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Using a qualitative case-study approach, we assess the barriers and policy challenges that companies in the EU
battery sector face in implementing circularity. The study involves a sample of 20 companies drawn from a
combination of purposeful and snowball sampling methods. Empirical data were collected through in-depth
interviews. The results show that the EU’s revised policy framework for batteries, high-level strategies and
financial support for research projects can be enabling factors for adopting circularity approaches. At the same
time, interviews reveal uncertainties about the requirements of the EU Batteries Regulation on data sharing,

responsibility for end-of-life (EoL) battery management and carbon footprint. Other key concerns identified are
the complex cross-border movement of EoL batteries, the lack of ecodesign requirements and inconsistent waste
classification frameworks. Our results suggest that the EU policy mix affecting battery circularity extends to
various domains, which highlights the importance of ensuring coherence between instruments and objectives.

1. Introduction

The role of lithium-ion batteries (LIBs) as energy storage systems is
becoming increasingly important in the context of the ongoing transition
to electric mobility. Owing to decreasing production costs, improve-
ments in energy density and strong government support, LIBs are driving
the decarbonisation of the transportation sector, which is among the
major contributors to global greenhouse gas emissions (Olabi et al.,
2023; Ziegler et al., 2021). The global vehicle fleet is expected to be
transformed in the coming years, with millions of new electric vehicles
(EVs) powered by LIBs hitting the roads (Rajaeifar et al., 2022; Inter-
national Energy Agency, 2021).

While transitioning to electric mobility is estimated to significantly
mitigate climate change (Requia et al., 2018; Moro and Lonza, 2018),
the large-scale adoption of EVs presents challenges (Albertsen et al.,
2021), primarily at the battery production stage (Stampatori et al.,
2020). Key battery materials like lithium, cobalt and natural graphite
are sourced from a few countries, raising supply concerns (Righetti and
Rizos, 2023; Dunn et al., 2022). Their extraction requires high energy
and water consumption (Engels et al., 2022) and can entail environ-
mental impacts such as eutrophication and soil contamination (Farjana
et al., 2019). Moreover, sourcing materials from developing countries
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with unstable political environments poses worrying social risks (Man-
cini et al., 2021; Rajaeifar et al., 2022). At the end-of-life (EoL) stage of
batteries, improper treatment and recycling can lead to further envi-
ronmental and health risks (Nie et al., 2023). These factors warrant
action to reduce primary material extraction and waste generation
(Sheth et al., 2023; Chirumalla et al., 2024).

Applying circular economy processes in the battery sector can sup-
port a more sustainable transition path for the industry (Sopha et al.,
2022; Albertsen et al., 2021). For example, recycling EoL batteries can
reduce demand for primary resources and mitigate extraction impacts,
while offering a domestic source of critical materials facing supply risks
(Baars et al., 2021; Drabik and Rizos, 2018). Reusing batteries with
remaining energy storage capacities for stationary applications can help
extend their life and value for longer (Wralsen et al., 2021; Helander and
Ljunggren, 2023). In fact, previous research has shown that transition-
ing to net-zero electric mobility relies on implementing a circular
economy (Demartini et al., 2023).

To support a circular economy for batteries, the EU has put forward a
new regulatory framework for batteries. The Batteries Regulation in-
troduces EU-wide mandatory sustainability and information re-
quirements for all batteries placed on the European market, targeting
the entire battery life cycle. Important provisions include minimum
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recycled content targets for lithium, nickel, cobalt and lead, carbon
footprint declarations, rules on due diligence and minimum recycling
and material recovery efficiencies (European Parliament and Council,
2023).

The requirement for a digital battery passport is a novel contribution
of the Batteries Regulation (Halleux, 2023; Berger et al., 2022). It will
represent the first application of the digital product passport (DPP) that
will gradually be introduced for different product groups through the
Ecodesign for Sustainable Products Regulation (European Commission,
2022). The DPP will act as an electronic record of products throughout
their life cycle, aiming to increase transparency, sustainability and
circularity (Adisorn et al., 2021). Digital battery passports will need to
contain information on battery composition, state of health and battery
use, to facilitate the safe dismantling of batteries and support EoL op-
erations (European Parliament and Council, 2023).

Besides EU legislation, a number of high-level initiatives, such as the
Global Battery Alliance (GBA, 2024) and the European Battery Alliance
(EBA, 2023) have set out to improve the sustainability of battery value
chains, while a growing number of EU-funded research projects are
developing different approaches for increasing battery circularity (Bat-
tery Pass Consortium, 2023).

Although the body of literature on batteries has grown over recent
years (Li et al., 2018; Rojaee and Shahbazian-Yassar, 2020), the bulk of
published academic articles in the field provide technical and economic
assessments (Wralsen et al., 2021; Azadnia et al., 2021; Albertsen et al.,
2021). There has been limited empirical work investigating critical
barriers and enablers to implementing circularity in the battery sector
(Rajaeifar et al., 2022; Wralsen et al., 2021; Albertsen et al., 2021). In
order to design effective policy responses, it is important to develop a
thorough understanding of these factors which can be of policy, tech-
nical and economic nature (Sopha et al., 2022). Those studies that do
assess barriers or enablers concentrate on one category of actors (e.g.,
auto or battery manufacturers, see Albertsen et al., 2021 and Parvi-
ziomran and Elliot, 2024), one specific circularity process (e.g. recy-
cling, see Tripathy et al., 2023, second-life, see Chirumalla et al., 2024,
data sharing for recycling and reuse, see da Silva et al., 2023), one
country in the EU (i.e. Finland, see Ronkko et al., 2021) or outside it (i.e.
India, see Kumar et al., 2021), or collect evidence from experts around
the globe (Wralsen et al., 2021).

Previous studies have called for more in-depth assessments of various
circularity processes for the battery sector (Albertsen et al., 2021),
gathering evidence from experts across the battery supply chain (Kumar
et al.,, 2021) and conducting relevant research with EU coverage
(Azadnia et al., 2021). Authors have also highlighted the role of policy in
driving circularity for the sector (Rajaeifar et al., 2022; Baars et al.,
2021) and a need for studies that delve deeper into policy and regulatory
aspects (Kumar et al., 2021).

To fill this gap, we provide an in-depth assessment of barriers and
enablers to batteries’ circularity in the EU, consulting experts from the
entire battery value chain. We ask the following research question: What
barriers and enablers do companies across the EU face in developing and
implementing circular economy models for batteries? Our analysis is based
on companies implementing processes that support circularity in the EU
battery sector. We focus on the EU as it has identified batteries as a vital
part of its green industrial transition and related policies (European
Commission, 2021; 2023).

To the best of our knowledge, this is the first study of its kind to focus
on the EU and to cover the full spectrum of actors involved in circularity
processes, including battery producers, collectors, recyclers, second-life
application developers and auto manufacturers.

2. Literature review
This section reviews the existing literature on battery circularity,

identifying crucial barriers and enablers. These are grouped under six
different categories (see Appendix A).
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2.1. Barriers

Many barriers stem from existing policies and regulations. Legal
uncertainties and unclear rules (Curtis et al., 2021; Giosue et al., 2021;
Parviziomran and Elliot, 2024) as well as a lack of common standards, e.
g. for safety and evaluating battery status, can impede EoL strategies
(Ma et al., 2021; Rallo et al., 2022). Difficulties in achieving recycling
targets may arise from low availability of secondary materials (Helander
and Ljunggren, 2023). Moreover, the waste status of batteries can make
them subject to high safety requirements and prior notification, creating
legal challenges in shipping and transporting batteries (Albertsen et al.,
2021; National Board of Trade Sweden, 2023).

Financial and economic factors can also constrain battery circu-
larity. Developing a business case for second-life battery applications is
often difficult due to much uncertainty about their economic viability
and a lack of investment incentives (Mayyas et al., 2019; Wralsen et al.,
2021). While prices of first life LIBs, for instance, are expected to
decrease, there are high costs for circular approaches due to storage,
handling, transportation and recovery processes (Ronkko et al., 2021;
Sopha et al., 2022).

Supply chain barriers to battery circularity can arise from diffi-
culties in cooperation among supply chain actors (Azadnia et al., 2021;
Sopha et al., 2022) and reluctance to share data and information on EoL
processes (Giosue et al., 2021; Serna-Guerrero et al., 2022). The
resulting lack of transparency contributes to uncertainties regarding the
optimal format for data sharing to facilitate circularity (Serna-Guerrero
et al., 2022) and the quantity of secondary material flows (Harper et al.,
2019). Furthermore, there are hindrances in collection, storage and
transportation stemming from a lack of facilities for EoL. management
for LIBs, making it hard to optimise material flows (Rajaeifar et al.,
2022; Rallo et al., 2022). The low availability of secondary materials
may also impede recycling processes (Helander and Ljunggren, 2023;
Mayyas et al., 2019).

Technological factors can affect battery circularity, e.g. through
insufficient infrastructure for disposing, collecting, sorting, dismantling,
remanufacturing and recycling LIBs (Kumar et al., 2021; Rallo et al,,
2022). Continuous evolution of battery chemistry creates uncertainties
(Curtis et al., 2021; Rajaeifar et al., 2022) that lead to inconsistent
battery assessments, e.g. regarding their state of health and remaining
useful life (Albertsen et al., 2021; Haram et al., 2021). Variability in
battery chemistry and composition (Mayyas et al., 2019; Murdock et al.,
2021) and designs ill-prepared for EoL management (Azadnia et al.,
2021; Sopha et al., 2022) also cause technical problems for (automated)
disassembly and recycling.

Specialised personnel and tools required for EoL handling are often
missing, exacerbating health and safety risks from dismantling, dis-
charging, reassembly, etc. (Rajaeifar et al., 2022). Insufficient data
render accurate assessments of environmental impacts difficult (Curtis
etal., 2021; Haram et al., 2021), while impeding the implementation of
circular tools such as the DPPs (Gotz et al., 2022).

Demand network barriers relate to the business-to-business (B2B)
and the business-to-consumer (B2C) environment. In both, there is often
alack of trust in circular solutions and misconceptions around secondary
battery applications, as quality is often perceived as low (Ma et al., 2021;
Rajaeifar et al., 2022). A general lack of awareness among business
customers leads to confusion around the safe handling of secondary
batteries (Parviziomran and Elliot, 2024), while missing consumer
awareness may lead to low return rates of LIBs at EoL (Murdock et al.,
2021; Sopha et al., 2022). The costly and often inaccessible nature of
reuse and recycling options incentivises consumers to opt for disposal
instead (Curtis et al., 2021; Ronkko et al., 2021).

Factors related to company organisation can also hinder circular
approaches. Specifically, companies may lack circular economy
knowledge, referring not only to technological knowledge required for
new processes (Parviziomran and Elliot, 2024) but also to awareness of
the benefits of circularity for EV batteries and of suitable circular
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business models (Chirumalla et al., 2024). They may also lack the time
and internal resources required for novel practices (Azadnia et al.,
2021).

2.2. Enablers

Policies and regulations have the potential to encourage businesses
and consumers to adopt circularity processes (Azadnia et al., 2021;
Wrilsen et al., 2021). Clear legal requirements can decrease investment
risks and uncertainties (Curtis et al., 2021), while harmonised data re-
quirements and standards can support competitiveness and consumer
confidence in secondary products (Haram et al., 2021). Funding
schemes enable private investment and support the competitiveness of
circularity processes (Curtis et al., 2021; Sopha et al., 2022). EU laws
like the Batteries Regulation (Albertsen et al., 2021) and policy tools like
Extended Producer Responsibility (Baars et al., 2021; Giosue et al.,
2021) and recycled content targets (Koppelaar et al., 2023) could
strengthen the market for secondary raw materials and spur collection
and recycling of EV batteries. DPPs have the potential to enhance
transparency and data reliability, while supporting carbon reduction
and circularity strategies (Gotz et al., 2022; Koppelaar et al., 2023).

Among economic enablers, circular processes for batteries can
provide revenue opportunities while also supporting the adoption of
innovations (Haram et al., 2021; Wralsen et al., 2021). A key supply
chain enabler is establishing partnerships, i.e. for collaboration and
alignment of interests, among supply chain stakeholders (Baars et al.,
2021; Giosue et al., 2021). Increased information sharing could reduce
costs, market uncertainty and related risks (Curtis et al., 2021).
Furthermore, decentralised geographical location of second-life infra-
structure could reduce transport costs and logistical complexity (Rallo
et al., 2022).

Technological enablers, such as battery design for automated
disassembly and optimisation of material use, as well as standardisation
of cell material, design and processing, could increase the economic
viability of second-life processes (Giosue et al., 2021; Rajaeifar et al.,
2022). Greater flexibility in recycling processes and enhanced screening,
monitoring and sorting methods can also act as enablers (Murdock et al.,
2021). Improvements in digital technologies, e.g., regarding data
availability and traceability, can support optimising strategies at the end
of (first) life (Baars et al., 2021; da Silva et al., 2023).

In the demand network category, in a B2B environment, increased
company awareness of environmental issues may drive demand for more
circular approaches (Parviziomran and Elliot, 2024). This can also be
observed in the B2C environment where higher public awareness and
engagement in sustainability issues can be an important enabler (Sopha
et al., 2022). Battery passports can act as drivers for more informed and
sustainable consumer choices (Gotz et al., 2022).

Company organisation can drive battery circularity through
various factors related to the organisational set-up and company culture.
Crucially, internal commitment and motivated employees, better
communication and knowledge transfer, and a clear strategy have been
identified as enablers in the literature (Albertsen et al., 2021). Internal
innovation and circularity implementation, such as through innovative
business models (Sopha et al., 2022; Chirumalla et al., 2024), and a
dedicated circularity team can be an additional advantage (Albertsen
et al., 2021).

3. Methodology

The study is exploratory in scope and adopts a qualitative case-study
approach to address the research question. The explanatory nature of
the study is deemed appropriate for answering the ‘what’ questions
posed and building new knowledge (Yin, 1994). Defining the types of
cases for the analysis and boundaries for the research are important
steps (Ragin, 2000; Miles and Huberman, 1994). To this end, the
assessment draws from several cases of companies that have developed
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models for achieving circularity or resource efficiency for batteries. This
includes recycling and second-life applications that seek to extend the
lifetime of batteries. Through a bottom-up approach relying on data
collected from multiple company cases impacted by the EU policy mix
on batteries we aim to develop a deeper understanding of the real-life
barriers companies face and the existing policy gaps and in-
consistencies (Lune and Berg, 2017; Voss et al., 2002; Ossenbrink et al.,
2019). The empirical component of the study relies on in-depth in-
terviews with senior company representatives for collecting rich quali-
tative data (Saunders et al., 2009; Yin, 2009).

In order to develop the sample this study, we used the purposive
sampling strategy complemented by the snowball sampling method. In
line with the purposeful sampling approach, we utilised our “special
knowledge or expertise about some group to select subjects who
represent this population’” (Lune and Berg, 2017, p. 39). We specifically
utilised as a starting point a group of industrial partners in the
EU-funded project BATRAW, which develops circularity approaches for
EV batteries. Using the snowball sampling method (see Saunders et al.,
2009; Lune and Berg, 2017), we then extended the sample by asking the
interview participants to identify and propose other experts “who
possess the same relevant attributes they do’’ (Lune and Berg, 2017, p.
39).

We applied the following criteria for selecting the companies to be
included in the study. First, the company should be engaged in a pro-
cesses supporting recycling or second-life applications (Vermunt et al.,
2019). Second and in line with the scope of the study, the companies
should either operate in the EU or place their products on EU market to
be impacted by EU legislation in this field (Albertsen et al., 2021). Third,
we aimed to feature in the sample companies across all stages of the
battery value chain that implement circularity approaches (Serna--
Guerrero et al., 2022), namely battery producers, collectors, companies
offering reuse services, dismantlers, recyclers and end users. In total, we
compiled a sample of 20 companies for interviews (see Table B1,
Appendix B) including a mix of industrial partners involved in BATRAW
and other companies in the battery value chain. We decided that a
sample of this size would allow us to collect rich information from each
case study while ensuring that data can be analysed with a reasonable
amount of effort (Marshall et al., 2013; Saunders et al., 2009).

Empirical data were collected from interviews that took place be-
tween August 2022 and April 2023. All interviews lasted at least 60 min,
with some extending up to 75. Their content was structured around a
questionnaire that used the categories of barriers and enablers estab-
lished through the literature review presented in Section 2. This sup-
ported the later grouping of data with codes and their comparison across
the different company cases (Miles and Huberman, 1994; Lune and Berg,
2017). In addition to the questions on barriers and enablers, the in-
terviewees were also asked to identify potential policy inconsistencies
(see Appendix C). Questions were asked in an open format, allowing the
experts to elaborate on the barriers and enablers they face as well as to
make suggestions (Yin, 2009). All interviews were held with the
participation of at least two members of the research team; this enabled
one interviewer to focus on managing the discussion and directly
interact with the interviewee(s), while another took notes of the view-
points expressed in a neutral way (Eisenhardt, 1989).

Detailed transcripts were subsequently prepared by the research
team for all interviews. This exercise resulted in 141 pages of transcripts

! BATRAW receives funding through the European Union’s Horizon Europe
research and innovation programme (https://batraw.eu/). It aims to pioneer
and showcase circular methodologies for managing end-of-life EV battery
packs. The project will implement two pilot programmes: the first will utilise a
semi-automatic disassembly process for reusing battery components, and the
second will employ pre-treatment and hydrometallurgical techniques for
recycling battery cells and modules. The 17 project partners include research
institutions and companies from different stages of the battery value chain.
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in total. To manage the large amount of data and identify common in-
sights across the different case studies, data in the transcripts were coded
(Lune and Berg, 2017). The different codes presented, in a short phrase,
the relevant barrier or enabler (Saldana, 2013). We used 36 codes in
total which were compiled in two phases. During the first phase, we used
the barriers and enablers identified through the literature review (see
Table Al). These were complemented with 21 additional codes that
were prepared by the authors. Data were then imported into an Excel
document under the various codes. The codes were used as filters which
allowed determining the frequency a barrier or enabler was raised and
the identification of cross-case study insights. An overview of the
methodology is shown in Fig. 1.

4. Results and discussion
4.1. Barriers

The first category of barriers emanating from the empirical analysis
relate to the policy and legislative framework. A cluster of barriers
were associated with the battery passport requirements of the EU Bat-
teries Regulation. According to nine sampled companies, as observed in
pilots, implementing the battery passport requirements will be a chal-
lenging task. This was attributed to the lack of common standards in
place for consolidating all the required battery-related data from each
actor across the value chain. One interviewee (Principal Policy Officer,
supply chain traceability) stressed that for the effective implementation
of the battery passport “regulators should provide clear requirements
for all data mandated in the passport and access guidelines for
stakeholders’.

Concerns were also raised about the reliability of collected data from
different actors and how it will be ensured in practice. Similar hurdles
linked to the varied data formats across the battery supply chain were
reported by Serna-Guerrero et al. (2022), which highlights the impor-
tance of developing standardised data collection processes to support
transparency and circularity. A related issue pertains to the electronic
exchange system of the battery passport, with five companies expressing
concerns about how the confidentiality of sensitive data will be ensured
and how only actors with legitimate interest will have access to this
data. Moreover, in four cases companies held that there are uncertainties
as to how data interoperability across the battery value chain will be
achieved.

A pressing issue mentioned by companies involved in recycling but
also auto manufacturers and providers of traceability solutions (seven in
total) concerned the rules surrounding responsibility for handling the
batteries used for second-life applications. In the experts’ view, the rules
in the Batteries Regulation leave room for interpretation about how in
practice these responsibilities for managing the batteries will be trans-
ferred from one economic operator to another when batteries reach the
end of their first life. As batteries are used in different automotive and
stationary applications, it can be unclear which actor is responsible

Research questions and

. X D llecti
review of the literature ata collection

Definition of
research questions

Preparation of
sample of 20
company cases

Literature review on
barriers and enablers
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throughout the value chain. This also applies to the battery passport
requirements and how they will be practically transferred for batteries
that can be repurposed.

The implication of this vague framework is that some companies may
be discouraged from investing in second-life business models. Five
companies reported difficulties in implementing the requirements of the
new EU Batteries Regulation. These included problems in enforcing the
requirements for imported batteries and establishing a proper market
surveillance system, a lack of clarity on how the battery management
system will incorporate all metrics and a cumbersome mix of regulatory
articles that need to be managed by both small and large companies.

In five other cases, the uncertainty surrounding the life-cycle
assessment (LCA) and carbon footprint calculations for batteries was
identified as an issue. One company carrying out a pilot reported that
the complexity of the battery product makes it very hard to apply the
life-cycle approach to the product’s environmental footprint and to
ensure that the results for batteries coming from different parts of the
world are comparable. As stated by an expert from a company involved
in battery material production and battery recycling (Senior Manager,
recycling), “harmonization is crucial when it comes to reporting data,
such as COy footprints, and we need a consistent methodology for
calculating them’’.

The complex legal rules for the cross-border movement of batteries
were a common barrier in four interviews. The experts explained that
the whole process of preparing the necessary documentation and getting
approval from the authorities to ship batteries for recycling or repur-
posing can be quite burdensome. This challenge is often perpetuated by
discordant requirements and waste-classification frameworks across
different countries. Other studies have identified similar burdens asso-
ciated with the shipment of waste and the divergent rules across EU
Member States (see Van Buren et al., 2016; Rizos and Bryhn, 2022). This
highlights the importance of policy coherence when implementing the
EU policy framework on circularity at the Member State level (Lee et al.,
2017; Wilts et al., 2016).

Four companies (two auto manufacturers and two recyclers) thought
that various targets in the EU Batteries Regulation — namely on recycled
content in new batteries, recycling efficiency and recovery rates for
certain materials — are over-ambitious given the current state of the EU
recycling chain. Making the battery packs more modular and easier to
dismantle through forward-looking ecodesign policies, which are
currently lacking, would support both recycling and second-life appli-
cations according to two auto manufacturers and two recyclers. In three
cases, companies suggested that as the global competition for leadership
in new battery technologies increases, the financial support provided to
EU industry should be enhanced. Finally, a barrier noted by three
companies was the lack of guidance in national legislation on the safe
storage of EoL batteries.

Two major barriers of an economic/financial nature were identi-
fied during the interviews. The economic case for recycling LIBs was the
first of these, pointed to by seven companies. The experts elaborated that

Data analysis

In-depth Preparation of Codingand Drawing of
interviews interview clustering of cross-case study
transcripts data insights

Fig. 1. Overview of research methodology.
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raising the large funds required for large-scale recycling plants can be
challenging, especially given that many recycling operations are not
profitable during the early years of operation. Besides the high operating
costs of the plant, the fluctuating prices of the recovered materials pose
risks to the viability of the complex business case. This mirrors the
findings by Mayyas et al. (2019) about the still uncertain economics of
battery recycling.

The second key barrier, also mentioned by seven companies, was the
difficulty of developing a viable business case for second-life battery
applications. Two key factors that can hinder the competitiveness of
such applications are the high costs of spare parts that may be required
for repurposing the battery and the complicated disassembly process,
especially for small battery packs. The latter factor corroborates the
above-mentioned lack of ecodesign policies to support circular processes
for LIBs. One expert from a company developing second-life applications
stressed that in the absence of economic incentives it will be hard for
reused batteries to compete in the market with new batteries that have
higher energy capacity.

Another group of barriers emerge from the supply chain. Seven
companies reported obstacles in collection, including insufficient
collection schemes for portable LIBs, low volumes of large LIBs currently
available for recycling and difficulties in collecting batteries from mul-
tiple sources and then sorting them according to their different
chemistries.

During seven interviews, companies discussed the limited trans-
parency across the battery supply chains, which hinders battery
extraction, dismantling, recycling and reuse services. Among the types
of information that are hard to get from suppliers are detailed mineral
composition, chemical substances, the share of recycled content and
original sources of materials. According to two companies (a provider of
traceability solutions and a dismantler), it is particularly important for
circularity processes to have information on the battery management
system, the battery’s state of health and charging history. In five cases,
there was reference to a general reluctance among companies across
different segments of the battery value chain to share data. This was
attributed to confidentiality concerns and the fact that companies are
only used to providing data on the basis of non-disclosure agreements.

While the battery passport of the new EU Batteries Regulation aims
to address the above transparency-related issues, experts noted that the
legal framework would need to provide assurance to companies that
data are shared in a way that benefits the whole supply chain and does
not entail confidentiality risks. These suggestions, citing the need to
provide assurance to supply chain actors for data-powered circularity
processes, are in line with published research in the field (Gupta et al.
2019).

Some barriers of a technical nature were also disclosed. In three
cases, the companies offering collection, recycling and vehicle disman-
tling services reported that product design choices do not support the
easy extraction of LIBs for recycling or using in second-life applications.
As discussed by the experts, extracting the various components from the
batteries is often a laborious and time-consuming process due to the
glues used. Lack of battery pack standardisation was an important issue
mentioned by three companies. The experts suggested that the multi-
plicity of different battery packs, geometries and shapes, coupled with
the frequent lack of information about their previous usage, adds to the
complexity of establishing standardised processes for recycling and
reusing LIBs. Furthermore, two companies involved in recycling held
that discharging some types of batteries to prepare them for safe recy-
cling can be a complicated process.

A number of impediments were attributed to the demand network,
including both consumers and clients in the B2B environment. The lack
of consumer awareness about the benefits of recycling and reuse pro-
cesses was a common barrier in four interviews. In particular, the ex-
perts noted that there is still large scope for improving consumers’
knowledge about the impacts of their consumption choices and the
importance of proper collection of products with LIBs, especially smaller
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consumer electronics.

The same point also applies to companies in the B2B environment,
which often have low awareness of their environmental footprint. In
three cases, it was suggested that for a segment of consumers and clients
there is lack of interest in circular solutions, especially if they come at a
higher cost. A given example was second-life batteries, which according
to the experts, are not easily prioritised over new batteries due to the
increased costs involved. Finally, two companies providing second-life
applications mentioned misconceptions in the market about the qual-
ity and performance of reused batteries.

On the company organisation front, the difficulties of adapting to
the evolving market were deemed a barrier during four interviews. As
noted by the interviewees, in some cases it can be challenging for
companies wishing to expand their recycling and reuse business to
integrate new equipment and technologies into existing operations, as
well as train employees on new processes. Lack of time and capacity
constraints was another barrier identified by two companies. The ex-
perts explained that for companies, and especially SMEs, obtaining all
the necessary permits and licenses to comply with the regulatory re-
quirements can require significant internal resources.

4.2. Enablers

A key category of enablers emerging from the interviews relates to
policies and regulations. Experts from all battery value chain segments
covered by this paper highlighted the potential of the EU Batteries
Regulation to drive circularity within companies and along supply
chains by creating binding requirements, such as recycling targets and
carbon footprint declarations. These findings are in line with the liter-
ature, where many authors argue for the potential of clear legal re-
quirements (Curtis et a., 2021), recycled content targets (Koppelaar
et al., 2023) and the Batteries Regulation in particular (Albertsen et al.,
2021).

Moreover, the EU battery passport emerged as a crucial enabler (ten
interviews in total) for increasing supply chain transparency and
standardisation, and for closing information gaps. With regard to the
latter, one interviewee (Head of R&D, recycling) mentioned that “’the
core information that would be useful for recyclers would be the
chemistry inside and the percentages of the different components [...] to
improve the sorting process’’. As also emphasised in the literature (Gotz
et al., 2022; Koppelaar et al., 2023), making this information available
can help optimise recycling and second-life processes. However, an
aspect uncovered in the interviews that is not extensively discussed in
the present literature relates to the battery passport’s potential to
educate consumers on circularity and thereby encourage a change in
consumption behaviour.

EU high-level strategies such as the EU Green Deal were argued by
five interviewees from the manufacturing, second-life and traceability
sectors to provide necessary signals to the automotive sector to transi-
tion towards EVs. An interviewee (Lead Engineer, reuse) said that “ac-
tors in the market are discussing the objectives set up by the EU and are
pushing the market towards electric vehicles’’. Interestingly, the liter-
ature does not often discuss the potential of such high-level strategies,
instead focusing on legal obligations and standards (Curtis et al., 2021;
Gotz et al., 2022; Haram et al., 2021), indicating that there may be more
to explore in this context. Four experts engaged in different EoL oper-
ations pointed to the relevance of EU-funded projects in helping to
finance circularity frameworks and creating demand for recycling and
second-life applications. Furthermore, experts maintained that such
projects generated the opportunity for stakeholder cooperation and
mutual learning. The role of funding schemes in spurring private in-
vestment in battery circularity was also found in the literature (Curtis
et al., 2021; Gotz et al., 2022; Sopha et al., 2022), although their po-
tential for stakeholder cooperation was not discussed there.

The second category of enablers stems from financial and economic
factors. Revenue and cost-saving opportunities from the circular
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economy were highlighted as enablers by four firms (an auto manu-
facturer and different EoL operators), as confirmed by the literature
(Haram et al., 2021; Wrélsen et al., 2021). Specifically, an interview
from the auto manufacturing sector highlighted that “’[e]nabling to sell
batteries as a second-life application would generate additional revenue
streams’’. Two firms engaged in second-life processes noted the high
raw material and energy prices at the time as financial enablers of cir-
cular batteries, increasing the competitiveness of secondary batteries.

On supply chain enablers, seven experts, mainly from EoL and
second life sectors, mentioned the establishment of partnerships, which
is also an important enabler in the literature (Baars et al., 2021; Curtis
et al., 2021; Giosue et al., 2021; Wralsen et al., 2021). According to the
experts, partnerships are instrumental in building relationships of trust
that, in turn, are key for increased information sharing and improved
awareness of circularity processes. One expert (Co-Founder, traceability
solutions) stated that “if you can establish relationships between com-
panies that trust each other [...], more people get used to [sharing data]
and it becomes easier for them’’.

Within the technology category of enablers, digital technology, such
as blockchain, was highlighted as facilitator of information sharing
while increasing supply chain visibility and traceability. This is in line
with findings by da Silva et al. (2023) and Jtnior et al. (2023). Inno-
vation in dismantling and recycling technology was pointed out by two
firms from the recycling and refining sector as an enabler of EoL pro-
cesses. New technologies for LIB recycling could increase the flexibility
of recycling and improve the recovery of valuable materials, and the use
of robotics was brought up as a way to improve the cost efficiency of
recycling processes while reducing risks to human health.

Increasing public awareness of sustainability issues was mentioned
as a major demand network enabler by nine firms (involved in auto
manufacturing, supply chain traceability and EoL. management/second-
life), pushing companies to improve their public image and move to
more circular solutions. One interviewee (Founder, recycling in-
novations) explained that in addition to environmental considerations
“extraction of cobalt and concerns about use of child labour have made
people aware of the existence of supply chains for batteries’”. This
awareness can also lead to a change in consumer behaviour, e.g.
regarding battery disposal. More sustainable consumer choices and de-
mand for circular solutions were highlighted as overarching reasons for
transitioning towards circular business models in the first place. This
was largely not discussed in the existing literature.

The final group of enablers relates to company organisation. Here,
internal commitment, motivated employees and environmental culture
were emphasised by seven experts from across the battery value chain. A
strong commitment to environmental values, including from upper
management, leads to alignment of internal structures with circularity
and sustainability objectives. Three companies (an auto manufacturer
and producer of battery cell, a dismantler and a developer of battery
recycling machinery) highlighted the potential of internal innovation to
unlock financial benefits, anticipate market needs and encourage the
transition towards more circular infrastructure.

Table 1 provides an overview of the key barriers and enablers
identified through the interviews.

4.3. Inconsistencies in the policy mix

During the interviews, companies were also asked to identify po-
tential inconsistencies in the existing policy mix affecting circularity for
LIBs. For four companies involved in the recycling or dismantling of
batteries, there are inconsistent objectives in the circularity and chem-
icals policy domains. The interviewees explicitly argued that while cir-
cular economy processes for batteries have a strong affinity with
retaining their value for as long as possible and reusing their compo-
nents, these objectives are complicated by the strict rules in place for the
management of batteries and the resulting administrative burden.

In four other cases, the interviewees held that developing a viable
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Table 1
Barriers and enablers emerging from the empirical analysis.
Category Type Barrier/Enabler Number of
sampled
companies
Policies and Barrier Challenges in implementing the 9
regulations battery passport requirements
Lack of clear rules for second-life 7
applications
Uncertainties regarding the data 5
exchange system
Difficulties in implementing the 5
requirements of the Batteries
Regulation
Lack of guidance on LCAs and 5
carbon footprint calculations
Uncertainties about data 4
interoperability
Legal challenges in shipping and 4
transporting
Difficulty in achieving recycling 4
targets
Lack of ambitious ecodesign 4
policies
Lack of financial support 3
Lack of guidance on storing of 3
batteries
Enabler  Digital product passports 10
EU Batteries Regulation 9
EU high-level strategies 5
EU-funded projects 4
Economic Barrier Challenging economic case for 7
factors battery recycling
Difficulties in developing a 7
business case for second-life
applications
Enabler = Revenue opportunities 4
High energy and primary raw 2
material prices
Supply chain Barrier Collection issues 7
Lack of transparency across 7
supply chains
Reluctance to share data 5
Enabler  Establishing partnerships 7
Technology Barrier Battery design not supporting 3
recycling and reuse
Discharging process challenges 2
Enabler  Digital technology 3
Dismantling and recycling 2
technology
Demand Barrier Lack of consumer awareness 4
network Lack of interest in circular 3
solutions
Misconceptions about secondary 2
battery applications
Enabler  Increased public awareness of 9
sustainability issues
Increasing demand for circular/ 4
sustainable products
Company Barrier Difficulties in adapting to the 4
organisation evolving market
Lack of time and internal 2
resources
Enabler  Internal commitment and 7
motivated employees
Internal innovation 3

recycling value chain for LIBs can be constrained by conflicting prior-
ities and legal rules globally. Two specific examples given were the
inconsistent frameworks for promoting the development of battery
recycling plants in the EU and US, and the different classifications
worldwide for waste batteries. On the former, companies argued that the
uneven financial support opportunities in the EU and US affect the level
playing field and may slow investments in Europe. One expert (Founder,
recycling innovations) specifically emphasised that “the US Inflation
Reduction Act and the pace by which the US is currently driving
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investments create an uneven playing field and will have implications
for the battery sector and battery production globally’’. On the latter, it
was suggested that the transboundary movement of EoL batteries is
governed by varied and inconsistent classification approaches and
control procedures for waste batteries. Inconsistent rules across the EU
was a further challenge noted by two companies. A specific example
provided by a recycling company referred to the diverse requirements
across EU member states for managing plastic components included in
batteries which can create confusion and an unfavourable investment
environment for companies in the sector.

5. Conclusions

In assessing the barriers, enablers and inconsistencies in today’s EU
policy mix that affect the implementation of circularity processes for
LIBs, we used qualitative empirical evidence gathered through in-depth
interviews with companies across the battery value chain.

Our results suggest that the revised EU policy framework for batte-
ries underpinned by a new regulation is perceived to be a major enabler
in the adoption of circular economy business models and innovations.
The upcoming binding requirements on recycling targets and carbon
footprint as well as the second-life provisions are awakening interest in
circular business models among companies in the value chain. In addi-
tion, the requirement for a battery passport and the new rules on data
sharing may have a transformational impact on battery supply chains
and address the lack of transparency. Beyond the new regulatory re-
quirements, EU high-level strategies and financial support for research
projects are two further important enablers emerging from the sample.
The former signals a new level of ambition in EU sustainability policies,
which in turn can influence changes in markets, while the latter can
stimulate innovation and support knowledge sharing.

However, interview findings reveal several hurdles that need over-
coming to create fertile ground for circularity processes and innovation
in the battery value chain. One set of barriers are the new demands of the
Batteries Regulation for data collection, sharing and availability. While
the potential of the battery passport is acknowledged, effective imple-
mentation would require addressing issues such as data reliability and
confidentiality, as well as the lack of common standards for data sharing.
Given the novelty of the instrument and the lack of know-how, dedi-
cated initiatives and projects bringing together different actors in the
battery supply chain could help alleviate concerns about data sharing.

Two additional areas of the regulation that need further clarity,
possibly through additional legislative acts, concern the responsibilities
for managing batteries at the end of their first life and implementing the
rules on carbon footprint. The findings also highlight other policy-
related challenges, including the difficulty of transboundary move-
ments of EoL batteries and the lack of ambitious ecodesign rules.
Furthermore, the empirical evidence indicates that implementing cir-
cular processes in the battery value chain can be hindered by divergent
requirements from different EU policy domains and global rules on
batteries.

The above results imply that the overall EU policy mix for sustain-
ability in the battery value chain has been broadened, with traditional
waste management instruments now interlinked with others in areas
such as digital and competition policies. As the portfolio of relevant
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policy instruments expands, it will be ever more important to ensure
coherence and coordination between their objectives and to avoid in-
consistencies with counterproductive results for companies wishing to
adopt circularity approaches.

Ex-ante and ex-post assessments should therefore not view barriers
and enablers in isolation, but rather as effects of a policy mix that
transcends the boundaries of traditional policy domains. Given the
global nature of the battery supply chains and the rapid growth of the
sector, there is also a need to accelerate international coordination ef-
forts on standards, waste definitions, classification frameworks and
carbon footprint calculations.

Potential avenues for future research emerge from our results. One
such path concerns the implementation of the EU battery passport. As
explained above, our study identified a number of issues linked to
growing data demands that would benefit from in-depth analysis with
samples covering the entire battery value chain. The present in-
consistencies in the overall policy mix affecting the adoption of circu-
larity approaches in the battery value chain would also require further
research. While our study represents a first attempt to identify such
inconsistencies, there is a need for a more detailed mapping of con-
flicting rules stemming from EU and national policy frameworks to
inform policy-makers. Following on from our results, a comparative
analysis of the regulatory support frameworks for batteries in the EU and
the US could furthermore deepen insights into inconsistent classification
frameworks and standards affecting global value chains.
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Appendix A
Table A1
Framework of barriers and enablers in the implementation of circularity approaches for batteries.
Category Type Barrier/Enabler References
Policies and Barrier Legal uncertainties and unclear rules (Curtis et al., 2021; Giosue et al., 2021; Parviziomran and Elliot, 2024; Sopha et al., 2022)
regulations Lack of common standards (Ma et al., 2021; Parviziomran and Elliot, 2024; Rallo et al., 2022; Sopha et al., 2022)
Difficulties in achieving recycling targets (Albertsen et al., 2021; Helander and Ljunggren, 2023)
Waste status of batteries (Albertsen et al., 2021; Rajaeifar et al., 2022)
Legal challenges in shipping and transporting (Albertsen et al., 2021; National Board of Trade Sweden, 2023; Rajaeifar et al., 2022)
Enabler  Clear legal requirements (Curtis et al., 2021)
Harmonised data requirements and standards (Curtis et al., 2021; Gotz et al., 2022; Haram et al., 2021)
Funding schemes (Curtis et al., 2021; Gotz et al., 2022; Sopha et al., 2022)
EU Batteries Regulation (Albertsen et al., 2021)
Digital product passports (Gotz et al., 2022; Koppelaar et al., 2023)
Economic factors Barrier Difficulties in developing a business case for (Curtis et al., 2021; Haram et al., 2021; Mayyas et al., 2019; Wrélsen et al., 2021).
second-life battery applications
High costs for circular approaches (Albertsen et al., 2021; Rajaeifar et al., 2022; Ronkko et al., 2021; Sopha et al., 2022)
Enabler  Revenue opportunities (Haram et al., 2021; Wralsen et al., 2021)
Supply chain Barrier Difficulties in cooperation (Azadnia et al., 2021; Sopha et al., 2022)
Reluctance to share data (Giosue et al., 2021; Serna-Guerrero et al., 2022; Sopha et al., 2022)
Supply chain uncertainties (Serna-Guerrero et al., 2022; Azadnia et al., 2021; Harper et al., 2019;)
Challenges in collection, storage and (Rajaeifar et al., 2022; Rallo et al., 2022)
transportation
Low availability of secondary materials (Albertsen et al., 2021; Helander and Ljunggren, 2023; Mayyas et al., 2019)
Enabler  Establishing partnerships (Baars et al., 2021; Curtis et al., 2021; Giosue et al., 2021; Wrélsen et al., 2021)
Increased information sharing (Curtis et al., 2021)
Geographical location (Rallo et al., 2022)
Technology Barrier Insufficient infrastructure (Kumar et al., 2021; Ma et al., 2021; Rallo et al., 2022; Sopha et al., 2022)
Continuous evolution of battery chemistry (Albertsen et al., 2021; Curtis et al., 2021; Haram et al., 2021; Rajaeifar et al., 2022, 2022;
Sopha et al., 2022)
Technical problems for (automated) disassembly (Azadnia et al., 2021; Curtis et al., 2021; Harper et al., 2019; Mayyas et al., 2019; Murdock
and recycling et al., 2021; Rajaeifar et al., 2022; Sopha et al., 2022)
Health and safety risks (Rajaeifar et al., 2022)
Insufficient data (Curtis et al., 2021; Gotz et al., 2022; Haram et al., 2021; Rajaeifar et al., 2022)
Enabler  Battery design (Curtis et al., 2021; Giosue et al., 2021; Murdock et al., 2021; Rajaeifar et al., 2022)
Flexibility in recycling technologies (Murdock et al., 2021)
Digital technology (Albertsen et al., 2021; Baars et al., 2021; da Silva et al., 2023; Janior et al., 2023)
Demand network Barrier Lack of trust in circular solutions (Curtis et al., 2021; Ma et al., 2021; Rajaeifar et al., 2022; Ronkko et al., 2021)
Misconceptions around secondary battery (Curtis et al., 2021; Ma et al., 2021; Murdock et al., 2021; Sopha et al., 2022; Parviziomran
applications and Elliot, 2024; Rajaeifar et al., 2022; Ronkko et al., 2021)
Inaccessible reuse and recycling options (Curtis et al., 2021; Ronkko et al., 2021)
Enabler  Increased public awareness of sustainability issues ~ (Parviziomran and Elliot, 2024; Sopha et al., 2022)
Sustainable consumer choices (Gotz et al., 2022)
Company Barrier Lack of circular economy knowledge (Azadnia et al., 2021; Chirumalla et al., 2024; Parviziomran and Elliot, 2024)
organisation Lack of time and internal resources (Azadnia et al., 2021)
Enabler  Internal commitment and motivated employees (Albertsen et al., 2021)

Internal innovation

(Albertsen et al., 2021; Chirumalla et al., 2024; Sopha et al., 2022)

Appendix B

Table B1

List of interviewed experts.

Number  Sector Circular Process Experts’ role
Firm 1 Battery evaluation, disassembly and second-life applications ~ Reuse 1. Lead Engineer
2. Strategic Business Analyst
Firm 2 Auto manufacturer Recycling & reuse Developer of Innovation
Firm 3 Auto manufacturer Recycling & reuse 1. Product Sustainability Leader
2. Product Development Engineer
Firm 4 End-of-life management & recycling of batteries Recycling 1. Head of R&D
2. Innovation Researcher
3. Researcher - R&D
Firm 5 Collection of batteries Collection Manager
Firm 6 Supply chain traceability and circularity services Traceability solutions supporting recycling and reuse ~ 1.Co-Founder 2. Project Lead
Firm 7 Supply chain traceability and circularity services Traceability solutions supporting recycling and reuse ~ Director of Business Development
Firm 8 Battery innovation service provider Recycling innovations 1. Chief of Staff
2. Founder
Firm 9 Recycling & refining Recycling Director of Government Affairs
Firm 10  Battery material production & battery recycling Recycling Senior Manager

(continued on next page)
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Table B1 (continued)
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Number  Sector Circular Process Experts’ role
Firm 11 Manufacturer of automotive parts & e-bike batteries Recycling & reuse 1. Head of Office
2. Head of Battery Development
Firm 12 Recycling & refining Recycling Director of Public Affairs
Firm 13 Environmental services Services supporting recycling Project Lead
Firm 14  Standards & supply chain traceability Traceability solutions supporting recycling and reuse 1. Principal Policy Officer
2. Senior Manager
3. Manager of Sustainability
Firm 15  Battery recycling Recycling CEO
Firm 16  End-of-life management & second-life applications Reuse 1. Head of Environmental Management
2. Business Development Coordinator
Firm 17  Auto manufacturer & battery cell production Recycling 1. Group Project Manager
2. Corporate External and Government Relations
Firm 18  Dismantling of vehicles & extraction of batteries Dismantling for reuse and recycling Head of Innovation
Firm 19  Second-life applications Reuse Co-Founder & CEO
Firm 20  Development of battery recycling machinery Recycling Recycling Engineer

Appendix C

Interview questions
I Description of the company’s business model and circular approach
Please provide the following information: (i) your position and role in the company, (ii) size of company, and (iii) description of the company’s
activities and processes supporting circularity in the battery sector.
II. Barriers
Which factors stemming from the existing EU policy framework, economics, supply chains, demand network and company organisation acted as
barriers for your company in implementing a process supporting circularity in the battery sector?
II. Enablers

Which factors (i.e. enablers) stemming from the existing EU policy framework, economics, supply chains, demand network and company orga-
nisation acted as enablers for your company in implementing a process supporting circularity in the battery sector?

III. Inconsistencies in the policy mix

In your view, what are the key inconsistencies in the current policy mix for batteries? Are there any policies that contradict each other and pose
challenges for businesses in this sector?

Appendix D

Table D1

Selected quotes from the interviews.

Category Type Quote Interviewee role
Policies and Barrier “Regulators should provide clear data requirements for all data mandated in the passport and access Principal Policy Officer,
regulations guidelines for stakeholders.” Traceability solutions
“There are many attempts by different organizations to do track and trace data and implement due diligence,  Director of Public Affairs,
but the standards landscape is fragmented.” Recycling
“Interoperability is a key challenge in relation to digital product passports. All the decentralized systems - Director of Public Affairs,
which could be hundreds or even thousands — would need to communicate with each another through asmart ~ Recycling
technology adapter.”
“It is unclear how the responsibility for implementing the battery passport requirements is transferred after ~ Senior Manager, Recycling
the battery reaches the end of its first life and needs to be repurposed or recycled. The regulation uses the
term "economic actor that places the battery on the market” as the responsible party, but there is room for
interpretation.”
“Harmonization is crucial when it comes to reporting data, such as CO2 footprints, and we need a consistent ~ Senior Manager, Recycling
methodology for calculating them. This is important so that everyone can report their data in a comparable
and standardized manner.”
“Transportation policies and the classification of the battery as a dangerous waste are among the most Head of Environmental
important things that affect our business model. They make our work difficult since for every step we take we =~ Management, Reuse
must inform our local and national governments.”
“The text of national legislation is not very clear on battery storage requirements. It only mentions that Head of R&D, Recycling
hazardous waste must be stored in a closed container, but no further guidelines are provided regarding the
types of containers and insulation materials.”
Enabler I believe the biggest enabler for us will be the Battery Regulation. It’ll give us a good push for adopting Head of Battery Development,

circularity practices.”

“The core information that would be useful for recyclers would be the chemistry inside and the percentages of
the different components within the applications in order to improve the sorting process. This would be
useful for the whole value chain, knowing the risk associated with the composition of the device.”

“Actors in the market are discussing the objectives set up by the EU and are pushing the market towards
electric vehicles. There is a signal to the automotive sector that the transition away from fossil fuels is
needed.”

Recycling & Reuse
Head of R&D, Recycling

Lead Engineer, Reuse

(continued on next page)
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Category Type

Quote

Interviewee role

Economic factors Barrier

Enabler

Supply chain Barrier

Enabler

Technology Barrier

Enabler

Demand network Barrier

Enabler

Company Barrier

organisation
Enabler

Inconsistency

“EU-funded projects help improve company development and incentivise expansion of recycling operations.
They also raise public awareness for companies working in this field.”

“At the early stages, many recycling operations are not profitable. It takes years to develop a process and set
up collection schemes. If there are no legal obligations in place, many recycling routes will simply not take
off”.

“Repurposing smaller battery packs requires a significant amount of time and effort, resulting in a high cost
per kWh. This factor has complicated the launch of an own-initiated project that aimed to repurpose battery
packs.”

“Even if not yet well defined, there is high economic value in EoL batteries. Enabling to sell batteries as a
second-life application would generate additional revenue streams and support the business model.”

“The price increase of materials works in our favor. It makes new batteries more expensive, but it doesn’t
affect second-life batteries. Therefore, it actually serves as a driver for us."

“While we sometimes find basic chemical composition details, we usually lack information on the proportion
of different metals, such as cobalt and nickel, in the battery”.

“Companies are often reluctant to share more data than they are obliged to. It is essential for them to be told
when this is a requirement for the project or by the industry, or due to a standard or a law already in place.”
“If you can establish relationships between companies that trust each other [...], more people get used to
[sharing data] and it becomes easier for them, especially when they trust that the information they share is in
trusted hands.”

“During the manufacturing stage batteries are designed with little consideration for their end-of-life disposal.
As aresult, when the time comes to dismantle them, it proves to be a laborious and time-consuming process.
For instance, the cover is excessively glued all around its perimeter, making it particularly challenging to
remove.”

“Using robots is less risky for human health since they can discharge the batteries. The robotic arms can even
be reprogrammed remotely under strict agreements with the recycler. This way, the arms can take the
batteries apart, allowing for better access to the cells, cathode and anode plates, and the casings, which can
be reused.”

“Consumers often lack knowledge about the contents of the products they use and their recycling
opportunities at the end of life. More communication of recycling opportunities, campaigns and guidelines
are necessary.”

“Currently, even environmentally conscious companies and startups prioritize cheaper options over the
environmental benefits of second-life batteries. This pattern discourages the widespread adoption of second-
life batteries. Customers often question why our batteries are not cheaper than new batteries with a higher
environmental footprint.”

“Extraction of cobalt and concerns about use of child labour have made people aware of the existence of
supply chains for batteries. Environmental concerns [...] are also impactful.”

“There is an increasing number of companies interested in buying remanufactured batteries. Another
incentive for companies is to reduce their carbon footprint, as remanufactured and refurbished batteries have
lower carbon footprint compared to new ones.”

“A key challenge is that SMEs may find it more difficult to comply with the rules of EU regulations compared
to larger organizations. [...] It is important to find solutions that can be implemented by all types of
organisations, regardless of their size.”

“A strong commitment to environmental values and the development of partnerships allows us to improve
the company organisation and the products.”

“An inconsistency exists in existing regulations. On the one hand, they promote the second-life and reuse of
lithium-ion batteries. However, these used lithium-ion batteries are classified as hazardous waste. This poses
a problem because if these batteries still retain some value, they should not be classified as dangerous waste.”
“The US Inflation Reduction Act and the pace by which the US is currently driving investments create an
uneven playing field and will have implications for the battery sector and battery production globally.”

Innovation Researcher, Recycling

Director of Government Affairs,
Recycling

Head of Office, Recycling & Reuse

Product Sustainability Leader,
Recycling and Reuse
Co-Founder & CEO, Reuse

Head of Innovation, Dismantling

Co-Founder, Traceability solutions

Co-Founder, Traceability solutions

Head of Innovation, Dismantling

CEO, Recycling

Head of R&D, Recycling

Co-Founder & CEO, Reuse

Founder, Recycling innovations

Product Sustainability Leader,
Recycling & Reuse

Project Lead, Recycling

Strategic Business Analyst, Reuse

Head of Innovation, Dismantling

Founder, Recycling innovations
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