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PREFACE

It is our great pleasure to present the Proceedings of the 22" International May Conference on
Strategic Management, a collection of contributions that reflect the dedication, creativity, and
scholarly excellence of our academic and professional community.

We would like to express our sincere gratitude to all authors who have contributed their time,
knowledge, and enthusiasm to this conference. This year, we are especially proud to highlight
that the proceedings include contributions from authors representing more than 30 countries,
underscoring the international character and growing impact of the conference. The diversity
of topics and perspectives presented here highlights the importance of collaboration and
continuous dialogue in addressing contemporary challenges.

We extend our deepest appreciation to our main sponsor, the Ministry of Science,
Technological Development and Innovation, for its invaluable support and commitment to
advancing research and innovation. We are also grateful to our gold sponsors, Zijin Mining and
Zijin Copper, whose generous contributions have significantly supported the successful
organization of this conference. In addition, we would like to thank our exhibition partner,
MDPI, for their collaboration and engagement in promoting academic exchange.

We also extend our appreciation to the reviewers and members of the organizing committee,
whose dedication and careful work ensured the quality and success of the conference. Their
efforts have been essential in maintaining high academic standards and in bringing this
publication to fruition.

Finally, we thank all attendees for their engagement and for fostering a stimulating and
supportive environment. We hope that these Proceedings will serve as a valuable resource and

inspiration for future research, collaboration, and innovation.

Thank you!!

Editors
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1. INTRODUCTION

The European Union’s (EU) profound strategic shift, also linked to the rapid transition
to sustainable electrified mobility and low-carbon energy systems that are rapidly transforming
batteries into one of Europe’s most strategically important industrial products, is not simply a
matter of technological innovation or growing market demand, but above all a question of the
strategic security of critical resources, industrial competitiveness, and proper and effective
governance of the circular value chain. According to the International Energy Agency (IEA),
demand for electric vehicle batteries reached roughly 1 TWh in 2024 and, under stated policy
scenarios, is expected to rise beyond 3 TWh by 2030. This projection leaves little room for
doubt: in the next few years, pressure on the supply of critical raw materials for batteries is
likely to intensify sharply. At the same time, the European Commission (EC) has made it clear
that batteries need to become sustainable across their full life cycle, from raw material
extraction to collection, repurposing, and recycling. Nevertheless, the European Court of
Auditors (ECA) has also issued a warning that the EU continues to encounter significant
challenges in ensuring secure access to the critical raw materials necessary for the energy
transition (European Commission, 2024a; International Energy Agency, 2025; European Court
of Auditors, 2026).

In numerous aspects, the battery sector at present mirrors a more extensive European
challenge. Batteries are key components in the transition towards decarbonisation, energy
storage and industrial modernisation. At the same time, however, they remain heavily
dependent on materials such as lithium, cobalt and nickel, whose supply chains continue to be
subject to factors such as geopolitical concentration, market volatility, environmental
constraints and strategic competition between major powers. As a result of this situation, the
EU has gradually refocused its strategic objectives, moving from a simple policy of proper
waste management to a more comprehensive management framework integrating life-cycle
regulation, an industrial policy aimed at recycling, and increasingly ambitious circular economy
objectives. This is clearly demonstrated by Regulation (EU) 2023/1542 on batteries and battery
waste, which aims not only to regulate the end-of-life phase but, above all, to strengthen
sustainability, safety, labelling, collection, and treatment along the entire battery value chain,
while supporting the growth of a competitive and sustainable European battery industry
(European Parliament and Council of the European Union, 2023; European Commission,
2024a).

In this context, the concept of urban mining takes on relevance, proposing a completely
different way of conceiving cities, production and consumption systems, and waste flows: not
as simple final disposal facilities for useless and problematic materials, but often as important
and valuable secondary reservoirs of resources that have critical economic and strategic value.
Eurostat reports that in 2023, approximately 231,000 tonnes of portable batteries and
accumulators were placed on the EU market, while approximately 117,000 tonnes were
collected as recyclable waste. Compared to the average sales volume of the previous three years,
this equates to a collection rate of approximately 49%. Overall, these data suggest two things.
On the one hand, the EU is gradually building a significant urban battery stock, which can be
interpreted as a growing basis for recovery and recovery strategies. On the other, a still large
share of the potential value embedded in this stock continues to be only partially captured,
leaving significant room for improvement along the collection and recycling chains. Recent
research on the battery sector in the EU also indicates that circularity outcomes are limited by
factors such as fragmented infrastructure, uneven collection performance, inconsistent end-of-
life governance and uncertainty regarding the implementation of key policy requirements
(Eurostat, 2024; Rizos & Urban, 2024a).
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A key obstacle lies in the quality, availability, and accessibility of product information
throughout the battery's life cycle. End-of-life battery systems are characterized by multiple
stakeholders, fragmented ownership histories, changing technical states, and heterogeneous
treatment options, all of which complicate decisions regarding reuse, repurposing, dismantling,
and recycling. Recent literature on Digital Product Passports (DPPs) shows that circularity
depends not only on physical recovery processes but also on the existence of high-quality,
interoperable, and stakeholder-relevant data. Jensen et al. (2023) demonstrate that DPPs
fundamentally aim to support decision-making throughout the product lifecycle by making
critical data available to various stakeholders. Pohlmann et al. (2025) show that stakeholders in
the electric vehicle battery sector attach great importance to sustainability and circularity-
related information, while identifying persistent gaps in the availability and accessibility of
information. In other words, the European battery circularity challenge is not just a catch-up
challenge; it is also a challenge in terms of information governance (Jensen et al., 2023; Rizos
& Urban, 2024a; Pohlmann et al., 2025).

It is in this context that DPP acquires strategic relevance. As part of the new Ecodesign
Regulation and the revised EU battery regulatory framework, the battery DPP is emerging as
one of the most ambitious information infrastructures ever introduced to support the circular
economy. The EC describes DPP as a digital identity card that will store and make accessible
data on a product’s sustainability performance, recyclability, and environmental impact
throughout its life cycle. In the battery sector, Regulation (EU) 2023/1542 establishes that, from
February 18, 2027, every battery for light vehicles (light means of transport, LMT), every
industrial battery with a capacity greater than 2 kWh, and every battery for electric vehicles
placed on the market must be accompanied by a battery passport (European Parliament and
Council of the European Union, 2023; European Commission, 2024b; European Parliament and
Council of the European Union, 2024).

However, reducing the battery passport to a mere compliance tool would be analytically
insufficient. From a management perspective, the DPP should be understood as a capacity-
building mechanism capable of improving visibility, coordination, value retention and
resilience throughout the entire circular battery value chain. According to Langley et al. (2023),
the role of DPPs should be redefined as that of coordination mechanisms within the context of
a smart circular economy. Recent research has expanded on this perspective by demonstrating
that DPPs can facilitate the creation of sustainable value across organisational boundaries.
However, the effectiveness of these benefits depends on design choices, governance
arrangements and the quality of implementation (Langley et al., 2023; Rizos & Urban, 2024b;
Christensen et al., 2025; GieB3 & Moller, 2025; Losa & Torjesen, 2025; Soavi et al., 2026).

Consequently, the existing literature is making significant progress; however, a clear
research gap persists. Existing studies have examined DPPs in terms of data requirements,
technological design, stakeholder expectations and implementation challenges, whilst studies
on battery circularity have focused more on barriers to recycling, end-of-life logistics, cost
implications and policy constraints. Even less developed is a perspective that explicitly
interprets the DPP as a strategic framework for end-of-life battery management in Europe and
links the potential of urban recycling to circular competitive advantage. This article fills this
gap by arguing that urban regeneration provides the resource base, whilst DPP provides the
management architecture necessary to convert this resource base into a more visible, governable
and resilient system for the recovery of secondary raw materials (Jensen et al., 2023; Lopes &
Barata, 2024; Rizos & Urban, 2024a; Rizos & Urban, 2024b).
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2. LITERATURE REVIEW
2.1. Urban mining and end-of-life batteries in the EU

Urban mining has taken on an increasingly central role in the EU debates on batteries,
critical raw materials and circular industrial development, as the EU remains structurally
exposed to external dependencies for key battery materials, particularly lithium, cobalt and
nickel. The EU is vulnerable because it does not have enough capacity to extract resources from
its own land. This is since most of the resources come from one place, there is a risk of political
instability, and batteries are becoming more important for mobility, renewable energy systems,
and industrial competitiveness (European Commission, 2024a; Husmann et al., 2025; Massari
& Ruberti, 2026). Europe’s “urban mine” of batteries is quickly developing, albeit not to the
requisite amount to guarantee efficient cycle recovery.

In 2022, the EU market recorded approximately 243,000 tonnes of batteries, of which
around 111,000 tonnes were collected for recycling, accounting for approximately 46% of the
total. The survey also highlighted that Member States have achieved quite varying levels of
success regarding the recycling of lithium-ion batteries. Recent Eurostat data indicate that the
flow remains substantial and, more importantly, growing. In 2023, approximately 231,000
tonnes of portable batteries and accumulators were placed on the market in the EU, while
approximately 117,000 tonnes were collected as waste suitable for recycling. Taken together,
these data confirm that the EU is building up a significant stock of secondary resources,
although unfortunately at the same time, a non-negligible part of the potential value associated
with these flows remains wasted (Eurostat, 2024; Massari & Ruberti, 2026).

A parallel, and no less relevant, theme has been highlighted in the relevant literature.
This concerns disparities in collection and recovery outcomes among Member States: countries
such as Germany, Denmark, and Finland show superior performance, thanks in part to more
widespread infrastructure, more effective extended producer responsibility (EPR) systems, and
higher levels of public awareness regarding the importance of environmental protection. In
contrast, Italy, Greece, Malta, and Portugal continue to face persistent challenges in terms of
collection and recycling. This picture is consistent with recent empirical evidence, which
identifies a long list of contributing factors, including fragmented collection systems,
insufficient economic incentives, lax enforcement of regulations, infrastructure gaps, and, in
some contexts, political instability. All these circumstances are recurring obstacles to circularity
in the EU battery sector (Eurostat, 2024; Feng et al., 2024; Rizos & Urban, 2024a; Massari &
Ruberti, 2026).

From a strictly technical standpoint, it is almost clear that the end-of-life value of
batteries, in terms of secondary raw material content, depends primarily on two conditions: the
correct and effective design of recycling systems to maximize recovery objectives, and the
technical characteristics of the batteries, which must necessarily be compatible with future
recycling treatments. In this regard, substantial differences exist between the two possible
recovery approaches: pyrometallurgical and hydrometallurgical. Pyrometallurgical
technologies are widely used because they are much more well-tested and are also capable of
processing heterogeneous raw materials on a large scale; however, lithium recovery using these
methods is often penalized, in part due to losses associated with volatilization.
Hydrometallurgy, on the other hand, is typically more selective and offers better recovery rates
for lithium and cobalt, but it is also a much more complex technology and highly sensitive to
process variations. Recent assessments of electric vehicle battery recycling and robotic
disassembly confirm this analysis (Windisch-Kern et al., 2021; Windisch-Kern et al., 2022;
Feng et al., 2024; Kaarlela et al., 2024; Woeste et al., 2024; Massari & Ruberti, 2026).
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Overall, the literature on urban mining regards it as more than just a method of waste
management. It also sees it as a way of safeguarding resources, the environment and the
economy. However, both recent empirical studies and review articles agree in concluding that
these benefits are still limited by infrastructure bottlenecks, the complexity of treatment
processes, regulatory fragmentation and poor coordination among the stakeholders involved.
This makes urban mining highly relevant, but not self-sufficient, as a circular strategy for
batteries in the EU (Rizos & Urban, 2024a; Husmann et al., 2025; Massari & Ruberti, 2026).

2.2. Digital Product Passports and the battery passport

In this constantly evolving political landscape, the DPP has established itself as one of
the most important tools for putting circularity into practice in the EU. The battery sector is
especially significant because it is the first major EU product family for which a passport
obligation has been clearly specified in sectoral legislation. Regulation (EU) 2023/1542 states
that, from 18 February 2027, each light means of transport battery, each industrial battery with
a capacity greater than 2 kWh, and each electric vehicle battery placed on the market or put into
service must have an electronic record, namely a battery passport. The same regulatory
framework also makes clear that EU battery policy is intended to cover the entire life cycle of
batteries, from sourcing and manufacturing to collection, recycling, repurposing, and recovery
(European Parliament and the Council of the European Union, 2023; European Commission,
2024a).

The battery passport is therefore much more than a label. The Regulation specifies that
it must contain information relating both to the battery model and to the individual battery,
including information resulting from the use of that battery. It must be accessible through a QR
code linked to a unique identifier, and the information included must be based on open standards
and be machine-readable, searchable, structured, and interoperable. These requirements
demonstrate that the battery passport is designed as a dynamic data architecture, rather than a
static information tool (European Parliament and the Council of the European Union, 2023).

However, the overall framework for product passports is still being defined, and the
specialist literature clearly shows that many practical aspects are constantly evolving. The EC
has described the product passport as a digital identity tool that stores and shares information
on a product’s environmental impact, recyclability and sustainability performance throughout
its entire life cycle. The JRC’s technological efforts have led to the creation of a formal
approach for determining which data should be included in DPPs within the ESPR framework,
how such data should be prioritised, and how to address issues such as access rights, governance
and the level of detail of the information. This outcome is consistent with the observed evolution
of the DPP from a general policy objective to practical implementation (European Commission,
2024b; European Commission, 2025; Chawla et al., 2026).

More recent literature, both academic and policy-oriented, dedicated to battery DPP
adds further complexity to this picture. Indeed, Pohlmann et al. (2025) show that actors in the
electric vehicle battery supply chain value sustainability and circularity information, but, at the
same time, highlight some gaps in data availability and, above all, in their effective
accessibility. From a more systemic perspective, Rizos and Urban (2024a, 2024b) argue that
effective battery lifecycle circularity in the EU is hampered by still too vague information
requirements, some ambiguities in end-of-life responsibilities, and a division of functions
among value chain actors that is not always clear or consistent. Losa and Torjesen (2025)
acknowledge that battery DPP is presented as a potential enabler of circularity; However, they
point out that obstacles remain related to data interoperability, governance mechanisms, and
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the relationship between recycling and other potentially more profitable circular strategies.
Along the same lines, Soavi et al. (2026) discuss how the battery passport intertwines with
sustainability goals, digital infrastructures, and industry standards, highlighting the need for
technical and organizational alignment that goes beyond the regulatory dimension alone. (Rizos
& Urban, 2024a; Rizos & Urban, 2024b; Losa & Torjesen, 2025; Pohlmann et al., 2025; Soavi
et al., 2026).

Overall, current evidence does not support the interpretation of the battery passport as
a mere regulatory compliance tool: its scope appears broader and depends crucially on data
quality, coordination rules between stakeholders, and the ability to be operationally integrated
into circularity supply chains. On the contrary, it is becoming increasingly clear that it is an
important part of the EU’s commitment to transitioning from linear battery value chains to data-
driven circular systems. The current literature, however, shows that this transition is not yet
fully defined. Issues remain regarding interoperability, certification, governance, data access
and implementation costs. These issues will have a significant impact on whether battery
passports truly make a difference or function only to a limited extent (Rizos & Urban, 2024b;
Chawla et al., 2026; Soavi et al., 2026).

2.3. Strategic management and circular end-of-life systems

From a strategic management perspective, end-of-life batteries should no longer be
viewed as a simple waste stream. It is more appropriate to interpret them as an area in which
producers, recyclers, reuse stakeholders, compliance officers, users, and public authorities can
build forms of cooperation aimed at the strategic coordination of resources. This need becomes
even more pressing when the availability of materials is limited, information is incomplete or
difficult to access, and circularity pathways coexist that compete for priority, cost-effectiveness,
and absorption capacity along the supply chain. In this direction, Langley et al. (2023) propose
to consider product DPPs as real coordination mechanisms within a smart circular economy;
similarly, Giefl and Moller (2025) frame them as elements of a broader value ecosystem, in
which different actors, different regulatory requirements and extensive exchanges of multiple
information and materials are intimately inter-twined.

This perspective is particularly relevant for end-of-life battery systems, as circular
performance is based on a series of strategic choices rather than a single recycling event.
Depending on their chemical composition, health status, ownership history, safety conditions
and market value, batteries can be reused, repurposed, remanufactured, dismantled or recycled.
Jensen et al. (2023) demonstrate that DPPs are closely linked to decisions regarding the product
life cycle. Wan and Jiang (2025) highlight the importance of dynamic information flows during
the use phase. In the field of batteries, this means that product information can improve
transparency regarding the location and status of resources, reduce ambiguity regarding residual
value, and optimise the distribution of batteries towards the most appropriate end-of-life
pathway (European Parliament and Council of the European Union, 2023; Jensen et al., 2023;
Wan & Jiang, 2025).

The literature also helps to understand why battery circularity is so important when it
comes to information asymmetry. Batteries that have reached the end of their life cycle cross
many organisational boundaries, and stakeholders often lack reliable knowledge about their
composition, origin, usage history, treatment alternatives and compliance obligations. In this
sense, the passport can help reduce information and operational asymmetries among supply
chain actors, facilitate compliance management, and, more generally, lower barriers to
interorganizational collaboration. Petrik et al. (2026) describe DPPs as digital artifacts capable
of capturing and distributing critical product information beyond the boundaries of individual
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organizations. However, recent analyses of battery DPP show that actual benefits are not
automatic. They essentially depend on data quality, access rights, governance mechanisms, and
the ability to integrate this information into both operational processes and strategic decisions
(Rizos & Urban, 2024b; Pohlmann et al., 2025; Petrik et al., 2026). From this perspective,
battery DPP can be interpreted as an enabling infrastructure, which can be assigned different
strategic roles: visibility, coordination, value recovery, and resilience. These are not just
technical outcomes, but strategic ones because they influence how companies compete and
position themselves along the value chain, their level of regulatory preparedness, the security
of “circular” supplies, and, ultimately, the ability of companies and ecosystems to generate
value from used batteries in operational and management situations characterized by
uncertainty and resource scarcity (Langley et al., 2023; GieBB & Moller, 2025; Petrik et al.,
2026).

3. DATA AND METHODOLOGY

This study adopts a conceptual research design, informed and supported by empirical
evidence. This approach is highly appropriate for the subject of analysis, given that the
regulatory and technical framework for DPP is still being consolidated and, more importantly,
the available empirical data on the operational effects of battery DPPs in end-of-life
management systems are still limited, fragmented, and not always comparable. The most recent
available literature virtually unanimously highlights that battery DPP is undergoing a crucial
transition from legal and regulatory definition to its actual practical implementation. However,
significant issues persist regarding data requirements, access rights, interoperability,
governance, reliability and organisational use. In this context, a conceptual paper grounded in
authoritative documentary and scientific evidence is methodologically more credible than a
forced empirical design based on incomplete or disjointed implementation data (Rizos & Urban,
2024b; Christensen et al., 2025; Wan & Jiang, 2025; Chawla et al., 2026).

The document brings together three types of data. Firstly, it examines EU rules and
policies relating to batteries and digital product passports, with a particular focus on Regulation
(EU) 2023/1542, Regulation (EU) 2024/1781 and recent methodological work by the Joint
Research Centre. Second, it synthesizes secondary evidence from the literature on urban
mining, battery circularity, and battery recovery, including the uploaded manuscript that serves
as an intellectual starting point for the present study. Third, it develops a conceptual framework
that connects battery-passport information functions with strategic outcomes in end-of-life
battery systems (European Parliament and the Council of the European Union, 2023, 2024;
Chawla et al., 2026; Massari & Ruberti, 2026).

The analytical procedure follows four sequential steps. First, the study identifies the
main end-of-life management bottlenecks affecting battery circularity in the EU, including
fragmented information flows, insufficient visibility regarding battery composition and
condition, uncertainty over actor responsibilities, limited interoperability, weak reverse-
logistics coordination, and incomplete support for higher-value circular strategies such as reuse
and repurposing (Rizos & Urban, 2024a, 2024b; Losa & Torjesen, 2025).

Second, the study identifies which passport-enabled information functions are most
relevant for addressing these bottlenecks. Here the analysis draws on DPP literature concerning
product identification, composition, usage history, maintenance and repair information,
compliance data, supply-chain and reverse-logistics information, and lifecycle data updating.
Jensen et al. (2023) identify major DPP data clusters linked to reverse supply-chain decision-
making, while Wan and Jiang (2025) emphasize that lifecycle information should not remain
static but must be capable of being updated during product use. Chawla et al. (2026) contribute
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a structured methodology for defining and prioritizing DPP data fields in relation to policy
objectives and practical feasibility.

Third, these functions are grouped into four broader strategic capability areas: visibility,
coordination, value recovery, and resilience. This step is necessary because the purpose of the
document is not simply to list possible passport data elements, but to interpret them from a
strategic management perspective. Product information is analytically relevant only to the
extent that it improves the ability of companies and value chain actors to make better end-of-
life decisions, align reverse logistics processes, reduce information asymmetry, and ensure
more reliable secondary material flows (Psarommatis et al., 2024; Christensen et al., 2025).

Fourth, the paper derives the expected strategic outcomes from these areas of expertise
for end-of-life battery systems in the EU. These outcomes are conceptualized in terms of
improved pathways between reuse, recycling, and repurposing; improved quality and reliability
of critical raw material recovery; improved compliance and reporting; and increased resilience
of circular supply. The outcome does not replace future case studies, interviews, or quantitative
validation. Rather, it provides a structured analytical basis for understanding how the battery
passport can operate as a strategic mechanism within circular end-of-life battery systems in
Europe (Jensen et al., 2023; Wan & Jiang, 2025; Chawla et al., 2026).

4. RESULTS AND DISCUSSION

The main outcome of this study is a strategic management framework that views the
battery passport not only as a legislative or technical tool for dissemination, but also as a means
of enhancing capacity-building within end-of-life battery management systems in Europe. The
framework links certain functions of the battery passport to four strategic pillars of capacity:
visibility, coordination, value recovery, resilience and circular competitiveness. Furthermore,
the analysis highlights how these capabilities can translate into measurable effects on end-of-
life management outcomes and, more generally, on further circularity dynamics. This
interpretation is consistent with recent contributions on the topic of DPPs, which increasingly
interpret product passport systems as enabling tools for orchestrating value chains across
different sectors, increasing transparency, and creating circular value, rather than as simple
information repositories (Langley et al., 2023; Christensen et al., 2025; Gie3 & Méller, 2025).

Visibility is the first pillar of capabilities. In the context of end-of-life battery systems,
visibility refers to the ability to make relevant product, material and lifecycle information
accessible, structured and usable across stakeholders and stages. Under Regulation (EU)
2023/1542, the battery passport must contain information relating to both the battery model and
the individual battery, including information derived from use. In practical terms, this means
that the passport can improve visibility regarding the battery’s identity, its chemical
composition, origin, health status, carbon footprint information and end-of-life status. Greater
visibility reduces uncertainty and minimises the risk of inefficient pathways, inappropriate
treatment choices and avoidable loss of information along the battery value chain (European
Parliament and Council of the European Union, 2023; Pohlmann et al., 2025; Chawla et al.,
2026).

Coordination is the second key pillar. The battery passport can serve as a coordination
tool between manufacturers, users, collection schemes, re-users, dismantlers, recyclers and
public authorities. This role is central to the strategy, as the performance of end-of-life batteries
does not depend solely on the effectiveness of recycling technologies. It also depends on the
ability of stakeholders to share information, keep it up to date, analyse data and fully understand
their roles throughout the value chain. Existing literature suggests that battery DPP could
significantly optimize information flows and make recycling and reuse processes more
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efficient. At the same time, critical issues arise regarding data confidentiality, still insufficient
levels of interoperability, and persistent ambiguity in defining responsibilities throughout the
various life cycle phases (Langley et al., 2023; Rizos & Urban, 2024b; Christensen et al., 2025).

Another, more strictly managerial, issue concerns the ability to direct batteries toward
the most appropriate end-of-life pathway (i.e., reuse, reprocessing, reconditioning, disassembly,
or recycling) when, of course, the necessary information is available. This means that it is not
enough for a battery to reach a treatment facility, but for it to reach the right facility, at the right
time, and with adequate information to support the related technical and operational decisions.
Indeed, the chemical composition of batteries, treatment techniques, and national capacity
conditions obviously have a direct impact on the effectiveness of critical raw material recovery.
Adding to the complexity of the overall EU system, recycling and recovery performance
remains markedly uneven across Member States within the EU. A DPP-based system can
certainly improve the match between battery characteristics and treatment choices, optimizing
the recycling value chain and facilitating the higher-quality recovery of lithium, cobalt, nickel,
and other strategically important materials (Rizos & Urban, 2024a; Losa & Torjesen, 2025;
Massari & Ruberti, 2026).

Resilience and circular competitiveness constitute the fourth and most strategic pillar of
capabilities. If battery passports improve visibility, coordination, and end-of-life value
recovery, they can also enhance EU ability to generate more reliable and traceable flows of
secondary raw materials. This is important because EU battery policy is explicitly linked not
only to sustainability, but also to competitiveness, the clean energy transition, and reducing
dependence on external resources. The resilience effect manifests itself when improved end-of-
life governance generates more predictable, better documented, and more reliable flows of
secondary raw materials. Such flows can strengthen circular procurement, support compliance
with future recycled content requirements, and improve the position of European companies in
an increasingly stringent regulatory and supply chain environment (European Parliament and
Council of the European Union, 2023; European Commission, 2024a; Rizos & Urban, 2024b;
Soavi et al., 2026).

The proposed framework can be summarised as follows: Functions of the ‘Battery
Passport” — Strategic capabilities — End-of-life outcomes — Competitive effects of
circularity. Within this framework, the functions of the ‘Battery Passport’ include identity,
classification, composition, origin, health data, usage history and end-of-life information. These
functions enable the development of strategic capabilities, namely visibility, coordination,
value recovery and resilience. Those capabilities affect end-of-life outcomes, including better
routing, improved sorting and treatment matching, higher compliance quality, lower
informational losses, and stronger support for reuse, repurposing, and recycling decisions.
Finally, these outcomes contribute to circular competitive effects such as stronger supply
security, better circular performance, and improved positioning under EU regulatory change
(European Parliament and the Council of the European Union, 2023; Langley et al., 2023;
Chawla et al., 2026).

The discussion should not be overly optimistic. The emerging evidence repeatedly
shows that the success of the battery passport will depend on unresolved strategic and
organizational challenges. The most important barriers include data confidentiality, uneven
digital maturity across firms, weak interoperability, lack of clarity about access rights, and
uncertainty over responsibilities at different end-of-life stages. The strategic value of the battery
passport therefore does not lie in data existence alone, but in the organizational and inter-
organizational ability to govern access, interoperability, and actionability of those data across
end-of-life battery systems (Rizos & Urban, 2024b; Losa & Torjesen, 2025; Pohlmann et al.,
2025; Chawla et al., 2026).
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Table 1. The DPP as a strategic tool in end-of-life battery systems management

Passport function Strategic capability | End-of-life managerial effect | Expected circular outcome
Batte.ry 1d§nt1ty and Visibility Better sorting and routing Lower. losses, better
classification compliance
Composition and material . .

. . Value recovery Better treatment matching Higher CRM recovery
information

S.tate of health and use Coordination Bet?e.r reuse/repurpose Longer value retention
history decisions

Actor an.d chain Coordination Smoother handoffs Mo.r e.lntegrated reverse
information logistics

Verified recovery and Resilience Better reintegration planning Stronger secondary supply
recycled-content data security

5. CONCLUSION

This paper has argued that urban mining and DPP should not be treated as separate
policy or managerial domains in the EU battery sector. Instead, they should be seen as two
complementary pillars of the same circular strategy. Urban mining provides a resource base by
highlighting the growing strategic value inherent in end-of-life batteries, particularly as
secondary sources of lithium, cobalt, nickel and other critical raw materials. The document
shows that the flow of battery waste in the EU already represents a significant recovery
opportunity, but also that the effective realisation of this value remains limited by uneven
national performance, infrastructure shortcomings, technological constraints and fragmented
governance of the end-of-life phase. In this sense, urban mining explains why end-of-life
batteries matter strategically, but not by itself how their value can be consistently captured and
reintegrated into European industrial systems.

The main conclusion of this study is that digital product passports provide the
management framework capable of making end-of-life battery systems more circular, more
efficient and strategically more valuable. In particular, the proposed framework has
demonstrated that the functions of the battery passport can be interpreted as factors enabling
four key strategic capabilities: visibility, coordination, value recovery and resilience. Thanks to
these capabilities, the passport can improve the information conditions under which batteries
are identified, routed, assessed, reused, dismantled, recycled and reintegrated into secondary
material flows. This interpretation is consistent with the legal framework of Regulation (EU)
2023/ 1542 and with recent literature on the DPP, which increasingly views passport systems
as enabling mechanisms for life-cycle decision-making, data-driven end-of-life strategies and
cross-cutting value chain orchestration, rather than merely as compliance repositories. From
this perspective, the battery passport should not be interpreted simply as a new administrative
obligation. In the EU, it should be regarded as a strategic tool for circular coordination, the
recovery of critical raw materials and industrial resilience. This conclusion is strongly in line
with the direction of EU battery policy. The EC explicitly states that EU battery rules aim to
make batteries sustainable throughout their entire life cycle, from material sourcing to
collection, recycling and reuse, whilst promoting a competitive and sustainable battery industry
that supports Europe’s transition to clean energy and greater independence from fuel imports.

At the same time, the document also concludes that the strategic benefits of the battery
passport are conditional rather than automatic. Recent implementation-oriented studies
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repeatedly demonstrate that the effectiveness of the battery passport depends on unresolved
issues such as data privacy, uneven digital maturity across companies, poor interoperability,
uncertain governance arrangements and a lack of clarity regarding access rights and
responsibilities at different stages of the lifecycle. Consequently, the strategic value of the
battery passport lies not in the mere existence of data, but in the organisational and inter-
organisational capacity to govern the accessibility, interoperability and usability of such data
within circular battery systems.

The paper thus contributes to the literature by linking urban mining and DPPs through
a strategic management lens. It suggests that the future competitiveness of the EU circular
battery systems will depend not only on recycling capacity or regulatory compliance, but also
on the ability to transform battery-related data into better end-of-life decisions, stronger
coordination of reverse logistics, higher-quality recovery of secondary raw materials, and more
reliable circular supply security. Future research should now empirically test this framework
through case studies, interviews, pilot implementations and comparative analyses involving
actors in the battery value chain and Member States.
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