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Fraunhofer-Gesellschaft, the largest organization for applied research in 
Europe

◼ Application-oriented research for immediate benefit to the 
economy and to the benefit of society

◼ 72 institutes and research units

◼ 26,600 staff 

◼ €2.6 billion annual research budget totaling. Of this sum, 
more than 
€2.2 billion is generated through contract research

◼ Roughly two thirds of this sum is generated through 
contract research on behalf of industry and publicly 
funded research projects 

◼ Roughly one third is contributed by the German federal 
and Countries governments in the form of base funding

Fraunhofer

IPA
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Fraunhofer IPA
with an interdisciplinary organization, more than 1,000 Employees
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Laboratory Infrastructure at Fraunhofer IPA

wet coating dry coatingmixing

assembly - laser welding, electrolyte filling
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Center for Battery Cell Manufacturing
Adding manufacturing competencies 
to the research networks

Stuttgart

Ulm

Freiburg

Karlsruhe

Ellwangen

Universities of Applied Science

Industry
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Center for Battery Cell Manufacturing
Researching the entire value chain

IoT-Architecture and Digital Services

Modelling and Simulation (Digital Twins)
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Battery Cell Manufacturing in Europe
Motivation

Poland – Breslau 15 GWh/year

Germany – Erfurt 14 GWh/year

Hungary – Budapest 2.5 GWh/year

Sweden – Skellefteå 32 GWh/year

…

Global production capacities by 2030 ca. 1.200 GWh/year 
(estimate)

Political goal for production capacities in Europe by 2030 ca. 360 GWh/year
(Goal: 30 % of worldwide production capacities to be located in Europe)

≙ ca. 10 new Gigafactories (à 30 GWh/year) in Europa

Source: Production capacities taken from Manager Magazin (2018) 

p
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Battery Cell Factory Sites
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Current situation in battery manufacturing
Manufacturing process quality – ratio between good and reject parts

Good 
90%

Rejects 
5%

Objective 1: 

Less wastage

Objective 2: 

No money in rejects

Objective 3: 

Higher capacity

Electrode manufacturing Assembly Conditioning Testing
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What is „Digital Twin?“

intelligent digital prototype of a real product, system or process 

Data Akquisition Simulation Virtual representation of the physical product

Establish real-time, two-way connection

between 

physical and virtual product

Integration Data Collection

Source: Qi, Q. et al. 2019. Enabling technologies and tools for digital twin. Journal of Manufacturing Systems
Tao, Fei, et al. 2018 "Digital twin-driven product design framework." International Journal of Production Research
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What is „Digital Twin?“

intelligent digital prototype of a real product, system or process 

✓Model Based System Engineering

Real

Life

Measured

and reported Data

Historical Data,

Simulation and
Control 

Virtual

Life 

Operational and
driving conditions

+

Driver profile

Digital Twin
Real Life

▪ Example: EVs Battery Cell, Module or Pack
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Manufacturing

Multi-Hierarchy Digital Twin

Usage & End of LifeDesign

Digital 
Twin

Cell

Digital 
Twin

Digital 
Twin

System

Module

product life cycle
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Application

Process

Manufacturing

Process Digital Twin

Usage & End of LifeDesign

Digital 
Twin

Cell

Digital 
Twin

Digital 
Twin

System

Digital 
Twin

A
h

time

Application specific load behavior
(Reference cases) 

Digital 
Twin

Module

product life cycle
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Testing Decision SupportModelling

Digital Twin Technology – State estimation for battery cells
Determination of battery states

*Source: Myall, D.; Ivanov, D.; Larason, W.; Nixon, M.; Moller, H. (2018) Accelerated Reported Battery Capacity Loss in 30 kWh Variants of the Nissan Leaf.

Cell Module

Design of Experiments

Machine Learning (ML)
Model

Regression Model

Physical Model

SoH
100 %

90 %

80 %

70 %

0 2 4 6 8 years
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Digital Twin Technology – State estimation for battery cells
Determination of battery conditions

SoH
100 %

90 %

80 %

70 %

0 2 4 6 8 years

Machine Learning 
(ML) Model

Regression Model

Physical Model

Artificial Neural network

Amount and 
Quality of Data

Production Data Measurement Method Data processing Method

Impedance 
spectroscopy

Ah- Counter

selects
decides chooses

chooses

predicts
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Reuse, Remanufacturing, Recycling
Battery Disassembly 

Pyro- und Hydro-
metallurgic
Recycling

Cell 
Manufact.

Module 
Manufact. 

Pack
Manufact.

Delivery of
EoL-Batteries

Usage
(1st/2nd Life)

SoH-Analysis
?

Condition

Manual
disassembly 

Shredding of 
battery cells

Adaptive u. 
automated
Dis- and Reass.
(Partly)

Repair

Adaptive u.
automated
Disassembly
(Full)

State of the art

Reuse Module (selective)

Reuse Cells (selective)

?

Application

Module

Cell

Raw material

Decision

Pack

Data and
Information 

Management
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Reuse, Remanufacturing, Recycling
Battery Disassembly 

R1 R2

Pack Öffnen Pack De- und Remontieren

Battery pack cover

Batterie-
deckel

Vorhaltefläche
Anbauteile

Battery pack
(open)

Battery pack
(closed)

Test &
Analysis
Module

Test & 
Analysis

Pack

??

i.O. i.O.i.O.

?

n.i.O
Kat. 3

n.i.O
Kat. 1

n.i.O
Kat. 1

n.i.O.
Kat. 2
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Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2

2019 20212020

Requirements & Concept Solution & Implementation Test & Demonstration

VARTA  Test & Demonstration

TP 2 Scientific evaluation of digitalization concepts

TP 3 Verification and integration of the digitalization concepts 
in VARTA CoinPower

ZSW
Electrodes

TP 4 Research on electrode materials and components for high-performance cells

TP 5 Scaling of high-performance electrodes and 
demonstration in LIC 21700

TP 1 Markt Analysis and Technology Assessment

IPA
Digitalization

& Electrodes

Ongoing Projects:
DigiBattPro 4.0 - BW
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Source: Max Weeber, Günther Riexinger – Fraunhofer IPA



© Fraunhofer IPA

27

Digital Quality Management & Traceability
Data Acquisition Technology – Example Electrode Manufacturing

Source: Carsten Glanz – Fraunhofer IPA

Labeling Measurement 1 Measurement 2

◼ Technology: Laser printer

◼ Results: Data matrix code

◼ Challenges: Printing at high machine 
speeds

◼ Technology: Visual Camera

◼ Parameter: Detection of pinholes

◼ Challenges: High Resolution 
needed to detect agglomerations

◼ Technology: 3D Laser line sensor

◼ Parameter: Coating thickness – Height 
anomalies - Edge position and gradient

◼ Challenges: High data acquisition 
frequency – Synchronization of data –
Requires high color sensitivity
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Februar 2019

Prozessvisualisierung – Digitaler Zwilling

Systemintegration u. AutomatisierungstechnikEntscheidungsfindungLogistik

Verpackung

Test &
Qualifizierung

Kunden
(Komponenten)

Anlieferung

… für Geschäftsmodelle, Condition Monitoring und Produkttraceability

Quelle: Fraunhofer IPA

Prüfung & 
Diagnose

Geschäftsmodelle 
u. 

Rechtliche Rahmenbedingungen

Lieferant

(Ausbau)

Plattform und Datenmanagement

Pack-
demontage

Kunden
(Reststoffe)

Reinigung

Auslieferung

Modul-
demontage

Zell-
demontage

Demontagegerechtes Design 

(Design for R)
Reuse, Refurbishment, Remanufacturing

IndustriebeteiligungOngoing Projects:
DeMoBatt: Automated Battery Disassembly 
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Contact

◼ Dr. Duygu Kaus1

duygu.kaus@ipa.fraunhofer.de
+49 711 970-3672

◼ Max Weeber1

max.weeber@ipa.fraunhofer.de
+49 173 2014 729

◼ Prof. Dr.-Ing. Kai Peter Birke1,2

peter.birke@ipv.uni-stuttgart.de
+49 711 685-67180

1 Fraunhofer IPA, Center for Battery Cell Manufacturing

2 University of Stuttgart - Institute for Photovoltaics, Electrical Energy Storage Systems
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