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CONEBI-CIE Position Paper

How to ensure that e-bike batteries continue to be safe in the future?
Concerns Associated with Mandated Replaceability of Individual Cells in LMT Batteries

Executive Summary

CONEBI-CIE fully supports the objectives of the EU Batteries Regulation to strengthen sustainability,
circularity, and consumer protection. The European bicycle industry has been at the forefront of
innovation in safe and efficient battery technologies, and we remain committed to advancing
performance, safety, and environmental responsibility.

However, the current requirement in Article 11(5) for individual cell replaceability in light means of
transport (LMT) batteries, including e-bike batteries, is not compatible with the present state of
technology or with best safety practices. At this stage, safe and standardized solutions for cell-level
replacement do not exist. Opening sealed packs compromises integrated safety systems, undermines
the integrity of product certification and increases failure and fire risks.

We are concerned that the cell-replaceability requirement, while well-intentioned, could
unintentionally reduce product safety without achieving the intended sustainability benefits. In fact,
replacing individual cells often accelerates battery degradation and shortens pack lifespan, which
contradicts the Regulation’s environmental objectives.

Furthermore, this requirement lacks an impact assessment and creates potential conflicts with existing
EU and UN safety frameworks that prioritize sealed, robust battery designs to minimize risks. By
contrast, battery pack-level removability and replaceability is already technically feasible, consistent
with global safety standards, and aligned with the Regulation’s broader goals.

We therefore encourage European policymakers to support a targeted amendment to Article 11(5) in
Batteries Regulation 2023/1542 that maintains the Regulation’s spirit but avoids unsafe or unfeasible
requirements across the battery lifecycle.

Proposal for amendment to Article 11(5) in Batteries Regulation 2023/1542
5. Any natural or legal person that places on the market products incorporating LMT batteries

shall ensure that those batteries;-as-well-as-individuatbattery-cels-included-inthe-batterypack; are

readily removable and replaceable by an independent professional at any time during the lifetime
of the product.
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Detailed technical analysis

The EU Batteries Regulation introduces a number of new requirements for battery manufacturing,
partly to make the entire life cycle of battery-powered products more sustainable. We consider many
of these regulations to be sensible and support them, such as the declaration of CO, footprint and
Extended Producer Responsibility. We also deem the spare part provision requirements, as well as the
general removability and replaceability requirement for battery packs as a whole in Article 11, to be
sensible. However, we view the requirement for individual cell replacement in Article 11(5) as
extremely safety critical.

It stipulates that for batteries in light means of transport (including e-bike batteries), individual battery
cells within the battery pack shall be easily removable and replaceable by independent professionals.
This requirement does not only fail to hit its noble sustainability target; it actively jeopardizes product
safety, transforming a well-intentioned requirement into a dangerous one.

It is against good engineering practices, norms and standards to mix battery cells with different aging
or cell chemistry, or even of different brands, while it also comes in conflict with liability, international
transport and, where applicable, type approval requirements.
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Safety-driven Design and Sealing

E-bike battery packs are much more than a bunch of connected battery cells. Modern battery systems
are designed with safety, performance, and longevity in mind. For batteries in environments prone to
vibration and exposure to water, such as batteries within e-bikes which are often ridden on uneven
terrain like cobble stones and in rainy weather, it is important to ensure mechanical stability of the
connected cells within the battery pack as well as moisture and dust protection. Therefore, modern
battery pack designs feature multiple safety features, including:

— Individual cell holders, ensuring that each individual cell sits securely in its own spot to keep them
perfectly spaced to avoid short circuiting, allowing air to circulate to keep them cool and most
importantly, locking them in place so they do not rattle around or get damaged by constant
vibrations from riding;
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— Outer casing, ensuring that the entire assembly of cells is enclosed in a rigid, protective casing to
build a first layer of defence against physical impacts, dust, and water;

— Vibration and shock absorption, in addition to the cell holders often extra layers of protection are
built in to ensure tiny shocks are absorbed and preventing damaging the delicate connections
between cells as well as the cells themselves;

— Waterproof and dustproof seals, ensuring rain, splashes from puddles, or fine dust from gravel
roads to not get inside the battery pack

— Cell connection, usually done by laser or spot welding or wire bonding, where bits of conductive
metal, usually pure nickel, are placed over the cell terminals and connected, ensuring that the
individual cells are connected in a strong and efficient manner with minimal cell heat exposure,

— Heat management, usually provided through intricate designs of the space between cells and
other components like the BMS and plug of the battery pack ensures that battery cells are kept at
a safe temperature for performance and lifespan as overheating can damage cells;

— Neat and tidy wiring, preventing wires from chafing, getting tangled or breaking due to constant
vibration, which could lead to short circuits or power interruptions;

— Battery management system, to ensure the voltage, current, temperature and balance between
cells is within safe operating windows.

— Strict manufacturing standards, to ensure the right pairing of cells which will behave identically
during the use of the battery pack.

All of the above methods ensure mechanical stability, thermal management, and protection against
external hazards such as moisture or dust. This integrated design is essential to meet consumer
expectations for driving range, battery lifespan, and a low carbon footprint over the product’s lifecycle.

Cell replaceability represents a significant intervention in the complex safety design

Opening a battery pack always constitutes an intrusion into its safety system. A repair inherently
involves intervening in the system, thereby compromising measures specifically designed for the
protection of cells and electronics. For instance, in its original state, a battery pack is sealed using state-
of-the-art methods to prevent water or dirt ingress. Breaking this seal can lead to water intrusion and
potential short circuits, significantly increasing the likelihood of thermal runaway. Thermal runaway, in
turn, involves self-reinforcing heat-producing processes that can, in the worst case, result in fires or
explosions.

Even for reputable e-bike manufacturers employing highly sophisticated methods like state-of-the-art
welding or bolting techniques, the disassembly and reassembly of current-carrying connections
between cells introduce significant risk. Such interventions compromise the structural and electrical
integrity of the original system. Furthermore, the process of cell replacement itself comes with various
safety risks, including:

- short circuiting during the dis- and reassembly;
- damaging the cell casing, terminals or safety vents or the intricate insulation layers;
- loss of precision, which compromises the overall integrity of the pack.

Manual re-welding or re-bolting by hand — even when performed by experts — cannot replicate the
precision and quality of automated factory processes. These manual interventions often result in
higher contact resistance, localized heat generation, and reduced energy efficiency, potentially
damaging otherwise functional cells. Repairs carried out outside a controlled manufacturing



* * * * Cycling
x CD x| e, Industries
CONEB| | === Europe

environment are also more vulnerable to corrosion, vibration, and fatigue, which may lead to
premature failure or safety incidents over time.

For these reasons, individual cell replacement constitutes a major interference with safety-driven
battery design and cannot guarantee the same level of reliability or protection as the original sealed
pack.

De-balancing effects and thus premature aging with different cells

The requirement for individual cell replacement will not achieve the desired sustainability effects. In
an e-bike battery pack, cells are connected in series. This can typically be anywhere from 10 to 50 cells.
The Battery Management System (BMS) within LMT batteries is unable to monitor individual cells; it
can only monitor the interconnected cells. Since the current flows between the interconnected cells,
it is of utmost importance to optimally match the interconnected cells. By replacing individual cells in
a pack, cells of different ages are necessarily assembled together. This inevitably leads to equalization
currents between the cells, causing debalancing effects and thus premature aging of the battery, which
would then have to be replaced anyway. Due to debalancing effects, the pack with replaced individual
cells therefore does not achieve the desired effect of extended lifespan, meaning no gains in terms of
waste prevention would be achieved.

Even more concerning, this imbalance can trigger lithium plating (Li plating), a highly dangerous
degradation phenomenon. Lithium plating can cause internal short circuits and drastically reduce
thermal stability, creating a serious safety hazard that could lead to catastrophic failure, including
thermal runaway (an uncontrollable increase in temperature, often leading to destructive
consequences, such as explosion) and fire with toxic smoke.

Strict Quality Standards Cannot Be Replicated in Cell Replacement

The manufacturing of batteries and battery packs involves a series of high-precision, high-quality
processes. During battery pack assembly, one of the most critical steps is the pairing of cells by voltage
(at the millivolt level), production date, and batch. This ensures chemical consistency and performance
repeatability across the pack. Each cell is individually traceable throughout the process, with
automated polarity checks and secure bonding mechanisms in place. Finally, a 100% quality control
test is performed to verify the pack’s performance before assigning a unique serial number.

In contrast, when an individual cell is replaced by an independent technician, it is inherently impossible
to replicate these rigorous quality controls. The lack of access to original batch data, precision
equipment, and traceability systems results in a battery pack of significantly lower quality. This
undermines the very objective of the legislation: to ensure longer lasting and safer products.

Negative effects on collection and recycling of waste batteries

Individual cell replaceability also creates gaps regarding the proper and sustainable disposal and
recycling of old LMT batteries. When individual cells are replaced, the original, intact battery pack is
dismembered. This creates a fragmented waste stream. Instead of a single, identifiable unit (the
original battery pack) that can be easily collected and sent for specialized battery recycling, you now
have: A "repaired" pack with a mix of old and new cells; individual spent cells that are remove;
potentially other damaged or removed components like the casing or cell connectors.
This fragmentation makes collection less efficient and increases the chance that individual cells, being
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small and easily overlooked, might end up in general waste streams rather than specialized battery
collection points.

Unclear allocation of responsibility and liability

The prospect of individual cell replacement, particularly when involving components of unknown
origini.e. new cells, introduces a cascading avalanche of challenges that fundamentally undermine the
safety and reliability of battery packs. Current, manufacturers maintain stringent control over the
entire supply chain, ensuring the provenance, quality and performance of every single cell introduced
in the European market.

However, once individual cell replacement by third parties is introduced, this meticulously controlled
environment dissolves. The procurement, rigorous quality assurance, and critical traceability of
individual cells would demand entirely new, unproven, and extraordinarily complex systemic
frameworks. We are talking about creating an entirely new, global infrastructure of verification and
accountability.

At the same time, the original manufacturer cannot guarantee that all design measures implemented
for product safety remain intact after a third-party intervention. As a result, they cannot assume
liability for such repairs. While, in principle, the burden of proof in the event of damage lies with the
manufacturer — who must demonstrate that the battery pack was tampered with — this is extremely
difficult when little remains after a fire. In recent years, there has already been a notable increase?! in
cases of personal injury and property damage linked to manipulated batteries.

This creates a profound legal and safety vacuum. It is highly improbable, if not wholly impossible to
allocate the responsibility between battery cell and pack manufacturers on the one side and
independent professionals on the other side. Such a gap would inevitably open the door to a
dangerous black market, leading to the proliferation of counterfeit cells?, substandard components,
and improperly executed repairs.

The consequence is an unacceptable escalation of consumer safety risks and a state of perilous legal
uncertainty in which liability is unclear when fires or failures occur due to untraceable cells or
unverifiable repairs.

Wrong assumption about failure patterns

Individual cell failure is not a dominant failure mode. Data on service cases of e-bike batteries provide
clear statements on the frequency of individual cell failure in high-quality batteries: most of industry
reports attribute less than 1% cases to individual cell failure. This suggests that the regulation is trying
to address an issue that is not prevalent in current battery designs.

Inconsistent treatment of similar battery types

1 see also data from the UK where the fires involving converted e-bikes and e-bikes of unknown build outnumber
fires involving e-bikes of known manufacturing origin by a factor of 23, suggesting manipulated e-bike systems
pose a higher safety risk: OPSS (2024) : https://www.gov.uk/government/publications/fires-in-e-bikes-and-e-
scooters/fires-in-e-bikes-and-e-scooters-2022-and-2023

2 See also findings of Lumafield investigation into cell safety and quality indicators, including safety risks and
misrepresentation of specs found in low-cost and counterfeit cells https://www.lumafield.com/battery-report



https://www.gov.uk/government/publications/fires-in-e-bikes-and-e-scooters/fires-in-e-bikes-and-e-scooters-2022-and-2023
https://www.gov.uk/government/publications/fires-in-e-bikes-and-e-scooters/fires-in-e-bikes-and-e-scooters-2022-and-2023
https://www.lumafield.com/battery-report
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The regulation introduces unequal treatment for batteries with similar characteristics. For portable
batteries (weighing up to 5kg), individual cell replacement is explicitly excluded by the legislator (see
Article 11(1)). In stark contrast, e-bike battery packs, which often weigh less than 5kg and share similar
construction and safety features with many batteries in the portable batteries category, are subject to
this requirement simply because they fall under the "batteries for light means of transport”
classification.

This inconsistency is further highlighted by the treatment of electric vehicle (EV) batteries. These
batteries also incorporate advanced safety features and are not subject to cell-level replaceability
requirements. The differential approach raises concerns about regulatory coherence and fairness,
especially given that similar design principles and safety standards apply across these battery
categories.

Conflicting regulatory requirements within EU

The EU Batteries Regulation introduces new obligations that, while well-intentioned, may conflict with
existing European product safety law and global transport regulations. Specifically, the requirement
for individual cell replaceability in certain battery categories contradicts established frameworks such
as the EU General Product Safety Regulation and the UN Transport Regulations for Dangerous Goods.

These international frameworks prioritize sealed and robust battery designs to minimize risks during
transport and use, especially in relation to fire hazards, leakage, and thermal runaway. Mandating
interventions at the cell level — such as opening sealed battery packs — undermines these safety
principles and creates compliance challenges for manufacturers operating across multiple
jurisdictions.

Such regulatory misalignment risks fragmenting the global battery market, complicating product
design and certification, and ultimately slowing down innovation and deployment of safe, sustainable
battery technologies.

Contradicting safety requirements in different world regions

Against this background, the latest regulatory movements in other regions of the world, such as the
USA3 und UK, should also be looked at. In those regions, legislators are creating exactly opposite
product requirements for lithium-ion batteries for consumer protection reasons, specifically: design
requirements for the battery to prevent repair and protect consumers from injury. In this context the
UK Office of Product Safety and Standards (OPSS) has published an independent research report on
the causes of the safety risks and hazards associated with PLEV batteries and chargers, in which the
researchers state explicitly that “the requirement of Article 11 Paragraph 5 of European regulation

3 See statement by Commissioner Richard Trumka from the US Consumer Product Safety Commission from April
2025 announcing requirements for light mobility lithium-ion batteries including “Making battery packs tamper-
resistant, so that people cannot open them and swap cells, which can lead to fires. To accomplish this, they will
have to be both ultrasonically welded and unable to be opened with common household
tools.” https://www.cpsc.gov/About-CPSC/Commissioner/Richard-Trumka/Statement/CPSC-Advances-
Proposed-Solution-to-Deadly-Lithium-lon-Battery-Fires-from-E-Bikes-and-Similar-Products



https://www.cpsc.gov/About-CPSC/Commissioner/Richard-Trumka/Statement/CPSC-Advances-Proposed-Solution-to-Deadly-Lithium-Ion-Battery-Fires-from-E-Bikes-and-Similar-Products
https://www.cpsc.gov/About-CPSC/Commissioner/Richard-Trumka/Statement/CPSC-Advances-Proposed-Solution-to-Deadly-Lithium-Ion-Battery-Fires-from-E-Bikes-and-Similar-Products
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2023/1542 presents a high risk of unintended consequences, compromising the safety of both new
and repaired PLEV batteries.”*

Lack of technological maturity of alternative connection methods

Designing battery packs based on individual cell replacement is not just an engineering challenge, it
represents a fundamental departure from existing technologies and thereby represents a profound
and reckless gamble with consumer safety. It would require a complete reconstruction of cell
management, sealing, and connection methods — a foundation built on years of research, rigorous
testing, establishing safety protocols, certification and significant investment. The notion that such a
monumental shift from the current state of technology can be achieved within a few years is unrealistic
and dangerously naive. Developing a design that can meet stringent safety standards, undergo
comprehensive testing, and achieve the necessary certifications will not take a few years — it will
require a significant jump in the state of technology, easily spanning a decade before it could be
deemed truly market-ready and safe for widespread adoption. As a result, consumers would be
exposed to safety risks by enforcing the premature adoption of immature technologies.

While certain technical concepts for enabling cell-level replacement are being explored, they remain
at an early stage and are not yet proven for widespread, safe application in LMT batteries®. Current
infant design approaches aimed at easing cell replaceability would inevitably make batteries bulkier,
heavier, and less energy efficient, while also increasing material use and waste. Instead of improving
environmental performance, these premature solutions would likely cause higher resource
consumption, reduced range, and greater overall environmental impact — ultimately defeating the
sustainability goals the Regulation aims to achieve.

European leadership in safe battery pack design

The requirements particularly burden the European bicycle industry, which has achieved a leadership
position with the current state-of-the-art technology also outside of the EU. This success is put at risk
by the cell-level mandatory replaceability requirements. Alleged sustainability reasons are prioritized
over product safety. Instead of prescribing a sensible sustainability requirement in the sense of the
end-user being able to replace the entire pack, followed by proper recycling of the old battery, the
system's design is now interfered with to such an extent that neither the sustainability goal is achieved,
nor the current product safety level is maintained.

Individual battery cell replacement and accommodating designs are incompatible with modern, safe
battery technology and would severely undermine the cutting-edge safety and durability of our
European products. Replaceability requirements must be strictly confined to battery packs, not
individual cells.

4 UK OPSS (2025), page 121 https://assets.publishing.service.gov.uk/media/67ale68dad556423b636c9c0/plev-
battery-safety-report-amended.pdf
5 see also Annex to this paper with literature review on cell connection methods to this document
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Key demand

While we do support the new requirements for battery pack removability and replaceability, for all of
the reasons outlined above, we call for a partial amendment of Art. 11(5) regarding individual cell
replacement:

Amend Article 11(5) Batteries Regulation 2023/1542
5. Any natural or legal person that places on the market products incorporating LMT batteries

shall ensure that those batteries;-as-wel-asindividual-battery-cellsincluded-in-the-batterypack; are
readily removable and replaceable by an independent professional at any time during the lifetime
of the product.
In this context, measures such as the withdrawal or change of requirements of Article 11(5) should be
announced by the end of 2025 at the latest; otherwise, the industry may face the following serious
consequences:

— The inability to launch new EPAC (Electrically Power Assisted Cycles) models to the market;
— The circulation of battery designs that have not been sufficiently validated for safety and
reliability.

These outcomes would pose significant risks to consumer protection, product safety, and the global
competitiveness of the European bicycle industry.

We therefore strongly urge EU policymakers to provide a clear and formal position on the revision of
Article 11(5) by the end of 2025. Timely regulatory clarity is essential to enable the industry to proceed
with safe and sustainable product development.

Further supporting documents

RECHARGE paper on individual cell replacement (2023)

CONEBI paper on battery repair (2021)



https://rechargebatteries.org/wp-content/uploads/2023/05/RECHARGE-position-paper_individual-cell-replacement_April-2023.pdf
https://www.conebi.eu/wp-content/uploads/2022/02/01-CONEBI_Position_Paper_on_E-Bike_Battery_Repair_December_2021.pdf
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Annex 1 - Comparison of cell vs pack replacement

Option 1)
Battery cell
replacement

Option 2)
Battery pack
replacement

Comments

Safety (re-welding)

Good

Option 1): Welding is state-of-the-art technology in e-bike
batteries. Uncontrolled inappropriate welding can result
in arcing, particle generation and electrolyte leakage.
These may trigger fire hazards. For single cell
replacement a new connection method needs
developing.

Safety
(waterproofing)

Good

Option 1): Battery accidents caused by water ingress are
more likely if the original seal of the battery back was
broken.

Safety
(contamination)

Good

Option 1): Contamination inside the battery pack after
repair may cause a short-circuit, leading to a fire accident.

Raw material savings | A little lower

A little higher

Option 1): All cells in parallel connection should be
replaced at a time. This means lower raw material usage
due to potentially saving other components of the battery
pack, however, overall quality and lifetime reduction may
have adverse effects leading to only a slightly reduced
environmental impact.

Cell balancing

Good

Option 1): For partial cell replacement, it is difficult to
balance every single cell, both new and in-use cells. De-
balancing effect.

Transportability
based on regulations

Good

Option 1): Refurbished or repaired batteries cannot be
type-tested under UN 38.8 unlike original batteries and
repaired, refurbished or remanufactures batteries,
including the replacement of parts with non-original
spares, with parts of a different specification, or in a
manner that would result in a deviation from the
manufacturer’s tested type are considered as a type of
change that leads to non-type approved batteries.
Therefore, no UN/ADR-conform transport is possible for
those batteries.

Good

Option 2): Mass production processes are very controlled,
making it easier to check and ensure the production
quality.

Quality of  the
product

Required technical
expertise of staff

carrying out to work

Low

Option 1): Replacing a battery cell requires a high level of
expertise to ensure safety. It is not yet defined what
education /skill level is required.

Regulatory
conformity
production

of

Good

Option 1): There is no regulatory framework of
Conformity of production for repaired batteries.




* * * * Cycling
x CD x| e, Industries
CONEB| | === Europe

Option 1): The original manufacturer cannot guarantee
that all product safety measures remain intact after a

Product Liability Uncertain Certain replacement is undertaken by a third party. The original
manufacturer therefore cannot assume liability for these
interventions.

Annex 2 - Literature Review on connection methods

Summary of Literature Review

Material-bonded connections represent the state-of-the-art safety-tested technology for EV and LMT
applications, where higher capacity (>100Wh) is needed. Contact-bonded connections are used for
applications where lower energy capacity or only single cells are needed or are operating under
stationary conditions.

Details of Literature Review

e Welding techniques are state-of-the-art for the connection of battery cells resulting in required
electrical contact resistance (M. Brand et al., 2015)

e Based on the fundamental work of R. Holm, it is well known that due to relative movements
fretting corrosion is exhibited, leading to a spontaneous, unplanned and unpredictable
increase in the contact resistance and thus to an increase of temperature in the contact area.
These relative movements can take place during operation since vibration takes place
especially in LMT applications which are ridden on uneven surfaces. Relative movements can
only be safely avoided in a material-bonded connection e.g., welding, bonding or others

e While detachable electrical connections of a battery cell by press contact are known as easy
to handle and may have advantages for service, repair and recycling, and are frequently used
in applications like electronic devices with a pouch cell, (M. Brand et al. 2016), they are not
established in battery packs consisting of multiple cells that need to be connected and
therefore not established in LMT applications.

e During operation battery modules are exposed to dynamic loading and random vibrations,
which may cause short circuits and fire (Shui et al., 2018)

e Ina module consisting of multiple parallel cells in electric contact, the relative movements will
not exhibit homogenously causing a variance in contact resistance among these parallel
contacted cells. One cell is therefore more electrically stressed, leading to de-balancing of the
battery pack much faster compared to packs with welded cell connections and thus without
relative movement. Thus, cells detachable connections will age much faster compared to
material bonded connections.

e Rumpf et al. 2018 stated, that inhomogeneity within lithium-ion battery modules can occur
due to variations in capacity and impedance of the connected cells as well as due to thermal
gradients or cell connector design.

e If the exchange of an individual cell out of a module is done, such inhomogeneities are
introduced, leading to performance degradation and potential safety problems, like stated by
Kim et al. 2023

e In accordance with defined categories by Das et al., 2018, Zwicker at al., 2020 summarized
quality criteria in order to assess suitability of joining technologies for battery
interconnections, which are for example:



https://www.sciencedirect.com/science/article/pii/S2352152X15000055
https://www.sciencedirect.com/science/article/pii/S2352152X16301682#sec0010
https://www.scopus.com/record/display.uri?eid=2-s2.0-85040931383&origin=inward&txGid=a7fd9dec80a9360ccf523ca35b01aefb
https://iopscience.iop.org/article/10.1149/2.0111811jes
https://www.sciencedirect.com/science/article/pii/S0306261923012527
https://www.sciencedirect.com/science/article/pii/S2666330920300157#bib0025
https://www.sciencedirect.com/science/article/pii/S2666330920300157#bib0025
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Mechanical requirements: [...] strong interconnections

o Electrical and thermal requirements: [...] resulting joint should have low electrical resistance
with narrow scattering range

o Material and metallurgical requirements: [...] low corrosion risk

e Zwicker at al., 2020 are summarizing that force fitting joint technologies (potentially
detachable connections) exhibit loosening of the connection over time and conclude, that
mechanical force fitting may not be a suitable process for automotive battery manufacturing

e Fuetal, 2012 investigated the influence of vibrations on the electrical connection resistance
in high power plug-in connections used in hybrid vehicles. They observed that vibrations lead
to an increase in resistance and consequently the temperature in the contact region due to
high current flows of up to 220 A.

10.10.2025
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