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Abstract

The shift to electric mobility is creating a growing number of lithium-ion batteries that still have
useful capacity after their automotive life ends. At the same time, Western Sweden needs to
strengthen its energy resilience due to increasing grid pressure, extreme weather conditions, and
geopolitical uncertainty. Repurposing retired EV batteries as stationary storage could address these
challenges at once. However, the circular economy and energy resilience literature have mostly
developed separately. Because of this there is still little direction on what must be done to make it

possible for second-life battery systems to be effective for resilience-oriented applications.

This study develops an integrated conceptual model that combines four dimensions of energy
resilience with the circular economy (9R framework), circular supply chain, and stakeholder
theory. The model is applied through seven semi-structured interviews with actors across the
battery and energy chain and complimented by document analysis. The findings show that second-
life systems can be technically reliable and operationally functional once they are deployed. But
the upstream chain is still underdeveloped, and governance and responsibilities are distributed
across multiple actors of the chain. And also, systems are not yet economically attractive at the
customer level under current market situations. The alignment of strategic, operational, and
relational frames with the requirements of resilience applications is essential for viability. The
study offers stakeholder-based evidence for viability and identifies barriers and enablers, including

battery passports, public procurement, and cost gaps, which affect these systems.
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1 Introduction

This chapter introduces the background and context of the rapid growth of electric vehicles and
also highlights the characteristics of Sweden in its ambition toward climate goals while
strengthening energy resilience. The chapter also defines the core problem and the purpose of the

research that has shaped the research questions. Finally, it clarifies the scope of the thesis.

1.1 Background and Context

Electric Vehicle (EV) adoption is growing rapidly across Europe, and this growth is creating a new
wave of lithium-ion batteries, which will reach the end of their life within the next decade. Most
EVs come with a battery warranty that lasts 8 to 10 years (Electric Vehicle Council, 2023).
Batteries lose capacity with time, and when their state of health (SOH) falls to about 70—-80% of
their original level, they are often considered unsuitable for driving performance and range. Yet
they still hold a large amount of usable energy (Chen et al., 2017; Wood et al., 2011). This creates
an opportunity to give these batteries a second life by repurposing them as stationary storage for
backup power, grid support, and energy resilience during disruptions. This thesis examines the
enablers and barriers to establishing viability for such second-life battery systems in Western

Sweden.

Western Sweden, and Vistra Gotaland in particular, is a strong setting for this investigation. The
region has a major automotive industry centered around Goteborg, led by Volvo Cars. Volvo
stopped making diesel cars in 2024 and is moving toward fully electric vehicles (Volvo Cars,
2023). This shift is visible in adoption numbers. Between 2021 and 2025, battery electric vehicle
(BEV) registrations in Viastra Gotaland increased from 10,986 to 15,109 vehicles (37.53%), and
the BEV share of new passenger car registrations rose from 21.30% to 36.13% (Statistical
Database, 2026). This region is also a region with ambitious climate goals. Through Klimat 2030,
it aims to cut greenhouse gas emissions by 80% by 2030 compared with 1990 and to be free from
fossil energy by the same year (Klimat 2030, 2018). At the same time, the region remains one of
Sweden’s largest emitters, producing about 11.9 million tons of CO: equivalents, roughly 20.8%

of Sweden’s total fossil-based emissions (Moodie et al., 2021). With more than 15,000 new BEVs



registered in 2025 alone, it is reasonable to expect that thousands of batteries will reach end-of-
first-life within the next decade. This makes the question of what happens to these batteries both

urgent and highly relevant to this regional context.

Recycling is better than disposal, but according to Potting et al. (2017), it is still the lowest-value
circular option because it breaks the battery down and only recovers the raw materials while losing
the remaining usable energy. The circular economy (CE) concept, which aims to replace the linear
take-make-dispose model with systems that maintain products and materials at their highest value
(Ellen MacArthur Foundation, 2013), suggests that repurposing batteries for a second life retains
more embedded value than recycling them (Potting et al., 2017). The EU Batteries Regulation
(EU) 2023/1542, which came into force on 17 August 2023, sets the main rules for making
batteries more sustainable and circular. It covers the whole life cycle of batteries and supports
circularity by setting recycled targets, collection requirements, introducing a battery passport, and
including rules for repurposing and preparation for reuse (European Union, 2023). It means that
repurposed batteries meet the same conformity standards as new batteries and mandates that
battery management system software include a reset function to enable second-life operators to
upload new software (European Union, 2023). These rules show that the EU wants a working
second-life battery market, but they mainly set the overall framework and do not solve the practical

challenges of putting it into practice.

At the same time, Western Sweden needs to strengthen its energy resilience. Major power outages
are not common in Sweden, but they can still happen because of storms, heavy snow, lightning,
cyberattacks, long dry periods that reduce hydropower, extreme cold weather and forest fires that
damage power lines (Swedish Energy Agency, 2021). In 2023, energy not supplied (ENS) due to
grid disturbances in Sweden totaled 1,129 MWh, with 385 grid disturbances recorded, of which
156 caused ENS; 55% of ENS was caused by overhead line faults, and 42% of disturbances were
attributable to environmental causes (European Network of Transmission System Operators for
Electricity, 2024). The Swedish Defense University describes several crisis scenarios for Sweden’s
electricity system, including combined events such as storms happening at the same time as
cyberattacks, which can be hard for the grid to manage (Swedish Defense University, 2023).
Recent incidents such as Storm Johannes, which left thousands of people without power overnight,

show that these vulnerabilities still exist (Sweden Herald, 2025).



Today's geopolitical situation enhances these domestic risks. Russia’s full-scale invasion of
Ukraine changed the security situation in Europe and increased concern about threats to energy
infrastructure (European Union Institute for Security Studies, 2025). Sweden, geographically close
to Russia, became a NATO member in 2024, ending its long period of military non-alignment
(Government Offices of Sweden, 2024). The Baltic Sea region is important for Sweden’s energy
links, but it has also become a hotspot for hybrid attacks on critical infrastructure. In January 2025,
Sweden’s defense minister reported a suspected sabotage attempt targeting the NordBalt electricity
interconnection between Sweden and Lithuania (Veronika and Izabela, 2025). The Swedish
Defence University describes crisis scenarios in which war in Europe could cause electricity
shortages and close borders for electricity trade. In such a situation, Sweden would need to rely on
its own electricity (Swedish Defence University, 2023). In response, Svenska kraftnit has spent
up to about 1,106 million SEK to bring the Oresundsverket power plant in Malmé back into
operation as emergency backup (Uniper, 2023). It shows that authorities are taking vulnerabilities
in the electricity system more seriously. A centralized energy system can be vulnerable, and this
type of backup doesn’t fully address the single point of failure risk that distributed storage is
designed to reduce. These things show that energy resilience is no longer only a technical or

environmental issue but also a national security and civil defence concern.

In this context, distributed energy storage, including second-life EV battery systems at critical
services, becomes strategically important for keeping essential services running, not only for

supporting CE goals.

Therefore, a second-life EV battery can serve two goals at once. It can serve as local energy storage
to support critical services during power disruptions, and it also functions as repurposed goods that
extend the life of battery materials, supporting the goals of the CE. However, making this work
depends on whether the right conditions are in place. These include a functioning circular supply
chain (CSC), which integrates forward and reverse flows to retain product and material value.
They also include clear roles and responsibilities across actors, trusted information on battery
condition, and governance mechanisms that make second-life systems work in practice. At present,

these elements are not yet consistently coordinated in a way that enables wide deployment.



1.2 Research Problem

Theoretical gap: Despite growing policy support and technical condition, a set of unresolved
challenges, like multi-stakeholder collaboration, still constrains second-life EV battery systems in
Western Sweden. The CE literature shows that repurposing retains more value than recycling
(Potting et al., 2017; Kirchherr, Reike and Hekkert, 2017), this can apply to batteries for second-
life applications to retain more value, and on the other hand, the energy resilience literature
establishes that distributed battery storage can contribute to grid stability and backup power during
disruptions (Casals, Amante Garcia and Canal, 2019). However, these two research areas rarely
connect. CE studies focus on retaining battery value but rarely examine whether second-life
batteries can function as practical backup solutions during outages. In contrast, resilience studies
discuss energy storage without considering the specific limitations and uncertainties of second-life

batteries.

Practical gap: In practice, the CSC for EV batteries, like collecting them, testing their state of
health, grading them, and deciding whether they go to a second life or recycling, includes many
actors from different industries. These actors often have little experience working together and
lack shared data standards and aligned incentives (Toorajipour et al., 2024; Chirumalla et al.,
2024). The EU Batteries Regulation sets the basic structure through extended producer
responsibility, the battery passport, and collection targets, but there are still big gaps in how these
rules are put into practice in different countries and regions (Ronkko et al., 2023; Vullum-Bruer et
al., 2024). The rules for repurposed batteries are still not fully clear, especially regarding which
safety standards and liability rules apply to second-life installations. However, the new European
standard EN 18061:2025 is a positive step forward (Cencenelec, 2025), but it is still unclear how

it will work in practice.

Several studies discuss circular business models (CBMs) for second-life EV batteries in Sweden
(Olsson et al., 2018; Chirumalla et al., 2024; Altuntas Vural et al., 2024). However, they provide
limited information on the practical conditions, such as what stakeholders believe are essential in
terms of performance requirements, governance structures, and economic condition, under which
second-life batteries can be a viable option for energy resilience. As a result, there is still a lack of
stakeholder-based evidence on the viability conditions for second-life EV batteries, considered an

alternative resilience option rather than just a circularity idea. Consequently, there is still little



direction on what must be done to make it possible for second-life battery systems to be effective

for resilience-oriented applications.

1.3 Purpose and Research Questions
The purpose of this research is to identify critical enablers and barriers for second-life EV battery

systems to be a viable option for increasing energy resilience in Western Sweden.
To fulfill this purpose, the following research questions guide the investigation:

RQI1: What enables multi-stakeholder collaboration across the circular supply chain for second-

life EV batteries in Western Sweden?

RQ2: What conditions do stakeholders identify as necessary for second-life EV batteries to serve

as viable backup power?

RQ3: What systemic barriers constrain the scaling of circular EV battery systems?

These research questions are designed to connect circularity and resilience from different sides.
RQ1 mainly focuses on collaboration, which examines coordination, roles, responsibilities, and
governance mechanisms that enable different actors to work together across the circular supply
chain. RQ2 focuses on viability at the point of use. It examines the conditions that stakeholders
identify as necessary for second-life EV batteries to serve as a practical backup power option,
including economic conditions, performance expectations, and safety and operational
requirements. RQ3 looks at constraints that constraint the circular systems of EV batteries from

developing and scaling.

1.4 Scope and Delimitations

This study only studies lithium-ion batteries used in electric vehicles, such as Plug-in Hybrid
Electric Vehicles (PHEVs) and BEVs. It excludes other vehicle kinds, including electric buses.
large trucks and light electric vehicles, as well as other battery types like lead-acid, nickel-metal
hydride, and solid-state batteries. CE and RL ideas apply in many settings, but lithium-ion EV
batteries have their own technical features, aging patterns, and regulatory requirements, so they

need a focused study.



This study focuses on Western Sweden, especially Viastra Gotaland. This region is chosen because
it has a strong automotive industry, high EV adoption, ambitious climate goals through Klimat

2030 (2018), and active research and policy work on battery circularity.

This study focuses on second-life EV batteries used as backup power and local energy storage for
energy resilience. Other commercial uses, such as frequency regulation, peak shaving, and support
for EV charging, are mentioned in the literature review to show the wider range of second-life
options. Vehicle-to-grid is excluded because it uses first-life batteries still inside vehicles and

involves different technical and governance issues.

Methodological delimitation: The research is qualitative and interview-based. Therefore, rather
than using financial modeling or any other technical simulations, "viability" is assessed as the

criteria stakeholders believe are necessary for second-life EV battery systems to work in practice.



2 Literature Review

This chapter reviews the existing literature related to second-life EV batteries from different
perspectives. It starts by introducing EV batteries, life cycles, and their potential for second-life
applications. It then discusses reverse logistics and the circular supply chain, which is required to
enable these systems. The chapter also discusses the main barriers to the circular economy
implementation, followed by multistakeholder governance in the second-life EV battery system.

Finally, the last section synthesizes the literature and addresses the main gap.

2.1 EV Battery Lifecycle and Second-life Potential

EVs have emerged as one of the key elements in decarbonizing transportation and reducing
dependence on fossil fuels in the modern world. Rechargeable lithium-ion batteries are the main
source of power for these vehicles. EVs can be divided into three main types:

(1) Hybrid Electric Vehicles (HEVs) supply their main energy from fossil fuels, feeding an internal
combustion engine, while also using an electric motor connected to lithium-ion batteries. In
addition to providing kinetic energy, the engine also charges the battery. (2) PHEVs are very
similar to HEVs, with the additional ability to receive energy from an external electricity supply.
(3) BEVs use only batteries and are charged exclusively from an external source. A lithium-ion
battery in an EV is, in fact, a pack of smaller battery cells that together provide the required
electrical energy (Berrada, Badar and Sanjari, 2025, pp. 320-322).

Compared with lead-acid or nickel-based batteries, lithium-ion batteries provide longer driving
range, longer lifetime, and higher efficiency. Their efficiency is around 95%, and they experience
almost no energy loss when not in use (Casals, Amante Garcia and Canal, 2019). However, due to

internal chemical reactions, capacity degradation over time is inevitable (Barré et al., 2013).

In order to achieve the goal set by the European Commission (2019) of reducing greenhouse gas
emissions to net zero by 2050, a large-scale transition from fossil-fuel-based vehicles to electric
vehicles is required. Although EVs contribute to emission reduction, it is also necessary to consider
solutions for battery end-of-life management. From a lifecycle perspective, several studies indicate

that when EV batteries reach approximately 70—80% of their original capacity, or SOH, they are



considered no longer suitable for use in the cars (Chen et al., 2017; Wood et al., 2011; Podias et
al., 2018). At this stage, batteries may be retired from vehicles even though they still retain

significant energy storage capability.

Direct recycling is not always the most efficient option at this point. Instead, using these batteries
for secondary applications has been proposed as a more effective approach. Several researchers
have explored this possibility. Ceren Altuntas Vural et al. (2024) proposed a CBM with six value
propositions for second-life EV batteries, including energy storage systems, frequency regulation,
grid investment deferral, peak shaving, backup power storage, and portable charging stations.
Debnath, Ahmad and Habibi (2014) also argue that although second-life batteries have shorter
remaining lifetimes compared to new batteries, they can be grouped based on application type and
energy delivery requirements to maximize their usable lifespan. Accordingly, evaluating the SOH
and remaining lifetime of each battery is essential to increase buyer confidence and justify their

lower market price.

One of the most critical questions regarding second-life EV batteries concerns their remaining
lifetime and profitability. There is no fixed age limit for second-life batteries, as their lifespan
strongly depends on usage conditions and application type. Several studies have attempted to
estimate this remaining lifetime. Based on lifecycle testing, Burke and Miller (2013) showed that
after 1,000-2,000 cycles, a lithium-ion battery typically loses only 10-20% of its capacity.
However, power capability degrades more significantly due to increased internal resistance,
reducing pulse power to about half that of a new battery. Their results suggest that second-life
batteries are better suited for applications requiring high energy capacity but relatively low power,

such as stationary energy storage systems.

Debnath, Ahmad and Habibi (2014) proposed degradation models based on the number of
charging cycles, depth of discharge, and calendar aging. Their findings indicate that up to
approximately 4,490 automotive cycles, batteries continue to generate net revenue for vehicle
owners, while profitability declines after around 5,821 automotive cycles. Casals, Amante Garcia
and Canal (2019) further examined the performance of second-life EV batteries in various
stationary applications. Depending on application-specific operational requirements, reused EV

batteries can operate for approximately 4 to 15 years. The authors analysed four application areas:



fast EV charging support, self-consumption (e.g., buildings equipped with solar PV and batteries),

frequency and area regulation services, and transmission deferral:

Among these, fast EV charging support is identified as the most battery-friendly application, with
a remaining useful life of around 15 years. For self-consumption applications, EV batteries reach
a practical end-of-life after approximately 6 years under standard performance limits and up to
around 11 years if lower SOH operation is acceptable. In contrast, frequency and area regulation
services impose higher cycling stress, which leads to faster degradation and end-of-life in less than
6 years. Transmission deferral shows a different aging behavior due to increasing battery usage
over time; it requires multiple battery replacements within a 20-year planning horizon. In this case,
the first battery set lasts approximately 11 years, followed by replacement sets with remaining

useful lives of about 5 and 3.8 years, respectively.

The reviewed literature shows that second-life EV batteries maintain considerable energy capacity
even after being used for years in vehicles, particularly for stationary applications. It also
highlights that the remaining lifetime and SOH depend on the usage pattern and type of application.
Together, these studies show that second-life batteries can remain technically capable for years in
low-power stationary applications, such as backup power and local storage. However, the
degradation and profitability models reviewed above also show that technical capacity and
economic value do not always decline in the same way. A battery may still be technically usable

even after it is no longer profitable.

These findings support this paper’s focus on the potential of second-life EV batteries as a solution

for stationary energy storage (technical and suitability) and energy resilience in Western Sweden.

2.2 Reverse Logistics Practice

Moving from linear to circular EV-battery management requires reverse logistics (RL) systems
that can collect, sort, test, and direct end-of-first-life batteries to the highest-value recovery option.
Rogers and Tibben-Lembke (1998, p. 2) define RL as "The process of planning, implementing,
and controlling the efficient, cost-effective flow of raw materials, in-process inventory, finished
goods, and related information from the point of consumption to the point of origin for the purpose
of recapturing value or proper disposal." This definition has been widely adopted in the RL

literature (Agrawal, Singh and Murtaza, 2015). However, EV batteries make reverse logistics



considerably more complex. Batteries are classified as hazardous materials, differ significantly in
state of health, rely on proprietary battery management systems, and may follow multiple second-
life pathways. Together, these factors create a highly complex supply chain (Tadaros et al., 2020;
Mallick et al., 2023).

Operationally, the RL chain for EV batteries involves a sequence of activities: collection from
vehicle owners or dealerships, initial sorting and safety stabilization, SOH testing and grading, and
allocation to the appropriate recovery pathway, whether reuse, repurposing for second-life
applications, or recycling (Bafadal, Ardi and Salsabila, 2025; Curtis et al., 2021). However, the
specific configuration of this chain varies by region. Bafadal, Ardi and Salsabila (2025) map the
US battery reverse chain as a full sequence from collection and sorting through reuse/repurposing,
disassembly, refurbishment/remanufacturing, and scrap recycling to dedicated recycling plants. In
contrast, European manufacturers tend to implement take-back programs that separate batteries
deemed suitable for refurbishment from those near end-of-useful-life destined for disassembly or
recycling at an earlier stage (Bafadal, Ardi and Salsabila, 2025; Altuntag Vural et al., 2024). In
both cases, testing hubs serve as critical decision nodes where the SOH is evaluated, the state of
charge (SOC) is stabilised, and batteries are directed toward recycling, reuse, or second-life

integration (Curtis et al., 2021; Altuntas Vural et al., 2024).

This reverse chain is inherently multi-actor. At the upstream end, original equipment
manufacturers (OEMs) hold extended producer responsibility (EPR) obligations under the EU
Battery Regulation (2023/1542), but their practical control over batteries diminishes once vehicles
leave the warranty period (Altuntas Vural et al., 2024). Battery service providers (BSPs) operate
in the middle of the chain, performing repurposing, refurbishment, installation, and maintenance
of second-life systems, while specialised logistics providers handle the hazardous transport
required for battery shipment (Curtis et al., 2021; Altuntas Vural et al., 2024). End users of second-
life systems include commercial buildings, EV charging stations, and operators of both public and
private electricity grids (Chirumalla et al., 2024; Altuntas Vural et al., 2024). Recyclers close the
material loop and may also perform earlier functions as dismantlers or collectors (Bafadal, Ardi

and Salsabila, 2025; Curtis et al., 2021).

As a result, reverse logistics for EV batteries involves multiple actors. Effective coordination

between OEMs, BSPs, logistics service providers, and recyclers is necessary to make second-life

10



applications possible. Taken together, these studies show a structural mismatch in the reverse
chain. Formal responsibility is concentrated upstream with OEMs through EPR, while the
capability to capture second-life value is found downstream with BSPs after batteries leave the
warranty period (Altuntag Vural et al., 2024). This creates a disconnect between obligation and

capability. This raises the questions of governance that are examined in this thesis.

2.3 Energy Resilience and Distributed Storage

Enhancing resilience in the energy sector can cover many aspects. According to Amante Garcia
and Canal (2019), five main energy storage technologies are commonly discussed in this context:
supercapacitors, flywheels, batteries, compressed air energy storage, and pumped hydropower.
Each option has different trade-offs in power, energy capacity, and response time. Between them,
lithium-ion batteries offer a wide range of applications, high efficiency, and low energy losses
during idle periods, making them a strong candidate for many energy storage scenarios, despite
their relatively high cost (Casals, Amante Garcia and Canal, 2019).

Apart from their technical characteristics, energy storage systems can also play an important
operational role in the power system. Depending on their mode of operation, they can act as loads
during charging or as generators during discharging. In this way, they can be applied to control
power flows in transmission and distribution systems, especially when the electric grid needs
backup during critical situations. Brunet (2013, pp. 13-14) notes that storage systems can also act
as a temporary alternative to network expansion. In addition, storage systems can participate in
frequency balancing in order to ensure network stability (Brunet, 2013, pp. 13-14). Having
sufficient energy storage during periods of high demand and system stress plays an important role
in maintaining system resilience and reliability.

Aggregated battery storage, especially in residential areas, not only allows households to supply
part of their own energy needs but also enhances system-level services. The use of EV batteries
can be even more beneficial due to their increasing aggregate storage capacity and declining costs
(Berrada, Badar and Sanjari, 2025, pp. 181-183). Using batteries in storage systems and integrating
them with renewable energy sources can be considered a multi-objective optimization approach,
as acknowledged by Shafiei, Zadeh and Hagh (2024). They also argue that optimizing battery

capacity can lead to cost reductions of up to 89%.

11



Today, companies such as Virtual Peaker offer solutions to increase energy resilience, including
behind-the-meter battery storage systems and vehicle-to-grid platforms (Virtual Peaker, 2025).
Behind-the-meter battery storage can be a relatively quick and accessible solution for households,
compared to high investment and large-scale infrastructure implementation. These batteries can
store energy during low-demand periods, reduce peaks and outages on the network, and contribute

to cost reductions (Sanchez, 2025; Zaidi, 2023).

Together, these studies show that lithium-ion battery storage can play an important role in energy
resilience. This remains valid for distributed storage systems. However, this literature generally
presents a claim of brand-new, specially designed storage capacity. But it does not fully investigate
whether second-life EV batteries can perform the same resilience functions given their uncertain
health and lower remaining lifespan. Therefore, this thesis explores how these resilience-storage

discoveries directly relate to second-life batteries.

2.4 Circular Economy Implementation Barriers

A key policy framework for managing the second-life of EV batteries is the CE concept, which
aims to replace linear take-make-dispose with systems that maintain products and materials at their
highest utility and value (Ellen MacArthur Foundation, 2013). CE principles are explicitly
incorporated into the EU Battery Regulations 2023/1542 through the implementation of recycled
content targets, collection rates, battery passport requirements, and measures for repurposing and
reuse preparations (European Parliament, 2023). However, there are a number of interconnected
barriers that affect the actual use of CE for EV batteries, including organizational, technological,

regulatory, and economic factors.

2.4.1 Regulatory and policy barriers

A barrier widely identified in the literature is insufficient and inconsistent government policy
(Feng, Guo and Xu, 2024; Sopha, Purnamasari, and Ma’mun, 2022). Even with the EU battery
regulation's wide application, there are still a lot of implementation gaps. Member states maintain
control over the design of EPR systems, waste classification, and enforcement strategies, which
leads to regulatory fragmentation across the single market (Ronkko et al., 2023). According to
Vullum-Bruer et al. (2024), the regulatory status of repurposed batteries is still unclear for second-

life applications. It is not clear which safety regulations and liability frameworks apply to second-

12



life installations. The lack of standard safety requirements for used batteries has been a recurring
barrier (Sopha, Purnamasari, and Ma’mun, 2022). But the recent publication of EN 18061:2025

represents progress toward addressing this gap at the European level (Cencenelec, 2025).

2.4.2 Technical barriers

Several technical challenges of CE implementation for EV batteries exist. First, the process of
SOH assessment is time-consuming and costly, which necessitates advanced diagnostic and
prognostic algorithms (Vullum-Bruer et al., 2024). Two batteries with the same usage may have
significantly different remaining capacities due to the non-linear nature of battery degradation,
which leads to high insecurity and uncertainty about second-life technical performance, safety, and
commercialization (Toorajipour et al. 2024). Then, the diversity of EV battery designs
significantly complicates the repurposing process and hampers standardization, and the lack of
data history for battery health information hinders information sharing across the chain (Vullum-

Bruer et al., 2024).

2.4.3 Economic barriers

The decreasing cost of new batteries will be evaluated against the economic case for second-life
EV batteries, creating an uncertain target for second-life battery pricing (Toorajipour et al., 2024).
When volumes are small and procedures are not yet standardized, the expenses of collecting,
transportation, testing, disassembly, reassembly, and system integration might be high (Ronkko et
al., 2023). Without supportive economic incentives and appropriate policy frameworks to
minimize environmental costs, the CE for EV batteries face substantial challenges, and such
mechanisms have not yet been fully implemented in the existing system (Sopha, Purnamasari, and

Ma’mun, 2022).

2.4.4 Interorganizational barriers

Perhaps the most complex barriers are organizational. The CSC for EV batteries includes
participants from separate businesses, such as logistics, OEM, BSP, and recycling, who lack
established relationships (Toorajipour et al., 2024). The benefits of second-life batteries may not
be clear to energy companies, OEMs may view them as a threat to their new battery sales or
warranty requirements, and recyclers may choose the more consistent economics of material

recovery over the unpredictable nature of repurposing (Olsson et al., 2018). Another organizational
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barrier is information asymmetry between actors. The OEM and initial owner have the most
information about a battery's history, but the end user and second-life integrators (recyclers) need
it the most, yet they don’t have access to information about battery composition, which makes

things complicated (Altuntas Vural et al., 2024).

Together, these barriers are interconnected. Therefore, these barriers reinforce each other rather
than a single barrier being a main issue. This interdependence provides an analytical basis for
examining the constraints perceived by stakeholders regarding second-life EV battery systems in

Western Sweden, which supports the analysis related to RQ3.

2.5 Multistakeholder Governance in Second-life Battery Systems

The second-life EV battery chain refers to the set of activities and actor relationships involved in
transferring retired EV batteries from vehicles to stationary energy storage applications or
recycling processes. This includes participants from traditionally separate industries, including
waste management, logistics, government, energy utilities, automotive manufacturing, and battery
service providers. These sectors face interrelated operational, regulatory, technical, and economic
barriers (Sections 2.2 and 2.4) that no one organization can manage on its own. The remaining
question is how these players organize themselves to create, deliver, and maximize value from
second-life systems, not who they are or the barriers they face. This is a governance issue. This
section discusses the literature on multistakeholder coordination in the ecosystem regarding the

second life of EV batteries.

The concept of the business ecosystem is an interconnected group of actors that co-create and co-
evolve value beyond traditional supply chains (Moore, 2006). This has been commonly used to
describe the chain's relational structure for second-life batteries (Toorajipour et al., 2024). An
ecosystem view shows that second-life battery systems cannot be managed by one actor, not even
the OEM that has the extended producer responsibility, because value is created jointly across
multiple parties with different capabilities, information, and interests (Chirumalla et al., 2024;
Reinhardt et al., 2019). A key governance challenge is information asymmetry; the most detailed
battery-use and degradation data usually sit with the OEM, while the actors who need it most are
the battery service providers or recyclers, but they are facing problems due to a lack of information

(Chirumalla et al., 2024; Olsson et al., 2018). This data gap reduces trust across the ecosystem.
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The EU battery regulation’s battery passport requirement has the ability to solve the problem

(European Parliament, 2023) but has not been widely implemented.

CBMs for EV batteries with a second life show that the distribution of governance responsibilities
across ecosystem participants depends on the type of business model used (Altuntas Vural, C. et
al. 2024). Jiao and Evans (2016) developed a category of business models for EV batteries based
on the relationship between repurposers and original OEMs. Three methods are identified: (1)
OEMs sell used batteries to independent repurposers; (2) OEMs form relationships with
repurposers and (3) OEMs vertically integrate their second-life activities. Every model suggests
different levels of stakeholder value capture, liability allocation, and information sharing. The
authors also argue that OEMs could need to maintain battery ownership, possibly through leasing,

in order to guarantee traceability and efficient lifetime management.

Olsson et al. (2018), in a Swedish context, presented four possibilities with increasing circularity
and demonstrated that the most circular choice is the use of batteries in stationary applications with
a second life, requiring the strongest multi-stakeholder cooperation. Cognitive and organizational
barriers are also identified, particularly different stakeholder perspectives on the value of used
batteries. This implies that governance involves more than just coordinating roles and procedures;
it also involves aligning expectations between participants from various industries.
Chirumalla et al. (2024) analyze the Swedish EV-battery ecosystem and suggest three CBM
archetypes: looping, sharing, and extending. These are further subdivided into eight sub-
archetypes. Each archetype suggests a different governance responsibility: extending primarily
depends on coordination between OEMs and BSPs but can also operate through OEM-led
refurbishment and material recovery. Sharing requires broader partnerships, including energy
utilities and fleet operators, and looping involves the strongest ecosystem integration by

connecting second-life use to end-of-life material recovery.

Altuntag Vural et al. (2024), based on a longitudinal case study in Sweden, distinguish three
circular models: product-oriented (selling a repurposed battery), use-oriented (leasing the battery
system), and result-oriented (selling an energy outcome such as guaranteed backup power). They

argue that the result-oriented model differs the most from linear logic but also necessitates the
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greatest governance because the service provider must coordinate battery supply, technical

operations, and shared risk management across multiple organizations.

These studies indicate the same direction, although using different typologies. The models of Jiao
and Evans (2016) are organized according to the level of OEM control. The other three studies
show a clear relationship between the need for multi-stakeholder governance and circular business
models. Overall, the study suggests a key condition for second-life functionality is governance

intensity. Additionally, it directly matches the study's stakeholder-based analysis (RQ1).

2.6 Synthesis and Knowledge Gap

The five research areas discussed in this chapter together define the primary conditions for using
second-life EV batteries to support energy resilience. The relevant data already exists in different

literature, but it is still scattered and hasn’t yet been combined into a single topic.

According to Section 2.1, EV batteries that reach 70-80% SOH still have a significant amount of
energy storage capacity and have the technical potential for second-life use (Casals, Amante
Garcia and Canal, 2019). However, in section 2.2, turning this technical potential into reality
requires an RL chain, which requires coordination among several actors and is not easy to organize
(Bafadal et al., 2025; Tadaros et al., 2020). Section 2.4 shows how inter-organizational barriers,
economic uncertainty, and regulatory and technical barriers further limit this coordination
(Toorajipour et al., 2024; Sopha, Purnamasari and Ma’mun, 2022). Furthermore, section 2.5
illustrates that no single business model design can address these issues; rather, each archetype,
like extending, sharing, or looping, implies a different governance structure with various

requirements for cooperation across multiple stakeholders (Chirumalla et al., 2024).

Regarding resilience, section 2.3 shows how distributed battery storage can help to maintain grid
stability and supply backup power during disruptions. In the resilience literature, energy storage is
always portrayed as a general solution. It doesn’t explain the limits, constraints, and coordination
needs that make second-life batteries a viable solution. On the other hand, CE literature mostly
emphasizes maintaining battery value. However, it doesn’t address whether or under what

conditions second-life batteries are seen as a viable resilience option.
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There is a knowledge gap between these two areas. The literature addresses the technological,
logistical, governance, and resilience aspects separately, but they are not combined into a single
explanation. There is still limited understanding of what conditions must be there for second-life
EV batteries to be a viable resilience option rather than only a circularity option. The main

bottleneck is not just the battery itself but also the system around it.

Three research questions arise from this gap. RQ1 focuses on coordination. It raises the question
of what makes stakeholder collaboration across the CSC in western Sweden. This gap is identified
in sections 2.4 and 2.5. RQ2 focuses on the connection between resilience and CE. It asks what
conditions stakeholders identify as necessary for second-life batteries to serve as viable backup
power. This integrates the governance discussion from section 2.5 with the technical and resilience
discussions from sections 2.1 and 2.3. RQ3 focuses on the barriers that constrain the scaling of

circular EV battery systems. This was built on the implementation barriers discussed in 2.4.
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3 Theory and Concepts

This chapter presents the theoretical foundations required for further analysis. The concept of
circular economy is discussed through the 9R strategies, followed by the circular supply chain,
which introduces reverse logistics and various loops within the supply chain. Furthermore, key
theoretical concepts of energy resilience are introduced. Stakeholder theory is also presented as
an essential framework to examine the actors involved in the system. Finally, a conceptual model
is developed by combining four main theories, providing a structured basis for analysis, followed

by an analytical framework that maps each theory to the corresponding research questions.

3.1 Circular Economy (9R Framework)

The main concept directing this research is the CE, as defined in section 2.4. Based on a review of
114 definitions, Kirchherr, Reike, and Hekkert (2017) show that CE is often explained through R-

frameworks, which rank strategies for keeping materials in use.

This study uses the 9R framework from Potting et al. (2017) because it provides a detailed
approach for comparing different value retention strategies (Figure 1). It arranged circular
strategies from most to least circular: Refuse (R0), Rethink (R1), Reduce (R2), Reuse (R3), Repair
(R4), Refurbish (R5), Remanufacture (R6), Repurpose (R7), Recycle (R8), and Recover (R9). The
main idea is that lower Rs retain more embedded value than higher Rs because they need fewer
external inputs. For the second life of an EV battery, this hierarchy is directly applicable; for
example, repurposing the battery for stationary storage (R7) retains more value than recycling its
material (R8). Equally, refurbishing a battery for continued use in vehicles (R5) retains more value
than repurposing it for stationary storage (R7), because the battery continues to perform its original
function rather than being adapted to a new one. The hierarchy also implies that the technical and
socio-institutional demands increase when one moves towards higher circularity because higher

value retention needs more information and more coordination among actors (Potting et al. 2017).
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Circularity strategies within the production chain, in order of priority
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Figure 1, The 9R framework (Potting et al. 2017)

3.2 Circular Supply Chain

CE theory aims to keep materials and products in use, but it does not describe the practical steps
needed to make this happen. RL and CSC concepts provide an operational view by focusing on
how used products get back through the chain and how forward and reverse flows are managed

together.

For this study, two extensions of the basic RL concept (described in Section 2.2) are particularly
important. First, a conceptual distinction between closed-loop and open-loop supply chains. In a

closed-loop supply chain (CLSC), products returned from end customers undergo recovery
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operations and are reintegrated into the forward chain of the same sector. On the other hand, in an
open-loop supply chain, the recovered products do not enter the same forward chain; instead, they
get forwarded to an alternative supply chain. This forward chain into another sector is the defining
feature of open loops (Batista et al., 2018). As several authors note, real-world systems frequently
combine closed- and open-loop elements in "quasi-closed" configurations, where some return
flows are reintegrated into the original chain while others cascade into new applications (Batista

etal. 2018).

Secondly, the CSC concept encompasses both forward and reverse flows and aims to reduce
resource extraction, preserve materials at their highest value, and coordinate recovery activities
across multiple actors (Farooque et al., 2019). Within this framing, RL serves as the operational
mechanism for value recovery and backward movement, while the CSC provides the strategic
orientation toward circularity (Govindan and Soleimani, 2017). When recovered items are
reintegrated into the forward flow of the same sector, that association aligns with CLSC logic, and
when recovered items are redirected to the forward flow of a different sector, it aligns with OLSC

logic (Farooque et al., 2019) (Figure 2).

:- - Supplier :- - Supplier Supplier Legend
E l E 1 SSame l —p Primary
-4 Producer =4 Producer L § Producer B resource
1 [ o *] flow
1 1 c o
: * : II’ a ! § —» Circular
- Sales - Sales - © | | Sales L resource
. Channel ; Channel Channel fl
. ; Sector ow
: 1 : ‘l 1 .---» Waste
t=-4 Customer t-- Customer Customer flow
s . Coiaus :
(o) (opom] sk
zero waste
A) Linear supply chain B) Closed loop supply chain C) Circular supply chain

Figure 2, Linear, closed-loop, and circular supply chain (Farooque et al., 2019)

Second-life EV batteries can follow both closed-loop and open-loop logics; they may be retained
within the OEM’s ecosystem, for example, through reuse or remanufacturing or cascaded into

other sectors, such as stationary energy storage and other applications (Altuntas Vural et al., 2024).
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In practice, both pathways may coexist; some batteries from the vehicle may be refurbished for
vehicle reuse, while others are cascaded into energy storage, depending on their individual
condition and the available infrastructure for each pathway (Cakir and Serdarasan, 2025).
Therefore, this study examines what pathway actors in Western Sweden are presently pursuing,
what conditions they believe are necessary for the OLSC route to work, and what barriers are in
the way of a transition from a CLSC-focused strategy to a system where both paths can function

in parallel.

3.3 Energy Resilience

3.3.1 Conceptual foundations of energy system resilience

Resilience has become one of the controversial topics in contemporary research, especially in
terms of energy systems. Although resilience is a broad concept, finding a particular and
comprehensive definition of it is difficult. In the lexical perspective, the word “resilience” in the
Latin language means “bounce back” (Hosseini, Barker, and Ramirez-Marquez, 2016) or, in other
words, return to the initial state. Various definitions for resilience in the field of energy have been
proposed. The International Energy Agency (2026) states, "Resilience includes the ability to
prepare for disruptive events, adapt to gradual changes in the physical environment, continue
operating when exposed to shocks (e.g., extreme and severe weather events, cyberattacks, or
physical attacks), and resume operations quickly after disruptions." Gatto and Drago (2020) also
define energy resilience as “The ability of an energy system to retain, react, overcome and
overpass perturbations caused by a shock in economic, social, environmental and institutional

terms, coming from the learning capacity to adapt to change."”

Energy resilience is closely related to energy security; however, they are not identical. Energy
security has two dimensions: long-term and short-term. The long-term includes the investment in
infrastructure and supplying energy sources, while the short-term involves resilience as the ability
to confront the circumstances that are not embedded in the standard conditions (International
Energy Agency, 2026). Jasitinas, Lund, and Mikkola (2021) show that resilience is often treated
as a component of broader energy security frameworks. Resilience addresses how systems cope
with shocks, whereas security often focuses on preventing shortages under normal operating

conditions.
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Energy systems are considered critical energy infrastructure. Electrical systems are almost
everywhere considered critical infrastructure because of their interdependence with other sectors
such as transportation, healthcare, water supply, and digital communication (Jasitinas, Lund and

Mikkola, 2021).

3.3.2 Dynamic of resilience

Energy resilience is not a single event-based outcome, but it is a dynamic process. Huang (2025)
refers to the distinction between operational resilience and infrastructure resilience, which further
clarifies this dynamic nature. Operational resilience focuses on maintaining system functions
during shocks, such as guaranteeing electricity supply to critical loads. Infrastructure resilience
focuses on the physical integrity of assets, such as transmission lines and substations. A system
may experience physical damage but still maintain essential services through operational
flexibility, load prioritization, and distributed generation. In this regard, the International Energy
Agency (2026) highlights experiences and lessons from the Russia—Ukraine war, showing that
decentralized system configurations decrease the risk associated with single points of failure and
enhance the overall flexibility and adaptability of energy systems. Assets that are distributed across
various locations are less vulnerable to disruptions, and they can be repaired, replaced, or restored

more efficiently when damaged.

3.3.3 Multi-dimensional structure of resilience

Energy resilience is a multi-dimensional concept (Gatto and Drago, 2020). According to Aasa et
al.’s (2025) systematic review, energy resilience is evaluated using several criteria. This includes
organizational, technological, economic, and environmental factors that partially overlap with
sustainability characteristics. This study builds upon this pattern and adapts it to the context of
second-life EV battery systems for backup power. Resilience assessment is structured around four

dimensions: technical, operational, economic, and environmental.

Technical resilience refers to the ability of physical components and technology configurations to
withstand and recover from disruptions. This includes the robustness of the infrastructure, system
architecture (centralized vs. decentralized), and the integration of technologies such as battery
storage systems (Aasa et al., 2025). Technical resilience answers the question of whether the

system can technically continue to operate under stress. Technical resilience, in the context of
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second-life batteries, refers to whether EV batteries that are no longer used in vehicles can still

function well enough for stationary backup applications during outages.

Operational resilience is the ability of the system to be efficiently managed, monitored, and
activated in the event of a disruption. Technical resilience focuses on hardware, but operational
resilience is a process around it. According to Gatto and Drago (2020) and Huang (2025), this
includes whether battery health is regularly monitored, whether maintenance schedules keep the
system ready, and whether the actors' responsibilities are clearly defined during both regular
operations and disturbances. This dimension is especially important for second-life battery systems
since they usually involve several actors: a building manager may supervise daily operations, an
energy provider may need to approve the grid connection, a battery service provider may install
and monitor the system, and local authorities like fire departments may be involved in permitting.
In practice, a technically reliable system might not be able to provide resilience if these participants

do not have defined responsibilities.

Economic resilience refers to the financial ability of the energy system and its actors to absorb
shocks without creating additional costs or long-term instability. This includes affordability,
investment capacity, and chain stability (Aasa et al., 2025). Economic resilience for second-life
batteries refers to whether the business model is financially feasible and whether the resilience and

financial benefits offered by second-life systems justify the costs associated with it.

Environmental resilience links system performance to climate-related disturbances and
sustainability goals. With the increasing frequency and intensity of extreme weather events, energy
systems must operate under these stresses while also supporting decarbonization goals (Gatto and
Drago, 2020). Environmental resilience in the context of second-life batteries refers to whether
repurposing batteries rather than recycling or disposing of them might reduce environmental

effects while maintaining reliable performance during disruptions.

These four dimensions are connected and have an impact on each other. Focusing on one part
while ignoring the others might lead to major problems. For example, a system can be technically
reliable but too costly to put into operation, or it might be affordable but fail to operate during a
disruption due to insufficient operational coordination. These four dimensions are not used as a

framework for quantitative measurement in this study. They are used to analyze stakeholder
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perspectives on performance requirements and define what the second-life battery system must
offer to be considered viable for energy resilience. The conceptual model explains how these

dimensions relate to the other theories in this study.

3.4 Stakeholder Theory

The theories above explain what to do with used EV batteries, how they move back through the
supply chain, and what performance they must deliver. None of them provides a tool for examining
the actors' involvement in these systems. Stakeholder theory helps fill that gap by focusing on who

is involved, what they want, and how they influence outcomes.

According to Freeman (2010, p. 46), a stakeholder is defined as any group or individual who can
affect or is affected by the achievement of an organization's objectives. Though this concept was
originally built upon a single-firm strategy, this concept has been widely extended to
interorganizational settings where several organizations collaborate to get joint outcomes (Bryson,
Crosby and Stone, 2006). Second-life battery systems are a good example of this kind of situation.
Creating value requires coordinated work by OEMs, battery service providers, recyclers, energy
providers, logistics operators, municipalities, and regulators, because no single actor can deliver

the outcome on its own.

For this study, the stakeholder salience framework developed by Mitchell, Agle, and Wood (1997)
is adopted as the analytical tool. They explain that some stakeholders get more attention than others
because decision-makers see their claims as more important. This salience depends on three
factors. Power is a stakeholder’s ability to influence outcomes, for example, through regulation,
control of resources, or reputation. Legitimacy means the stakeholder’s claim is seen as appropriate
or acceptable in that context. Urgency means the issue needs quick action because it is time-
sensitive and important (Mitchell, Agle, and Wood, 1997). Stakeholders with all three attributes
are the highest priority (definitive), those with two have medium priority (expectant), and those

with only one have lower priority (latent).

Within these three classes, Mitchell, Agle, and Wood (1997, p. 873-875) also describe seven
stakeholder types, depending on which attribute or combination of attributes a stakeholder has.

Latent stakeholders can be dormant (power only), discretionary (legitimacy only), or demanding
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(urgency only). Expectant stakeholders can be dominant (power and legitimacy), dependent
(legitimacy and urgency), or dangerous (power and urgency). Stakeholders with all three attributes

form the single definitive type.

This sub-classification is used in this study because the expectant group includes three types that
can behave very differently in practice. A dominant actor has power and legitimacy but may not
act unless urgency becomes stronger. A dependent actor has legitimacy and urgency but must rely
on someone else’s power to achieve its goals. A dangerous actor has power and urgency but lacks
recognised legitimacy. Further, if stakeholders that lack any of the three characteristics are
classified as non-stakeholders and fall outside the salience framework (Mitchell, Agle and Wood,

1997)

According to Mitchell, Agle and Wood (1997), this classification is not static; salience is dynamic.

Stakeholders can gain or lose power, legitimacy, or urgency as context or circumstances change.

Freeman’s broader stakeholder theory also addresses how organizations manage relationships with
their stakeholders. Harrison and St. John discussed, in Freeman and McVea (2001), two basic
approaches, buffering and bridging. Buffering is a traditional approach where an organization tries
to limit how much stakeholders influence it by using activities like market research, public
relations, and planning. In doing so, it creates distance between the organization and its external
environment. Bridging, in contrast, involves forming strategic partnerships by recognizing
common goals and lowering organizational barriers. Bridging is proactive and builds on
interdependence. It is about creating and enlarging common goals rather than just adapting to
stakeholder initiatives (Freeman and McVea, 2001, p. 23). This distinction matters for this study
because the second-life battery chain brings together actors from different industries, and they may

either keep a distance from each other or actively build partnerships.

Stakeholder theory is used in this study in three ways: (1) to identify the actors involved in the
second-life battery chain in Western Sweden; (2) to analyse their salience by examining the
distribution of power, legitimacy, and urgency as reported by the actors themselves; and (3) to
examine the relational modes (buffering or bridging) that characterize inter-actor relationships and

how salience configurations shape these approaches. This theory also links to RQ1 because it helps
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to show how stakeholder salience and relational modes influence both the governance

arrangements and the value propositions in the system.

3.5 Conceptual Model

The four theories and concepts discussed in the earlier section serve different but related roles in
the research. Together, they create an integrated analytical framework that clarifies the factors that
determine whether or not second-life EV battery systems are viable for energy resilience. The

model (Figure 3) includes three analytical frames and one application context.
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Figure 3, Conceptual model of the study

In this study, the viability is not measured quantitatively. Rather, it refers to conditions that
stakeholders believe are essential for the proper operation of second-life EV battery systems for
energy resilience. The figure's logic is simple: the three frames identify the conditions, the
resilience dimensions provide the performance standards, and viability happens when these

conditions match the criteria.

The three frames are set from left to right to show what the system is aiming to achieve, how it
can function operationally, and who needs to work together to make it happen. The strategic frame
is based on the CE and 9R framework (Potting et al., 2017), the operational framework, which is
based on the CSC concept (Farooque et al., 2019; Batista et al., 2018), the relational frame that
discusses how actors affect outcomes and are based on stakeholder theory (Mitchell, Agle, and

Wood, 1997; Freeman and McVea, 2001). It focuses on the distribution of salience (power,
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legitimacy, and urgency) among stakeholders and whether actors adopt a bridging or buffering

approach toward collaboration.

Energy resilience serves as the application context below the three frames. The four resilience
dimensions, technical, operational, economic, and environmental, define what the system must
deliver. They are not additional analytical lenses on the actor system, but the performance criteria

against which the conditions are evaluated for viability.

The arrow from the application context to viability shows the outcome. Viability is achieved when
the conditions generated by the three frames meet the performance standards specified by the
resilience dimensions. In the analysis, enablers are identified when the three frames reinforce the
system and support viability, while barriers are identified when they constrain one or more frames

and, as a result, weaken the system and reduce viability.

3.6 Analytical Framework

Each theory to the research questions is mapped in Table 1, specifying analytical categories that
will guide data collection and data analysis.

Table 1, Analytical frameworks

Theory/Concepts Analytical category RQs Data sources
9R framework Value retention hierarchy, value RQ1, Interviews with
(Potting et al., 2017) propositions perceived by different RQ3  different
stakeholders, and factors influencing stakeholders across
repurposing and recycling decisions. the chain, document
analysis.

CSC (Farooque et al., 2019)  CLSC/OLSC pathways, supply chain RQ1, Interviews with
maturity, and infrastructure readiness. RQ3  OEMs, BSPs, and

recyclers.

Stakeholder theory (Freeman, Stakeholder identification, salience RQ1, Interviews with all
2010; Mitchell, Agle & attributes (power, legitimacy, urgency), RQ3  actors across the
Wood, 1997; (Freeman & salience dynamics. chain.
McVea, 2001) Buffering vs. bridging approaches.
Multi-dimensional resilience  Technical resilience (physical capacity, RQ2, Interviews with all
(Gatto & Drago, 2020; Aasa  technology integration), Operational RQ3  actors across the
et al., 2025) resilience (coordination), Economic chains and experts'

resilience (Economically attractive), opinions

Environmental resilience (climate
stress, sustainability goals)
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4 Methodology

This chapter presents the methodological approach used in this study. It explains the research
design and the rationale for choosing an exploratory and qualitative approach. Furthermore, it
describes the data collection methods, as well as the data analysis process. Then the sampling
strategy and participant selection are also described. Furthermore, it discusses the qualitative
criteria applied to ensure the reliability of the research, along with ethical considerations and the

use of AL Finally, the study's limitations are presented to clarify the scope of the research.

4.1 Research Approach and Design

According to the classification proposed by Collis and Hussey (2021), research can be categorized
based on its purpose as exploratory, descriptive, explanatory, or predictive. This study adopts an
exploratory design because the main purpose is to develop insights about a new phenomenon for
which a limited amount of empirical research currently exists. Exploratory research aims to
provide a general understanding of the topic, identify patterns, and generate ideas for further
investigation, while explanatory research usually tests predefined research hypotheses (Collis and
Hussey, 2021). Since the application of second-life EV batteries for energy resilience in Western
Sweden is still evolving, an exploratory approach is suitable for examining the interaction between
technological, economic, and governance factors. By exploring the perspectives of different
stakeholders across the EV-battery and energy supply chains, this study identifies the enablers and

barriers that shape the viability of second-life systems for energy resilience in the region.

Qualitative research is appropriate when the goal is to understand the meaning that individuals or
groups attribute to a social or human issue (Creswell and Creswell, 2023). Since this study focuses
on perceptions, experiences, and interpretations of stakeholders related to the viability of using
second-life EV batteries in Western Sweden, a qualitative approach allows a deeper understanding
of these complex and multi-factorial issues. Therefore, researchers gained insights into the

conditions under which second-life EV batteries can contribute to regional energy resilience.

To make it consistent with the delimitation in section 1.4, this study examines viability in

qualitative terms, which is based on what stakeholders consider important. It doesn’t measure
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viability through any calculation or simulation. This also fits the exploratory and qualitative

approach of the study.

4.2 Research Strategy

In this study, semi-structured interviews were selected as the primary data collection method. This
helped the researchers to obtain in-depth insights from key stakeholders who are involved in the
second-life EV battery systems. According to Collis and Hussey (2021), interviews are widely
used for data collection. Participants are asked questions to understand what they do, think, or feel
about a specific topic. This method is particularly appropriate when the purpose of the research is
to explore and clarify a complex issue. Furthermore, Kvale and Brinkmann (2015) argue that
interviews are an appropriate method when the research questions address issues related to human
experiences. Another reason why interviews were preferred as the main primary data collection
method in this qualitative research, rather than methods such as questionnaire surveys, was the

limited number of interviewees, as also confirmed by Kvale and Brinkmann (2015).

Among different types of interviews, the semi-structured interview provides a balance between
structure and flexibility. In this method, the researcher prepares a set of questions in advance to
guide the discussion around the main topics; however, there is also the freedom to ask new
questions that emerge during the conversation. Additionally, the order of the questions can be
flexible, and the researcher can ask the questions based on the participant’s responses. The
flexibility enables the researcher to address more relevant issues in relation to the topic deeply and

follow up on interesting points that are raised by the interviewee (Collis and Hussey, 2021).

Adapted from Collis and Hussey (2021), Table 2 (next page) shows the types of interview

questions in this study.
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Type of question

Open questions

Context questions

Experience questions

Evaluation questions

Governance questions

Barrier identification
questions

Reflective questions

Table 2, Interview question types

Purpose in this study

To identify participants’
experiences and perspectives.

To understand the role of the
participants in the
organizational context.

To understand current practices
related to battery management
and energy resilience.

To assess perceptions of value,
and economic viability.

To explore collaboration and
responsibility among actors in
the second-life battery chain.

To identify regulatory,
technical, and economic
constraints.

To gather forward-looking
perspectives and policy
recommendations.

Example from interview guide

“What potential value or lack of value do
you see in second-life EV batteries for your
organization or the wider energy system?”

“Can you describe your role and your
organization’s involvement with EV
batteries, energy systems, or critical
infrastructure?”

“How are end-of-life EV batteries currently
handled within or around your
organization?”

“What conditions would need to be met for
second-life EV battery systems to be
economically attractive for your
organisation?”’

“Which actors do you believe need to
collaborate to enable second-life EV battery
systems at scale?”

“What are the main barriers currently
preventing wider adoption of second-life EV
battery systems?”

“What changes would most effectively
enable for viable second-life EV battery
business models in your region?”

Another advantage of a semi-structured interview is the possibility of using probes during the
interview. These probes enable the interviewer to explore the response of the interviewee in more
depth and clarify more detailed issues (Collis and Hussey, 2021). This is particularly important in
this research because it addresses an emerging topic of second-life systems and energy resilience,
where participants’ experiences and insights may reveal important factors that cannot easily be
identified through structured questionnaires. During the interviews, several probing techniques
were used to encourage participants to elaborate on their responses and provide deeper insights.
Table 3 presents examples of the probe types inspired by Noodl Research (n.d.) and Collis and
Hussey (2021) that were used in this study.
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Table 3, Probe types in the interview

Type of Probe  Purpose Example Probe Used in This Study

Clarification Seek clarification when a response is Can you give an example?
unclear or contains technical
terminology.

Bias Understanding why a participant holds a Why do you think these second-life
certain opinion and checking whether it  batteries can or can not support energy
comes from personal attitude or not. resilience?

Comparison Comparing different situations or How does this compare with other
options for better evaluation. backup power solutions, such as diesel

generators?

Validation Making sure the participants' responses  So, am [ correct in understanding that
are clearly understood and addressing this is the main challenge?

the interview questions

Silent Allow participants time to reflect and When the interviewees finished their
continue speaking by intentionally statements, a few seconds were paused to
pausing after a response. encourage further elaboration.

Hypothetical Explore potential scenarios and future What happens if second-life batteries
developments related to the research became significantly cheaper than new
topic. battery systems?

Furthermore, among the different available formats for conducting an interview, such as face-to-
face meetings, telephone calls, or online video conferencing platforms, online video conferencing
through Microsoft Teams was chosen for this study. Therefore, it allowed researchers to contact

various stakeholders located in different regions of Western Sweden.

Finally, in this study, it was not possible to conduct an interview with all the stakeholders in the
ecosystem of EV batteries and related fields. In particular, one stakeholder category (Recyclers)
could not be reached for an interview. To address this gap, secondary data in the form of document
analysis was used, including publicly available information from company websites and official

reports.

Overall, semi-structured interviews in this research enabled researchers to collect rich and detailed
qualitative data while also focusing on the research objectives. It allowed participants to discuss
their experiences and insights openly, while allowing us as interviewers to make sure
understanding of the enablers and barriers of second-life battery systems for supporting energy

resilience in Western Sweden.
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4.3 Data Collection

The data collection consists of both primary and secondary sources. The primary data were
collected through semi-structured interviews with stakeholders from the EV battery and energy
systems sectors in Western Sweden. In addition, secondary sources from recycling companies

were used to complement the primary data.

Interviews were conducted via Microsoft Teams and lasted approximately 35 minutes to one hour.
The interviews were recorded and transcribed to ensure accurate and detailed analysis and to avoid

listening errors or missing important points.

The interview guide was designed in seven main sections, including Respondent Context, Current
Practices & System Awareness, Business Models & Value Propositions, Governance & Multi-
Stakeholder Collaboration, Energy Resilience & Critical Infrastructure, Barriers & Constraints,
and Forward-Looking Reflection. However, depending on the stakeholder, the number of
questions varied, with approximately 17—18 questions in total. The questions were also adapted
during the interviews based on the stakeholders’ roles and expertise. However, the main questions
can be seen in the Appendix I. During the interviews, however, for better clarification and deeper
understanding of the insights, additional questions that arose in the moment were asked.
Furthermore, in cases where some of the interview questions were unclear or ambiguous to the

interviewees, they were further explained to ensure clarity and accuracy of responses.

Another essential aspect of reliable and valid research is the context of the research. As Collis and
Hussey (2021) point out, qualitative data need to be understood within their contextual framework.
Since meanings and interpretations are influenced by contextual factors such as time, location, and
legal, social, political, and economic conditions, understanding this context improves the accuracy

and depth of data interpretation.

In this study, contextualization means examining the regional characteristics of Western Sweden
in terms of its level of second-life EV adoption and energy transition and storage initiatives. In this
regard, secondary sources were reviewed to understand the regulatory environment, ongoing

sustainability strategies, and the development of EV and energy storage infrastructure in the
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region. This contextual background supports the interpretation of stakeholders' perspectives in

relation to specific regional circumstances.

4.4 Sampling and Participants

In this study, a purposive sampling strategy was employed to select and identify the participants
who have experience and knowledge related to electric vehicles, battery and energy systems,
governance mechanisms, and also energy providers. Purposive sampling is an appropriate method
for qualitative research because it allows the researcher to identify and select the participants who
can provide relevant and meaningful insights about the research topic (Hassan, 2024). Since the
aim of this study is to explore the enablers and barriers of second-life EV battery systems for
energy resilience in Western Sweden, it was important to find and interview stakeholders who are
directly engaged in the EV battery chain, energy systems, or related policy areas. Participants were
selected based on their ability to provide insights for managing and repurposing second-life EV
batteries, as well as technical and managerial conditions that influence energy resilience solutions.
In total, 7 semi-structured interviews were conducted with key stakeholders as depicted in Table

4.

Table 4, List of Interviews

Interviewee  Organization Type Role of Participant Duration (min) Date
Interviewee 1  Automotive (OEM) Project Manager, Recycling 37 26/02/2026
and Return Manager
Interviewee 2  Research institute Project Manager, 43 17/02/2026
Researcher
Interviewee 3 Second-life battery Chief Commercial Officer 47 06/03/2026
service provider (BSP)
Interviewee 4 Battery manufacturer ~ Production 51 18/03/2026
Interviewee 5 Energy provider Sustainability Director 43 10/04/2026
Interviewee 6  Regional innovation Project Manager 46 12/02/2026
organization
Interviewee 7 Municipality Environmental strategist 35 24/04/2026
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According to Kvale and Brinkmann (2015), the number of interview participants in qualitative
studies should be determined by the purpose of the research and the depth of information required
rather than by statistical representativeness. They suggest that interview studies commonly involve
around 15 + 10 participants, depending on the research design, resources, and scope of the study.
In this study, the chosen actors have provided key insights regarding the West Sweden region, EV
battery, and energy systems that help identify critical aspects related to the purpose of this research.

Furthermore, apart from the number of conducted interviews, the focus of this study was on
gaining valuable insights regarding the criteria in the research questions. Qualitative interview
research emphasizes depth of understanding rather than large sample sizes, and this allows
researchers to analyze participants’ experiences and perspectives in detail (Kvale and Brinkmann,
2015). Therefore, the sample size of the conducted interviews was considered sufficient to provide
meaningful insights into the research questions while allowing for detailed qualitative analysis of

the collected data.

4.5 Data Analysis

The interview transcripts and document materials were analyzed using a coding approach that
combined deductive and inductive logic. According to Miles, Huberman, and Saldafia (2014), both
approaches are necessary in qualitative analysis. Throughout the study, one can start deductively
and also develop concepts inductively from the data; both are required for conceptualization
(Miles, Huberman, and Saldafia, 2014). In this study, the deductive part came from the analytical
framework and literature review, which was defined before coding started, and some categories
were developed inductively as they emerged from the data. As an example, four types of barriers
were identified in Section 2.4. However, the safety and operational barrier was later identified

inductively in Section 5.3.

Coding was done in two cycles, using the first cycle and the second cycle defined by Miles,
Huberman, and Saldafia (2014). Each transcript was read in full during the first cycle. Important
statements were categorized according to the category that most accurately described what they
said. The codes from the first cycle were reviewed and combined during the second cycle. For
example, In the first cycle, specific codes were assigned to statements, such as economic,

operational, and technical barriers. In the second cycle, these codes were grouped into broader
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categories, such as barriers, enablers, and viability conditions, which structure the findings in

Chapter 5

As defined in earlier sections (1.4 and 4.1), viability in this study is examined through stakeholders'
own views. Therefore, their statements were coded based on the criteria found in the analytical
framework they mentioned, such as technical performance and economic and operational factors,
rather than being assessed against financial or technical measures. Inductively emerging categories

were added side by side.

NVivo was used for all coding. It was used as a tool to organize codes, retrieve coded segments,
and support comparison across respondents instead of using it as a substitute for analysis (Collis
and Hussey, 2021, p. 146). Consistency was maintained throughout the process. During coding,
the two researchers sat together and reviewed every transcript to agree on the most appropriate
category for each statement. The analytical framework served as a reliable reference point for
coding decisions. Finally, NVivo’s coding-by-source view was used to verify that coding was

applied consistently across respondents.

4.6 Quality Criteria

In qualitative research, the quality of the study is usually evaluated through the concept of
trustworthiness, which consists of four key criteria: credibility, transferability, dependability, and
confirmability. These criteria help to ensure that the research findings clearly represent the
participants’ experiences and are based on systematic and transparent research procedures
(Ahmed, 2024). In this study, several strategies were used to enhance these aspects of

trustworthiness throughout the research process.

Credibility refers to the extent to which the research findings are accurate and represent the
experiences and perspectives of the participants. According to Ahmed (2024), credibility can be
enhanced through engagement with participants, reflexivity, and the use of triangulation. In this
study, credibility was addressed by conducting semi-structured interviews with key stakeholders
who have direct experience with EV battery systems, energy infrastructure, and related governance
mechanisms. During the interview, probing questions were asked to clarify the responses and

motivate participants to elaborate more on their experiences and insights.
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Transferability refers to the extent to which context the study findings may be applicable to other
similar situations. Qualitative research aims to provide detailed contextual descriptions that allow
the reader to understand whether the findings are relevant to other situations or not (Ahmed, 2024).
In this research, the context of Western Sweden's characteristics and its energy initiatives in terms

of EV adoption has been clearly described.

Dependability is related to the consistency and transparency of the research process over time.
According to Ahmed (2024), dependability can be improved by clearly documenting each step of
the research process and keeping a record of all decisions made during the study. In this study, the
research procedures were clearly documented, such as the design of the interview guide, recording
and transcribing, organizing the findings, and research materials, ensuring that the analysis was
based on accurate data. The coding process mentioned in section 4.5 provided additional support
for dependability. Codes were applied consistently across all the transcripts. The analytical

framework helped maintain consistency in coding decisions throughout the analysis.

Confirmability refers to the degree to which the research is shaped by participants’ perspectives
rather than the researcher’s personal bias. As highlighted by Ahmed (2024), there are several
strategies that can enhance confirmability, including peer debriefing, member checking, and
reflexive journaling. In this study, confirmability was supported through interviewing different
stakeholder groups, including the automotive sector (OEMs), research institutes, second-life
battery system providers, battery manufacturers, and municipalities, which allowed for
comparison of different perspectives and reduced biased influence. The joint coding procedure
mentioned in section 4.5 increased the confirmability. This made it possible for coding decisions
to be based on common agreement rather than the perspective of a single researcher. Additionally,
participants were carefully selected to ensure that the information received from them was valid
and reliable. Finally, note-taking, transcribing, and quotes were used to ensure the confirmability

of the research.

Overall, these strategies were applied to ensure that the study is trustworthy and provides reliable
insights into the enablers and barriers of second-life EV battery systems for energy resilience in

Western Sweden.
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4.7 Ethical Considerations

At the beginning of each interview, consent was obtained from the interviewees to record and
transcribe the conversation. All interviewees were also informed that they could withdraw from
the interview at any time and could skip any question they did not wish to answer or found
irrelevant to their profession. The recordings and transcriptions will be deleted after the analysis
is complete. Furthermore, any personal or organizational information that could be classified as

confidential was avoided.

4.8 Use of Artificial Intelligence

Artificial intelligence tools were used in this study as supportive tools to help with language
refinement and research organization. ChatGPT was used primarily to review written sections of
the dissertation in order to improve the grammatical accuracy, readability, and overall clarity of
the text. It was not used to generate content, ideas, or analysis but only to support language

refinement.

Grammarly was also used as a writing support tool during the preparation of this thesis. The
program helped identify and correct grammatical errors and spelling mistakes throughout the

document.

Finally, the MyBib tool was used to help produce Harvard-style references. This tool helped
authors organize references and format citations more efficiently and accurately. All references
produced using MyBib were carefully reviewed by the authors to ensure that the citation details

were correct and in accordance with the Harvard referencing style.

4.9 Limitations

Like any research, this study has several methodological limitations that should be acknowledged
when analyzing the findings. Understanding these limitations helps to have a clearer perception of

the applicability of the results and also areas for improvement in future studies.

First, this research is based on a limited number of interviews with key stakeholders. Although
great care was taken in selecting and identifying the stakeholders, involving more participants

could provide more meaningful and in-depth findings. One limitation is that recycling companies
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were not directly interviewed. Although secondary sources provided the required information
related to recycling, this study did not include direct views of recyclers. This matter may affect the
depth of understanding of the recycling stage in the second-life EV battery chain, which may bias

the perspectives of the interviewed stakeholders.

Second, this study relies primarily on qualitative interview data, which reflects participants’
perceptions and experiences. While providing detailed insights into the barriers and enabling
factors for second-life EV battery systems, it may also be beneficial to include secondary sources

as well as quantitative data.

Another limitation is that this research was especially focused on the region of Western Sweden.
While this contextual focus allowed researchers to gain a detailed understanding of the regional
viability of second-life EV batteries, the results may not be directly applicable to other
geographical regions with different energy systems, regulatory frameworks, or market structures.
However, the insights obtained from this study may still provide useful insights for regions that

share similar characteristics in terms of energy systems and EV adoption.

Finally, this study was shaped by interviewing a limited number of stakeholders from different
parts of the EV battery and energy chain. If more stakeholders’ views could have been captured,
such as policymakers or infrastructure operators, the findings could have been more

comprehensive.

Despite these limitations, this study provides valuable insights into second-life EV batteries for
supporting energy resilience in Western Sweden. Therefore, future studies can build on this work

and address the limitations of this research, which are further discussed in Section 7.3.
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5 Findings

This chapter presents the findings from seven interviews with actors who are directly involved in
or closely connected to the second-life EV battery chain. The respondents are different actors who
are holding different positions in the system to create resilience in the region, such as an OEM, a
regional energy agency advisor, an expert researcher, a battery service provider, a former cell
manufacturer, and an energy provider of the region. This section is arranged based on the

research questions.

5.1 Governance Mechanism

5.1.1 OEM’s engagement with the second-life chain
A key governance finding is OEM's limited involvement in second-life activities. Additionally,
having producer-responsibility roles under battery regulations and the most detailed battery data,

it doesn't actively participate in repurposing.

According to the OEM response, the company had previously piloted second-life applications,
such as grid stabilization and residential use, but stopped to focus on its core business. The business
recycles batteries to recover material for the manufacture of new cells after refurbishing them for

use in automobiles until they are no longer functional. Interviewee 1 said:

“Currently, we don’t see any additional value for [the company] in having them outside

the car. But I can imagine other players in the ecosystem see a value in it.”

The OEM position is that recycling is a regulatory requirement and is prioritized because recovered
materials are needed for new cell production, so delaying recycling is seen as undesirable. Support
for repurposing through information sharing is described as conditional on legal obligation rather
than voluntary cooperation. Repurposing is also not recommended from the OEM side because the

batteries are not tested for non-vehicle applications.

Other respondents described the same. The cell manufacturer pointed out that batteries use custom

software, and first-life data stays with OEMs, and the expert considered industry information
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guarded. The battery passport is primarily used for recycling regulations rather than for enabling

repurposing, according to the engineer.

5.1.2 BSP’s engagement with the second-life chain

The BSP sources batteries from dismantlers, recycling firms, or occasionally directly from OEMs
and uses them to build stationary storage systems from end-of-life EV batteries. Interviewee 3 said
this system needs at least three actors: a dismantler, the BSP (which tests and integrates the
battery), and the customer. He noted that the chain is functioning in this way at the moment.
However, he also added that battery flows are still limited and that if a real ecosystem is to develop,

OEMs would need to be involved and provide support.

Product responsibility transfers to the BSP through CE certification. When the BSP repurposes a
battery into a second-life product, it is considered a new product under the EU Battery Regulation,
and then the BSP takes on the product responsibility. BSP takes on responsibility, liability, and

testing duty for the second life unit in this way.

BSP has also built technical strength. They can work with batteries from different manufacturers,
which is important for avoiding dependence on a single supply source. Furthermore, the BSP
respondent supported the OEM's claim that automobiles shouldn't be considered responsible for

the stationary storage of their batteries. Interviewee 3 said:

“I completely agree. I don’t think the car OEM should be responsible for how their
batteries are used in a house. It’s a completely different application. So, you need to have

some layers in between.” The BSP considers itself to be that layer in between.

5.1.3 The recycler’s engagement with the second-life chain

Document analysis shows that the leading Swedish recycler is going beyond a recycling-only
strategy. More than 500 million SEK has been invested by the recycler in battery-handling projects
(Stena Recycling, 2026). Its Halmstad facility uses an advanced recycling process that makes it
possible to recycle 95% of an electric vehicle battery, and within the next ten years, it expects to

handle five to ten times the current battery quantities (Stena Recycling, 2023).
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The recycler joined a national collaboration (€2.4 million, €1.1 million from Sweden’s innovation
agency) at the end of 2025 with a BSP, a research institute, an energy company, and an energy
technology company. The aim is to build a complete circular value chain from battery testing and
second-life deployment to end-of-life recycling (Stena Recycling, 2025). Here, the recycler's goal
is to strengthen national capacity for collection, upcycling, and responsible recycling of EV

batteries (Smartports, 2025).

A large amount of battery flow is handled by recyclers. A supply pathway is created if the recycler
sends batteries to a BSP before recycling. Interviewee 3 also verified this connection, pointing out

that there are three sources of battery supply, including recycling companies.

5.1.4 Energy providers' engagement with the second-life chain
Energy service providers or grid operators are another kind of governance role, based on shaping

market conditions rather than handling batteries directly.

The respondent (Interviewee 5) said that energy providers don't use battery storage and have no
plan to do so. One reason is legality; the grid company is a monopoly, and they are not allowed to

invest in batteries. Another reason is capability.

“Batteries, you don’t just put them there and leave them. It’s very active maintenance and
monitoring. So, you have to know what you're doing. I don’t think we see ourselves as

especially well equipped to be efficient in battery operation.”

Rather, the energy provider introduced two market mechanisms. First, they introduced a power
tariff in 2021 where they charge customers based on power peaks, which gives an incentive to
reduce peak demand. Second, a local power flexibility market pays actors to release or reduce
power during certain periods which enables some serious battery investment and a transparent and

open situation for all to get involved.

5.1.5 Municipality engagement with the second life chain

Municipalities represent another governance role in the second-life battery chain. Unlike OEMs
or BSPs, municipalities do not directly control battery flows or repurposing activities. Their role

is more connected to local energy planning, crisis preparedness, permitting, and safety.
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Interviewee 7 described the circular economy as one of the municipality’s nine work packages,
together with areas such as a safe and robust energy system, climate adaptation, and crisis
preparedness. In terms of energy resilience, the municipality prepares backup power for critical
facilities, such as care homes. It also maintains a critical infrastructure priority list for electricity
during shortages, which is confidential. The interviewee also noted that the municipality owns the
local electricity net and energy production company. However, the municipality has not yet

considered second-life EV batteries specifically. As interviewee 7 mentioned:
“We haven't discussed that yet.”

When asked whether installing a second-life battery system would require municipal permission,
the respondent was uncertain. But suggested that the municipality would probably be involved
because it owns the electricity net and because such installations may raise fire-safety issues. She
also linked future involvement to the need for clear EU directives to be implemented into national

legislation.

5.1.6 Value Propositions

Respondents discussed several value propositions for second-life batteries, but one point was
similar in most of the interviews, which is that no single value proposition is enough on its own.

Instead, combining many revenue streams is necessary for success.

According to the BSP response, a second-life battery installation can provide multiple services.
These include peak shaving, solar storage optimization, backup power, uninterruptible power
supply (UPS), and electricity pricing optimization behind the meter. Ancillary services like energy
trading and grid balancing can be supported by the same battery in front of the meter. Who also
emphasized that most consumers prioritize cost over resilience and sustainability. The energy
provider (Interviewee 5) described the same logic from the investment perspective, which is that

a battery needs to combine several value sources.

“From my understanding of batteries, you need many income streams to make it work. So,
finding actors and situations and geographic locations where you can access as many

streams as possible is the optimal investment placement for a battery.”
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According to interviewee 5, there are four possible streams in the region, which are power tariff
avoidance, involvement in a local power flexibility market, energy price arbitrage, and national
frequency regulation services. Four application areas were identified by the expert respondent,
which are local energy systems that combine solar production and storage, industrial grid capacity
bridging for facilities that cannot wait for grid upgrades, frequency and flex markets via
intermediaries, and peak support for EV charging. He emphasized that it is important to avoid
applying one solution to all use cases, as each application involves different actors and business-

case logics.

The recycler’s position adds another perspective. In a 2025 project announcement, a leading
Swedish recycler stated that it sees “major environmental and commercial benefits in extending
the life of batteries by using them in other applications, instead of sending them directly for
recycling” (Stena Recycling, 2025).

Second-life batteries can be an alternative option without relying on imported batteries for
stationary storage, according to both the BSP respondent and the expert responder. The BSP
response highlighted this as a critical infrastructure issue, indicating that the use of foreign-made
battery systems in hospitals, the military, or the electricity grid is a risk due to the chance of an

outsider gaining access to and interfering with the battery.

Overall governance mechanisms illustrate different actors' perspectives and engagement in the
second-life battery chain, which behave strategically and relationally within the analytical

framework further explained in Chapter 6.

5.2 Viability Condition

This section describes the conditions that respondents identified as necessary for second-life
batteries to function as viable backup power after the deployment. These conditions are organized

into three areas: technical, economic, and operational.

5.2.1 Technical condition

According to respondents, second-life EV batteries can technically be used as stationary energy

storage. Interviewee 2 explained that battery capacity decreases over time because internal layers
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build up during charging cycles. However, a degraded battery still works so well in storage

systems. He discussed:

“Those types of poor batteries still work very well in storage systems because they handle
quite a lot of energy, but they don’t need to push it out and in very fast. And that’s why it’s
probably quite good to use battery energy storage systems for houses and for these

machines to even out the grid—the energy grid.”

Additionally, the BSP respondent emphasized that EV batteries are "such high quality” that his
company believes they will perform on a level with new batteries. Respondents further clarified
that a used EV battery cannot be used directly as a stationary system. The interviewee 3 stated

that:

“We cannot take the battery just from a car and then plug it into a wall and hope it works

)

for the customer.’

To make it usable, the BSP must build safety features, control systems, heating, and ventilation
around the battery. This means second-life use requires the technical capability to turn an

automotive component into a stationary product.

One of the main limitations mentioned was duration. According to the energy provider's reply
(Interviewee 5), batteries are useful for short outages, can be easily activated, and can be used for
a few hours or even a day or two. Diesel generators are still required for extended interruptions.
He clarified that while mobile phone towers can run on batteries, data centers require full
availability and will always need fuel; batteries can only last for a few minutes. According to the
expert (Interviewee 2) reply, long grid outages are “very uncommon” in Sweden, but the
consequences are severe as “‘hospitals and critical parts of our society” depend on steady power.

(Interviewee 6) emphasized that different crisis scenarios need different approaches.

“Is it a storm—a few days without electricity? Or should we consider the situation in

Ukraine? They are completely different.”

Another important technical condition is battery variation. Batteries can vary greatly in quality due
to their various chemistries, manufacturers, and usage histories. According to the interviewee,

battery passports and cloud-based monitoring are crucial for tracking battery health and identifying
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failed cells early so that they don't interact with others. Also, he mentioned it’s not dangerous to

use 1n a second life.

The energy provider (interviewee 5) offered a distinct perspective. From his perspective, the need
is simple: the battery needs to meet grid electrical quality standards; also, if it can perform in fast-

response markets, it is acceptable.

5.2.2 Economic condition

All interviewees agreed that the second-life battery system must be cost-effective, but they

explained it differently.

The most common economic condition is that the new battery price is decreasing. Interviewee 3

mentioned that Chinese battery prices dropped by 45% in one year. He said:

“I don’t think the main challenge is within the ecosystem of building a second-life battery.

I would honestly say that the main challenge is China.”

He believes that second-life is one of the ways European companies can compete because
European manufacturers are unable to match this price in new batteries. Another interviewee
supported this concern and warned that one must be very careful while thinking about long-term

business out of second-life batteries, as battery prices are changing so quickly.

Several interviewees identified that value stacking is essential for economic conditions. This
involves combining several sources of income from a single battery system installation. Relying
on only one source of revenue is insufficient, as covered in Section 5.1.1. The market mechanisms
described in Section 5.1.6 provide some of these streams. Another interviewee added that the
frequency regulations market is becoming saturated, so peak shaving through power tariffs is

becoming a more reliable source of income.

There is a difference between cost-effectiveness for individual customers and cost-effectiveness
for entire systems. A second-life battery system might not always be cheap for a customer, but it

can still have some system value, which can reduce dependence on imports. Interviewee 2 said:

“Energy systems are not only about cost efficiency, they’re also about resilience and

robustness and other social values.”
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He also linked this to security concerns and stated:

"Now we have a very aggressive Russia next door, and a lot more funding is going to the
army and defense. Of course, we will need to consider that our energy system will work

even if we are in a war or a difficult situation related to our neighbors."”

5.2.3 Operational condition

The energy provider does not run batteries, as mentioned in Section 5.1.4, which is because of
internal gaps in skills and legal restrictions. This implies that any actor using second-life batteries

must be technically capable of operating continuously and actively.

The BSP company provides an energy management system (EMS) that manages charging,
discharging, and market participation for the customer. They also offer warranties. These are
necessary because customers expect warranties, and second-life systems must meet that
expectation. In this setup, risk is shared. The customer carries the investment risk, while the battery

supplier carries the warranty and product risk.

Additionally, coordination differed across many organizations. The energy provider can authorize
grid connections, but after that, they are not in charge of permits or on-site security. Interviewee 5

said:

“We’re not involved in permitting issues. We re not involved in safety issues on sites—

that’s other authorities that deal with those things.”

Several interviewees described a permit landscape where fire safety departments, municipalities,
and energy providers each handle different aspects. Municipal resilience plans remain basic. There
is at least one person from each municipality who is responsible for identifying the core business
and what absolutely must work. Currently, they are handling short-term crises with diesel

generators, and second-life batteries are not part of the current municipal resilience plan.
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Table 5, Summary of key findings in viability conditions

Dimension  Key finding

Technical Second-life batteries still perform well in stationary storage systems.
Reliable for hours to a few days; insufficient for prolonged outages; Requires backup for
extended events

Economical Economic viability through value stacking and the import independence argument.
Rapid decline in new battery prices, especially, challenges the long-term
competitiveness

Operational BSP provides EMS, continuous monitoring, maintenance, and warranties, but scattered
responsibilities, and limited inclusion of second-life batteries in municipal resilience
planning

5.3 Barriers

Several barriers were identified that limit the development and adoption of second-life EV battery
systems. These barriers are categorized under six dimensions, including economic, technical,
regulatory, operational, safety, and organizational. However, some barriers are interconnected and
overlap within their context with other barriers. Each category highlights specific challenges that

have been perceived by interviewees across the chain of second-life EV battery systems.

5.3.1 Economical barriers

Economic barriers emerged as one of the most important challenges. Declining prices of new
batteries create a major challenge for second-life battery systems. As global competition continues
to reduce battery prices, second-life solutions struggle to remain cost-competitive due to additional
costs related to testing, refurbishing, and reuse. In this regard, participants stressed that second-

life battery systems need to be cost-effective to compete with new battery alternatives.

Another important aspect regarding battery prices is that the lower cost due to the production on a
large scale and, consequently, cheaper non-European batteries (mostly from China) imposes more
pressure on European actors. Respondents noted that second-life systems are in competition not

only with new batteries but also with lower-cost global supply chains.

In addition, a lack of enough old battery volume is recognized as a barrier. Two participants noted
that the current volume of end-of-life batteries available is still limited, which limits large-scale

implementation and increases the costs per unit.
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“One of the other barriers, I think, is that there aren’t enough batteries in the market yet.

That’s also a barrier to achieving economies of scale."

Finally, the need for market support conditions, including incentives, subsidies, and policy
mechanisms that can improve competitiveness, was discussed. Although they are not always
necessary, these measurements help restore balance and support the Swedish or European market

at the initial stages of second-life battery systems development. Interviewee 3 explained:

“So I think — I don’t necessarily think it’s needed to have subsidies, but I think if the
market can create incentives like that, then that’s great. And then the last point — again, |
don’t think it’s needed, at least for us, but it would be beneficial if you had subsidies for
Swedish-made or European-made, so the Chinese cannot outcompete every actor on the
European market and have a monopoly and full control. So I think we need to be able to
defend ourselves. The Chinese are subsidising their own production, so how do we tackle
that in a good way? Are we just going to let the market handle it? I think you can see what
happened with solar panels, for example — you cannot buy a solar panel that’s not from
China. So, how do you protect yourself after that dependency? And I think again — not
needed, but it would definitely be helpful.”

5.3.2 Technical barriers

Technical barriers were identified as another major obstacle. One of the key issues raised by the
participants was the pace of technological development in the battery industry. This issue makes
the integration of older batteries inconsistent with newer batteries or systems, and creates
uncertainty for second-life battery utilization. Chemistry is evolving from NCM (Nickel Cobalt
Manganese) toward LFP (Lithium Iron Phosphate), meaning future second-life flows will have

different characteristics. Interviewee 2 explained:

“If you want to build a second-use battery model, you need to consider the technology
development also, because different chemistries will not have completely the same long-

’

term characteristics.’

Furthermore, another technical obstacle is the high level of heterogeneity in terms of the chemical

structure of battery systems. This diversity makes standardizing the process of reuse and
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integration with other batteries challenging. As an example, heavy-duty and light-duty batteries
are chemically different, which creates more complexities when designing a second-life battery

solution.

Interviewee 1 emphasized that EV batteries are primarily designed for specific applications,
particularly for use in vehicles. Therefore, repurposing these batteries for alternative applications,
such as stationary energy storage, is not always in line with their original design parameters. This
may create technical risks related to the performance, reliability, and safety of using these batteries
outside their intended context. However, interviewee 3 disagreed with his statement and explained

that it can still function effectively.

In addition, the physical design of the battery packs in various vehicle models and brands can
create challenges for second-use applications. Many battery cells are not designed to be easily
removable, as some are glued together, while others are screwed together. These differences in
design create difficulties and additional costs for extracting, testing, and reusing battery cells and

components.

Finally, system integration was also identified as a difficult task. Combining batteries from
different manufacturers and specifications requires advanced hardware and software skills,
especially in terms of battery management systems and communication between components.
Although some second-life battery system providers have identified ways to overcome these

issues, the process remains complex and time-consuming.

5.3.3 Organizational barriers

Organizational barriers are identified as one of the major challenges in the development of second-
life EV battery systems. One of the key issues discussed by the participants was the lack of a clear
perception of value between different actors in the chain. While some actors may recognize
potential benefits for second-life EV battery systems, others are not willing to participate unless

there are economic or regulatory incentives or forces. The interviewee 1 said:

“If there is a legal requirement that we have to support, then we would do that. But if there

is not a legal requirement to support, we would not support.”
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Another barrier is related to the complexities in the chain and the lack of clear rules and
responsibilities. One of the interviewees highlighted that the ecosystem includes multiple actors,
including battery manufacturers, BSP, OEMs, energy companies, recyclers which makes the
coordination difficult. These complexities cause uncertainty about who is responsible at each stage
of the second-life application, making decision-making difficult and limiting the development of

proper business models.

Furthermore, limited information sharing between the actors was identified as an essential issue.
All the required information, especially related to battery performance and data, is not often

accessible across the second-life battery chain. Interviewee 2 explained it like this:

“You shouldn’t be naive about this. If you’re a major battery producer, you don’t want to
give the information to the OEMs, and definitely not to other actors. Of course, the
government can push to share some information, but I think it’s not that easy. Some people

’

in the second-use battery discussions are a little bit naive about this.’

Finally, market awareness and understanding were identified as another organizational issue. The
concept of second-life batteries is still relatively new, and many potential users have limited

knowledge about them.

5.3.4 Regulatory barriers

Regulatory barriers were also identified as an important challenge for the implementation of
second-life EV batteries. One of the issues raised by participants was the process of permitting
these batteries, which can be issued by municipalities, the fire brigade, or both. However, these

processes are not clearly defined. Interviewee 3 said:

“You think you’ll be able to sell second-use batteries wherever you are in Sweden, but it’s

not that easy, because sometimes one fire brigade says no and the next one says yes.”

Another issue is that the regulations that are adopted must be comprehensive and inclusive. These
regulations must also prioritize European companies in terms of battery production within Europe,
rather than outsourcing. Today, the regulations that are imposed address only a few dimensions,
such as profitability, which may prioritize Chinese products over domestic production.

Interviewee 4 mentioned:
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“Regulations can also scare companies, and then they flee. So it’s super important to build
regulations that are profitable and smart in several dimensions—not just from one or two
dimensions, but maybe from ten dimensions. So basically, how can we make it so that

Chinese producers want to produce in Europe and not in China?”

CE-marking certification was described as both necessary and burdensome. It ensures safety,
quality, and reliability, especially for high-risk products such as batteries. On the other hand, these
standards were also identified as resource-intensive, which requires significant financial

investment and technical expertise, and could act as a barrier to market entry for companies.

5.3.5 Safety barriers
The most concerning viewpoint from the participants was the risk associated with battery fires.
Compared to combustion vehicles burning petrol and diesel, battery fires are more complex and

difficult to manage, especially for fire brigades.

Furthermore, the risk of explosion and the release of hazardous materials was also highlighted.
These risks not only affect human safety but also create environmental issues. As a result, as one
of the participants mentioned, safety concerns are closely linked to the need for regulations

controlled by the government.

5.3.6 Operational barriers
Last but not least, operational challenges can constrain the implementation of second-life EV
battery systems. One of the key issues raised by participants was the lack of a well-developed CSC

system. Interviewee 2 said:

"Not really well developed how you actually move an old battery to some kind of

repurposing facility.”

In addition, battery transportation due to the regulatory environment is difficult. Not many

transport companies are willing to handle battery transportation due to safety concerns.
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Table 6, Summary of key barriers

Type of barrier Core barrier Actor(s) involved

Economic Declining new battery prices impose pressure on competition ~ BSP, OEM
with second-hand batteries; insufficient battery volume limits
economies of scale

Technical Battery heterogeneity (chemistry, design, manufacturer); BSP
Various physical design limits disassembly; Integration
difficulties that require hardware and software skills

Organizational Information asymmetry; Unclear roles and responsibilities All actors
across chain actors; Low market awareness among end users

Regulatory Inconsistent permitting and approval processes; Regulatory BSP, OEM
frameworks may disadvantage European producers; CE
certification is costly and resource-intensive.

Safety Battery fires are difficult to manage; explosions and hazardous  All actors
material risks. Stronger safety regulations and oversight are
required

Operational CSC for second-life batteries is not well developed; Battery BSP, OEM,
transportation is difficult due to safety regulations; Limited Recyclers

logistics capabilities constrain large-scale implementation.

5.4 Enablers

Despite the various barriers that may constrain the development of second-life EV batteries,
several enablers were also identified. These enablers can create more favorable conditions for the
development and implementation of second-life EV battery systems. They are mainly related to
information transparency, market conditions, policy support, technological alignment, and

industry competitiveness.

Respondents pointed to battery passports and cloud-based monitoring as partial solutions.
Describing a system that can always monitor these batteries and signal if one is bad, which would
support safer use. The recycler’s documents also suggest that the EU Battery Regulation may help
by requiring manufacturers to provide access to battery control system data (Stena Recycling, n.d.).
However, as the expert respondent noted, regulation alone may not be enough if companies are

still reluctant to share data.
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Another important enabler is the economic and market environment of regions such as Gothenburg
in Western Sweden, which is experiencing strong growth. High economic activity and investment
create pressure on existing energy infrastructure, which pushes the market to open opportunities
for alternative solutions such as battery energy storage systems. As an example, limitations in grid
capacity push stakeholders to explore new ways to manage electricity demand rather than relying

on long-term and high-investment infrastructure upgrades.

In this regard, electricity usage tariffs, Effekthandel Vist, or ‘power trade west,” have been
implemented to encourage customers to reduce electricity consumption during peak periods, which
can also play as an enabler. This can encourage customers to use energy storage systems such as
second-life battery systems to reduce energy consumption, as well as create value streams with

battery systems, making investments in such technologies more attractive

Respondents also identified technological alignment as an enabling factor. For example, designing

batteries in a way that allows easier disassembly can support second-life applications.
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6 Analysis and Discussion

This chapter discusses the findings from Chapter 5 using the conceptual model developed in
Chapter 3. That model had three frames: strategic frame (circular economy), operational frame
(circular supply chain), and relational frame (stakeholder theory). Energy resilience is the
application context and is considered across all three frames. The discussion is organized by frame

and ends with a synthesis that directly answers all three research questions.

6.1 Strategic Frame

The strategic framework examines how different actors position themselves within the CE of the
9R hierarchy. Based on the 9R framework proposed by Potting et al. (2017) and how their choices
reflect the CBM archetypes reviewed in section 2.5. The findings indicate that actors in the EV
battery ecosystem do not follow one R strategy. Several R strategies coexist within the same
ecosystem. This is aligned with the CBM context that is described by Chirumalla et al. (2024) and
Altuntas Vural et al. (2024) in section 2.5.

The OEMs focus on refurbishing (RS5) batteries to continue to use in vehicles and ultimately send
batteries directly to recycling (R8) for material recovery. From the 9R perspective, a lower R rank
means a lower value retention pathway. The OEM's behavior most closely matches the product-
oriented model of Altuntas Vural et al. (2024) and the extended archetype of Chirumalla et al.
(2024) when compared to the CBM in section 2.5. This means that the actor with the most battery
knowledge has limited motivation to enable a second life. This same prioritisation, recycling is
used to protect new battery production (Section 5.1.1) aligns with Jiao and Evans's (2016)
observation that vertically integrated OEMs give priority to material loop control over second-life
value.

In contrast, BSPs is the actor whose business model depends most on multi-actor coordination.
This makes it the structural pivot of the second life chain. The BSP operates higher in the 9R
hierarchy by repurposing (R7) batteries which matches the sharing archetype described by
Chirumalla et al. (2024). This position requires broader collaborations, including with fleet
operators and energy utilities (Section 2.5). The BSP collaborates with the energy provider for

installation, the energy provider also helps the BSP for market access, and recyclers, dismantlers,
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and OEMs for battery supply. By combining result-oriented and use-oriented elements (Altuntas
Vural et al., 2024), BSP fits with the model (result-oriented elements, delivering backup power as
a service, with use-oriented elements, like service delivery with continuous monitoring) that
requires the strongest multi-actor coordination. However, it still has to repurpose batteries without
having direct access to OEM-controlled data. This creates information asymmetry noted by Olsson

et al. (2018) and Chirumalla et al. (2024)

The recycler performs a transitional role. Traditionally, it is placed at R8 through recycling.
However, document analysis suggests that recyclers started to direct functional batteries toward
repurposing before material recovery. According to Chirumalla et al. (2024), the looping
archetype, which connects end-of-life material recovery with second-life use, is the strongest type
of ecosystem integration. As a result, the recycler's growing role indicates a shift from a strictly

product-oriented role to a looping configuration.

Table 7, Actors, R- strategy and archetype mapping

Altuntas Vural

hi 11 L inati
Actor 9R strategy g Og;n;icl?eett ae et al. (2024) f:‘::iilel;atmn
P model q
OEM Refurbish (R5) — Recycle (R8) Extending Product-oriented  Low
BSP Repurpose (R7) Sharing Result-oriented & High
use oriented
Recycler Recycle (R8) — emerging Emerging looping Product-oriented  High

Repurpose routing

Barriers and enablers: The strategic frame is mainly constrained by technical and economic
barriers. One of the main barriers is the economic barrier mentioned in section 5.3.1. Second-life
batteries are becoming less attractive because of the extra costs related to testing and repurposing
them compared to cheaper new batteries, which are mainly coming from outside of Europe. As a
result, when compared to the OEM’s extending strategy, the company’s logic for higher value
retention, like sharing and looping, gets weaker. This indicates a less circular option is supported

by the current price condition, which defines the 9R framework’s reasoning.

55



There are also technical barriers mentioned in section 5.3.2. Because of battery heterogeneity
(transition from NCM to LFP chemistry) and the lack of standardization of batteries, higher

circular strategies become more difficult to apply.

The key strategic enabler remains future-oriented. As mentioned in section 5.4, designing for
easier disassembly and higher OEM manufacturer coordination may lower the cost of higher
circular strategies. However, the findings indicate that this is a condition for the future rather than

something that is now occurring in practice.

6.2 Operational Frame

The operational frame asks which circular pathways are available in practice and whether the
supply chain is ready to move batteries through them. The circular supply chain (CSC) literature
distinguishes closed-loop supply chains, where products return to the same sector, from open-loop
supply chains, where products move into another sector’s forward chain (Batista et al., 2018;
Farooque et al., 2019). The findings show that both pathways are present in Western Sweden and

that a third pathway, often described as quasi-closed, is beginning to appear.

The most operationally mature pathway is also the least circular one. The closed-loop pathway
appears supply-chain ready. It runs through established contracts between the OEM and recycling
partners, stays within the automotive sector, and relies on existing routines for collection,
refurbishment, and recycling. It does not require new actors, new logistics, or new testing
protocols. Because the closed loop is already well developed, it becomes easier for the OEM to
follow its lower-value strategy by default, without the system offering any operational pressure

towards higher value retention.

The open-loop pathway is only partly ready. Batteries can reach the BSP through several channels,
including OEMs, dismantlers, and recyclers, so supply is not the main barrier. However, the chain
that links collection, testing, refurbishment, and deployment has a gap. Retired batteries are
handled as hazardous goods, which makes some logistics providers reluctant to handle them.
Testing exists through the BSPs, but it is limited by a lack of usable battery data from the first life.

Overall, the pathway is not blocked but rather underdeveloped at some point.
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The emerging quasi-closed pathway faces the same gaps, but it also adds one of its own. Routing
decisions need to be made in a structured way, rather than case by case, which is not practical.
This depends on stable information flow and standardised logistics, both of which are still lacking.
So, whether the gaps close depend on coordination among actors and investment in shared

infrastructure. This links directly to the relational frame in section 6.3.

Barriers and enablers: The operational frame also has some barriers. The underdeveloped reverse
logistics system is the main operational obstacle mentioned in section 5.3.6. Only a small number
of logistics companies are prepared to transport batteries. As batteries are categorized as hazardous

products, there is no established path for transferring retired batteries to a facility for repurposing.

Additionally, this makes the safety barrier stronger (Section 5.3.5). Because of the risk for fire and
explosion, logistics providers are more careful, and using second-life batteries is required by
stricter regulations. Together, these barriers explain why the open-loop and quasi-closed paths are

still only partially prepared.

One of the main operational enablers is the regional market environment (Section 5.4). In this
region, grid capacity demand makes battery storage a more appealing option than grid upgrades.

As a result, it increases the battery demand.

Therefore, the operational frame shows that demand-side pull is moving faster than supply-side
infrastructure. This also creates pressure on working on the infrastructure, which creates an

imbalance.

6.3 Relational Frame

The relational frame asks how actors affect the system through their salience and their relational
behavior. It is based on Mitchell, Agle and Wood's (1997) salience framework and Freeman and

McVea’s (2001) buffering—bridging relational approaches (Section 3.4).

6.3.1 Stakeholder salience

The actor with the most battery knowledge has the least motivation to act. The OEM holds power
since it has control of the original product, data, and battery design. It also has legitimacy, as it is

liable for extended producer responsibility under the EU Battery Regulation. However, urgency is
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absent as treating second-life outside of its main business. This makes the OEM a dominant
stakeholder in terms of salience (power + legitimacy, no urgency). It has the power to shape what

is possible, but it does not act to drive a second-life.

Critically, this power comes from information holding, not only from the OEM’s position. The
OEM holds all the necessary information about the battery. This means that the actor best placed
to support second-life use is also the actor that can withhold the information needed for

repurposing. This information asymmetry is what strengthens the OEM’s dominant salience.

The BSP is the central actor of the chain. The BSP has power rests on its CE certification and
control over the repurposing process. At the same time, its power is limited by dependence on
upstream actors for battery supply and on the energy provider for market access. But this
dependency spread across OEMs, recyclers, or dismantlers. It has legitimacy because it carries the
product responsibilities for the second-life product. It also has high urgency, as its company
depends on making second-life work. This gives the BSP definitive salience, as it has all three

attributes.

The energy provider's salience is context-dependent. It holds power because it has created the
market mechanisms that attract battery investments and also controls grid access. It also has
legitimacy, as it is a public utility with a responsibility to maintain the grid’s dependability.
Urgency is context-dependent. It arises when the region faces a grid capacity problem and security
issue. This means that context affects the energy provider's salience. In a commercial setting, it
mainly fits the dominant type. In a resilience context, as urgency increases, the energy provider

may move toward definitive salience.

According to document analysis, the recycler holds power as it controls battery flows and has made
major investments in battery infrastructure. Through partnerships financed by the government and
compliance with EU regulations, its legitimacy appears. Its urgency also seems to be increasing
due to regulatory change. The recycler seems to be moving from a dormant role towards a more
dominant role because before it focused on recycling as the final step and did not need to push
second-life activities, but now collaborations and regulations increase its legitimacy in the second-

life space.
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The municipality currently sits at the edge of the value chain rather than inside it, but it still has
salience. It holds power because it owns the local electricity net and energy production company.
It would also be involved in approving any grid-connected installation. It holds legitimacy through
its responsibility for energy resilience and crisis-preparedness planning. What the municipality
lacks is urgency. The findings show that second-life batteries have not yet been considered in
municipal strategy (Section 5.1.5). Therefore, the municipality does not currently have an active
claim on the system. Because it holds power and legitimacy, but not urgency, the municipality is
best classified as a dominant stakeholder. This is the same type as the OEM and the grid operator

in a commercial setting.

6.3.2 Buffering and bridging

The findings show that actors in the second-life chain use both buffering and bridging. The OEM
buffers; it does not support third-party repurposing, discloses battery data primarily for recycling
compliance, and limits its involvement to what is required by regulation. This buffering is passive
rather than aggressive. The OEM does not directly restrict others, but it keeps a safe distance to
protect its core business. The OEM cannot stop batteries from being purchased and used for other
purposes, as the BSP pointed out, because batteries move out of the OEM’s direct control through
vehicle sales. BSPs can access them through other routes, such as dismantlers and recyclers. This

means the OEM’s buffering cannot fully stop the second-life pathway, even if it wanted to.

This buffering is best understood as logical rather than simply obstructive. Given the OEM’s
incentives, limited engagement is an expected response. The OEM wants to protect proprietary
battery data, avoid liability for batteries it no longer controls, and prioritise material recovery for
new-battery production. At its strongest, this disengagement can be read as strategic. By
withholding first-life data, the OEM keeps a competitive asset while other actors carry the cost of
building the second-life chain. However, the data cannot confirm that this is the OEM’s intention.

It may also simply be that the OEM has no strong incentive to engage more.

The important analytical argument is that purpose has no impact on the result. The ecosystem is

affected in equal ways whether the OEM's disengagement is intentional or unintentional.

The BSP adopts a bridging approach. By implementing a CE certification, it takes product

responsibility and collaborates with customers, recyclers, and dismantlers. In order to reduce
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reliance on a single supply, it also develops the technological capacity to work with batteries from
several manufacturers. In practice, this is bridging because it creates a functional chain, lowers
barriers, and connects actors. The second-life pathway wouldn't function without a responsible and

collaborative actor like the BSP.

The grid operation performs a bridging role but differently. Rather than collaborating with
particular battery players, it creates power tariffs and flexibility markets that attract other investors
to make battery investments. The recycler’s position appears to be moving in a bridging direction
as well, based on documents, although this is less certain because it is not supported by interview

data.

The interaction between actors is crucial. The OEM’s buffering creates an information gap, not a
supply gap. Batteries can still be accessed through several channels, but the data and technical
knowledge needed to repurpose them safely is not shared. The BSP’s bridging helps close this gap
by developing its own testing, grading, and certification methods, even though the OEM already
has much of this knowledge. The energy provider then supports this pathway by creating market

conditions that make the BSP’s work commercially worthwhile.

There is a cost involved with this routing process. The buffering actor shifted the burden of
enabling circularity to the bridging actor. In reality, the BSP has to rebuild the OEM's existing
testing and certification capabilities. This indicates that the BSP's high effort partially helps the
OEM's low effort. For the ecosystem, this creates the same tension already seen in the strategic
and operational frames.

Table 8, Stakeholder salience and relational approach

Actor Power Legitimacy Urgency Salience type Relational Approach

OEM Present  Present Absent Dominant Buffering

BSP Present  Present Present Definitive Bridging

Energy provider Present  Present Context- Dominant to Bridging (market

dependent Definitive design)

Recycler Present ~ Emerging Increasing Dormant to Moving toward
Dominant Bridging

Municipality Present  Present Absent Dominant —
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Barriers and enablers: The relational frame includes both barriers and enablers. As mentioned
in section 5.3.3, one of the main barriers is organizational. The OEM will only share the data when
it is legally required. It is also unclear how the responsibilities are distributed between the actors,
including OEMs, BSPs, recyclers, municipalities, energy providers, and fire departments. For
OEMs, battery information is one of the sensitive data that holds their business, and sharing this

may create privacy and competitiveness concerns.

On the other hand, relational frame enablers are also strong. The BSP’s bridging approach helps
to hold the chain together. The energy provider's market design discussed in section 5.4 creates a
market for battery storage systems without owning any batteries. The battery passport has the
potential to reduce barriers to data sharing. However, it remains uncertain whether the battery
passport alone will be sufficient to overcome this issue. Which indicates that a battery passport

alone cannot resolve this problem; this needs broader collaboration between actors.

6.4 Application Context

The conceptual model defines energy resilience as the application context that determines whether
the conditions stated by stakeholders are enough for the viability of second-life EV batteries. The
four dimensions of resilience include technical, operational, economic, and environmental, which

are examined in accordance with Gatto and Drago (2020).

6.4.1 Technical resilience

Some requirements for technical resilience were identified by stakeholders. First, second-life
batteries must function similarly to new batteries after being integrated with the right control,
safety, heating, and ventilation systems. Second, they must meet the electrical quality standards
needed for grid-connected use. Third, they must perform reliably during disruptions. The energy
provider stated that it does not consider second-life batteries differently from first-life batteries as
long as quality standards are maintained, and the BSP confirmed that performance can match new
batteries when the system is properly established. The third need is partially satisfied. Respondents
repeatedly described that backup duration has some limitations. Batteries can handle disruptions
lasting a few hours to several days, but for longer outages, they need other alternatives. Technical

resilience aligns with the storm scenario, but not for longer, sustained disruption scenarios.
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6.4.2 Operational resilience

Stakeholders identified that second-life battery systems need continuous and active management,
and the findings show that this condition is met. The BSP provides the EMS that controls the
battery. The BSP also monitors the system, provides maintenance, and offers warranties. These
warranties divide the risk between the customer, who carries the investment risk, and the supplier,
who carries the warranty and product risk. Both the energy provider and BSP explained this
division of responsibilities. The energy provider clearly explained that battery operation requires

specialized capability, and it does not see itself as well-equipped to provide it.

Different actors are involved during the installation stage. In some municipalities, fire brigades
handle the installation permit, grid connections get approved by the energy provider, and
municipalities are involved in resilience planning. But this involvement is mainly about
deployment and permission. It doesn't extend to regular operations. After system installation, the

BSP takes the main operational responsibilities.

Therefore, operational resilience aligns with the operational stage. The actors who are responsible
for the ongoing operation and have the necessary skills are identified. A different operational issue
is whether the upstream second-life battery chain can deliver batteries to the point of deployment
in the first place. This is discussed in Section 6.2, which highlights gaps in collection, transport,
and information continuity. These two issues should not be mixed up. The post-installation setup
for operating a system is already in place, but the upstream supply chain setup that brings batteries
to deployment is only partly developed. A different issue of capacity and procurement integration
is whether the post-installation design is scalable to the deployment of municipal critical
infrastructure, as municipalities are still not thinking about second-life batteries for their energy

resilience.

6.4.3 Economic resilience

Stakeholders described two economic conditions, and they point in different directions. At the
system level, two conditions support economic conditions, and the findings suggest both are partly
in place. The first is value stacking (section 5.2.2); in reality, this is enabled through the BSP’s
commercial setup and the energy provider’s market mechanisms, such as power tariffs and

flexibility markets. The second thing is a second-life battery can have a system-level value that
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goes beyond the cost for one customer. As energy systems are not only about cost efficiency but
also about resilience, robustness, and social values. The first thing at the system level can make
second-life profitable in certain situations, while the second provides a broader justification for the

second-life battery system even when customer-level costs are higher.

At the customer level, stakeholders identified that second-life systems must be price-competitive
with new batteries. The findings show that this is currently in a vulnerable situation. The battery
imported from China currently sets very low prices. Even a 45% battery price decreased in one
year. Second-life systems struggle to match these prices. Overall, economic resilience aligns at the
system level but not at the customer level. This helps explain why second-life can work in some

cases but does not scale widely.

6.4.4 Environmental resilience

Stakeholders saw the environmental advantage of repurposing, compared with recycling, as an
important condition. Recyclers whose main business is material recovery are also involved in
extending battery life through passing down the battery in the chain, which brings both
environmental and commercial benefits. The BSP and the expert respondent also mentioned
environmental benefits, but they treated them as secondary or tertiary motivations rather than the
main reason for action. It is mainly because if a system is not economically fit, it will not function

long-term, even though it has environmental benefits.

Second, stakeholders indirectly addressed climate-disturbance resilience for short events. They
described storm-related disruptions lasting a few days as something second-life systems can
realistically cover. They addressed that second-life systems can actually handle disruptions caused
by storms that continue for a few days. So, overall environmental resilience is well aligned with

the system.

After analysing the three frames and the application context, the findings can now be brought
together in one view. Figure 4 presents the expanded conceptual model with the study’s results
added. Building on the conceptual model introduced in section 3.5, the model shows how the three
frames create the conditions identified by stakeholders. It also shows how the four resilience

dimensions define the performance criteria that these conditions need to meet. The enablers and
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barriers from Chapter 5 influence whether the conditions and criteria align. Viability is achieved
when this alignment is reached. Therefore, the model summarises the analysis developed in

Sections 6.1 to 6.4 and provides the basis for comparing the findings with the literature in the next

section.
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Figure 4, Expanded Conceptual Model Based on Findings and Discussion

6.5 Compare with Literature

The findings support concepts observed in the literature and elaborate on them that are distinct to

the situation of Western Sweden.

The findings support previous studies showing that used batteries can serve as stationary energy
storage. This validates the technological possibility mentioned by Burke and Miller (2013), and
Casals, Amante Garcia and Canal (2019). The findings also align with the multi-actor reverse chain
described by Altuntas Vural et al. (2024). The study additionally shows that one of the primary
barriers is information asymmetry. In reality, battery data that is held by the OEM and needed by
the BSP or recyclers is not shared. This supports the claims made by Olsson et al. (2018). The
decrease of the new imported battery price also aligns with the (Toorajipour et al., 2024) statement

regarding falling new battery prices.
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The study also adds new insights. First, the energy provider mainly emerges as a market shaper
rather than acting as a battery operator or investor. By establishing tariff and flexibility market
rules that make distributed storage commercially appealing, which impacts viability. Second, by
identifying a legal force as the trigger, the OEM's statement that it will only support second-life if

legally required makes the non-cooperation patterns reported by Olsson et al. (2018) more precise.

The majority of the research addresses energy resilience and the CE separately (Section 2.6). This
study's theoretical contribution is to combine them through the conceptual model and show that
resilience requirements and circular pathways must be aligned for viability. The current literature

does not yet fully study this connection.

6.6 Answering the Research Questions

RQ1- What enables multi-stakeholder collaboration across the circular supply chain for the

second-life battery?
Collaboration is enabled by three factors founded in the earlier section. First, the OEM
remains primarily responsible for extended producer responsibility and battery knowledge.
However, because the BSP has established its own testing and integration capabilities
through bridging behavior, second-life activities can continue without active OEM help
(Section 6.3.2). Second, the BSP gets batteries from multiple sources, including
dismantlers, recyclers, and OEMs. Because of these multiple battery supply sources,
OEM’s non-engagement reduces efficiency, but it doesn’t stop the chain functionality
(Section 6.2). Third, value creation is made possible through collaboration: the energy
provider's tariff and flexibility-market design (Section 5.4) allow for the value stacking that
the BSP cannot provide on its own because no single revenue stream makes an installation
economically attractive. The battery passport (Section 5.4) is a fourth emerging enabler
that could reduce the information-sharing barrier that currently restricts collaboration
(Section 5.3.3). However, stakeholders pointed out that regulation by itself might not be
able to overcome the unwillingness to share data. Therefore, collaboration is enabled less
by direct OEM cooperation and more by other actors building the system around the

OEM’s disengagement.
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RQ2: What conditions do stakeholders identify as necessary for second-life EV batteries to

serve as viable backup power?
Stakeholders identify three main sets of conditions: technical, operational, and economic.
The analysis in section 6.4 shows that the technical and operational conditions are met, but
economic conditions are partly met. Technical conditions are met, but only within a clear
time limit. Second-life systems can cover disruptions lasting from a few hours to several
days. Longer outages, like a war situation, fall outside this range and still require other
alternatives like diesel generators. Operational conditions are met once the system is
installed. The BSP provides energy management, monitoring, and maintenance with a
workable division of risk between actors. But there is a gap in upstream operational
conditions. Economic conditions are more mixed. At the system level, condition can be
supported through value stacking and through the idea that domestic second-life capacity
has system-level value beyond what one customer pays. However, at the customer level,
price competitiveness is not met. Second-life systems struggle to compete with low-cost
imported new batteries. Overall, the main viability gap is not technical capability or post-
installation operation. The gap is mainly economic at the customer level and upstream

operational level (6.4).

RQ3. What systemic barriers constrain the scaling of circular EV battery systems?
Scaling is constrained by several barriers. The conceptual model places these barriers
across the three frames discussed in sections 6.1-6.3. Economic barriers are one of the
most fundamental ones. A decreasing new battery price, driven by subsidized non-
European production, makes it difficult for second-life systems to compete (Section 5.3.1).
Technical barriers also create problems. Battery heterogeneity, rapid chemistry change,
and the lack of standardization increase uncertainty for system providers (Section 5.3.2).
Organizational barriers are also there. Limited information sharing between OEMs, BSPs,
and recyclers makes coordination difficult. At the same time, unclear responsibilities
among municipalities, energy providers, and fire brigades create further uncertainty
(Section 5.3.3). In the meantime, the underdeveloped reverse logistics system limits the
physical movement of batteries through the chain (Section 5.3.6). Together, these barriers

ultimately limit viability.
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6.7 Discuss Implications

This section discusses the practical implications of the findings for key actors in the second-life

EV battery ecosystem, as well as implications for policy and regional implementation.

OEMs: They currently follow a closed-loop approach: refurbish batteries for vehicle use and then
recycle them. This fits today’s regulation and their business logic. However, it also creates a
collaboration gap because OEMs hold key battery performance and history data that other actors
need for repurposing. As second-life volumes grow, this arrangement will become harder to
sustain. Early preparation is therefore important. Stronger data-sharing practices, supported by

tools such as the battery passport, would make scaling easier.

BSPs: The current chain works because BSPs take on product responsibility and do the practical
work of testing, integrating, and operating second-life systems. However, the biggest constraint is
the price gap with new batteries. BSPs cannot solve this alone through internal cost reductions.
Scaling will require external support and stronger collaboration, especially with recyclers,

dismantlers, and OEMs, as well as support from public actors.

Another practical implication is about reverse logistics, including collecting and transporting
hazardous batteries (Section 5.3.6). Therefore, investment in this infrastructure could reduce the

operational barriers.

Energy providers: Tariff and market design are major contributions. By introducing power tariffs
and flexibility market mechanisms, energy providers can make battery investments more attractive
without owning or operating batteries themselves. Other regions can apply a similar approach if

they want to encourage second-life battery activity.

Municipalities: The most important change at the regional level is institutional. Second-life
storage is not yet included in civil preparedness planning and procurement. Integrating would shift
municipalities from being dominant to becoming potential customers and potentially a definitive

one. And it would connect second-life systems to the resilience role they are best suited for.

Policy implications: The battery passport is important because it can reduce the information gap.

The OEM statements also suggest that legal obligation is often the main trigger for stronger OEM
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engagement. Therefore, stronger enforcement of data-access requirements could improve
governance and collaboration. Commercial incentives for OEM participation would also need to

be added.

Second, the main viability gap is economic conditions at the customer level. This means that
closing the gap will likely require a demand-side measure. Although this study recognizes the need
for such a measure, it is unable to specify the exact scope of the measure due to its qualitative and

stakeholder-based approach. Economic analysis would be necessary for such.

Thirdly, public procurement could also help increase demand. Government buyers, such as
municipalities buying backup power for critical services, can consider resilience contribution
instead of focusing only on price. This could create demand for second-life systems that may not

win in a simple price comparison.
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7 Conclusions

This chapter presents the conclusions of the study, including a summary of the key findings and
the theoretical contributions. It also outlines practical recommendations to support more effective
and efficient adoption of second-life EV batteries. Finally, the chapter discusses the limitations of

the study and highlights areas that require further investigation in future research.

Overall, second-life EV battery systems require multi-stakeholder collaboration because the
governance and responsibilities are spread across several actors. Viability in this study is
understood as the stakeholder-perceived conditions necessary for practical implementation
(Section 3.5), not financial profitability alone, on this understanding, the technical and operational
conditions are met once the system is deployed and the environmental condition is well-supported
but the upstream chain remains underdeveloped and the economic condition is not yet met at the
customer level under current market conditions. Overall viability therefore depends on the
alignment of all conditions rather than on any single one, and a set of enablers and barriers shapes

whether the system can scale and deliver energy resilience in practice

7.1 Theoretical Contributions

The results provide a theoretical contribution. The main contribution is that energy resilience is
connected to the CE, CSC, and stakeholder theory rather than being considered separate subjects.
These topics are frequently covered in many streams in the literature. The conceptual model
(Section 3.5) combines different theories and concepts. It connects the four resilience dimensions
to three frames: a strategic frame based on the CE and the 9R framework, an operational frame
based on the CSC, and a relational frame based on stakeholder theory. The results show the

practical importance of this integration.

The findings further suggest that circularity, supply chain design, governance, and resilience
criteria by themselves do not provide viability for the system. Rather, viability occurs when the
three frames' leads to conditions match the requirements of resilience applications. This leads to
an alignment-based understanding of viability that none of these literatures provides on its own,

and it offers a practical way to connect them in empirical research.
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7.2 Practical Recommendations

As discussed earlier, EV batteries that are no longer suitable for reuse in electric vehicles can still
perform effectively as energy storage systems. However, this research proposes several

recommendations to achieve this goal.

7.2.1 Integration of repurpose, refurbish, and recycle processes

As discussed in Section 6.1, currently all these processes are carried out independently in Western
Sweden. Stakeholders either operate separately or have limited interaction, which makes
integration more difficult. However, if it is clearly defined what pathway a battery should follow
once it is removed from a vehicle, this goal can be achieved. Figure 5 presents a general proposed

process for this integration.

In general, the process starts with dismantlers or recyclers, where a large volume of incoming
batteries must be sorted based on whether they have the potential for further use or not. If a battery
cannot provide adequate performance, it is sent for recycling to recover raw materials. However,
if the battery still has energy supply capability, it is directed either to BSPs or OEMs, depending
on whether it can be reused in vehicles or not. In addition, OEMs can also send batteries that still

have energy capability but are not suitable for vehicle use to BSPs.

One key question is based on what information and knowledge dismantlers or recyclers can
perform this sorting. In response, it must be acknowledged that OEMs, recyclers, dismantlers, and
BSPs should establish continuous information-sharing mechanisms regarding battery condition,
SOH data, and potential recovery pathways. Without access to such information, none of the
stakeholders can effectively interact within the system. Information sharing is one of the initial

steps that should be addressed in the short-term strategies.

Finally, this process supports both open-loop cycles, which meet the needs of BSPs, and closed-
loop cycles, which meet the needs of OEMs. Moreover, the integration created among operational
actors provides a foundation for secondary actors such as municipalities, energy providers, and

others to monitor and create additional value within the chain.
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Second-life EV Batteries in the Quasi-closed Pathway
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Figure 5, Second-life EV Batteries in the Quasi-closed Pathway
7.2.2 Modular design

Although providing technical solutions is outside the scope of this study and is not intended, one
of the technical challenges faced by battery manufacturers and OEMs is the variation in battery
designs, which makes their integration with other batteries in second-life applications problematic.
Battery packs that are glued together, as opposed to those that are bolted and can be easily
disassembled, create additional difficulties. Therefore, it is recommended that OEMs, battery
manufacturers, and standardization bodies develop minimum modular-design requirements that
support easier battery disassembly, refurbishment, repurposing, and recycling in order to mitigate
these challenges and facilitate the future development of second-life applications. These technical
and structural battery-related challenges should be addressed in the long term, as greater
understanding between actors regarding each other’s needs can facilitate the wider implementation

of second-life EV batteries.
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7.2.3 Encouraging second-life battery system users

Regional authorities, municipalities, and policymakers can encourage the adoption of second-life
battery systems through incentives and supportive regulations. Given that a supply chain is
ultimately fed by end customers who are in the last loop, it is necessary to encourage and persuade
more customers to use these systems. Although in this study and the stakeholders interviewed
provide suggestions and enablers, second-life battery systems are unlikely to grow at scale without
strong demand from end users. The main viability gap is economic at the customer level, so this
demand is unlikely to develop without some form of demand-side support. Because this study is
qualitative, it cannot specify the exact form of that support. However, stakeholders mentioned
consumer incentives and price support as possible options. For example, municipalities and energy
authorities can encourage households and businesses to reduce peak electricity demand by offering
incentives for integrating second-life battery storage systems, or those who integrate these batteries

with renewable energy sources.

In addition, national and regional policymakers can provide facilities such as subsidies or financial

support for BSPs and companies developing second-life battery systems.

Finally, policymakers could increase demand through procurement and policy that recognise the
resilience contribution of domestic backup capacity. The focus should be on resilience value rather
than the origin of supply. This would reflect the system-level value identified in this study while
still remaining consistent with broader EU market principles. These measures are achievable in
the short term and can help increase public engagement with second-life EV battery systems for a

more sustainable future.

7.2.4 Contribution in energy sector

Second-life batteries can also play a positive role in energy distribution systems by supporting grid
stability. From a long-term perspective, these batteries can be installed in a decentralized manner
across different areas, for example, by private energy actors, to support network disruptions and

reduce additional pressure on the electricity system.

In addition, as many people are increasingly turning to renewable energy sources as a sustainable

solution, these batteries have the capability to be integrated with such systems, contributing to the
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development of a more sustainable energy ecosystem.

At the same time, the current geopolitical situation can create energy disruptions in the energy
sector that are not only affecting Sweden but also many other countries, including those in Europe.
The use of second-life batteries in other applications, can increase energy resilience and
robustness, which can be an important consideration to support critical infrastructure such as

hospitals, data centers, shelters, etc.

7.3 Limitations and Future Research

During this study, several limitations were encountered that should be considered in future
research. A key limitation is that the interview material is limited in scope. For example, the OEM
respondent stated that the company does not collaborate with others to repurpose batteries, while
the BSP respondent described OEMs as one possible source of battery supply. These statements
are not necessarily contradictory, because the OEM interview reflects one specific firm, whereas
the BSP refers to the wider set of OEMs in the market. However, since the study includes only one
OEM and one BSP interview, the findings cannot be taken as an overall judgement about OEM—

BSP relationships. With a larger sample, different patterns across firms might have emerged.

Future studies can be improved by conducting more interviews with stakeholders in the chain of
EV batteries, which can increase the validity of the research as well as additional actors such as
regulatory and standardization institutions. Organizations such as fire departments and quality

control bodies can provide important insights in this regard.

The second limitation was the lack of technical information regarding the implementation of
second-life EV battery applications. This study can be triangulated with technical data to provide
a more accurate perspective on the areas and fields in which these batteries can be more cost-

effective and efficient.

The heavy-duty EV batteries were not studied in this research; however, it is expected that they
can also be used in second-life applications. Therefore, future studies can extend this research by

investigating heavy-duty batteries and the possibility of their integration with EV batteries.

Finally, future research could quantitatively assess the economic feasibility of second-life EV
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battery systems under different electricity market and pricing scenarios. Comparative studies
between western Sweden and other regions with different regulatory and energy market conditions

could also provide a broader understanding of the transferability of second-life EV battery systems.
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9 Appendix

Appendix I: Interview Questions

Section A — Respondent Context
Q1. Can you describe your role and your organization’s involvement with EV batteries, energy

systems, or critical infrastructure?

Q2. How does your organization currently engage with energy resilience or backup power

solutions?

Section B — Current Practices & System Awareness
Q3. How are end-of-life EV batteries currently handled within or around your organisation (e.g.,

return, storage, reuse, recycling)?

Q4. To what extent are second-life applications of EV batteries currently considered or piloted in

your region or organization?

Section C — Business Models & Value Propositions
Q5. What role, if any, do second-life EV batteries currently play in your organization’s thinking

around energy resilience?

Q6. What potential value—or lack of value—do you see in second-life EV batteries for your

organization or the wider energy system?

Q7. In which community sites could the second-life of EV batteries realistically support energy

resilience?

Q8. What conditions would need to be met for second-life EV battery systems to be

economically attractive for your organisation?

Section D — Governance & Multi-Stakeholder Collaboration
Q9. Which actors do you believe need to collaborate to enable second-life EV battery systems at
scale?

Q10. How should responsibilities and risks be allocated among these actors?

Q11. What kinds of coordination or governance mechanisms would be necessary?
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Section E — Energy Resilience & Critical Infrastructure
Q12. Under what technical, operational, economic, and environmental conditions would these

systems be considered reliable?

Q13. How does cost-effectiveness compare to alternative backup solutions (e.g., diesel

generators, new batteries)?

Section F — Barriers & Constraints
Q14. What are the main barriers currently preventing wider adoption of second-life EV battery

systems, and which one is the most critical?
QI15. Are there specific regulations or standards that you see as particularly constraining?
Section G — Forward-Looking Reflection

Q16. What changes (policy, market, technology) would most effectively enable for viable

second-life EV battery business models in your region?

Q17. Is there anything else you consider important that we have not discussed?
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