling lead batteries. 
They handle the batteries at cell level and salvage recyclable 
materials to enable a more than 50% recycling rate. (Eura-
joen Romu 2022).

Stena Recycling has recycling centers in several Euro-
pean countries, and also plans to develop a recycling site in 
Finland. The largest recycling and sorting site is located in 
Halmstad, Sweden, where all the batteries collected in Fin-
land are transported. In Halmstad, the batteries are inspected 
and their state of health is determined. If a battery is suitable 
for reusing, it can be prepared and transported to the place 
of use. If the batteries do not meet the required standards, 
they are disassembled and short-circuited, and the remain-
ing electricity is fed to the internal grid of the facility. Stena 
Recycling also repurpose batteries through their subsidiary 
company Batteryloop, which provides stationary power stor-
age for EV recharging stations (Stena Recycling 2022).

Cactos transforms used Tesla Model S batteries for 
energy storage applications. Tesla batteries include liquid 
cooling and they are originally designed to tolerate chal-
lenging conditions, whereas in energy storage use, the bat-
teries are in a stable environment, which enables efficient 
transformation for energy storage. The individual battery 
modules are assembled as energy storage units that are 
leased to customers for storing self-produced energy and 
smoothing consumption spikes between high and low energy 
prices. Additionally, Cactos provides software with artificial 
intelligence and cloud services for efficient recharging and 
discharging. The model lowers the need for manufacturing 
new batteries and, thus, the environmental impact (HS Visio 
2022; Cactos 2022).

Akkurate is a Finnish software company that focuses on 
LIBs and their diagnostics. Services are provided for bat-
tery manufacturers and energy storage businesses. In EVs, 
the focus is on optimizing performance and maximizing 
the useful life of batteries. The benefit is prolonging the 

useful life of EVBs and evaluation of their reuse potential. 
By inspecting batteries proactively during their use, failures 
can be recognized in real time well in advance and batter-
ies can be repaired before bigger faults occur. Through the 
collected data, still-useful cells can be identified for reuse. 
(Akkurate 2022).

There are other companies operating in similar fields. 
AkkuSer has recycled batteries since 2006, and it has been 
responsible of recycling 100% of the portable and non-
chargeable batteries in Finland. The company has also 
attempted to develop a process for EV battery recycling. 
One goal of the company is to develop a new recycling pro-
cess for batteries with low cobalt content (AkkuSer 2022).

4  Findings

4.1  How the EV battery CE is seen

Generally, the CE of EV batteries was seen as a good or even 
a great opportunity (nine respondents), but also a ‘necessary 
evil’ to some extent (three respondents). For example, the 
EVB is an expensive item to manufacture, and straight utili-
zation after the main use would create value further down its 
lifecycle before recycling. A common view was that batter-
ies should be utilized for as long as possible. One respondent 
mentioned that the battery CE has been seen more as a man-
datory activity based on the 2006 Battery Directive, which 
required the recycling of batteries, but that more recently it 
has become more of an opportunity because of the high price 
of metals. Some respondents also saw that certain minerals 
have become even rarer, and more attention will be paid to 
where and under what conditions the minerals are mined. A 
new battery regulation proposal of EU obligates manufac-
turers to intensify the battery CE and increase recovery rate 
of the batteries. What is new in this regulation is that EVBs 
and their EOL management has been included, including 
traceability of batteries and their materials.

Company representatives generally considered how to 
get benefits from CE, and they were active members in dif-
ferent CE networks. Additionally, because of the current 
world political situation, EOL operations of EVBs are seen 
as increasingly important. One company representative saw 
the CE of EVB as very beneficial due to the six months 
shorter lead-time in receiving used battery cells compared 
to new ones. Used battery cells of some high-end vehicles 
(e.g., Tesla) can even be more expensive compared to some 
new mass-produced cells, but they are highly developed and 
are of much higher quality. Thus, they are suitable for energy 
storage use, because in this use the capacity per volume unit 
is not as critical as in EV use.

Battery manufacturers have producer responsibility, 
which follows all the operations related to EOL batteries, 
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and the companies are responsible for recycling when bat-
teries can no longer be utilized. However, according to one 
interviewee, it is unclear how this really works. Currently, 
most EOL EV batteries are only recycled, and one inter-
viewee saw that ‘all the other CE activities are just tinkering 
in Finland’. For example, if half of the battery is damaged, 
it is not utilized, but the whole battery is recycled even if the 
other half is in good condition. They also saw that there are 
some recyclers and other CE actors, but they do not have yet 
significant activities.

4.2  Challenges related to the CE of EVBs

The mostly recognized challenges related to CE of EVBs 
are presented in Fig. 2.

Additionally, one respondent mentioned that there are still 
few actors in the current (Finnish) markets to develop high-
value products from EOL EVBs. Also, issues related to com-
plexity and the fast technology evolution of batteries were 
recognized. One respondent questioned if reuse makes sense 
after 10 years, and three respondents recognized the issue 
that the low cost of virgin raw materials does not promote 
the circular use of secondary materials. They also pointed 
out that because of small material flows, the material availa-
bility would be challenging to predict, and thus EVBs would 
be challenging items to utilize.

Two respondents mentioned that EVBs are challenging 
for mechanical recycling, but also for logistics and safety, 
and some respondents recognized that currently the quality 
and use history of used EVBs is not sufficiently known. They 
also mentioned that ‘there is not sufficient data to know what 
is possible in CE and where are the CE actors’. Some chal-
lenges are related to the physical properties, such as mass 
and the large physical size of the battery pack. The weight 
of a vehicle battery can be as much as 600 kg, so they often 
cannot be handled by a single person.

EVBs are not basically designed for CE, which makes 
EOL management challenging (two respondents). According 

to one expert in the field, it is possible to design batteries 
for CE, but the price may be too high for some customer 
segments. In addition, smaller customers with low volumes 
do not always know what they really need, which makes 
product development challenging, whereas larger customer 
segments with higher volumes are usually more aware of the 
possibilities and they also know what they need.

According to one interviewee, ‘everything that happens 
before recycling is challenging’. When hundreds of batter-
ies are received daily, handicraft is no longer enough. There 
are also variances in battery cells even between different 
models from the same manufacturer. In some vehicles there 
can be thousands of battery cells in a battery, which pre-
sents its own challenges. In Finland, mechanical recycling 
is mostly used, and it requires disassembling modules to 
the cell level. Cells can be shredded to create black mass. 
Another option is the thermal process, where certain materi-
als are recovered.

One interviewee mentioned that suppliers of used batter-
ies are usually reliable and it can be trusted that the batteries 
are in good condition. If there are damaged cells, a discount 
is given by the supplier. However, there are no standards for 
battery recycling and there is a small risk whether the battery 
is in good condition. Diagnostics can be used, but everything 
cannot be revealed by reading the BMS. The respondent 
also stated that ‘generally the regulations related to EVB 
handling are not clear. CE should be supported, but it is 
not clear if the utilizer of EOL EV batteries requires envi-
ronmental permissions, and whether the activities equate to 
waste handling’.

4.3  Applications with the best potential in EVB CE

The repurposing of batteries or battery cells for energy stor-
age was seen as a very relevant option (six respondents) 
because of the low cost and increasing amount of renew-
able energy and, thus, the growing need for energy stor-
age. As supportive solutions, diagnostics and digital battery 
passports were seen to be a great opportunity in Finland. A 
common view was repurposing followed by environmentally 
sound recycling (six respondents), which may eventually 
become more economically viable as the volumes of EOL 
EV batteries rise. Only two respondents mentioned remanu-
facturing for EV purposes and one mentioned the ‘reusing of 
dismantled parts in many applications’. The issue of using 
less resources to produce batteries was considered, but as 
one respondent stated, ‘vehicle batteries should not only 
become raw material for other applications, but instead 
batteries should be developed to become more sustainable’. 
A few respondents mentioned that EOL EVBs could be 
repaired and refurbished to be used again in EVs, but that 
does not seem to be always possible. The reusing of waste Fig. 2  The mostly recognized challenges related to CE of EVBs
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material from cell manufacturing as raw material for new 
battery cells was also suggested by one respondent.

4.4  Strengths and weaknesses of the Finnish EVB 
ecosystem

According to the responses, Finland has an almost complete 
value chain from raw materials (mining) to recycling solu-
tions. However, one interviewee stated that mining cannot 
be considered as a strength because it is not related to a CE. 
The special strengths are related to strong metal processing 
beginning from the education. According to one respondent, 
the metal processing industry could take responsibility for 
recycling so that third-party actors would not be required 
to do so.

Additional factors considered by the respondents were 
knowhow and interest, and also plans related to the Finnish 
EVB CE. According to three respondents, one totally miss-
ing part is cell manufacturing. According to one interviewee, 
there is little EVB CE activity in Finland, and the existing 
actors are mainly scrapyards. Because of so few actors, there 
are many missing parts in the value chain.

Some respondents mentioned that Finland is small 
enough to enable the connection of key actors (two respond-
ents), seeing Finland as a ‘test bed’ for fully circular and 
local value chains in the future. Additionally, Finnish indus-
trial actors were seen to have a willingness to collaborate 
‘for the sake of sustainable development’. On the other hand, 
the Finnish domestic market area was seen as too small, 
thus lacking the local material for recycling. Finland was 
also seen to be too far from central Europe, where the high-
est material flows are. Some of the respondents recognized 
that big actors can more easily enter the market, and that 
manufacturers seek to lock waste batteries into their own 
value chain, preventing efficient circularity. However, it was 
also stated that ‘we should also be more integrated with big 
companies and key players in the field, because the bat-
tery value chain is now more comprehensive’. Overall, the 
small volumes of EOL EVBs in Finland seemed to be a 
weakness because ‘the number of EVs on the road is not yet 
significant enough to provide a reliable source for circular 
batteries’. The more pessimistic respondents saw that ‘the 
government seems to be against CE solutions’ because there 
are no public subsidies available for profitable EVB reuse. 
When discussing battery recycling, permissions such as 
environmental permissions are needed. Currently, the permit 
process is slow and inflexible. There is also a safety point of 
view because battery recycling is not possible everywhere.

Some respondents mentioned that investments in research 
and development are needed to ensure efficient value chains. 
As a solution for increasing CE activities in Finland, one 
interviewee saw that business opportunities for companies 
should be made easier. Legislation related to EVBs, for 

example building regulations and official regulations related 
to the CE of EVBs, is largely unclear. ‘Companies and their 
operating conditions should be supported; for example, the 
migration of foreign experts to Finland should be supported 
by lower personal taxation’.

4.5  Future opportunities for the EVB CE

Overall, the EVB CE offers potential for new business mod-
els because more and more batteries will be received for 
recycling in the coming years. In particular, the Finnish 
national battery strategy was seen to provide new business 
opportunities, ‘but it is interesting to see if this is going 
to create possibilities for new companies, or if the large 
companies who know that the value can be on their own 
hands are going to keep the operations on their own hands’. 
According to some respondents, battery value chains seem 
to be closed, and the actors seek to be responsible for the 
whole value chain. The EVB CE also seems to be a very 
fragmented business area so that ‘one does something and 
another does something else’. There are many actors in the 
value chains, and the trend has been that companies take 
operations into their own hands. Some of the respondents 
stated that ‘if a company is not in the chain, it is totally out 
of the chain’, meaning that nowadays it is hard for a small 
individual company to join the value chain. For example, 
Tesla has made plans for starting its own mining operations.

To get the full potential of battery utilization, it seems 
to be beneficial to obtain data on how and in what kinds 
of conditions batteries were used during their lifetime. 
Some respondents saw that it would be best that the mate-
rials were as close the factories as possible, which would 
be a more environmentally sound solution. One interviewee 
mentioned that there seems to be some potential in using 
recycled materials for manufacturing new batteries, and one 
mentioned lower quality products, such as fertilizers, if there 
are no viable options for other use. Some battery types, such 
as small LIBs, have already been recycled for 15 years in 
Finland; however, the recovered quantities of materials are 
small. If recycled materials are used in further production, 
the content is currently only 3–5%. This amount will prob-
ably increase, ‘but not a single factory would fully work with 
recycled material’.

One interviewee felt that there should be sufficient virgin 
battery materials for the applications where they are really 
needed, which justifies reusing EOL batteries. Some of the 
respondents did not see the use of recycled materials as rea-
sonable because ‘batteries are needed in Finland more than 
the raw materials’, and ‘batteries for certain applications 
can be replaced with used batteries’. Some interviewees 
stated that in the future there will probably be energy stor-
ing systems in many buildings, and the most sustainable 
solution would be to utilize batteries that have already been 
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in use. Carbon-free energy production is a significant driver 
of the increasing need for energy storing systems, but invest-
ments should also be made in the infrastructure. Because 
there is demand elasticity in the electrical network, batteries 
are needed. ‘The more wind and solar energy are built, the 
more demand elasticity is needed.’ However, most of the 
interviewees saw that second-life batteries can be recycled 
for raw materials.

5  Discussion

The demand for EVBs is constantly growing, which 
increases the demand for critical raw materials such as 
cobalt. The CE of EOL EVBs has been seen as a solution to 
manage the increasing number of batteries, but also to meet 
the increasing need for materials. However, vehicle markets 
may still rapidly change due to new technologies, such as 
hydrogen, or changes in the energy market and prices. For 
example, Russia’s invasion to Ukraine has led to a Europe-
wide energy crisis. The traditional thinking of owning a car 
might also shift towards shared cars, which would enable 
the more effective use of vehicles but also lower the num-
ber of new vehicles (Thorne et al. 2021). Because of these 
changes, the old estimations of EV markets may not be accu-
rate, which may also affect the economic viability of EOL 
management of EV batteries.

Our study focused on the current state, challenges, and 
future of the EVB CE in Finland. The current state and 
actors of the EVB CE in Finland (RQ1 of this study) are 
presented in Fig. 3. As can be seen, most of the actors are 
in primary material production, and there are also some 
actors in the recycling and production stages. However, 
the number of companies representing reuse/repurpose 

or extending the life of batteries was relatively low, and 
currently there are no actors in the remanufacturing/refur-
bishing of EV batteries. This indicates a low maturity of 
the Finnish EVB ecosystem, caused by the low number of 
EVs in Finland.

As identified in the literature review, the EVB CE 
involves various challenges. To address RQ2 of this study, 
the challenges to an EVB CE found from Finnish empirical 
data are compared with the earlier studies in Table 4. Table 4 
has been derived from the analysis of empirical data and 
barriers listed in Table 1 in Sect. 2.4. The individual barriers 
identified in earlier studies have been synthetised into com-
mon challenges in EVB CE, and they are compared with the 
empirical findings. The significance of the challenge in the 
context of Finland is indicated using +  + (significant chal-
lenge), + (challenge), and – (not identified in the empirical 
study).

Several earlier findings were confirmed in our empirical 
study. These are, for example, the lack of standardization, 
unpredictable material flows, labor-intensive disassembly, 
and a lack of regulations. Even though LIBs in general are 
an extensively studied and mature technology (Deng 2015), 
vehicle battery technologies and physical properties such as 
chemistries and cell structures are still rapidly developing. 
Standardization of battery technologies could be promoted 
through legislation, but this may significantly harm the natu-
ral development of technologies, which would be necessary 
to improve some critical properties such as recharging time, 
durability, and driving range. Thus, the technology should 
be mature enough before legislative standardization. This 
means that all EOL batteries cannot be properly managed 
yet with costs low enough to enable viable CE solutions. 
An example of a mature technology is lead batteries, which 
are currently 99% recycled (Yanamandra et al. 2022). This 

Fig. 3  The current actors in the Finnish EVB CE ecosystem
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example implies that EV battery technologies may eventu-
ally be naturally matured to enable cost-efficient CE.

Our empirical study also identified some issues that have 
not been extensively studied in the literature. One of these 
was insufficient quality and use historical data. Currently, 
only a few studies can be found that cover the use history of 
products through product passports. Other new findings in 
the empirical study were ‘missing data related to CE pos-
sibilities and locations of current CE actors’, and ‘few actors 
in the current second-life battery market’. These issues are 
relevant also in other sparsely populated areas besides Fin-
land and indicate a need for developing innovative solutions 
to achieve sufficient economies of scale for local EVB eco-
systems. Respectively, some issues found in literature, such 
as expensive collection and transportation, were not high-
lighted in the empirical study. This will probably become 
an issue in Finland as well when the volumes of EOL EVB 
grow in the future.

Because the electrification of transportation is currently 
a very hot topic, there will probably be a lot of research 
and development related to EV batteries. For example, more 
sustainable materials can be used in batteries, or batteries 
can be developed for better circularity, which will change 
the whole value chain. As found in the empirical study, bat-
teries should be developed to be more sustainable, not just 

being raw material for new batteries. However, according to 
Wang et al. (Wang et al. 2014), changing chemistries may 
lower the viability of the EOL battery CE. Based on our 
findings, it is possible to design batteries for circularity, but 
some customer segments are not willing to pay extra for that.

Although reused or repurposed batteries may provide 
cost effective alternatives for new batteries in various appli-
cations, concerns about used batteries may slow down the 
development of the reuse battery market. In general, the 
economic benefits of CE activities are related to the price 
gap between old and new products, transportation costs, and 
economies of scale of EOL management (Ai et al. 2019; 
Leppänen et al. 2022; Rönkkö et al. 2021). However, as an 
original result in our empirical study we found that the CE 
may also provide a faster lead time of some components 
compared to new products.

It was also found that Finnish domestic market for CE 
activities may be too small, which correlates with Ai et al. 
(Ai et al. 2019) who argue that EOL batteries can be sent 
to other countries to be managed. This is also related to the 
currently low volumes of EV batteries; economies of scale 
have not yet been achieved. Currently, the battery industry 
is largely controlled by China, which has access to all the 
necessary raw materials. To prevent total dependency on 
China, self-sufficiency would be required in the European 

Table 4  Recognized challenges in the EVB CE and their significance in Finland

Challenge(s) Empirical 
evidence

Earlier studies

Manual and labor-intensive disassembly, challenging mechanical 
recyclability, challenges for automation

 +  + (Albertsen et al. 2021; Deng 2015; Harper et al. 2019; Hu et al. 
2022; Shahjalal et al. 2022; Wegener et al. 2015; Wrålsen et al. 
2021)

Lack of standardization, low amount of certain battery types and 
wide variation of physical properties (diseconomies of scale)

 +  + (Ai et al. 2019; Harper et al. 2019; Olsson et al. 2018; Shahjalal 
et al. 2022; Wegener et al. 2015; Wrålsen et al. 2021)

Low and unpredictable current and future volumes of EOL 
batteries, inadequate supply chains, cost of building recycling 
networks

 +  + (Fallah et al. 2021; Hu et al. 2022; Thorne et al. 2021; Wang et al. 
2014)

Lack of regulations and financial incentives  +  + (Ai et al. 2019; Albertsen et al. 2021; Fallah et al. 2021)
Environmental and safety issues (hazardous materials)  +  + (Harper et al. 2019; Wegener et al. 2015)
Logistics and risks during transportation, strict regulations  + (Ai et al. 2019; Olsson et al. 2018; Shahjalal et al. 2022)
Low-cost virgin materials  + (Helbig et al. 2018)
Complexity and fast evolution of batteries  + (Yanamandra et al. 2022)
Quality of the materials  + (Harper et al. 2019)
Unclear producer responsibility  + (Olsson et al. 2018)
Changes in battery chemistry  + (Wang et al. 2014)
Insufficient quality and use historical data  + (Walden et al. 2021)
Missing data (CE possibilities and locations of current actors)  + 
Few actors in the current second-life battery market  + 
Overall management of EOL batteries, expensive transportation 

and collection (costs of OEMs not covered)
– (Albertsen et al. 2021; Harper et al. 2019; Olsson et al. 2018; Slat-

tery et al. 2021)
Customers’ willingness to pay for used products – (Albertsen et al. 2021)
Inadequate facilities – (Ai et al. 2019)
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battery industry. This could be done by improving intra-
European material flows through a more efficient CE. The 
results of this study indicate that in Finland there are kno-
whow and willingness to promote the CE of EV batteries, 
but to some extent there seems to be a lack of government 
support for some CE applications. Based on the results of 
this study, the CE related to EV batteries should be sup-
ported by policies or legislation, which is also in line with 
several authors in the field (Ai et al. 2019; Albertsen et al. 
2021; Fallah et al. 2021). Based on our empirical study, we 
see Finland as an innovative country where it is possible 
to pilot different technological innovations and solutions. 
Finland is also a relatively large actor in the wind energy 
sector, and significant plans have been formulated to develop 
green hydrogen production. To be effective, excess renew-
able energy should be stored to be used during times of low 
production, which requires energy storage solutions. To meet 
the growing demand, used battery cells would provide a cir-
cular solution for these applications.

6  Conclusions

In this study, we investigated the current state of the Finnish 
EV battery CE by studying literature and utilizing expert 
interviews and a survey. We analyzed the current state, the 
potential challenges and barriers, and the requirements for 
an EV battery CE in Finland.

Through this study, we recognized that there are many 
actors in the field, but the main EOL management is in the 
hands of only one main actor and its key partners. This ena-
bles the effective take-back of batteries through nationwide 
collection, which is a prerequisite for economies of scale 
of CE operations. We also found that there are some inno-
vative companies who are developing diagnostics solutions 
and repurposing batteries, for example, for energy storage. 
However, only EV batteries with certain properties, such as 
liquid cooling, are used for this purpose.

The greatest challenges for the circularity of vehicle bat-
teries are related to varying battery technologies and chem-
istries, which lead to a high variety of batteries and, thus, 
lower the economies of scale of CE activities or possibilities 
for automated disassembly. Sometimes batteries have been 
designed for easy assembly, which may lower the effective-
ness of disassembly. What can be concluded is that varying 
battery technologies and chemistries that are not designed 
for circular application may significantly limit the effective 
CE of EVBs. Thus, it may eventually be necessary to stand-
ardize EV battery technologies. However, this may limit 
the natural development of batteries, and it should not be 
done before a certain maturity point is reached. Our results 
indicate that it is possible to design products to be circular, 

but on the other hand, customers do not always have the 
willingness to pay extra for products designed to be circular.

The circular economy will play a large role in Finland in 
enabling efficient material flows and sufficient availability of 
certain materials. However, according to our findings, only a 
small fraction of materials can be obtained through circular-
ity for future needs, and huge amounts of virgin materials 
are still needed to meet increasing requirements. Instead, 
repurposing batteries for energy storage systems seems to 
be a very attractive solution because fewer new batteries 
are required, which may be both an environmentally and 
economically sound solution. However, this does not solve 
the problem of the growing demand for vehicle batteries. 
New battery technologies with less critical materials will 
be needed to solve the material availability challenges. This 
requires significant investment in the research and develop-
ment of vehicle batteries. Before this, the repurposing of 
batteries seems to be a viable solution to meet the grow-
ing needs of storing renewable energy. Furthermore, other 
innovations and innovative companies would be needed in 
the value chain to enable the best solutions for the various 
battery types on the market.

This study provides a current state analysis of Finnish EV 
battery EOL operations and the CE, which has both mana-
gerial and academic implications. Even though the CE of 
EVBs has been extensively studied during recent years, the 
field is rapidly changing and maturing, and thus there is a 
need for continuous research. For the companies in the field, 
this study provides new ideas how to utilize EOL batteries 
and information on the barriers for economic viability. Natu-
rally, this study has limitations. The limitations are mostly 
related to the qualitative research method, which makes 
generalization of this study challenging. Additionally, the 
number of the respondents was low, which also makes gener-
alization difficult. The respondents do not cover all the actors 
in the EVB CE value chain. However, the respondents were 
able to bring new knowledge because of their expertise in the 
field and their geographical residence, thus representing a 
case where the studied phenomena occur (Eisenhardt 2021). 
This study was also carried out in a regionally challenging 
environment where EV markets are not yet fully developed, 
EOL management of used EVBs is not yet matured, and 
there are still missing links in the value chains. Finland is 
also a sparsely populated but geographically large country 
far from international markets, which presents further chal-
lenges, especially for logistics.

For future research, the Finnish EVB CE should be stud-
ied again in a few years when there are more EVs in the 
road. Also, the CE of special vehicle batteries could be 
studied. Generally, it seems that there are not yet extensive 
studies related to the remanufacturing of vehicle batteries, 
which is a significant research gap. Additionally, new battery 
technologies, such as solid-state batteries or battery cells 
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manufactured using environmentally friendly materials, may 
bring up unique challenges related to the CE of EV batter-
ies, which could also provide a significant topic for future 
research. Another research gap was found related to histori-
cal data on the EVB CE.
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