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Abstract

Current electric vehicle battery recycling processes often begin with the manual dismantling of the battery packs. In consideration of occupational
safety and in view of the increasing sales of electric vehicles, an automated dismantling of batteries has to be investigated. Therefore, different
manufacturers’ battery pack designs are examined first and especially the common joining elements are determined and characterized. The results
show a high diversity between the individual systems, which influences the potential for automation. Based on these investigations, a possible

layout of an automated dismantling cell is developed.
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1. Introduction

Many people see the fight against climate change as an
urgent goal in today's world. Decisive factors in this fight are
the reduction of emissions of greenhouse gases. In this context,
carbon dioxide emission (CO2) is repeatedly cited as a driver
greenhouse effect driver. With a share of 20%, the current
transport sector makes a not inconsiderable contribution to all
CO2-emissions of the European Union (EU). Cars and vans are
responsible for 70% of those emissions [1]. Therefore,
manufacturers of mobility technologies are trying to bring
increasingly efficient systems to the market.

National governments and the EU are trying to encourage
manufacturers to develop and build more fuel-efficient cars
with low emissions using appropriate guidelines. For example,
limit values for the CO2 emissions of a manufacturer's fleet
have been agreed upon since 2020. One way to achieve the
targets and reduce emissions is to use hybrid or electric vehicles
(EV), as they do not produce emissions at the “tailpipe”.

2212-8271 © 2021 The Authors. Published by Elsevier B.V.

Current figures show that sales of EVs have risen
exponentially in recent years (see Fig. 1). Forecasts show that
these rates may increase even more in the future. Due to the
rising sales of electric vehicles, more and more lithium-ion
batteries (LIB), which are mainly used in electric mobility, are
required, produced and used in EVs. After the use, at the end
of life, there can be different ways for the batteries. Some
battery systems can be reused without significant changes, for
example, in energy storage systems. During remanufacturing,
non-functional components can be replaced to return the
product to a like-new condition. In the context of recycling, the
recovery of materials is focused. This is even more important
since the mining of the materials required for the batteries’
production is often carried out under cost-intensive and
environmentally harmful conditions.

The non-functional components or parts with the same
materials must be dismantled to prepare the batteries for
remanufacturing or recycling. As increasing numbers of
unusable battery systems are expected (see Fig. 1), a flexible

This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/by-ne-nd/4.0)
Peer-review under responsibility of the scientific committee of the 28th CIRP Conference on Life Cycle Engineering.

10.1016/j.procir.2021.01.151

This is a resupply of March 2023 as the template used in the publication of the original article contained errors. The content of the article has remained unaffected.



560 Sebastian Blankemeyer et al. / Procedia CIRP 98 (2021) 559-564

and automated disassembly system is necessary to initiate an
environmentally friendly and cost-effective recycling process.

This article presents an approach to estimate the potential
for an automated dismantling process required to initiate the
subsequent recycling process as efficiently as possible. The
focus is on currently sold battery systems. In the study, the
dismantling of the packs to module-level (pack2module) was
analyzed.
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Fig. 1. Approvals of electric-powered vehicles in Germany from 2008 till
August 2020 (derived from [2])

In the following, the existing recycling processes of
batteries for electromobility will be discussed first. Then,
current battery pack designs are analyzed, and the necessary
dismantling steps are derived. At the same time, the potential
for automated execution of the steps is estimated. Finally, a
possible division of the steps is worked out and the challenges
involved are pointed out.

2. State of the Art

Disposal or recycling represents the last phase in the typical
product life cycle, with several reasons for recycling the
products [3]. When recycling a product, the primary motivation
is to prepare contained components or materials for reuse, thus
saving and conserving natural [4]. Secondary reasons for the
recycling of products are environmental protection through less
emissions. In addition, costs can be saved in scrapping, as no
storage space is required for scrapped components [4].
Especially concerning LIB, these goals are very much in the
foreground due to limited resources. The recycling of the
required lithium-ion batteries is regulated in the European
Union by 2000/53/EC and 2006/66/EC.

Current developments in recycling of batteries are mainly
working on the recovery and separation of the individual cell
components. This fact is comprehensible since the cost-
intensive components are mainly located in the cell. For an
efficient recycling process, however, it may be essential to
separate the materials of the remaining components in advance
[51.

To separate the cell materials, several approaches have been
developed. The hydrometallurgical, pyrometallurgical, and
mechanical processes have become established as primary
methods for recycling LIB cells [6, 7]. Hydrometallurgical and
pyrometallurgical processes are used to separate cell
components, whereas mechanical processes are often used as a

pre-treatment stage and are used for crushing battery cells.
Individual materials such as metals and plastic parts can be
separated, e.g., by shaking or sieving [6, 8, 9]. Besides, there
are approaches for so-called direct recycling, whereby
individual components of the LIB are processed and directly
reused [8]. Also, individual electrode materials will be
regenerated, for example, with supercritical carbon dioxide [6,
10]. Furthermore, processes are applied, which often represent
combinations of basic recycling methods. An example is the
Duesenfeld process [11].

The dismantling of a LIB before the actual recycling process
contributes significantly to optimizing the entire recycling
process regarding environmental friendliness [12]. The degree
of automation of LIB's dismantling is currently low due to
many variants and the rarely accessible design data [13].
Hermann et al. already introduced an assessment approach to
identify the automation potential of traction Dbatteries’
disassembly [14]. In the article, they define a criteria catalog to
determine the potential.

There are currently several partially automated approaches
for the dismantling of LIB. Wegener et al. present a hybrid
human-robot dismantling station, where a robot arm performs
repetitive tasks such as loosening screws. One difficulty is
recognizing and handling the robot arm with the screw heads,
for which the authors show some possible solutions [13].
Schéfer et al. developed an automated remanufacturing station
for individual battery modules based on an analysis of the
joining techniques used. Welded connections between the cells
are separated using a milling unit [15]. Hermann et al. present
a concept for a hybrid dismantling station. They suggest
removal of electronics' manually and the removal of modules
with an articulated arm as a robot unit and jaw grippers. The
concept should be extendable to a fully automated disassembly
station [16]. Barwood et al. designed a fully automated
dismantling cell consisting of a Stiubli robot, a modular
mounting platform, and specially designed tools [17].
Bloemeke et al. showed an overall approach for an advanced
circular economy on the example of EV recycling. In addition,
they present a concept of a robot cognition disassembly system
to meet the challenges of product variety [18].

It becomes clear that many approaches to automating
dismantling are currently under development. The current state
of'the art is preferably in partially automated concepts since full
automation is associated with various difficulties. To overcome
these challenges, this article investigates the battery packs’
design to support companies when planning, building and
operating automated disassembly cells. The determined data
provide values that are required in the criteria list of Herrmann
et al. [14].

3. Potential Determination for an Automated Disassembly
of Traction Batteries

In the assembly of goods, precisely defined components are
connected and assembled to form a product. Original
Equipment Manufacturers have precise knowledge about the
status of the corresponding components. On the other hand,
there is disassembly, where the product's use may have resulted
in changes to the original condition. Also, the disassembly of
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products does not necessarily have to be carried out by the
manufacturer. Thus, it happens that recovery companies take
over the dismantling and recycling of the used products to make
valuable materials usable again for the production of new
systems. Consequently, the necessary processes must be
developed since only the manufacturer knows the precise
structure of the products. An automatic approach to
dismantling could lead to an increased recycling rate and lower
costs for the materials required in production. To analyze the
dismantling of packs to the module level, we will first attempt
to describe the structure of the product "battery” as generally as
possible. The required processes are derived from this
afterwards in section 3.2.

3.1. Analysis of Battery design

In the first step, battery assemblies of different models were
analyzed to derive possible strategies for dismantling. The
investigated models are chosen because of their high sales
volume or the publicly available product information. Mostly,
videos showing dismantling had to be used for the evaluation,
as manufacturers often do not publish details. These videos
were mainly taken by amateur filmmakers, so that not all
primary conditions are known. However, care was taken during
the evaluation to ensure that only correspondingly clear
information was used for evaluations. Also, scientific
references and information from car manufacturers were used
to gain further information. The cars examined included
Chevrolet Bolt [19, 20], Nissan Leaf [21, 22], VW eUp [23],
BMWi3 [24, 25], and Tesla Model 3 [26-28].

In the beginning, components were combined into suitable
assemblies, which can be dismantled in one process step and,
if necessary, even recycled as one unit. Here, both the
connections and the materials were considered. The
classification for the subassemblies is derived from [29] and
represents a corresponding class. With this classification,
movement and gripping processes can be classified and
subsequently evaluated.

The flat components include, for example, the cover of the
battery pack and cover plates inside the pack. Prismatic parts
have a basic rectangular-shaped structure. Typical non-rigid
parts are, for example, wires and cables as they deform under
gravity during handling. Another class represents cylindrical
components which do not occur in the investigated batteries.
Components for connection, e.g. screws, are not considered in
this first step since these are taken into account in the
investigation of the connection types. However, the
disassembly system needs also to be equipped in order to deal
with these components.

The investigations show that mainly flat and prismatic
components are built into the packs (see Fig. 2). Unfortunately,
however, the remaining 12% consist of non-rigid components
often lead to increased dismantling costs or make automation
uneconomic. Table 1 lists the component classes of the battery
according to their automated handleability [29]. Within the
table, the handleability decreases to the right and below. One
example is the handling of modules. These prismatic
components have characteristics at the edges and surfaces so
that handling is only possible at specific points. If additional

cables are permanently connected, automation can be even
more difficult as the handling is further limited.
non-rigid

components
12%

cylindrical components 0%

flat
components
47%

Fig 2. Distribution of the general components in a battery pack

Comparing the information from Fig. 1 with the data from
Table 1, it becomes clear that about 12% of the components
make handling automation considerably more difficult. In the
future, it should be considered whether appropriate gripping
strategies can be developed to make handling -easier.
Depending on how recycling is implemented, processes can be
examined, which may destroy the surface or shape. This could
lead to a decreased effort for automation.

Table 1. Classification of handling parts in a battery pack (derived from [28]).

shape flat prismatic non-rigid
Part with even Battery cover Connecting Cables
surface bars in the pack
(BUS-Bars)
Part with Cover sheets Battery Cable with
characteristics with holes modules irregular
in inner and insulation
outer shape
Part with Curved cover Battery Cable harness
excentric sheets modules with
elements connection
cable
Irregular - Assembled Cable with
composed parts electronic connected
components components

Another decisive factor in dismantling is the type of
connection between the individual components. These
connections must be separated during dismantling. A decisive
factor is the non-destructive or destructive separation of the
materials. Some connections are built to be separated again
destructively (e.g., welding). On the other hand, there are
connections such as screws, which can be more easily separated
with the appropriate tools. As can be seen in Fig. 3, mainly
screw connections are used in battery design.

During the evaluation, it was noticeable that there is a wide
range of simultaneously used connection types in a battery
pack. However, only in one case, all listed connection types
were present in the package. Most of the packs use between two
and four different connection types.
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These aspects should be taken into account when planning
(dis)assembly systems. Therefore, priority should be given to
processes that can solve these connections efficiently.
However, since these are average values, it must be checked
whether the whole disassembly system can handle the
corresponding battery pack.

clip adhesion
3% 1% clamp

1%

plug
connection
11%

screw
connection
(screws)
45%

Fig. 3. Distribution of the different type of connections in a battery pack

3.2. Process Steps

One goal of this article is to generalize these steps so that
the systems' planning can be carried out more quickly. The
dismantling itself can be considered as a separation of the
components. DIN 8591 categorizes different processes steps of
dismantling, which are used for the further general description.

Disassemble,

Empty,

Loosen frictional connections,

Disassembly of parts joined by original shapes,
Desoldering,

Loosening of adhesive joints,

Disassembling of textile connections

Considering this list and the developed knowledge about
components and connections, almost all mentioned process
steps occur during the disassembly of LIBs. Exceptions are the
processes "Disassemble” and "Diassemling of textile
connections", which are not required when disassembling
LIBs. Disassemble describes the separation of components that
adhere to each other only by gravity.

The other listed processes take place during the disassembly
of such batteries. Emptying takes place, for example, when
draining coolant. The disassembly of riveted connections is
covered by the term "disassembly of parts joined by original
forms". Many electrical components are usually soldered in the
battery. This paper will mainly focus on the disassembly of
frictional connections, disassembly of parts joined by original
shapes, desoldering, and removal of adhesive connections.

Based on the initial product analysis and the previous
research, a general classification of the LIB disassembly into
the four phases “preparation, disassemble, handling, and store”
was made (see Fig. 4). It is assumed that the battery has already
been freed from the coolant and is in a discharged state. The
preparation starts with the battery's feeding to the disassembly

cell and the transport to the final processing position. In this
processing position, the battery is fixed for subsequent
disassembly. Also, the condition of the battery must be
assessed concerning deformation and damage. The
disassembly starts with identifying a component to be
disassembled or the connections to be loosened and a
corresponding selection of tools. The disassembly phase ends
with the loosening of the present connection. The subsequent
handling phase includes the gripping of the detached
component, its removal from the battery system, and its deposit
for further transport. During the final storage phase, the
loosened and deposited individual part is transported out of the
disassembly cell to a storage facility. The individual parts can
be fed into a subsequent recycling process according to their
specifications. The last three phases of disassembling,
handling, and store form a repeating loop for each component
until the battery is entirely dismantled.

ﬁ

» Disassemble *

= Loosen screws = Handling of flat

Preparation Handling * Store

= [oosen nuts components
* Loosen plug = Handling of prismatic
= Release clip components

s Loosen the = Handling of cylindrical

adhesive bond components
* Releascclamp " Handling of non-rigid
components

= Cutting/Milling

Fig. 4. Tllustration of the process sequence and steps in disassembly and
handling

The disassembly process is divided into seven subfunctions
with respect to the determined connections (see Fig. 4). These
separation tasks are derived from the investigations of
connection types and have to be addressed in the automation
cell. Cutting and milling were added to give an opportunity
when the connection is solidified or inseparable (e.g., the
bonding of the cells). In this case, the connection or at least one
of the joining partners can be destroyed to continue with the
dismantling. The handling includes four different classes of
components. These parts have to be handled by the robot cell.
Of course, they differ, e. g., in size and weight, so that further
investigation of the detailed shape must be done. The
corresponding distributions indicate about a possible focus in
research and the key processes when setting up an automated
dismantling cell (see Fig. 2 and 3).

3.3. Uncertainties and Safety

A decisive factor in the successful dismantling of products
is the consideration of uncertainties, as these cannot always be
predicted. Nevertheless, these must be estimated best in
advance so that an automation system is adjusted to the
situation and can react accordingly.

Uncertainties regarding the status of the battery can arise
due to the battery's service life. For example, damage can be
caused by crash situations, making successful disassembly
difficult or even impossible. At the same time, a damaged cell
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can, of course, also lead to the safety of the system or the
environment being endangered.

When handling LIB, there are general safety risks such as
fire, toxic gas formation, or electric shock due to a battery's
residual charge [30]. The ohmic discharge of the battery can
easily prevent the latter. Also, the other safety risks do not pose
a danger to humans in case of a fully automated disassembly.
For the automated dismantling, however, other difficulties
arise. The removal of components sometimes requires
powerful movements of the robot unit [31]. Furthermore,
possibly damaged or flexible elements such as cables or
plugged connections are difficult to handle [32, 33]. With the
disassembly object, unfavorable conditions of fixing elements
such as rounded, loose, or rusted screw heads may occur. Some
connections, such as weld seams, can vary in their shape so that
this poses a challenge for the equipment technology.

Regarding safety issues, battery cells can also be damaged
during disassembly, and electrolyte may leak out. When LIB
cells are opened, lithium ions' tendency to react exothermically
with air or water is a hazard [30]. Consequently, an opening
should only be made under safe environmental conditions such
as inert gases since damaged cells can lead to dangerous
situations.

An automated dismantling cell requires to react to such
uncertainties since manual interventions could be dangerous or
even impossible under such conditions. These circumstances
require a flexible and adjustable design of an automated
system.

4. Design Concept for an Automated Disassembly System

With regard to the data collected in section 3, the following
general ideas for layouts were developed. As seen in the
investigations, the general processes are quite similar in
handling and separation over different types of battery packs.
However, they differ enormously depending on the
manufacturer. Considering the increasing number of batteries,
it might be practical for recycling companies to build a flexible
cell with a tool changing system to choose the appropriate tools
for the respective process step. As the number of batteries
increases, specialized cells can be developed since faster
process times are required. Although this aspect was not
investigated in this article, it can already be essential to
consider the three general structures (pouch, prismatic, and
cylindrical) to dismantle the modules to cells. This results in
significant differences that lead to an increased number of tools
in the cell. A detailed examination of the modules like for the
packs will be carried out in further research.

A decisive factor in the planning and execution is also
safety. For example, safety during dismantling can be increased
by carrying out the process in a protective atmosphere. Since
the danger derives mainly from the cells, this area should be
specially protected. A protective atmosphere, e.g., with inert
gas, should then be used when removing the cells from the
modules.

The design shown in Fig. 5 allows compliance with the
mentioned requirements. The two-stage process of
"pack2module" and "module2cell” is also highly scalable in
terms of flexibility since new system segments can be directly

adapted to the corresponding requirements according to the
design. The enclosure guarantees safety while operating costs
are reduced by omitting the "pack2module" enclosure.
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Fig. 5. Concept for a disassembly system

In this layout, there are currently two robots with one tool
magazine each. This way, for example, one robot can loosen
the connection while the other removes the separated parts. For
cost reasons, one robot can also be used, which will probably
have a negative effect on cycle times. Flexibility regarding the
number of pieces can be achieved by purchasing specific
stations of the stage that currently form the bottleneck in the
disassembly process. Simultaneously, with a very
homogeneous product portfolio, specific stations can be
optimized for a particular design. For example, batteries with
the same connection types can be processed in the same system.
Thus, not all tools have to be kept available at each station. The
cameras can be used to monitor the process and to detect
uncertainties. These can be solved by the system itself (a cyber-
physical system could be useful, as considered in [18]), or a
manual operator could arrange appropriate steps.

In the field of gripper and tool development, the data
collected should be used to determine which systems are
useful. In particular with the types of connections, it is shown
that tools for loosening screw connections, for example, should
work efficiently since these comprise over 80% of the
connections. Further research could be done by developing
flexible tools that allow the loosening of different connections
to prevent time-consuming gripper changes. One approach
could be multi-head tools, which Chen et al. already proposed
for robotic disassembly [34].
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5. Conclusion and Outlook

In this article, a concept has been developed to support the
design planning of an automated dismantling system for LIB.
The product analysis shows that the focus is on six dismantling
processes and the handling of three different general shapes.
Unfortunately, the detailed specification might differ
considerably between the individual manufacturers. As long as
there is no uniform design or cooperation for batteries, this
point will remain a challenge in dismantling. A basic concept
is derived to allow a flexible adjustment both in terms of
quantity and variants.

In further work, the different modules of the packs should
be examined to document the process spread and thus provide
an indication for further development. The estimation of
process times can also be investigated in this context. Also,
detection and reaction strategies to uncertainties of the returned
batteries need to be focused on further work. Finally, the
development of flexible grippers should be intensified to
ensure an efficient dismantling of an increasing number of
batteries.

References

[1] European Parliament, Policy Department for Economic, Scientific and
Quality of Life Policies (2018): Post 2020 CO- emission targets for cars
and vans: the right level of ambition?.

[2] Kords, Martin (2020): Anzahl der Neuzulassungen von Elektroautos in
Deutschland von 2003 bis August 2020. Online
https://de.statista.com/statistik/daten/studie/244000/umfrage/neuzulassung
en-von-elektroautos-in-deutschland/ [last accessed 10.09.2020]

[3] DIN EN ISO 9004:2018-08, Quality management - Quality of an
organization - Guidance for achieving sustainable  success
(ISO_9004:2018); Deutsche und Englische Fassung EN_ISO_9004:2018.

[4] Martens, Hans; Goldmann, Daniel (2016): Grundlagen der
Kreislaufwirtschaft. In: Hans Martens und Daniel Goldmann (Hg.):
Recyclingtechnik. Wiesbaden: Springer Fachmedien Wiesbaden, 1-17.

[5] Harper, Gavin; Sommerville, Roberto; Kendrick, Emma; Driscoll, Laura;
Slater, Peter; Stolkin, Rustam; Walton, Allan; Christensen, Paul; Heidrich,
Oliver; Lambert, Simon; Abbott, Andrew; Ryder, Karl; Gaines, Linda;
Andersen Paul (2019). Recycling lithium-ion batteries from electric
vehicles. In: Nature, 575(7781), 75-86.

[6] Steward, Darlene; Mayyas, Ahmad; Mann, Margaret (2019): Economics
and Challenges of Li-Ion Battery Recycling from End-of-Life Vehicles. In:
Procedia Manufacturing 33, 272-279.

[7] Yan, Jinyue (2015): Handbook of Clean Energy Systems. Chichester, UK:
John Wiley & Sons, Ltd.

[8] Gaines, Linda (2014): The future of automotive lithium-ion battery
recycling: Charting a sustainable course. In: Sustainable Materials and
Technologies 1-2, 2-7.

[9] Li, Li; Zhang, Xiaoxiao; Li, Matthew; Chen, Renjie; Wu, Feng; Amine,
Khalil; Lu, Jun (2018): The Recycling of Spent Lithium-Ion Batteries: a
Review of Current Processes and Technologies. In: Electrochem. Energ.
Rev. 1 (4),461-482.

[10] Sloop, Steve; Crandon, Lauren; Allen, Marshall; Koetje, Kara; Reed, Lori;
Gaines, Linda et al. (2020): A direct recycling case study from a lithium-
ion battery recall. In: Sustainable Materials and Technologies 25, e00152.

[11] Pistoia, Gianfranco; Liaw, Bor Yann (2018): Behaviour of Lithium-Ion
Batteries in Electric Vehicles. Battery Health, Performance, Safety, and
Cost. Springer International Publishing (Green Energy and Technology).

[12] Buchert, Matthias; Sutter, Jiirgen (2016): Aktualisierte Okobilanzen zum
Recyclingverfahren LithoRec II fiir Lithium-lonen-Batterien. Berlin,
Darmstadt, 14.12.2016.

[13] Wegener, Kathrin; Chen, Wei Hua; Dietrich, Franz; Droder, Klaus; Kara,
Sami (2015): Robot Assisted Disassembly for the Recycling of Electric
Vehicle Batteries. In: Procedia CIRP 29, 716-721.

[14] Herrmann, Christoph; Raatz, Annika; Mennenga, Mark; Schmitt, Jan;
Andrew, Stefan (2012): Assessment of automation potentials for the
disassembly of automotive lithium ion battery systems. In: Leveraging
Technology for a Sustainable World. Springer, Berlin, Heidelberg, 149-
154.

[15] Schéfer, Jens; Singer, Ramona; Hofmann, Janna; Fleischer, Jirgen
(2020): Challenges and Solutions of Automated Disassembly and
Condition-Based Remanufacturing of Lithium-Ion Battery Modules for a
Circular Economy. In: Procedia Manufacturing 43, 614-619.

[16] Herrmann, Christoph; Raatz, Annika; Andrew, Stefan; Schmitt, Jan
(2014): Scenario-Based Development of Disassembly Systems for
Automotive Lithium lon Battery Systems. In: AMR 907, 391-401.

[17] Barwood, M.; Li, J.; Pringle, T.; Rahimifard, S. (2015): Utilisation of
Reconfigurable Recycling Systems for Improved Material Recovery from
E-Waste. In: Procedia CIRP 29, 746-751.

[18] Blomeke, Steffen; Mennenga, Mark; Herrmann, Christoph; Kintscher,
Lars; Bikker, Gert; Lawrenz, Sebastian; Sharma, Priyanka; Rausch,
Andreas; Nippraschk, Mathias; Goldmann, Daniel; Poschmann, Hendrik;
Briiggemann, Holger; Scheller, Christian; Spengler, Thomas (2020):
Recycling 4.0: An Integrated Approach Towards an Advanced Circular
Economy. Proceedings of the 7th International Conference on ICT for
Sustainability, 66-76.

[19] WeberAuto (2018): 2017 Chevrolet Bolt EV Battery Disassembly. Online

https://www.youtube.com/watch?v=ssU2mjiNi_Q [last accessed
10.09.2020]

[20] Grant West (2019): Chevy Bolt battery separation. Online
https://www.youtube.com/watch?v=54SshSAH_kO [last accessed

10.09.2020]

[21] Summet Jay (2015): How to disassemble a 2013 Nissan leaf battery pack.
Online https://www.youtube.com/watch?v=CPJ109Qu_Bg [last accessed
10.09.2020]

[22] skyBridgeConecpt: Leaf Battery Disassembly Part 1. Online
https://www.youtube.com/watch?v=WcqaAzlvjlo [last accessed
10.09.2020]

[23] TestDriven  (2014): VW e-up Battery Production. Online

https://www.youtube.com/watch?v=5VSiHXET{Dc
10.09.2020]

[24] B as in Bjorn (2019): BMW i3 60Ah Battery Pack Disassembly. Online
https://www.youtube.com/watch?v=LB6WI8cRzgs [last accessed
10.09.2020]

[25] B as in Bjorn (2020): BMW i3 60Ah Battery Pack Module Closeup.
Online https:/www.youtube.com/watch?v=w6108vPFIAY [last accessed
10.09.2020]

[26] Rickard, Jack (2018): Tesla Model 3 Battery Removal and Dissasembly.
Online https://www.youtube.com/watch?v=PvCOcBynlq0 [last accessed:
10.09.2020]

[27] Aries RC (2018): What's inside a Tesla Model 3 Battery?. Online
https://www.youtube.com/watch?v=_uKpn3zfIBE [last accessed:
10.09.2020]

[28] Byron (2018): Tesla Model 3 Battery Pack Removal Guide - Full Video.
Online https://www.youtube.com/watch?v=T-MxNpVxIqc [last accessed
10.09.2020]

[29] Hesse, Stefan (2006): Montagegerechte Produktgestaltung. In: Montage
in der industriellen Produktion, (11-57), Springer, Berlin, Heidelberg.

[30] Gungor, Askiner; Gupta, Surendra M. (1998): Disassembly sequence
planning for products with defective parts in product recovery. In:
Computers & Industrial Engineering 35 (1-2), 161-164.

[31] Harper, Gavin; Sommerville, Roberto; Kendrick, Emma; Driscoll, Laura;
Slater, Peter; Stolkin, Rustam et al. (2019): Recycling lithium-ion batteries
from electric vehicles. In: Nature 575 (7781), 75-86.

[32] Wegener, Kathrin; Andrew, Stefan; Raatz, Annika; Droder, Klaus;
Herrmann, Christoph (2014): Disassembly of Electric Vehicle Batteries
Using the Example of the Audi Q5 Hybrid System. In: Procedia CIRP 23,
155-160.

[33] Sonoc, Alexandru; Jeswiet, Jack; Soo, Vi Kie (2015): Opportunities to
Improve Recycling of Automotive Lithium Ion Batteries. In: Procedia
CIRP (29), 752-757.

[34] Chen, Wei Hua; Foo, Gwendolyn; Kara, Sami; Pagnucco, Maurice (2020):
Application of a multi-head tool for robotic disassembly, In: Procedia CIRP
(90), 630-635.

[last accessed

This is a resupply of March 2023 as the template used in the publication of the original article contained errors. The content of the article has remained unaffected.





