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A B S T R A C T

The introduction of the European Green Deal has triggered various legislative projects that will require product
manufacturers inside and outside the European Union (EU) to ensure compliance with the new regulatory
framework. As this is a complex task we present a methodology that manufacturers can use to derive a strategic
focus for future product development to fully comply with and prioritise regulatory requirements. Further,
the method helps to assess the difficulty of achieving compliance. A case study is employed to examine the
applicability of the methodology to the EU Battery Regulation. Consequently, the extent to which a currently
available battery would comply with the 121 requirements was investigated. The method revealed a number
of hot spots requiring immediate action. It therefore helps stakeholders to identify key issues that need to be
addressed in future battery development and to classify them according to their importance.
1. Introduction

Manufacturing contributes about one fourth of all carbon emissions
in the European Union (European Energy Agency, 2023). Accordingly,
immense emission reductions are necessary in this sector to reach
the desired decarbonisation by 2050 as stipulated by the EU Green
Deal (European Union, 2023). This setting has two major consequences
for the European industry: Firstly, various Green Deal-related leg-
islative regulations and directives have been initiated that challenge
companies to comply with a multitude of new provisions and legisla-
tive requirements. Secondly, the industry is required to focus on the
development of a green technology infrastructure, an area in which
in addition to large original equipment manufacturers (OEMs), many
smaller, medium-sized companies and start-ups are operating. For these
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in particular, manoeuvring a constantly evolving legislative landscape
poses a challenge (den Heuvel and Matyas, 2020). It is not always clear
how exactly a new regulation will affect their businesses in concrete
terms. For example the consequences that arise for product design,
which is a subject area that exhibits a large number of conflicting
objectives, are difficult to anticipate (Vysoudil et al., 2023).

Accordingly, a methodology that helps with structured, textual
analysis of legislative texts is needed, that companies can use in order
to derive focus areas to shape their response to changing legislative
framework conditions. To address this issue, in this study we present
a three-step-methodology, present developed a three-step-methodology
that aims to provide a suitable focus in product development. The
method is applied to the new EU Battery Regulation due to its many
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legislative innovations. In this context, we performed an analysis of
a state-of-the-art battery system and evaluated its performance with
regard to the new legislative requirements. Few studies have so far
been published on the problem of deriving focus areas in product
development, to structurally meet new legislative requirements. The
studies identified to be relevant will be discussed in the following
section.

2. State of research

In the framework of this publication, the scientific literature on
the derivation and prioritisation of requirements from legislative texts
was analysed. In addition, existing publications on the consequences of
the introduction of the new EU Battery Regulation were considered to
support the choice of case study. The most relevant studies identified
in these contexts will be briefly presented below followed by a short
list of conclusions regarding the current state of research.

Regarding the structured derivation of focus areas from legislative
texts Makri et al. present and discuss a requirements management
model helping OEM’s technical design centres to translate and inte-
grate legislative environmental requirements into their product. The
authors focus on the communication and integration of environmental
requirements through a company’s supply chain. The aim of the study
was among others to aid in the communication of legislative and
environmental requirements with suppliers to ensure environmentally
conscious design (Makri et al., 2004).

Ingolfo et al. propose a framework and modelling language for
establishing regulatory compliance for a given set of software require-
ments. The language allows for an evaluation of the compliance with
certain requirements that originate from legislative frameworks for
software development (Ingolfo et al., 2014). The same application case
was considered by Breaux et al. who published on the development
of a semantic model that is able to analyse legislative texts in order
to structurally derive of important provisions. These provisions can
then be transformed into system requirements, that a software needs
to satisfy (Breaux et al., 2006). Otto/Anton 2007 summarise various re-
search efforts in handling legal texts for software system development,
providing insights into specifying, monitoring, and testing software
systems for compliance with legal requirements. The paper aims to
aid requirements engineers and auditors with testing procedures for
software systems (Otto and Anton, 2007). Pigosso et al. (2016) present
a guideline for structured identification, analysis, and deployment of
product requirements from environmental product-related legislation
in form of a step-by-step approach. The study puts emphasis on the
product development process in order to derive relevant requirements
as early as possible in the product life cycle (Pigosso et al., 2016).

On the topic of textual analyses of the new Battery Regulation
Barkhausen and et al. investigated the policy changes in the field
of batteries within the last decades and the according underlying
drivers. They found several external events that lead to an alignment
of economic and environmental interest. Accordingly, respective lobby
groups formed coalitions on certain topics which entailed a strong
focus on circular economy in the new legislation (Barkhausen et al.,
2023). Melin et al. investigated the implications of the regulation on
a global scale. Although at this point hard to predict, consequences
to be expected in science from the regulation’s implementation are
contributions to the desired growth of a steady and sustainable battery
economy in Europe. This growth is expected to also affect battery
industries on a global level that might lead to unintended consequences.
According to the authors open questions concern among others the way
in which data is exchanged across global value chains. They further
demand International standards to ensure a level playing field for
different actors (Melin et al., 2021).

Our analysis of the current state of research led to the following 4
conclusions:
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1. In general, the process of deriving legislative requirements for
formulating engineering guidelines lacks structure, and existing
publications on the subject are partially outdated.

2. The lack of substantial publications addressing the difficulties of
compliance, especially regarding future product characteristics,
makes it challenging to derive focal areas for examination. A
method is needed, that helps identify key legislative require-
ments and the corresponding effort required to fulfil them. The
analysed studies collectively suggest that the difficulty of compli-
ance can be influenced by the complexity of legal requirements
and the ability to measure compliance.

3. Currently, the derivation of relevant legislative requirements and
their implications is predominantly directed towards software
development. The absence of a thorough examination of the new
Battery Regulation and the consequences of its implementation
renders this an ideal case study.

4. There exist only few analyses of the new EU Battery Regulation,
none of which addresses the changing framework conditions
regarding battery design and characteristics. This leads to a lack
of knowledge regarding the extent to which battery design has
to be adapted and where involved battery distributors should
emphasise and prioritise their development efforts.

The following section describes the developed methodology that
helps to cope with these research gaps and provides battery distributing
companies with an orientation to derive a focus for their product
development.

3. Methodology

In order to provide an initial information basis for companies on
how to focus product development in the context of upcoming legisla-
tive requirements, we developed the approach shown in Fig. 1.

From an initial textual analysis of the legislation all relevant pro-
visions are investigated and form the basis for a comprehensive list
of requirements. The aforementioned requirements are organised into
categories, to facilitate a more comprehensive understanding of the top-
ics encompassed by the regulation. The derived requirements are then
analysed with regard to cross-references in the legal text that reveal
dependencies. These dependencies indicate that other requirements
must be taken into account for the complete fulfilment of a specific
requirement. Meaningful visualisations, such as chord diagrams can
support the identification of these cross-references, by transparently
displaying them.

In the second step, an exemplary product is evaluated for its degree
of compliance with the analysed requirements. The data sources may be
diverse and depend on the individual access options to information on
the product and its development status. Ways of obtaining information
include contacting suppliers, product disassembly investigations and
consulting public sources. For each of the requirements, a binary eval-
uation is conducted, revealing that the requirement is either fulfilled or
not fulfilled. This assessment, together with the previous categorisation
of the requirements makes it possible to identify the categories in which
the analysed product is deficient in relation to the new legislation. A
radar chart can be used to illustrate the degree of fulfilment the product
under consideration has in each category and thus to transparently
reveal the overall result. It also allows for comparisons of different
products.

Subsequently, in the final step 3, an analysis is carried out to
determine the level of difficulty associated with the fulfilment of each
requirement. Therefore a four key questions are raised regarding the
compliance with future legal regulations: (I) When to fulfil? (II) What
will be changed? (III) Who should be involved? and (IV) What other
requirements are there? Accordingly, four evaluation criteria were
identified that influence the difficulty of reaching fulfilment:



S. Hansen, T. Rüther et al. Resources, Conservation & Recycling 209 (2024) 107752 
Fig. 1. Overview of the applied 3-step-approach and the intermediate steps and necessary inputs.
I Time sensitivity: The time frame, within which the provision has
to be fulfilled

II Adjustment of product: To what extent the product’s design will
have to be adapted

III Third party involvement: If and to what extent a third party has
to be involved

IV Information unavailability: Whether all necessary information is
available to fulfil the requirement

The requirements are evaluated in a semi-quantitative manner,
whereby a value between 1 and 5 (for criteria I and IV) or 1 and
4 (for criteria II and III) is assigned to each criterion. This rating
scheme is applied to each criterion and each requirement in order to
determine the extent to which the criterion influences the fulfilment of
the requirement. The gradations between the scores of the criteria are
chosen in such a way that a clear assignment to the scores is possible.
The application of these criteria enables the derivation of focus areas
regarding the procedure of compliance, which can be visualised by the
application of heatmaps. An example of the scoring will be illustrated
in Section 4. These illustrate the primary factors contributing to non-
compliance. In combination with the gaps in fulfilment identified in
step 2, it is possible to draw conclusions that facilitate the prioritisation
of tasks during the compliance procedure.

Overall, for each identified gap in fulfilment, it is thus possible
to derive information on the conditions that need to be established
to ensure compliance, as indicated by the contribution of the four
evaluation criteria.

4. Application to case study

In the course of our analysis we applied our three-step-methodology
to the new EU Battery Regulation, which is introduced in the next
sub section, in form of a case study. The procedure of requirements-
derivation (step 1) is explained in Section 4.2. For step 2 of our
procedure, we performed investigations on a specific battery accompa-
nied by a disassembly analysis. For some requirements, it was necessary
to make further assumptions e.g. regarding the batteries circumstances
of origin in order for us to derive the extent to which they are fulfilled,
as the performed analysis of the battery alone would not deliver all
required information. Therefore, we chose the perspective of a Eu-
ropean OEM that sources its batteries from a non-EU country and
3 
intends to recycle its batteries company-external in Europe. Figure
S1 in the supplementary shows the according areas of influence as-
sumed for the OEM. The outcomes of this case study on the basis of
which the fulfilment-level of the derived design-related requirements is
shown in the following. Further, this section provides the overview and
evaluation of the respective fulfilment-difficulty, as described above.
The following subsection provides a short overview of the Battery
Regulation, its public reception and expected consequences from its
implementation.

4.1. Legislative text: Introduction to the new EU battery regulation

The new EU Battery Regulation is a central component of the Green
Deal because of the prominent position and important role of batteries
in the desired shift towards greener industries (Halleux, 2023). The
overall goal of the regulation is to ensure that batteries make a sig-
nificant contribution to the ultimate objective of achieving a net-zero
greenhouse gas economy by 2050, to be in line with the EU Commis-
sion’s communication on the European Green Deal (Vettorazzi, 2021).
As evidenced by the public reception from industry, academia and Eu-
ropean Non-governmental Organisations, handling the new regulatory
circumstances will potentially be quite challenging (Hoffmann et al.,
2021; Melin et al., 2021; Hoffmann et al., 2022; Tedesco et al., 2021). It
is therefore necessary to clarify to what extent traction battery systems
can already cope with the requirements and where shortcomings can
be identified.

4.2. Step 1: Requirements derivation

This section provides an overview of the identified requirements. In
accordance with our case study battery, we limited our scope to the
requirements relevant for traction batteries used in electric and hybrid
vehicles because of their environmental and economic significance due
to the expected increase in sales within the coming years (Figgener
et al., 2022). Further, in our analysis, we included characteristics that
go beyond the design of the batteries that are subject to the OEM’s
direct or indirect influence (see Figure S1 in the supplementary). This
includes for example the information that has to be provided in ac-
companying documents such as the technical documentation. For each

category between 2 and 57 relevant requirements have been identified,
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Table 1
Extract from the list of requirements for the category carbon footprint, derived according to step 1 as shown in Fig. 1.

Number Requirement Source

The Battery has to be accompanied by a carbon footprint declaration, containing the following information:

1.1 Carbon footprint declaration is available calculated for each battery model per manufacturing plant and differentiated per
life cycle stage excluding use stage

Art.7 §1

1.2 Administrative information about manufacturer Art.7 §1 a
1.3 Information about the battery model for which the declaration applies Art.7 §1 b
1.4 Geographic location of the battery manufacturing facility Art.7 §1 c
1.5 The carbon footprint of the battery is calculated as kg of carbon dioxide equivalent per one kWh of total energy provided

by the battery over its expected service life
Art.7 §1 d

1.6 The carbon footprint of the battery differentiated per life cycle stage Art.7 §1 e
⋮ ⋮ ⋮
1.14 The carbon footprint shall be calculated according to the international agreements and technical and scientific progress in

the area of life cycle assessment
Annex II (2)
resulting in a total of 121 requirements. These are presented in Table 1
as well as in Tables S1 to S8 in the supplementary. The analysis,
however, does not include the specific provisions that are relevant on
company level such as due diligence requirements, as it focuses on
product evaluation. Our analysis revealed that the relevant require-
ments for future vehicle battery design can be classified into eight
categories, primarily based on the respective articles they originate
from:

1 Carbon footprint (article 7)
2 Recycled content (article 8)
3 Performance and durability (article 9)
4 Labelling and marking of batteries (articles 13/38)
5 Information on the state of health and expected lifetime (article

14)
6 Repurposing and remanufacturing (article 59)
7 Information on prevention and management of waste batteries

(article 60)
8 Battery passport (article 60)

The first category about carbon footprint requirements is presented
s an example in the following subsection. For categories 2–8, the
escriptive texts and necessary definitions but also the derived require-
ents are presented in the supplementary to this publication.

.2.1. Carbon footprint (category 1)
Provisions regarding the carbon footprint are dealing with the con-

ideration of greenhouse gas emissions that arise throughout the entire
ife cycle of a certain battery type from raw material extraction and
roduction until the End of life (EoL) stage. Article 7 and Annex II
efine a basic framework on how this impact is to be determined
nd declared in the future. Figure S2 in the supplementary document
hows the timeline according to which the central stipulations regard-
ng the carbon footprints of vehicle batteries will be implemented.
able 1 shows an excerpt of the requirements from the category carbon
ootprint, as derived according to step 1 of the methodology.

Several of the derived requirements will be preceded by a delegated
ct in the framework of which the exact procedure for their fulfilment
ill be explained. These delegated acts will thus show how the batter-

es’ carbon footprint will be determined, how the performance classes
et to be established are defined which allow for a comparison of
ach individual battery’s footprint with those available on the market.
urther, an upper limit of the carbon footprint will be defined that
ust not be exceeded. According to Annex II, the determination of

he carbon footprint has to be consider the Product Environmental
ootprint Category Rules (PEFCR). However, the Battery Regulation
tates, that the Commission’s joint research centre will be responsible
or further development of the battery-specific PEFCR to further specify
ow to calculate and declare the carbon footprint.
4 
4.2.2. Interconnections between single requirements
A considerable number of articles prescribing design-related re-

quirements have dependencies through cross-references to other re-
quirements. Fig. 2 provides a visual representation of all explicit ref-
erences of the articles from which the design requirements are derived
and also when specific topics directly link two provisions. The figure
only shows those requirements that are part of such inter-connections
which implies that both topics cannot be treated independently of
each other. On the one hand the figure helps to gain a comprehensive
understanding of the regulation’s impacts, facilitating the overview of
all design relevant aspects touched by the regulation. On the other
hand, the figure provides stakeholders responsible for a single category
(such as carbon footprint) the dependencies to other categories and
requirements that also need to be considered for compliance. It is thus
possible to determine if all essential prerequisites have been thoroughly
examined when attempting to address one specific requirement.

The strong links between the requirements regarding the battery
passport and several other requirements are identifiable. This relation-
ship is attributable to the fact that the requirements for the battery
passport necessitate the integration of a substantial amount of informa-
tion specified in other articles. Further, the information stored in the
battery passport needs to be accessible through a QR code, that is de-
fined in the category labelling (requirement 4.15, see Supplementary).
An additional significant connection exists between the management of
waste batteries-category (7) and the labelling requirements (4) as the
requirements for waste batteries mandate the explanation of all labels
affixed to the battery. Moreover, the carbon footprint declaration (1.12)
imposes a requirement to incorporate information regarding recycled
content (2), thereby establishing a substantial connection between
these two categories.

4.3. Step 2: Quantification of fulfilment level

To identify the extent to which a traction battery would already
meet the requirements derived in the previous subsection, we per-
formed a detailed investigation of an exemplary battery to acquire
information for step 2 of the developed methodology (see Table S9
and Figure S3 in supplementary). For this analysis initial information
about the battery was acquired by analysing attached labels on each
surface and by consulting publicly available information sources as
well as data platforms provided by the manufacturer. During the tear-
down, properties such as used materials, their respective weights and
information about the battery condition and joining techniques were
documented.

In the following the results of the compliance analysis are presented.
For each of the eight categories, the quantified requirements can be
found in the supplementary of this work. Fig. 3 shows the respective
level of fulfilment as a percentage.

For the analysed battery, no carbon footprint declaration was avail-
able. Accordingly, the majority of the upcoming 13 design related

requirements regarding the carbon footprint and its declaration still
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Fig. 2. Depiction of the interrelationships between identified design-relevant provisions and the articles they are based upon in the EU Battery Regulation.
Fig. 3. Respective level of compliance with the requirements identified across the eight categories expressed as a percentage.
remains to be dealt with, which leads to an overall fulfilment rating
of about one fourth. Still, this comparatively high level of compliance
can be attributed to certain requirements that only require providing
administrative information (like requirements 1.1–1.3).

Given the current status of the recycling industry, it is reasonable
to assume that newly manufactured lithium-ion batteries does not
yet contain recycled materials. (Boston Consulting Group, 2023). This
corresponds with the evaluation result of 0%, as all relevant require-
ments from article 8 require the integration of recycled content. Of the
5 
complete set of 12 requirements regarding the category of performance
and durability, only the nominal capacity and power specifications are
met by the battery system under investigation. The main reason for this
is that most of the data is not available in the required form of general
technical documentation.

Almost half of the information required to be disclosed for the
category of labelling is already available, resulting in the accord-
ing fulfilment quota. Information already provided in the form of
labels includes battery-specific details such as its manufacturing date
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and place and general information that allows for the manufacturer’s
identification.

For the analysed battery, half of the requirements concerning the
disclosure of information on state of health and expected lifetime is
regarded as fulfilled as it was disclosed via the battery management
system (BMS). According to the requirements for the category of re-
purposing and remanufacturing the battery holder must be enabled to
present information about a battery that shall be subject to product
recycling and respective treatment processes. For the present example,
no information was available. Furthermore, when the battery was
obtained, we were not provided with the necessary data that would
enable us to determine its state of health, as required by article 59 §5.
Consequently, the evaluation result is zero.

In total 57 provisions regarding the battery passport have been
identified in the framework of this analysis, none of which are met
in this example. This is not surprising as the entire system including
the electronic exchange platform that the battery passport is intended
to be linked to, does not yet exist. The exemplary battery also fulfils
none of the 12 requirements regarding the category information on
the prevention and management of waste batteries. For the compliance
with this category, the information shall be made available to end users
at the point of sale and through an online marketplace. Neither was the
case for the battery obtained in the framework of this study.

4.4. Step 3: Results and decision support

In this step the identified evaluation criteria for the difficulty of
the fulfilment are applied for each requirement. The criteria are: (I)
the time sensitivity, (II) the extent to which an adjustment of the
product is necessary, (III) whether a third party involvement is nec-
essary for fulfilment and (IV) the information unavailability. Fig. 4
shows the procedure that was applied to derive quantifiable values
from the textual analysis taking requirement 1.1 as an example. In
order to determine the evaluation results in the four categories (I–
IV), the broader context of the requirement in the legislative text is
analysed. The assessment result options are selected in such a way that
the relevant text passages can be clearly assigned to them. In the end,
this procedure makes it possible to determine each categories relevance
to reach the determined requirements’ fulfilment.

Fig. 5 shows the results for each individual requirement in the
form of heatmaps based on the rating scheme below. The numbering
is defined according to Table 1 and the respective tables S1-8 in the
supplementary.

Based on these results, conclusions can be drawn about the level of
difficulty involved in meeting each individual requirement. In general
it can be seen, that certain requirements that appear to be the hardest
to fulfil like the quotas for recycled content for newly manufactured bat-
teries also often leave the most time for their fulfilment. Accordingly,
for all identified recycled content -related provisions (category 2), the
ime sensitivity was evaluated to be low, due to the fact that the first
uotas are not required to be met until 2031. Fig. 5 also reveals that
f the current situation does not allow the OEM to acquire necessary
nformation, the requirement’s fulfilment mostly depends on the contri-
ution third party to fill the information gap. Article 7 of the regulation
ontains a number of carbon footprint -related provisions (category 1),

that still require the European Commission to adopt delegated acts, that
are intended to specify the criteria for their fulfilment. Accordingly, the
third party involvement is rather high due to the necessary involvement
of the commission, that will have to finalise the rules. The informa-
tion unavailability is rather high and it is impossible to obtain the
necessary data at present. A similar case applies to the battery passport
requirements. As the entire system still has to be established and the
criteria that specify the conditions to which data has to be provided
remain unclear, the contribution of third parties was evaluated high.
Overall, the fulfilment of some battery passport requirements seems be

rather straightforward once the system is established, but the analysis

6 
also reveals a number of hotspots, that need to be considered with
increased awareness. The analysis shows that the larger part of the
information on waste batteries to be disclosed for category 7 would
already be accessible to the OEM, except for the process details to be
provided to guide a structured dismantling (requirement 7.10). As most
other batteries, the one that was investigated for the case study was
not designed to allow for disassembly, which means that to comply
with this specific requirement, effort must be put into the development
and documentation of the according process chain. This might require
a high level of involvement of the company-external upstream actors
along the supply chain, as is the case for other requirements of this
category.

4.5. Discussion and limitations

The method developed in the framework of this paper to analyse
products regarding compliance with new legislative provisions con-
sists of 3 steps: requirements derivation, identification of fulfilment
level and results and decision support. It is applied to an automotive
lithium-ion battery and the corresponding new regulation in Europe.
The result of the gap analysis performed in step 2 revealed for the
investigated battery that many of the identified requirements are yet to
be fulfilled. The investigation further revealed several cross-references
within the Battery Regulation that in turn led to links between the
derived requirements. Combining these two assessments leads to a more
comprehensive picture of the necessary steps to ensure compliance
with the new legislation. An illustrative example would be the set of
battery passport related requirements. This category not only contains
by far the most identified requirements (none of which can yet be
fulfilled) but also meeting these requirements in many cases depends on
requirements from other categories. Having transparency about these
links enables the entities that are responsible for the requirement’s
fulfilment to identify which other entities within an organisation or the
supply chain need to be contacted.

In the third step of the analysis, the difficulty of compliance was
determined, which allows conclusions to be drawn on the reasons
behind the under-fulfilment.

For the fulfilment of various provisions, the disclosure of informa-
tion is necessary which would often already be feasible. This becomes
obvious when considering that for many requirements the necessary
information to disclose is presently already accessible to the OEM, also
without requiring the involvement of any other stakeholders. It can be
assumed that this information was not yet shared only due to the lack of
incentives, and meeting these specific requirements will prospectively
not present a challenge in the future.

In contrast, a high level of unavailable information is often strongly
linked with the necessity to involve other stakeholders, the contribu-
tion of which is required in order to access the needed information.
These stakeholders often are other companies along the OEMs’ up-
and downstream supply chains that either design the battery or are
otherwise involved in its production or recycling. In other cases, a
high level of third party involvement implies that a contribution of
legislative authorities is a precondition, as still numerous regulations
remain unspecified and will be elaborated on in upcoming delegated
acts. For example in the category of carbon footprint, in the context of
which many requirements shall be put into practice in the upcoming
year, there is still a number of unresolved regulatory issues that need
to be addressed. As a result, it is important for companies to urgently
focus their efforts on developing related expertise and to collect data re-
garding their supply chain, in order to avoid to be unprepared once the
new system is established. The same applies to the category regarding
provisions for the battery passport. The implementation and utilisation
of this new system will prospectively present a complex task, however,
details are difficult to estimate as it still needs to be developed.

At present, there is a lack of knowledge regarding the use of recycled

materials in battery cells, which in combination with the absence of a
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Fig. 4. Procedure for the derivation of quantifiable values the requirements based on the performed textual analysis taking requirement 1.1 as an example.
Fig. 5. Heatmaps for the identification of hot spots towards compliance with the future Battery Regulation in the categories. The numbering is according to the requirement
number. The darker the colour and the more the bars are filled the more significance has the criterion in order to meet the respective requirement. An empty bar means, that the
requirement is already fulfilled by the analysed battery.
market for such materials renders their inclusion in the manufacture of
new battery cells challenging. These conditions lead to a high necessity
to involve third parties and a moderate to high unavailability of neces-
sary information. Companies should therefore focus on contributing to
the establishment of a sufficiently developed recycling infrastructure to
already claim access to future volumes of recycled materials. Otherwise,
7 
the shortage of available recycled materials can impede the production
of the required volume of cells or force OEMs to import significant
amounts of recycled material.

When applying the developed methodology, it is important to con-
sider a few limitations and challenges. One such limitation is that the
availability of information sources depends very much on the user.
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To gain a comprehensive understanding of the battery, we conducted
an analysis from the manufacturer’s perspective. However, as a third
party, we cannot access certain information, such as details regarding
the specific supply chain. It cannot be excluded that the available in-
formation basis might impact the results. Further, the semi-quantitative
evaluation of the specific requirements is conducted based on the exper-
tise of the relevant professionals. While multiple independent experts
may be consulted, some categories’ results are rated subjectively to a
certain extent. Therefore, it is important to emphasise the methodology
employed to determine the relevant evaluation parameters to ensure
the highest degree of objectivity. On the one hand, due to the in-
tentional unambiguous categorisation of the criteria assessment levels,
the extent to which this may influence the results is limited. On the
other hand, this rather rough categorisation also means that the actual
consequences resulting from an assessment result cannot be certain. To
illustrate, the adaptation of a product that is necessary due to the mid-
level evaluation in the category ’’adjustment of product’’ might be to
attach an available label or QR Code to the product or could maybe
also entail the replacement of certain components. Therefore, it is not
necessarily clear from the analyses how complex the fulfilment of the
requirement will be, but it only allows for an estimation. Thus, the
methodology enables only the identification of key requirements but
cannot fully demonstrate the extent of the necessary efforts to address
shortcomings in these requirements. Furthermore, the methodology is
highly contingent upon alterations to legislative texts, necessitating
iterative adaptation in response to each amendment. This can result
in significant expenditure in the event of a change, and the results are
only valid for the current iteration of the legislation. Consequently, it
is paramount to pay meticulous attention to the specific version of the
legislation and technical documentation employed at any given time.

5. Conclusions

The aim of this analysis was to provide both OEMs and SMEs with
a methodology to prioritise within their product development, in order
to seamlessly comply with upcoming legislation, that is expected to
have a major impact on their business environment. The case study
presented revolves around the knowledge gained regarding the com-
pliance of a state-of-the-art battery with the EU Battery Regulation.
To this end, the battery system design and its inherent characteristics
were examined, to identify the extent to which the exemplary battery
system would already meet future requirements and where it would
fall short. Furthermore, in order for OEMs to identify where to focus
their future battery development, the difficulty of fulfilling each of the
requirements that was not met so far was analysed . This assessment
considered four key criteria, namely:

(I) the timeframe for the requirement to take effect,
(II) the need for design adjustments to the product,

(III) the need for collaboration with or preliminary work of other
stakeholders and

(IV) the availability or absence of necessary information.

The analysis showed that for the eight identified categories deemed
ritical to future battery design, the average fulfilment rate was found
o be less than one third for almost all of them. In many cases, only a
ack of incentives was identified as the main reason for not sharing nec-
ssary information which would already be sufficient to meet certain
equirements. The analysis identifies the requirements for which this
s not the case and also provides the reader with possible reasons for
n increased difficulty in achieving compliance. The application of the
eveloped method shows its suitability for identifying focal points in
roduct development. Evaluating the current product range with regard
o upcoming requirements, combined with assessing the difficulty of
equirements that still have to be met, is a crucial help in terms of
rioritising in product development. The methodology developed could
e applied to other legislative texts in the future, such as the Ecodesign
8 
for Sustainable Products Regulation for which the Battery Regulation is
seen as a blueprint.
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