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IMPORTANT NOTICE

Dear reader,

Although our “Battery Atlas” looks at the European battery 
market from many different angles and business areas,  
this document does not claim to be exhaustive. The second 
edition of the Battery Atlas thus once again reflects a 
snapshot in time. Nevertheless, all readers are invited to 
contribute to the topicality of this growing work. We will be 
happy to incorporate suggestions and additions submitted 
in writing into the next, updated edition.

Sincerely, 
Your Battery Atlas Editorial Team
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Prof. Dr. Heiner Hans Heimes

DEAR READERS, INTRODUCTION

Battery Cell Manufacturers Module and Pack Manufacturers Equipment Suppliers

With the second edition of the Battery Atlas, we are  
taking a new, extended look at the current situation of 
the European battery industry. It is impressive to see 
the speed of its growth within two years since the first 
Battery Atlas. As Europeans, we can be grateful and 
proud of this development.

The current global political situation demands compre-
hensive independence from critical components of our 
daily lives. The lithium-ion battery is one of those.  
To achieve the greatest possible independence in this 
regard, the development of various industries around 
the lithium-ion battery is crucial. Nine thematic maps 
outline the status quo of today’s industry sectors  
“Battery Cell Manufacturers”, “Module and Pack  
Manufacturers”, “Battery Equipment Suppliers”,  
“Active Material Suppliers”, “Recycling Companies”, 
“Battery Test Centers”, “Battery Quality Assurance 
Companies”, “Passive Battery Cell Component Com-
panies” and “Second-Life Battery Companies”.

Networking of the respective market players will be de-
cisive in determining whether Europe can hold its own 
in global competition. If the various companies suc-
ceed in establishing collaborations along the entire 
value chain, we will be able to offer services as a turn-
key solution, jointly exploit economies of scale through 
economies of scope, and pool financial resources for 
research and development to bring new technologies 
to life even faster. Then, Europe will be on a promising 
path in the expansion of electric mobility as well.

Together, we can make up for the lack of experience in 
development and production of lithium-ion batteries. In 
doing so, we must also overcome national borders in 
Europe. Thus, investments in battery production in one 
country can strengthen mechanical and plant engineer-
ing in another country or lead to the utilization of  

The 2024 Battery Atlas covers nine different topics. 
Thus, this second edition provides an update on the 
subjects of its predecessor and at the same time is an 
addition to the initial Battery Atlas. Therefore, it covers a 
large part of the batteryʼs life cycle, starting with the  
active and passive cell components up to the recycling 
or second life of battery cells. The situation of battery 
cell manufacturers is outlined first. Despite high energy 
costs, Europe continues to represent a central market  
in the battery world. Besides Germany, Hungary is  
developing as a major center of battery production. With 
increasing capacities in cell production, new opportuni-
ties are opening up in module and pack production.  
This applies to both the automotive sector and the  

direct vicinity, companies dedicated to quality assur-
ance can be found. Innovative companies are develop-
ing novel approaches to increase cell quality while more 
established companies can transfer their experience 
from Asian factories.
It is also important to note that suppliers of the active 
material as well as of the passive components of a bat-
tery are currently establishing themselves in Europe. 
These companies have recognized that cell production 
depends on stable supply chains. The stability of these 
supply chains can be significantly increased.
Also, many recycling companies are being opened in  
Europe. With these companies, it may be possible to 
establish recycling concepts here in the medium term.  

battery test centers in another one. If we support each 
other in the development of new projects, we will  
succeed in making the European battery industry  
robust and ensuring long-term security of supply with 
this essen tial component of our future mobility.

To make this happen, it is necessary that European and 
national governments continue to support battery re- 
search. According to a study by the English portal  
“Verdict”, jobs in the battery sector are the most difficult 
positions to fill in the technology industry. In Germany, 
this is exemplified by the fact that individual vehicle  
manufacturers want to recruit a total of 20,000 skilled 
workers for battery production by 2030 but have only 
been able to fill around 1,000 positions so far. Training 
of such experts usually takes place as part of funded 
research and development projects. Therefore, it is  
essential that universities, scientific institutions, and 
companies are supported in initiating publicly funded 
research projects.

I also warmly invite you to contribute your experiences. 
The Battery Atlas is planned to be a continuous publi-
cation in which additions and completions are always 
welcome. Therefore, please do not hesitate to contact 
us with questions and comments. We will be pleased to 
be at your disposal.

Best regards,

developing stationary storage sector. Due to these  
circumstances, machine and equipment manufacturers 
became established in Europe. In this area in particular, 
you need to be able to provide appropriate references. 
These can be established much more easily if the  
customers (battery cell manufacturers) are also located 
in Europe, so that the advantages resulting from local 
presence can be exploited. Module and pack manu-
facturers can also benefit from local proximity. In the 

By no means all batteries have to be recycled after  
their first use. Some cells are often good enough to  
be transferred to a second-life application. 
Once developed, each lithium-ion battery must go  
through various acceptance and performance tests  
before it is approved. Since many companies are  
currently developing batteries at the same time, this 
leads to a very high testing effort. In conclusion, this 
Battery Atlas also focuses on battery test centers.

Battery cell
production
as of
May 2024

PL: 115 GWh
2025, Wroclaw 115 GWh

Authors: Gerrit Bockey & Prof. Heiner Heimes
(PEM RWTH Aachen University)

Σ = 1,1917 GWh + X

ES: 140 GWh

2027, Noblejas 20 GWh
202X, Sagunt 60 GWh

2027, Vitoria-Gasteiz
10 GWh
2025, Navalmoral de la
Mata 50 GWh

NL: 1 GWh + X 2023, Europe
1 GWh + X

All data are based on the maximum annual capacity
at the theoretically highest expansion stage

IT: 118 GWh

2024, Terevola 8 GWh
202X, Termoli 40 GWh

2024, Italy 70 GWh

SB: 80 GWh

2027, Subotica 48 GWh
2032, Serbia 32 GWh

202X, Erfurt 14 GWh

2020, Willstätt 2.5 GWh

2027, Überherrn 24 GWh
202X, Lauchhammer 16 GWh

202X, Grünheide 100 GWh

2026, Salzgitter 40 GWh

DE: 353.5 GWh

2024, Reutlingen 1 GWh

2030, Kaiserslautern 40 GWh

2026, Heide 60 GWh

20XX, Ellwangen 2 GWh
202X, Nordhausen 0.5 GWh

2026, Flintbek 10 GWh

20XX, Germany 43.5 GWh

CH: 7.6 GWh
202X, Frauenfeld 7.6 GWh

CZ: 15 GWh
2025, Horní Suchá 15 GWh

BE: 3 GWh
202X, Seneffe-Manage 3 GWh

PT: 45 GWh
2028, Portugal 45 GWh

LV: X GWh 202X, Riga X GWh

FR: 174.5 GWh

2029, Douai 30 GWh

2030, Douvrin 40 GWh
2030, Dunkirk 50 GWh
20XX, Quimper 1.5 GWh

20XX, Dunkirk 48 GWh

2023, GB 10 GWh + X

202X, Coventry 60 GWh
2030, Sunderland 35 GWh

202X, GB X GWh

GB: 145 GWh + X

2026, Somerset 40 GWh

EU: 150 GWh + X

2030, X GWh
202X, Europe X GWh
2030, Europe 120 GWh

2025, Skelleftea 60 GWh

SE: 110 GWh + X

2026, Gothenburg 50 GWh

202X, Borlänge X GWh
2030, Skövde X GWh

HU: 215.3 GWh

202X, Göd 40 GWh
2028, Komarom & Ivancsa
47.3 GWh

2025, Debrecen 100 GWh
2026, Debrecen 28 GWh

202X, Nyiregyhaza X GWh

RO: 22 GWh 2026, Galati 22 GWh

Published by:

2028, Agder 43 GWh
2025, Mo i Rana 29 GWh

2024, Rogaland 10 GWh
2026, Trondheim X GWh

NW: 82 GWh + X

202X, Europe 30 GWh

SK: 50 GWh
2020, Voderady 10 GWh
202X, Šurany 40 GWh

FI: 90 GWh

202X, Kotka 40 GWh
202X,Vaasa X GWh

2030, FI 50 GWh

2030, Douvrin 5 GWh

Battery system
manufacturing as of
April 2024

Authors: Gerrit Bockey, Prof. Heiner Heimes (PEM RWTH Aachen University)

Published by:

CZ: 2023, Mladá Boleslav2020, Nosovice

CH:

2018, Schwyz 2018, Winterthur

2023, Bitterfeld

2012, Kamenz
2020, Untertürkheim
2022, Brühl
20XX, Sindelfingen

2021, Leipzig
2022, Regensburg
2020, Dingolfing
2025, Irlbach
202X, Straßkirchen

2022, Kirchardt

2020, Thale

2008, Thale

2010, Wildpoldsried

2021, Ludwigsfelde

2000, Karlstein

2019, Sachsenheim
2021, Leipzig

2022, Grünheide

20XX, Ingolstadt
202X, Böllinger Höfe

2013, Braunschweig

2023, Heusweiler

2008, Darmstadt

2021, Arnstadt 2025, Göttingen2016, Stockdorf

2025, Nürnberg

2026, Ellwangen

1996, Nordhausen

2019, Flintbek

2030, 
Kaiserslautern

2017,
Aschaffenburg

2006,
Schorndorf

2020, Itzehoe
2019,
Mönchengladbach

2021, Achern

2019, Glauchau

2011, Paderborn

DE:

IT:

2019, Turin

2012, 
Sant'Ilario d'Enza
2011, 
Pont-Saint-Martin

2017, Modena

FR: 2021, Poitiers 

2023, Billy-Berclau
2019, Brassac les Mines

AT:
2015, Kalsdorf

2022, Bad Leonfelden

2014, Rainbach i.M.

BE: 2020+2022, Gent
2018, Brüssel
2025, Wallonia

IR: 2015, Lakeview

NW:
2019, Trondheim 201X, Godvik

LT:
2014, Vilnius

LV:
2022, Riga

PL: 2020, Jawor

2022, Gdansk

2024, Warszawa
2019, Breslau 

2010, Gliwice  

2000, Gliwice  
1992, Warszawa  2025, Gothenburg

2023, Södertälje 
SE:

2014, Wittenberg 

2023, Herne

2023, 
Hildburghausen

RO:
2027, Timisoara 2016, Bucharest

BG:
2023, Rousse

ES:

2021, Valencia
2021, Figueruelas

2026, Navarre

2025, Martorell

2012,
Aschaffenburg

202X, Szeged 
HU:

2024, Iváncsa2019, Göd 202X, Debrecen

2025, Debrecen

202X, Marcali

202X, Szeged; 2017 Komaron

2017, Künzig
2024, Iggensbach

GB:
2021, Hams Hall 2021, Sunderland

2010, Wantage
2024, Banbury

EU:
2027, Europe

FI:

2022, Salo
2024, Uusikaupunki

2022, Tampere

2022, Aachen

SK: 2020, Trnava

CR: 2016, Sveta Nedelja

NM: 2024, Skopje

GR: 2016, Xanthi

2010, 
Kleinostheim

NE:

2017, Helmond
2012, 
Nieuw-Vennep

2013, Haarlem

Battery equipment
manufacturers
as of May 2024

Published by:

Sweden Finland

33

2

2
1

1
1

2

11

1
1

1

6

1

41

15
11

55

6

Electrode manufacturing

Cell assembly

Cell finishing

Module & pack production

Poland

2
1

Germany

Spain

Atmosphere conditioning

6
2

1

2
1
1

Authors: Gerrit Bockey & 
Prof. Heiner Heimes 
(PEM RWTH Aachen University)

AustriaSwitzerland

Italy

2
2

5
5

2

Great Britain

Belgium

France

Netherlands

Denmark

1

Hungary

3
1

1
1

Active Material Suppliers Battery Test CentersRecycling Companies 

Battery active materials
(extract) as of
April 2024

202X, Spremberg, LiOH

50

4

32

10

15

10

20

72

12

4030

1

10

40
50

34

300

10

24

Authors: Jan Felix Plumeyer, Gerrit Bockey
& Prof. Heiner Heimes (PEM RWTH Aachen University)

40

X

Σ = 1,156,150t + X,000t 

GB: 104,000t

20XX, Cornwall, Li2CO3

20XX, Basington

202X, Abingdon, AAM

2025, Teesside, LiOH

2026, Basington
2024, Sawston, XNO

Cathode active material (CAM)

Raw Materials

Precursor cathode active material (pCAM)

Anode active material (AAM)

AAM2023, Broek op Langedijk, Si
NL: 300t

CAM
BE: X,000t

2022, Engis, LFP

22

108

80

ES: 25,000t

2023, San Jose, LiOH

2023, Sabon, Si

2030, Europe, CAM
20XX, Europe, CAM

20XX, Europe, CAM
20XX, Europe, AAM

EU Projects

FR: 34,000t

2028, Beauvoir, LiOH
202X, Alsace, LiOH

DE: 96,000t

2023, Bitterfeld-Wolfen, LiOH
2024, Guben, LiOH

2025, Insheim, LiOH
202X, Speyer, LiOH

2022, Schwarzheide
2021, Weimar, LFP

202X, Wiesbaden, C

202X, Spremberg LiOH

CH: X,000t IT: 80,000t

2023, Cesano, LiOH

AT: 10,000t

1908, Bodio, C

RO: 24,000t

2029, TBA, LiOH

HU: 108,000t

2025, Debrecen

2025, Czech Republic, LiOH

CZ: 22,500t

PL: 10,000t

2023, Nysa

EE: 300,000t

2030, Tallinn, C

FI: 140,550t

2025, Finland, NiSO4

2027, Kokkola, LiOH

NW: 71,800t

2025, Mo i Rana, LFP
2023, Porsgrunn + Herøya, C

2021, Kristiansand, NiSO/Co

SE: 40,000t

2025, Sundsvall, Si-AAM
2025, Borlänge, CAM

46

44

40

10

2030, Cornwall, Li2CO3

20XX, Cornwall, Li2CO3

2022, Wolfsberg, LiOH
PT: 90,000t

2017, Leixões, Li2O
2026, TBA LiOH

2030, TBA 

2025, Erzgebirge, LiOH

2025, Finland

2027, Finland

202X, Stade, LHM
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Battery testing
as of
February 2024

Salzbergen

FreiburgF ib

Sandersdorf-Brehna

Munich

Blomberg

Kaufbeuren

Kaufbeuren

Garching

Loxstedt-Stotel

Saarbrücken

Ludwigsburg

Offenbach

Stuttgart

Sailauf

Nürtingen

SpijkenisseEnschedeArnhem

Poland

Warsaw

Spain Switzerland

Biel/Bienne

Authors: Niklas Kisseler, Gerrit Bockey & Dr. Heiner Heimes (PEM RWTH Aachen University)

Bochum, Nürtingen,
Unterschleißheim

Plattling

Norway

Halden

Sweden

Stockholm Södertälje

Finland

Uusikaupunki

Bad Friedrichshall,
Weihenbronn

Munich

Tolosa

AachenAachen

Aschaffenburg

Karlstein

Valladolid

Betzigau

Netherlands

Great Britain
Wednesbury

Wednesbury Leatherhead

Nuneaton

France

Saint Quentin
en Yvelines

Bordeaux, Chambéry,
Grenoble, Le Cheylas

Italy

Turin

Germany
Published by:

Landau

Bruay-la-Buissière

Ulm

Vienna Graz

Hartberg

Austria

Traboch

Maurik

Silverstone

Rastatt

PfinztalPfi t l

Osny

Gothenburg,
Nykvarn, Borås

Bedford

Winterbach

Barcelona

Silverstone

Augsburg

WürzburgWü b

Zwickau

Reggio Emilia

Shoreham-
by-Sea

Eisenstadt

LIB recycling 
projects EU:
May 2024

Published by:

Sweden
125,000 2030

20,000 20XX

Skelleftea

Halmstad

Netherlands
Rotterdam 10,000

Great Britain
Teesside 50,000 2026

Devon
Minworth 5,000

Darlaston 20,000

100

Belgium
Hokoken 7,000
Olen 100,000 2025

Dour 20,000

France
Dieuze X

Saint Quentin 1,000 5,000 20XX

Dunkirk 50,000 2025

Amneville 7,000

Harnes 10,000

Spain
Cubillos del Sil

Navarra

Erandio X
Alicante 45,000 20XX

8,000 20XX

Norway

Italy
Portovesme 50,000 20XX

15,000 20XX

2,000 2025

20,000 20XX

Poland

Bukowice

Legnica 3,600

X

Bulgaria
Medet 8,000

5,000 20XX

Turkey
Kocaeli 10,000

Fredrikstad 70,000 2025

10,000 20XX

Moss 10,000

Kristiansand X

12,000

Based on official 
announcements,

Recycling until black 
mass or metal 

precursor 
All values in tons/year

Finland
Harjavalta X

Ikaalinen 5,000 20XX

XNivala 800 3,000 20XX

10,000

X

Grenoble X

Germany

Krefeld

Chemnitz

XHamburg

Schwarzheide

Wendeburg 3,000

4,000

200

Hettstedt 20,000

Zwickau

Kuppenheim 2,500

Gera-Cetzschwitz

Bremerhaven

Wernberg-Köblitz 9,000

3,500

10,000

Aachen 120

München 90,000 2027

Baudenbach

Hilchenbach

Heide

X

7,500 2026

20,000

X 20XX

Aue 7,000

Kirchardt

Meppen 20,000

3,000

10,000 20XX

Magdeburg 10,000 30,000 20XX

Wimmis 580

Freienstein X
Biberist 10,000

Switzerland

10,000 2025

Newport X

X

2,000 2025

Authors: Natalia Soldan & Dr, Heiner Heimes 
(PEM RWTH Aachen University)

Zawiercie X

Hagen 2,500 15,000 20XX

Wolverhampton 3,800

Battery Quality Assurance Companies Passive Battery Cell Components Companies Second-Life Battery Companies

Germany

Authors: Gerrit Bockey & Prof. Heiner Heimes 
(PEM RWTH Aachen University)

Norway

Great Britain

Published by:

Netherlands

Switzerland

Austria

Sweden

France

EU battery quality assurance 
companies as of 
May 2024

Italy

Electrode manufacturing

Cell assembly

Cell finishing

Module & pack production

50
22

9

16

1
1

1

2
1

1
1

2

3
2

1

1

1
2

Finland

11

Belgium

11

2
1

Denmark

1
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Netherlands

Ireland

Europe

Belgium

Published by:EU companies associated with 
passive battery cell 
components 
as of February 2024

France

Germany

Portugal

United Kingdom

Authors: Benedikt Späth, Jonas Gorsch,
Prof. Heiner Heimes (PEM RWTH Aachen University)

AustriaItaly Hungary

Poland

Switzerland

Sweden

Gloucester Holmes Chapel

Waterford

Utrecht

Brussels

Colombes
Gardanne

Sevran

Mozelos

Wollerau Zola Predosa

Finspång

Stalowa Wola (2024)
Dąbrowa Górnicza &

Various locations in Europe

Tatabánya
Nyíregyháza

(2024)

Cell housing components

Foils

Tapes, coatings & insulators

Gaskets

1

10

7

9

4

1
2

1

22

11

11

2

1

2
1

11

1
2

11

2
1
1

* Multiple company 
listings possible

Nantes

Obertshausen

Georgenthal

Essen

Oberkirch

Mainz

Düsseldorf

Nürnberg

Weinheim

Roth

Dettingen

Limburg

Löchgau

Eschenbach

Berlin

Loipersbach

Korntal-Münchingen

Achern-Fautenbach Grevenbroich

Neuwied

Oegstgeest

Wickede

Kirchardt

Zug

Norderstedt

Leverkusen

Marsberg

London

Vienna 

Eskilstuna 

Nyíregyháza Page 1 © PEM Motion GmbH 2021 

Collection

Transportation

Testing & diagnosis

Disassembly

Integration & installation

Published by:

Authors: Merlin Frank & Prof. Heiner Heimes (PEM RWTH Aachen University)

United Kingdom

Spain

NetherlandsSweden

FinlandNorway Europe

Germany

European 
companies 
associated with 
second-life batteries 
as of May 2024

European 
companies 
associated with 
second-life batteries 
as of May 2024

Belgium

Luxemburg SwitzerlandPortugal SlovakiaCzech Republic

∑ =∑ = 80 companies

11

1
3

4
2
3

1 1

32

2

2
2

33

3 1
1

1
1
1

2
2

22
2

1
1

1
1
1

2
2

2

1
2

22

2

1
1

2
1

1

1
1

1

1 1

4

2
1

5

5
6

4

5

1 1

22

3

10
10

29
19

19

3
3

3

AustriaItalyFrance

PEM of RWTH Aachen University
Prof. Dr.-Ing. Heiner Heimes
Member of PEM Institute Management

Phone  +49 241 80 230 29
E-mail  H.Heimes@pem.rwth-aachen.de
Web  www.pem.rwth-aachen.de

Are you interested in 
an exchange of ideas? 
Feel free to contact us!
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BATTERY CELL MANUFACTURERS

INITIAL POSITION
Until recently, Europe has not played a major role as a 
production location for battery cells – but technical  
innovation as well as stable and promoting political 
framework conditions are making Europe more  
and more attractive as a new market place for battery 
production. Due to the importance of the battery cell 
along the process chain of an electric vehicle and Eu-
rope’s OEM density, Europe will become the next hot-
spot. In order to meet the increasing demand for battery 
cells in the automotive sector alone, 900 gigawatt-hours 
(GWh) of battery capacity could be needed there by 
2030. Therefore, around 40 battery cell production facto-
ries are being planned or are already under construction. 
The planned activities are spread all over Europe. In ad-
dition to European manufacturers, producers from Asia 
and America also want to help shape the battery world in 
Europe. Compared to the Asian cell manufacturing com-
panies who mostly concentrate on the production of 
cells, the European market sees many collaborations 
and joint ventures between large car manufacturers and 
cell producers. In addition, there are new start-ups from 
Europe. From Asia, it is mainly cell manufacturers al-
ready established at home which are entering the Euro-
pean market. The goal of those newly planned battery cell 
production factories is to decrease further production 

production facilities outside Germany. Hungary and Po-
land experience the highest percentage growth. Mean-
hwile, leading all-solid-state battery (ASSB) companies 
are considering gigafactories in Europe. Late in 2022, first 
companies are no longer looking towards the end of the 
decade, but are planning based on a ten-year program.

ANALYSIS
Compared to 2020 with a 25 GWh production volume 
per year, an increase to approximately 2,000 GWh is  
expected to be realized in Europe by 2030. Therefore, 
the production capacity is increasing by a factor of 50 
due to the planned activities in Europe. It is safe to say 
that the majority of the planned battery cell capacities 
will be covered by European players. European  
projects account for around 1,084 GWh of the planned 
activities. 
In comparison, Asian and American cell manufacturing 
companies are planning to install 673 GWh and 100 GWh 
respectively. Compared to the other areas of origin, Euro-
pean cell manufacturing companies are planning overall 
smaller production projects in relation to the total capac-
ity to be produced. The planned projects of the Asian and 
American cell manufacturing companies are character-
ized by being fewer but larger. Approximately 25 of the 40 
projects in Europe are attributable to European players, 
nine to Asian players and one to an American player. The 
top three countries where battery cell production facto-
ries are being built are Germany with 462 GWh, followed 
by the UK with 135 GWh and Norway with 125 GWh. 

costs and therefore the cell costs in order to improve 
competition of electric vehicles against those with inter-
nal combustion engines. Important factors are the scrap 
rate reduction throughout the process, the processing 
improvement of higher energy material (e.g. nickel-rich 
cathode material), and the reduction of CO2 emission  
within the production process. It is already becoming 
evident that a characteristic of the European factories 
will be a high degree of digitization to tackle the ad-
dressed goal and to improve the production process. But 
these activities are also facing some challenges during 
planning and ramp-up of the production factories. The 
main challenges regarding building up these battery cell 
production factories in Europe are the following topics:

• Limited availability of production technologies  
for gigafactories 

• EU environmental standards to be met, 
including the use of low-carbon power sources as  
well as standards for sustainable production

• Long-term raw material supply in Europe

UPDATE
Global capacity increases to two terawatt-hours (TWh). 
While the number of companies fluctuates due to  
en ergy costs, more companies are expanding their  

Other activities are planned in Italy, France, Hungary, 
Spain, Poland, Serbia, and Slovakia.

OUTLOOK
Europe is currently in transition on its way to becoming a 
battery cell production hotspot. In addition to the cell 
manufacturers and joint ventures already existing in the 
Asian and American markets, a large number of new 
companies and joint ventures is being established in Eu-
rope. The challenge for European players is to build up 
the production factories and to achieve a fast ramp-up 
to keep up with the production speed in Asia. A main 
price reduction of the European battery cell is to be 
achieved through the design and optimization of the 
production process. Digitization and process parameter 
optimization in particular play a decisive role. Therefore, 
the production plants have to be designed by including 
new digitization concepts and strategies. So far, only a 
minority of European companies has produced a bat-
tery cell “made in Europe”, and some planning projects 
in Europe have already been cancelled. The coming ye-
ars are decisive for the development of Europe as a si-
gnificant location in the battery sector and thus also for 
the competitiveness of a battery cell “made in Europe”.

Battery cell production in Europe is  
picking up speed to meet the growing 
domestic demand for battery cells.

Battery cell
production
as of
May 2024

PL: 115 GWh
2025, Wroclaw 115 GWh

Authors: Gerrit Bockey & Prof. Heiner Heimes
(PEM RWTH Aachen University)
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Mata 50 GWh

NL: 1 GWh + X 2023, Europe
1 GWh + X
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2024, Italy 70 GWh
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EU: 150 GWh + X

2030, X GWh
202X, Europe X GWh
2030, Europe 120 GWh

2025, Skelleftea 60 GWh
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2024, Rogaland 10 GWh
2026, Trondheim X GWh

NW: 82 GWh + X

202X, Europe 30 GWh
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2020, Voderady 10 GWh
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202X,Vaasa X GWh
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2030, Douvrin 5 GWh

Source: www.battery-atlas.eu; abstract, no claim to completeness
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MODULE AND PACK MANUFACTURERS

INITIAL POSITION
The European market currently has a growing number 
of cell manufacturers and battery cell plants. As men-
tioned before, there is a large gap to the Asian manu-
facturers. In terms of module and pack production, this 
gap between Asian and European manufacturers is 
narrowing. This is particularly evident in the automotive 
groups which have active supply contracts for battery 
cells from Asia to meet the demand for electric vehicles 
(EVs). When analyzing the registration numbers in rela-
tion to the population of electric vehicles, it becomes 
apparent that Europe allows significantly more EVs. 
Since the use of individual cells in electric-powered ve-
hicles is limited, these cells must be bundled into mod-
ules and packs. Individual companies, as well as cell 
manufacturers and direct end users, have specialized 
in these processes.
In the map shown above, these end users are manu-
facturers of cars, buses, and trucks as well as statio-
nary energy storages. Accordingly, it is not surprising 
that a large number of the companies shown here  
already have existing plants and are not yet in the  
planning or design phase. In general, module pack  

ANALYSIS
As mentioned at the beginning of this chapter, some 
companies already have module and pack manufactur-
ing as they source or have sourced their cells externally 
and are assembling them into modules and integrating 
them into packs. Some of this manufacturing is done by 
OEMs. However, it should be emphasized that these  
have just started manufacturing modules and packs in 
the last few years or will be doing so in the future. Other 
companies are or were active here earlier. In 2010, only 
four companies were active in this area. Since then, the 
demand but also the supply of manufacturing sites has  
increased significantly. In 2020, there were already 55 we 
can identify on this map. By 2024, the total number of  
manufacturing sites by these companies may grow to 
over 80. This means that the number of manufacturing 
sites by these companies has more than quintupled from 
2010 to 2020 and more than doubled in the following four 
years. When looking at the companies, one not only  
notices the much talked about OEMs, but also battery 
cell manufacturers that produce their own modules. This 
takes place both at the direct manufacturing location of 
the cells and at other locations in 
Europe. As in other maps, Ger-
many is a center of concentration 
for many companies, whereas the 
Scandinavian countries have high 
potential and in some cases larger 
plants with higher capacities.

production can be divided into about eleven production 
steps, ranging from an initial inspection of the cells to 
an end-of-line inspection. 
The processes differ depending on the type of battery 
cell used. Due to regulations, low-voltage modules are 
usually handled, from which the packs are ultimately 
assembled by connecting the modules in series and 
parallel. 
 

UPDATE
Since the first edition of the Battery Atlas in 2022, some 
companies have been added to the map. This includes 
new project announcements from OEMs, newly founded 
start-ups in the field of module and pack produc tion, 
and existing projects that were not previously listed. In 
total, about 30 additional companies or locations  
were identified.

OUTLOOK
Currently the joining to modules and packs is done one 
after the other. In addition, the topic of “Cell to Pack” or 
“Cell to Chassis” or even “Cell to Vehicle” is strongly 
discussed. From this the market of module and pack 
production can change strongly. When considering  
large volume cells, any interconnection is no longer 
necessary or is greatly reduced. The use of cells as an 
integral component of the electric vehicle can also in-
fluence the process sequence and thus affect the mar-
ket. The direct integration of cells into the vehicle can 
consolidate the position of the automobile manu-
facturers, but suppliers could also integrate cells into 
components and continue to participate in the market. 
It therefore remains to be seen which trends will prevail 
in cell formats and what changes such a radical devel-
opment will lead to. There is no doubt that module and 
pack production is directly dependent on the battery 
cell and the respective cell chemistry, which in turn has 
an influence on a large number of components.

The number of production sites for modules 
and packs of automotive and cell manufacturers 
is steadily growing and is able to further increase 
the market shares of OEMs through new cell 
formats.

Battery system
manufacturing as of
April 2024

Authors: Gerrit Bockey, Prof. Heiner Heimes (PEM RWTH Aachen University)
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Source: www.battery-atlas.eu; abstract, no claim to completeness
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EQUIPMENT SUPPLIERS

INITIAL POSITION
The rising global demand of electric vehicles led to a 
huge jump in need for batteries. Various battery pro-
duction sites are ramping up to match these demands. 
To serve European battery manufacturing, established 
battery cell companies and emerging start-ups have 
announced plans to meet the regional growing  
demands. New battery production facilities will require 
a large amount of machinery and equipment account-
ing for about 60% of the total investment. The battery 
cell production process chain is divided into three  
sections: electrode manufacturing, cell assembly, and 
cell fin ishing. Some of the processes require a high  
level of technological expertise and high-precision 
manufactur ing equipment.
Beginning with electrode manufacturing, the active ma-
terial is mixed with the solvent to form a slurry. Subse-
quent process steps are performed mostly on various 
role-by-role production systems where large metal foils 
are coated with the slurry and dried, followed by calen-
dering and cutting the produced electrodes to the de-
sired dimensions.
In cell assembly, the fabricated electrodes are formed 
into a cell roll or stack together with the separator and 
then placed in the cell housing and wetted with the 
electrolyte. Given the number of sequential process 

ANALYSIS
In Europe, more than 100 established and newly  
emerging equipment suppliers have already success- 
fully entered the battery market.
The market demand for lithium-ion battery production 
equipment will increase from around €6 billion in 2022 to 
a projected €33 billion.
Especially in the area of electrode manufacturing, where 
some processes such as coating are either unique or 
specific to battery cell manufacturing, more than 40 com-
panies have been able to transfer their expertise from 
other sectors like the textile and packaging industry to 
battery cell production. Specific solutions and techno-
logical innovations enable various companies to enter the 
market.
Germany is playing a pioneering role in the development 
of battery production systems, where numerous compa-
nies in a wide variety of formats are involved in the further 
development of battery production. 
The cell assembly and handling processes are often in 
scope of general automation and manufacturing, allow-
ing established companies to convert and apply their 
equipment systems here accordingly.1

In Europe, only a few companies are currently able to  
make a name for themselves in the field of cell finishing for 
productions on a gigafactory 
scale. 

steps and process atmosphere requirements, the 
equipment is typically fully interlinked in order to ensure 
the necessary throughput and product quality. After the 
battery cell is fully assembled, it is charged for the first 
time within the formation process and examined in a 
series of monitoring mechanisms and the end-of-line 
test. Most electrochemical properties are set during cell 
finishing, which requires a profound process under-
standing.
While only a few years ago the majority of machinery 
was largely provided by Asian equipment suppliers, 
more and more experts are establishing themselves in 
Europe to capture a share of the revenue by becoming a 
key supplier for battery manufacturers. European play-
ers seeking to enter or expand into the battery market 
can leverage their geographic benefits which facilitates 
installation and ramp-up times as well as support and 
service for equipment. Suppliers for industries whose 
operations are comparable to battery cell production 
are in a particularly advantageous position to capitalize 
on technological opportunities. Furthermore, suppliers 
for module and pack production equipment are also  
focusing on innovative solutions for high automation, 
increased productivity, and quality management – from 
cell level all the way to the module and pack.

OUTLOOK
Since most of the Asian battery cell equipment manu-
facturers are already heavily booked with requests, 
they may prioritize orders from established customers. 
As a result, European battery cell manufacturers and 
OEMs entering the market are likely to face equipment 
supply shortages that jeopardize their production 
ramp-up. Securing equipment supplies is a critical suc-
cess factor while criteria such as sustainability and 
quality will become more and more important in the 
procurement process, not just because of the EU Bat-
tery Regulation coming into force. The announcements 
by battery cell and system manufacturers offer great 
potential for equipment suppliers.
• Cell finishing: This procedure forms a large part of 

the overall market in cell manufacturing. Only 5-10% 
of the European companies can serve this market.

• Delivery times: It is expected that equipment manu-
facturers will not be able to increase their capacities 
in line with demand. Already now, delivery times for 
some core processes are more than one year.

• The numerous specialists in the European equipment 
industry should be able to act as general contractors in 
the coming years in order not to leave the market to the 
currently dominant Asian manufacturers.

The numerous specialists in the European  
equipment industry should be able to act as general 
contractors in the coming years and focus on  
modular systems in order to shorten delivery times.

Battery equipment
manufacturers
as of May 2024

Published by:
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ACTIVE MATERIAL SUPPLIERS

INITIAL POSITION
A lithium-ion battery consists of several cells, each of 
which has a negative anode and positive cathode.  
Both anode and cathode consist of a current collector – 
which is different for the positive and negative elec trode 
(copper or aluminum foil) – and an active material. This 
active material can have different compositions and be 
combined in various ways. Most common material  
mixtures are Nickel-Manganese-Cobalt (NMC) or Lithium 
Iron Phosphate (LFP) for the cathodes in combination  
with graphite anodes. The active material combination 
determines the cell chemistry of a battery and is decisive 
for the amount of raw material required in production.  
The raw materials used in a lithium-ion battery include 
graphite, manganese, nickel, cobalt, and lithium2.

• Cathode raw materials obtained through mining and 
refining or battery recycling

•  Manganese extracted by open pit or deep mining; 
ore processed by metallurgical/chemical methods

•  Class I nickel mainly derived from nickel sulfide ores
•  Cobalt concentrates (hydroxides): byproducts of 

nickel and copper mining
•  Lithium: extracted from hard rock mines (processed 

to lithium hydroxide, lithium chloride, lithium  
carbonate) or from salars (processed to lithium  
carbonate and lithium hydroxide).2

ANALYSIS
The highly unbalanced distribution of raw materials for 
lithium-ion batteries means that individual states are de 
facto single source suppliers of certain resources. The 
global raw material distribution of the most important 
active materials in 2022 is shown in the figure above. 

• According to the data, 65% of the graphite for the 
world market is extracted in China as natural graphite 
in traditional mining.

• Manganese ore is mainly mined in South Africa (67%) 
from where it is transported to China for further  
processing.

• Nickel shows the greatest scatter in resource distribu-
tion. Nickel laterite and nickel sulfide are mined in more 
than 30 countries worldwide.3 However, Indonesia and 
the Philippines are the two largest nickel producers 
with 48% and 21% market share, respectively.

• 71% of cobalt is produced in the Democratic Republic 
of the Congo, making this nation the world’s dominant 
supplier.

• Lithium is mainly available in Australia (47%) and  
South America (36%). Australia mainly mines hard rock 
lithium, while South America extracts it from salars.

• The crystals must be processed into precursor 
cathode active materials (pCAM) for CAM such as 
NMC or LFP.

• Graphite (most common anode active material): 
obtained as byproduct of oil refining or from  
traditional mining; demand for silicon is growing

All the described resources are distributed unevenly 
among the different countries of the world, resulting in a 
global supply chain with few suppliers. Combined  
with the precarious social and political conditions in 
some countries, this leads to a vulnerable supply  
chain. These risks play an important role in the assess-
ment and selection of supply chain stakeholders  
and determine the ecological and social footprint of  
lithium-ion battery production.3

UPDATE
Compared to the previous Battery Atlas, one can find a 
much more complete picture of European material pro-
duction above. Besides the main raw materials, electro-
chemically active additives as well as conducting salts 
and electrolytes have been added. Together with new  
announcements and expansion stages, a total quantity 
of more than 1.1 million tons of active material can be 
expected.

OUTLOOK
The US and Germany are the most dependent on mater-
ial supplies for electric mobility from other countries.4 The 
demand for NMC and LFP batteries is on a divergent  
path, with LFP gaining traction due to its lower costs and 
its safety advantages. This is altering market distribution, 
leaning towards technologies that offer economic and 
environmental benefits.5,6 Direct lithium extraction (DLE) 
stands out as a promising but immature technology,  
poised to optimize lithium supply by offering a more effi-
cient, environmentally friendly alternative to conventional 
extraction methods. This innovation is critical in bridging 
the projected demand-supply gap for lithium.7

Sustainability, cost efficiency, and supply chain resilience 
are becoming key market aspects. Battery prices have 
fluctuated considerably over the past two years, with ex-
perts observing the impact of local manufacturing expan-
sions in the US and Europe, alongside production incen-
tives and regulations on critical minerals. Localization is 
expected to introduce new complexities into regional 
battery pricing. The US Inflation Reduction Act and the 
Bipartisan Infrastructure Law are driving substantial in-
vestments in the battery value chain, mirroring efforts in 
the EU.6

The rising production capacity for battery materials in Europe indicates a 
shift towards a more balanced global supply chain, potentially mitigating 
existing raw material availability risks.

Battery active materials
(extract) as of
April 2024
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RECYCLING COMPANIES

INITIAL POSITION
Because of the immense growth rate of electric mobility 
and the associated high consumption of battery raw  
materials, the resource-efficient handling of lithium-ion 
batteries is essential. In terms of the circular economy, 
recycling processes in Europe can reduce dependence 
on raw materials for battery production, as these  
materials are mainly imported from other continents. The 
location of recycling plants plays a strategic role in terms 
of economic efficiency, as transport is one of the highest 
cost factors in the whole recycling process chain.

The new draft legislation of batteries introduced by the 
EU Commission in March 2022 sets requirements for the 
future recycling process. The key points here are the 
overall recycling efficiency of LIBs that is increased from 
50% to 65% latest 36 months after the regulation getting 
into force. After 48 months, the recovery rates should be 
reached for the individual battery raw materials for lithium 
(35%), cobalt, nickel, and copper (90% each). The recov-
ery of lithium should be increased after 96 months of  
regulation coming into effect to 70% imposing a high 
challenge to recycling companies, as their processes are 
currently not designed with the focus on lithium recycling. 
In addition, a minimum proportion of recycled battery raw 
materials will have to be used in newly produced LIBs.8 

recycling and other approaches such as remanufacturing 
and reuse. The number of end-of-life batteries will in-
crease significantly reaching the mark of 290,000 tons by 
2030 underlying the need of recycling capacity in  
Europe (Figure 1). 

The main recycling source of lithium-ion batteries cur-
rently is scrap from battery production, outweighing the 
vol ume of end-of-life batteries until 2029. The country 
with the most recycling players on the European market 
is Germany. The reasons for this development lie in  
the high number of automotive companies as well as in  
the increas ing battery production. Germany’s location in  
the center of Europe provides great advantages for  
recycling companies in terms of short transport routes 
and good logistics infrastructure.
 
A strong increase in recycling of lithium-ion batteries can 
be observed in the north of Europe, according to actual 
recycling capacities and announcements. Based on an-
nouncements until the end of 2022, Sweden will take over 
the leading position in terms of recycling capacity in Eu-
rope by 2030 with a capacity of 135,000 tons per year. In 
the same year Great Britain would be positioned on the 
third place with 78,900 tons per year (Figure 2).

Recycling plants can be distinguished by their recycling 
process and thereby also by the quality of their end prod-
uct. While some companies focus exclusively on the 
recycling process up to the battery active material  
mixture (BAMM) which is also known as the black mass, 
others recycle up to the individual metal precursors. 
There is not yet a fixed definition in which quality the recy-
cled intermediate product must be present to be called 
BAMM. BAMM designates a mixture of anode and/or 
cathode and/or electrolyte and/or other components, ob-
tained during the recycling or recovery process of batter-
ies, possibly containing contaminants. Contaminants are 
all materials that have a negative impact regarding quality 
on the further recycling process and consequently on the 
final product.

The fast market development and new innovations of 
battery design and cell chemistry cause further chal-
lenges for recycling companies. They must be able to 
quickly react to the new battery technology and, if 
necessary, make modifications to the recycling process.

ANALYSIS
In 2023, about 17,000 tons of batteries from electric ve-
hicles in Europe have been returned to the market for 

OUTLOOK
It has become evident that there is an urgency to  
address and adequately handle the rise in lithium-ion 
batteries after their use in the market. Because of its 
strategic location and growing know-how, Europe can 
set the benchmark in battery recycling. The aim is to 
establish a circular economy to ensure that waste  
from batteries is reused in a way that makes battery 
production less resource-intensive overall. For this to 
happen, battery manufacturers must also partake in 
battery return systems to ensure battery materials  
are not lost, collected efficiently and recycled in a  
sustainable way. 

In addition, there is a need for battery recycling plants 
that recover not only the active materials such as  
nickel, cobalt and lithium, but also other metals such 
as aluminum and copper. To be able to have a high 
recycling quote of all materials, the recovery process 
needs to be profitable. For that, battery manufactures 
should adapt the design and materials used in the bat-
tery production for a better recyclability. If European 
nations can establish a circular economy where  
lithium-ion batteries are reused and reapplied, we can  
expect an increase in jobs within the sector, a lower  
environmental footprint, and overall economic growth.

The increasing use of electric vehicles in Europe has been generating  
17,000 tons of recyclable batteries at the end of 2023, rising to 290,000 tons 
by 2030, requiring a significant expansion of recycling capacity, with  
Germany currently leading the way in battery recycling.

LIB recycling 
projects EU:
May 2024
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8 Vorschlag für eine Verordnung des Europäischen Parlaments und des Rates über Batterien und Altbatterien, 
zur Aufhebung der Richtlinie 2006/66/EG und zur Änderung der Verordnung (EU) 2019/1020, März 2022
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BATTERY TEST CENTERS

INITIAL POSITION
Before it is approved for use within specific applications, 
each lithium-ion battery must pass various abuse and 
performance tests after completion of its initial develop-
ment. These tests are performed depending on the re-
spective performance and safety requirements from 
standards or additional extensive manufacturer require-
ments at battery cell, module and/or system level.

For example, the approval of energy storage systems for 
electrically powered vehicles according to ECE-R100 re-
quires the successful completion of a total of ten tests in-
cluding thermal, mechanical and electrical stress investi-
gations. These include vibration and mechanical shock 
tests as well as tests to ensure thermal shock and fire re-
sistance, and verification of protection against over-
charging and deep-discharging. In revision 3, a test for 
overcurrent safety and a documentation requirement for 
thermal propagation have been added. A selection of 
other standard specifications particularly relevant to bat-
tery storage applications include UN T 38.3 as a require-
ment for transporting battery storages by road, rail, sea, 
or air as well as GB 38031-2020 as a safety standard for 
traction batteries of electric vehicles for the Chinese mar-
ket and is therefore also of particular relevance for Euro-

ANALYSIS
The existing test capacities for lithium-ion battery 
systems are currently concentrated in central Europe, 
especially in Germany. A predominant share of the cur-
rently overall available test capacity is still limited to the 
testing of battery cells and small-format battery mod-
ules. In particular, abuse testing of large-format battery 
packs with high-energy content has so far only been 
possible at a comparatively small number of test cen-
ters due to the high-performance and safety require-
ments for the test infrastructure and test environment as 
well as the high initial investment costs. European test 
providers are also increasingly offering tests to validate 
batteries against non-European test standards, such as 
GB 38031-2020, in order to address the requirements of 
the Chinese market for European battery manufacturers. 
Against the background of the expected further in crease 
in energy content at system level, challenges arise here 
in particular for the existing test capacities, which are  
limited in their applicability to battery systems with com-
paratively low energy content. Another challenge is the 
centralized availability of test capacities in order to be 
able to perform all test scopes of corresponding stan-
dards bundled in one place.

pean manufacturers. In addition to the tests defined in 
standards and homologation requirements, test capaci-
ties are also needed to carry out further quality-relevant 
performance tests on battery systems. This includes, for 
example, the (long-term) characterization of battery 
systems during different product development phases.

At the current time, it can be observed that the number of 
companies which are simultaneously developing new  
lithium-ion battery systems is increasing rapidly. As a 
direct consequence, there is a correspondingly high de-
mand for testing capacities. Often, the required test ca-
pacities exceed those available on the market. There is a 
risk that a lack of testing capacity will result in inefficien-
cies in the product development. In addition to fulfilling 
the test scopes required for the approval of battery 
systems in Europe, there is also a need to cover addi-
tional test requirements in order to be able to approve 
products in other regions of the world (e.g. China). In this 
context, the map of test centers is intended to help visual-
ize the availability of potential test capacities as well  
as the establishment of upcoming service providers in  
Europe.

OUTLOOK
The foreseeable further increase in demand for test in-
frastructure for lithium-ion battery systems represents a 
central requirement along the development of a fully in-
tegrated battery value chain in Europe. Due to the rapid 
development in the field of battery technology and the 
updating of standards, this trend is foreseeably intensi-
fied. This opens up the opportunity for companies to po-
sition themselves strategically within this field and to 
build up know-how, as can already be increasingly ob-
served at the present time. In this context, it is important 
for existing and upcoming test centers to anticipate 
developments in the product area as well as to be able 
to design test capacities that meet requirements and are 
economically efficient. This requires intensive monitor-
ing of developments on the market for battery system 
applications as well as collaborations between battery 
test centers and manufacturers of battery systems in or-
der to be able to address future demands efficiently. The 
further development of the relevant international stan-
dards for testing battery systems represents an addi-
tional challenge for the operators of battery test centers.

The increasing number of battery development projects in Europe requires 
the establishment of sufficient test infrastructure in order to be able to 
cover the demand efficiently and to meet developing requirements from 
safety standards.
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BATTERY QUALITY  
ASSURANCE COMPANIES

INITIAL POSITION
The production of battery cells comprises a large number 
of individual process steps. These range from dosing and 
mixing in electrode production to end-of-line inspection 
after pack assembly. Depending on the process step and 
the networking of the production facility, the processes 
are carried out in a reel-to-reel process or as a batch. Op-
timal interaction of the processes is crucial for high quali-
ty and safety in the subsequent operation of the cell. To 
ensure this interaction and the quality of the battery, there 
is a number of quality assurance systems, sensors, 
cameras, and concepts in the field of artificial intelligence 
and the networking of equipment and systems.

Based on public announcements, production capacities 
of up to two terawatt-hours will be created by the end of 
the decade. In addition to the uncertainty of the actual 
construction of these plants, there is also a difference 
between theoretical plant capacity or throughput and the 
actual production volume. This is mainly guaranteed by 
quality assurance systems. For this purpose, different 
systems exist for the respective process steps to check 
individual factors. This check can be performed inline or 

ANALYSIS
Based on research by the PEM chair of RWTH Aachen 
University, there is an approximate distribution of about 
45 percent of quality assurance equipment needed for 
electrode manufacturing, 35 percent for assembly, and 
ten percent each for cell finalization as well as module 
and pack assembly. A similar picture emerges when 
evaluating the manufacturers of such equipment within 
Europe. Especially in the area of electrode manufactur-
ing, companies offer solutions or components. Due to 
non-existing scaling of the sales of the individual com-
panies, this reduces the informative value of the pie 
chart shown here. The same evaluation was deliberately 
chosen for the equipment manufacturers and the quality 
map, illustrating the relationship in an exemplary man-
ner. However, the discrepancy in the number of solution 
providers within the module and pack production com-
pared with the plant engineering map should be empha-
sized. It should be noted here that a conventional pick-
and-place has different quality assurance requirements 
than the web-based process. A large number of the 
companies in module and pack production specialize in 
automation. Identifying an exact differentiation for bat-
tery manufacturing among manufacturers, when they 
do not accurately advertise such an application, is a 
challenge.

by offline measurements. Exemplary quality checks or 
systems to ensure quality in battery production are
• determining agglomerate size and viscosity after 

mixing,
• checking the wet film thickness after coating,
• maintaining the web tension in the drying process,
• checking the porosity after calendering.

Early detection of defects or irregularities allows early 
identification of faults or even countermeasures.  
Depending on the cell shape and module as well as 
pack design, battery production comprises up to more 
than 15 manufacturing steps. In a very simplified view 
and in a fictitious scenario, quality assurance measures 
would reduce the scrap per process step by one percent, 
so output would be increased by up to 20 percent.

 
 
OUTLOOK
As more gigafactories are gradually implemented,  
newer assurance concepts are evolving along with 
them. One of the most important topics in this field is 
quality assurance using artificial intelligence and the  
application of digital twins. Already today, companies 
advertise to equip their production with such data- 
based systems. All the exact interrelationships in the 
production of battery cells are not yet known. Interviews 
with leading industry experts support the statement that 
the expansion of knowledge and the analysis of the  
process as well as the associated interdependencies 
will lead to a reduction in the necessary quality assur-
ance equipment in the medium term.

Over the long haul, it is not yet clear what the minimum 
of measuring equipment will be and what it will look like. 
Whether this will be a surface inspection supported by 
exposure techniques or a porosity analysis of the entire 
web will only become clear as further production lines 
are set up. However, it is already becoming clear that 
companies want to know and track more about their 
product. The exact transfer of information about  
the product and thus the collected measurement  
values within the production, i.e. data, are becoming  
increasingly valuable for the industry.

In the future, plant manufacturers can continue to build on the experience 
of quality assurance experts based in Europe and collaborate on further 
developing battery production.
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PASSIVE BATTERY CELL  
COMPONENTS COMPANIES

INITIAL POSITION
Battery cell components can be distinguished between 
active and passive components. The active components 
are defined as materials which are intended to store or 
transport lithium ions. Therefore, all other materials fall 
within the category of passive materials.

In the automotive industry various types of batteries are 
applied, which primarily differ in geometry and utilized 
passive components. Established in the consumer 
market, the cylindrical cells offer good safety standards 
and comparably the most advanced industrialization, 
resulting in the lowest manufacturing costs. Packaging 
density on module or pack level and high relative weight 
of the robust, deep drawn nickel-plated steel housing 
can be counted as disadvantages of this cell type. 
Mean while, prismatic cells use housings made of alu-
minum in a prismatic shape. High possible energy den-
sities and flexible size opposes the lower level of indus-
trialization. The housing of pouch cells on the other 
hand consists of an aluminum composite pouch foil wi-
th a lower weight and volume including a lower structu-
ral integrity compared to the other cell types. Pouch 

ANALYSIS
The approximated maximum market potential in Europe 
of currently 700 million euros is small in comparison to 
eight billion euros in Asia. The vast majority of the pas-
sive component suppliers today is based in Germany, 
followed by France and the United Kingdom.
While there is already a value chain for materials – such 
as aluminum for casings, singular components, or  
collector foils – to supply the Asian battery market in 
place in Europe, there are still gaps to fill to be able to 
support the growth of a European value chain for pas-
sive components. For example, not a single company 
with large-scale can manufacturing experience could be 
identified offering deep drawn aluminum cans for  
prismatic cells in Europe.
To analyze the passive battery component market, the 
upstream supply chain for these passive components 
needs to be considered. Depending on the component 
and applied processes, specific material is needed as 
input. The required key materials are:
• Cell housing components:  aluminum alloys, 

copper alloys, and nickel-plated steel
• Foils and separators: aluminum alloys, copper 

alloys, polypropylene (PP), polyethylene (PE), 
polyethylenterephthalat (PET), and ceramics

• Tapes, coatings, and insulators: polypropylene 
(PP), polyethylene (PE), polyethylenterephthalat 
(PET), and ceramics

• Gaskets and sealings: electrolyte resistant rubber

cells are characterized by their high energy  
density but more difficult mechanical, electrical and 
thermal module integration.

The cell housing assembly of the prismatic and the cylin-
drical cell includes multiple components. Besides the  
actual casing such as overpressure vents, terminals, and 
current interrupt devices, the pouch cell housing only 
consists of the pouch foil and the cell tabs. The current 
collector foils and separators can be found in all three cell 
formats. Tapes, coatings and insulators can also be used 
in all cell formats. Adhesive tapes are applied in pouch 
cells for holding the electrode stack in place as well as 
creating an electrical insulation. Due to its shape, insula-
tion rings are utilized in cylindrical cells along with insula-
tion sleeves for its lateral surface. Insulator bags and  
tapes are used in prismatic cells. Gaskets find application 
as lid-to-can gaskets in cylindrical cells and termi-
nal-to-busbar gaskets in prismatic cells. The sealing of 
pouch cells is instead done by impulse or contact weld-
ing, so that no additional gaskets are required.

OUTLOOK
Even though the passive components of a battery cell 
make up less than 15% of the cost of a lithium-ion  
battery, to meet the European battery marketʼs 
expected growth of more than 70 times by 2030, in-
creased focus on the passive components is needed.  
Beside the components themselves, the upstream  
supply chain needs to be considered to be able to  
support the need for battery- and process-specific  
alloys and materials.

As of now, there are few suppliers able to provide  
complete assemblies or packages of passive compo-
nents for a specific cell type. Therefore, a way forward 
could be more integrated suppliers of passive battery 
cell components. A challenge for this integration and the 
growth in general is the trend towards more individual 
battery sizes and formats requiring each component to 
be customized for a specific cell design. This challenge 
is amplified by the extensive upfront tooling cost  
needed for most of these components.

Commitments of European cell manufacturers to Euro-
pean passive cell component suppliers in early develop-
ment phases could enable a parallel scaling of the  
manufacturing capabilities. This would also enable a 
European supply chain growth and competitiveness  
with larger and more integrated players from Asia.

The passive component market in Europe needs significant upscaling to 
reach the expected and announced growth rates of cell manufacturers.
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SECOND-LIFE BATTERY COMPANIES

INITIAL POSITION
Based on the manufacturers’ descriptions and the ex-
isting literature, once electric vehicle (EV) batteries  
reached 70% to 80% of their nominal capacity, their role 
as EV first-life batteries ends due to degradation effects. 
The associated drop in performance of the battery 
system depends on numerous factors – such as power 
load, number of cycles, climatic conditions, etc. – and 
can vary greatly. The individual cells also generally age at 
different rates, with the performance of the modules 
being determined by the weakest cells and the perfor-
mance of the overall battery system by the weakest mod-
ules.9 This degradation is estimated to be happening after 
about eight years of usage or equivalent to 100,000 miles 
(160,000 kilometers) of travelling. However, the retired  
EV batteries, even with lower state of health (SOH), could 
still be repurposed in other applications such as  
grid-scale photovoltaic plants, peak shaving, production  
smoothing, or frequency containment reserve (FCR). In 
those less requiring applications, batteries are estimated 
to have another six to ten years before reaching the “End 
of Life” (EOL).10

Beside this typical “second life” case, there are several 
other cases for EV battery repurposing, such as recalls, 

ANALYSIS
A supply chain of aged batteries from their first use to 
their second-life application consists of five steps. After 
the batteries have reached the end of their first use, they 
must be collected and further transported to a suitable 
reprocessing plant. After transportation, the batteries’ 
condition is diagnosed based on different tests. Cur- 
rently, there are no standardized test procedures for  
second-life batteries, which means that different test 
scopes can be carried out for condition diagnosis, also 
depending on battery pack or module level. However, in 
many cases it is more efficient to disassemble the bat- 
tery pack before testing to obtain more accurate test  
results, even if this leads to higher repurposing costs. 
After these steps, second-life batteries are offered on the 
market and transported to the customer for integration.

As the figure above shows, all parts of the supply chain 
are covered by different companies. Most of the compa-
nies in the EU are associated with the testing and diag-
nosis of second-life batteries as well as disassembly  
and storage integration. Both processes are primarily 
performed by companies that provide storage systems, 
but these services are not always outsourced. Fewer  
companies, on the other hand, focus on the collection 
and transport of aged battery systems. However, most  
companies are serving multiple parts of the second-life 
supply chain in parallel. Hereby it must be considered, 
that even though many companies can be associated 
with “second life”, only a small 
number of them operate exclu-
sively in this area.

R&D batteries, and production scrap of battery modules 
and packs. Thus, the market provides much higher 
amounts of returning batteries for stationary second-life 
applications than expected. This is why second-life busi-
ness cases are starting to gain traction, with companies 
commercializing second-life storage systems or making 
them a part of their supply chain. However, the deci sion-
making process for transitioning from primary, first-life 
applications to second-life usage is not well understood. 
Several studies have been conducted that consider the 
benefits of repurposing EV batteries in stationary applica-
tions before recycling. An economic value of second-life 
batteries cannot be confirmed in general terms since 
each battery system has a different degradation condition 
due to individual usage phases, cell chemistries, and 
system architectures. At the same time, there are multiple 
application areas that a stationary storage system could 
serve, generating varying levels of revenue streams. Also, 
individual application areas can be combined flexibly in 
some cases, resulting in unique revenue structures which 
are influenced by the dynamic energy market. Against this 
background, the individual assessment of the economic 
benefits of second-life battery systems is necessary to  
increase the attractiveness of repurposing scenarios.

OUTLOOK
While both the registration and the production numbers 
of electric vehicles in Germany are increasing contin- 
uosly, the processing of obsolete battery systems is  
only in development and still offers a lot of uncertainty 
about future business models. Focusing on battery re-
purposing, uncertainties related with the state of the 
battery, the different ways and requirements for adapt-
ing the battery to a new application, and difficulties in 
analyzing the economic and environmental benefits 
complicate the transition from first to second life. In ad-
dition, there are several potential pathways for batteries 
once they reach the end of their first life. Beside repur-
posing in second-life applications, a common pathway 
is to build a refurbished battery from aged modules 
which is then reused in mobile applications such as ve-
hicles. Beside the slowly increasing return flow rates, 
the aforementioned uncertainties represent a barrier to 
the replicability and scalability of the implementation of 
second-life batteries.

At the same time, it should be considered that the  
second-life market is just beginning to develop. Con-
tinuously increasing return volumes will force the market 
to evolve and form economically stable supply chains – 
finally improving the sustainability of traction batteries 
while in parallel increasing their technological value.

Batteries returning from electric vehicles will 
create a separate market, as many systems are 
still functional and can be used in stationary 
applications with lower requirements.
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ACTIVE MATERIAL SUPPLIERS

PASSIVE BATTERY CELL COMPONENTS COMPANIES

SECOND-LIFE BATTERY COMPANIES

1. Global distribution of battery raw materials is uneven, leading to supply chain vulnerabilities and a strategic  
 need for diversified sourcing to enhance stability.
2. With a focus on cost reduction, manufacturers are shifting their attention to active materials that are readily  
 available and cost-effective, which influences market preferences and production strategies.
3. The EU is scaling up its production capacity for active materials, signaling a push towards self-reliance,  
 with a projected annual output now surpassing one million tons.     

BATTERY TEST CENTERS

1. The high demand for battery test capacities leads to capacity bottlenecks and delays development.
2. The increasing number of battery development projects and evolving battery standards require additional  
 testing capacity.
3. At the present time, there are only a few test centers that can offer all the necessary certification tests from  
 a single source.

RECYCLING COMPANIES 

1. In 2023, approximately 17,000 tons of electric vehicle batteries in Europe will have to be recycled or repurposed.
2. By 2030, the number of end-of-life batteries in Europe is expected to reach 290,000 tons, highlighting 
 the need for increased recycling capacity.
3. Germany currently has the most recycling companies on the European market due to its high number  
 of automotive companies and increasing battery production.

SUMMARY

BATTERY CELL MANUFACTURERS

1. To meet the demand for battery cells in the automotive sector in Europe, 900 GWh of battery  
 production capacity are needed in 2030.
2. Main players on the European cell production market are Asian cell manufactures, European cell  
 manufacturers/start-ups, and joint ventures between car manufacturers and cell producers.
3. To improve the production process, digitization will be an important characteristic of European factories.

MODULE AND PACK MANUFACTURERS

EQUIPMENT SUPPLIERS

1. The module/pack manufacturer market consists of cell manufacturers, automotive manufacturers, and suppliers.
2. Cell manufacturers are planning to increase module and pack production, while automotive manufacturers  
 are converting existing production facilities.
3. In module and pack production, vertical integration is currently taking place in some cases, but classic  
 supplier relationships still exist.

1. Germany is playing a pioneering role in the development of production equipment for future battery production.
2. European equipment manufacturers should focus on modular systems in order to shorten delivery times and  
 adapt to customer demands.
3. The numerous specialists in the European equipment industry should be able to act as general contractors  
 in the coming years.

BATTERY QUALITY ASSURANCE COMPANIES

1. Europe can secure the entire process chain through resident companies.  
2. The number of companies that can actually cover every single process and support them with AI  
 will increase.  
3. By building a broad process understanding, the amount of quality equipment for plants can be  
 reduced.

1. Every battery cell format needs custom-designed and format-specific passive battery cell components.
2. The European market for passive battery cell components has an approximated growth potential  
 of 75 times until 2030.
3. Partnerships between cell manufacturers and passive component manufacturers in Europe could   
 enable simultaneous scale-up of production capacities. 

1. The second-life supply chain can be divided into five different steps: collection, transportation, testing  
 and diagnosis, disassembly, and final integration.
2. Even though many companies can be associated with the “second life” sector, only a small amount of them  
 operate exclusively in this area.
3. The industry is slowly preparing for a strong increase in battery return volumes expected for the next decade.
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