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FOCUS OF THE CENTER

sustainable
production

weight reduction of vehicles

low-emissio

in use and prolonged electric vehicle technology
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reuse and
recycling
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Overview of LET centers focus topics and addressed systems
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INFLUENCING FACTORS

Decarbonization/Reduction of CO,

. in the transportation of persons and goods

. in the manufacturing including re-use/circular economy

. in the construction industry including re-use/circular
economy

Digitalization / Industry 4.0
. in the manufacturing
. of infrastructure

NATIONAL/INTERNATIONAL FRAME

Horizon Europe

. Green Deal

. Cluster 5 “Climate, Energy and Mobility”

. Partnerships: 2zero, Clean Aviation, Batteries Europe, ...
Strategies & Roadmaps

. Research, Technology and Innovation Strategy for
Mobility (Federal Ministry Climate Action, Environment,
Energy, Mobility, Innovation and Technology)

. #upperVISION2030 (local government of Upper Austria)
. Austrian long-term strategy 2050

. Eco-Mobility 2015plus

. Electromobility in and from Austria implementation plan
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Key Figures

Competence Units

Research Fields

Ranshofen

LKR

22 M EUR turnover 10

160 employees

0
28% Contract research
339, Cooperative research
39% Strategic research

47% European funding
5304 National funding

330 Projects per year

316 Clippings per year

Staff Center LET

& < & & & & &
& ) Qe?’\ \(s“{' cﬁ\\jRQ & 2 Ol ‘gf‘&
& <& & &
<& <Q ) ‘sb
& 8
e”b
o
58
RS
Number of projects® exceeding € 70k 69
Number of patents granted 13
Number of peer-reviewed publications (journals 140
and conferences)
of which number of peer-reviewed 74
journals with SCI
Number of completed co-supervised PhD theses 16
3
Rate of female project leaders** >1



LABORATORIES / INFRASTRUCTURE

Drive testing Road laboratory | Safety observation

Environmental testing
laboratory laboratory

Battery materials Battery- testing
laboratory

research laborator

) o /

Material testing & Forming laboratory Casting laboratory Additive manufacturing Acoustic laboratory Mobile seismic
characterization laboratory simulator laboratory
laboratories

Further laboratories / infrastructure planned:

+ Solid-state battery research pilot line

* New road laboratory RoadSTAR NEW

» Expansion of the wire-based additive manufacturing lab



BATTERY CELL TECHNOLOGIES
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Solid-state battery processing:

reuse and

- Strain mitigation * Impi in - Greal p :
conductivity recycling | | i h b d | | | ] h
- Faster ion diffusion and - Reduceing side reaction - Synergy with graphite * electro yte proceSSIng on y r 'po ymel’ electro ytes wit
Slecyon e e + Increaseing fracture « Calenderable for high ceram | cs
resistance electrode density

o . + Scaling laboratory processes towards industrially relevant cells
Development of Lithium-ion battery material

coatings and interface stabilization //////////////// 5
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WHY THE EU WANTS CELL PRODUCTION

Current situation

Asian share of Li-lon production >80%

EU battery production for automotive sector is just a part
of the value chain

B e e e Sy

Million cars

HEV, PHEV, EV & E-Bus
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Market development

* Up to 5-10% market share for electric passenger

cars by 2020

* Cells account for >50% of Modul/Pack level cost
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FROM CONCEPT TO CELL PRODUCTION

Schematic of the Overall Battery R&D Process from Conception to Production

Concept Generation

Staffing One

Materials Batch Grams

Advanced
Concept Validation Research Applied Research  Development Development
Anideaina Scale-up Lab/pro®type Confirm research Design initial
creative mind experiments cells results cell product
Limited Characterize Initial map of Establish initial Design and
exploratory fundamental performance, product format construct unit
laboratory properties of rate, cycling, operations
experiments concept, chem.  temperature, etc. Develop unit
composition, assembly Scale-up
Establish structure, etc. Scale-up of operations prototype cell
repeatability of material fabrication
performance Evaluate size preparation Make, test, and
of commercial characterize 5 to Run3to5
Is there a market?  gpportunity Preliminary 10 cell lots of sizable pilot
market scope 100 cells each line-factory trials
Construct Finalize
business plan business plan
Market
development
Timing One to three years  One to three years Three to four years Three to five years  Two to four years
Two to four Four to ten Eight to sixteen Twelve to thirty
10t050¢ 100 g to 1 kg 1kgto10 kg 10 kg to 100 kg

) Production

10-19!!

s

Rosa Palacin, Battery2030+ excellence seminar,

01.02.2022
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COST BREAKDOWN AIT
AUTOMOTIVE LI-ION BATTERIES

Pack 4% Cathode materials greatly influence the overall battery costs.

Cathode
16%

Cell production

3204 Why??

*  Raw materials
* Production and mining

Anode + Lower specific capacity compared to graphite (anode)
10%

Cost reduction via...

+ Synthesis route

Other Electrolyte «  Composition
materials 12% - Enlarged voltage window -
11% g ge _ Energy density
* Increased specific capacity

Separator 15% -
+ Long term stability



DECREASE IN TOTAL CAPACITY AS INACTIVE AT,

MATERIAL IS ADDED

Cross-cutting areas -
Manufacturability and recyclability

A\
I |
MATERIAL ELECTRODE BATTERY CELL BATTERY PACK END OF LIFE
I
Vv

Y%
Accelerated discovery of interfaces
and materials - BIG-MAP

Smart functionalities -
Sensing and self-healing

https://battery2030.eu/digitalAssets/860/c_860904-I_1-k_roadmap-27-march.pdf
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WHAT IS THE FUTURE?

To enhance the lifetime and safety of batteries

Materials Acceleration Platform

Battery Interface Genome

Essential to secure new
sustainable materials with high
energy and/or power
performance and that exhibit
high stability towards unwanted
degradation reactions. Special
attention must be paid to the
complex reactions taking place
at the many material interfaces
within batteries

\%
o

MEDICAL DEVICES

\S1 &Y

) ,9\;\‘\\ON OF SMART rUNCT’O""AL , Oq

Uesi 3C, Can the new materials be
upscaled in a sustainable
way?

Can we recycle the new
cell concepts suggested?

STATIONARY
ENERGY STORAGE

E-MOBILITY

ATE-NpyTRAL

Battery 2030, Inventing the sustainable batteries of the future, Research Needs and Future Actions



KEY COMPONENTS OF ESTABLISHING A g | | P—
BATTERY MAP

Machine learning modules
for automated analysis

Manufacturing &
testing

Inverse computational -
lesign of battery materials / 1.(:,

- L.
and interfaces x__/

==
Databases and I«. Novel battery
dataint common  mm = «* materials & interfaces
ata-infrastructure ——

Al-orchestrated
discovery

Autonomous robotics
for materials

Multiscale simulations | @

and physical models | |

g

Operando characterization of
battery interfaces

https://battery2030.eu/digitalAssets/860/c_860904-I_1-k_roadmap-27-march.pdf



BATTERY SENSORS

GPS satellite
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Optical fibre

A

Other

arameters
P || Outlet Optical fibre

Cu Separator Cathode
Anode
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SENSING IN BATTERY

Other

Hydrometer
Fiber Bragg grating

Ampere-hour meter

Potentiometer
Evanescent wave
spectroscopy
Ammeter

Other fiber optics

Strain gauge

Thermocouple

Load cell

Pressure transducer RTD
Heat flux sensor
Isothermal

calorimetry

Thermistar
Thermography

https://battery2030.eu/digitalAssets/860/c_860904-I_1-k_roadmap-27-march.pdf



SELF HEALING MATERIALS
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M Lithiated silicon
materials

W Self-healing coating

Wang et al., “Recent advances on self-healing materials and batteries”, Chem. Electro.
Chem,, 6, (2019), 1605 - 1622




SYNERGY BETWEEN BATTERY SENSING AND

HEALING

issue in the system

https://battery2030.eu/digitalAssets/860/c_860904-I_1-k_roadmap-27-march.pdf



RECYCLING AND 2NP LIFE

SUSTAINABLE ESSENTIAL Oy fiasateris
LEAD BATTERY Q9% #sneoes
INDUSTRY

=
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(1) BATTERY 2] LEAD
MANUFACTURING BATTERY LEAD BATTERY

AW . istribution 5 COLLECTION RECYCLING
MATERIALS 80% Recycled S INFRASTRUCTURE ”

Material in
New Batter: Retail Stores
. o Mechanics '. 9
Dealerships
REPLACEMENT Repair Services
QUTLETS
& RETAIL

=P
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< < S <
Safe, Infinite Recycling Through an Established Circular Network

Essentialenergyeveryday.eu, 2019
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» Potential circular economy model for lithium batteries.

PRODUCT
USE

reuse 05 4 04 i

PRODUCT
END OF LIFE

15
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GLOBAL BATTERY RECYCLING MARKET FORECAST 2020-2028

Regionally, Europe accounted for

> z
largest revenue share of E Nickel
battery recycling market in 2019. = :
w i
I s S
] Lead Acid !
> l
o i
Asia pacific is anticipated to be = '
the fastest growing regional market X W
@ Lithium-ion !
over the forecast years. § |
==
T Transportation I Consumer Electronics [— Industrial
Growing automotive sector Growing consumer Growth of the global energy
creates high demand for electronic sector in storage systems market is
batteries which further drive emerging economies is estimated to increase the
the demand for recycled O expected to drive demand recycling of industrial
batteries over the forecast for battery recycling in batteries over the

TRANSPORTATION ~ CONSUMER R INDUSTRIAL coming years.
ELECTRONICS
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Research pilot line
In a nutshell...

SSOLITH
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R&D on energy storage technologies:

From cell manufacturing and prototyping,
through material & component screening,

simulation to cell testing.

Pouch cell production facilities for
small series up to 10 Ah/cell

in Austria‘s only dry room



POUCH CELL PRODUCTION
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Our mission:
Sustainable electrification of the

automotive sector...
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3BELIEVE AS EXAMPLE PROJECT

(1) secure access to raw malterials from outside the EU,
accessing secondary raw materials through recycling;

(2) support European battery cells manufacturing at scale
and a full competitive value chain in Europe: bringing key
industry players Member States and the European
Investment Bank together;

(3) strengthen industrial leadership through stepped-up EU
research and innovation support to advanced (Li-ion) and
disruptive (e.g. solid state) technologies;

(4) develop and strengthen a highly skilled workforce in all
parts of the battery value chain;

(5) support the sustainability of EU battery cell
manufacturing industry with the lowest environmental
footprint possible, (e.g. renewable energy in the
production);

(6) ensure consistency with the broader enabling and
regulatory framework;

20
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3BELIEVE AS EXAMPLE PROJECT

= ———) 'S — =
Gather requirements Component Design (Component
& Development Integration
Design CRM-free Integrate cell - — =
high-energy cell with sensors _ Recycling n
— A\~ _ - N — A IT 2nd Life Performance ’l
—_— Develop sensors Produce & I Degradation Study JI
J— assemble | B _—
Manufacturmg | demonstrators IL 1st Life Performance jl
Derive Develop module, (cells, modules, _
l 5“:;:‘12::“ pack, cooling system, packs) Demonstrate process
BMS R . .
— —— industrialisation
c protocols Integrate inline
Develop inline quality control
Circular qualit_y control system to pilot
Economy __equipment | coating line _
L J
[ " Manufactunng Recycling
Legend —_— —————————p ™
KR1: Stable, safe, KR3: 3belLiEVe KRb5: Test results
cobaltfree 5V cell demonstrators and Open Research
Data

KR4: Operating KR6: Models for

—_———— ~
KR?: ?ensors —jol=—-) strategies to industrialisation of
optimized for use 3 increase cell
in Li-lon batteries lifetime and UBE

Key Results

(KR)
manufacturing

processes
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ELECTRODE AND CELL PRODUCTION - CATHODE AR

NMP based

Coating speed: 0.5 mmin-

Uniform double-sided coatings of
~2.5 mAhcm=2, 200 pm

Compacted to 2.6 gcm3 (R2R @ 85 °C)

e

3BELIE V

65-70 wt% dry content

LNMO >92
Super C65 <5
PVDF

(HSV-900) <4

* -
N Ag
b !

T

v/ /S S S S S



AI I AUSTRIAN IN STITUTE
OF TECHNOLOGY

ELECTRODE AND CELL PRODUCTION - ANODE R
w15, EE
40-48 wt% dry content =
Water based SIC 793
Super C65 <2
CMC
(Walocel) <2

SBR (Zeon) <2

Uniform double-sided coatings of 2.33
mAhcm-2 (4.38 mgcm-2), 130 um

Compactedto 1.1 gcm=3 (R2R @ 80 °C)

SIS S
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POUCH CELLS

« 3,5 and 7 layer pouch cells tested
» Capacity of ~0.5 to 1 Ah per cell

* [Interaction of all materials in full cell
& reproducibility

 Integration of optical sensors

» Achieving 450 Wh/L at prototype,
but challenges in cycle life

S
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ANODE COMPARISON

Nominal 4.7V, stack energy density

Similar initial energy density @C/10
Energy density of LMNO//Gr

higher @C/2, especially until cycle
100

After cycle 150 energy density is on
the same level

Optimised electrolyte for the
LMNO//SIC system

500

AIT_3Believe_Cycle C/2, CCCV, 3.5t049V

400 %

(3

o]

<
1

Energy density [WhL™']

—v— LNMO4 - Ref Gr - HVE
v LNMO4 - SiC - HVE

T T T I B R T | I | T T T

T
20 40 60 8 100 120 140 160 180 20
Cycle Number
25




ENERGY CONSUMPTION OF CELL MNMT
PRODUCTION

Source: VDI/VDE, study 2021

GHG emission battery production

=

£ 200 -

—

=

% o150 1

8

=

= 100 +

=

=

i

E 9]

e

2 0
Kochetal. Koch et al. VW Emilsson &  Emilsson & v Emilsson & Emilsson & MNorthwolt  Northvolt
(NMC111, (NMC111, (NMC111)  Dahllaf Dahlléf [NMCB22, EE) Dahlaf Dahllaf {max) {min)
max) min} (MNMC111,  [NMCB11, {NMC111, (NMCE11,

miax) max) min) min)

Energy consumption of cell production based on NMC cathode materials

Depends on many factors

» Factory scale

* Region and climate

» Cell size and format 26



HOW TO ACHIEVE GREEN CELL
PRODUCTION?

Reduction of inactive materials
* Increased energy density

Energy efficient processes
» Solvent free or reduced processing
* Dry room environment reduction

Raw materials
» CRM-free cell chemistries

Longevity and Recycling
« Smart Cells and Cell Design

Reduction of
inactive materials

Raw materials
selection

AI I AUSTRIAN INSTITUTE
OF TECHNOLOGY

Energy efficient
processes

Longevity and
Recycling

27



REDUCTION OF INACTIVE MATERIALS
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Challenges of thick electrodes Multilayer approach
* Delamination Variation of:
* Binder migration Active materials
* Residual solvents Porosities
* High resistance Binder content
»  Poor electrochemical performance etc. ...
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DRY ROOM OPERATION ENERGY Py | | Pr—
CONSUMPTION

—

B—?—l Dry room usage is highly energy consuming

Energy can be reduced by strategic planning
r M - Place (e.g. Oslo)

Opero’rlon fime - Positioning of the equipment
Surfoce area

Economic & environmental assessment Production-throughput independent KPIs
140
@ . ]
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Source: Vogt, TU Braunschweig, CIRP Conference, 2021. m?-h



IMPACT OF ENERGY OPTIMISED PROCESSES

Potential energy and cost reduction from sustainable Li-ion cell production.

Conventional Proposed new Potential energy Potential cost reduction
production process process/concept reduction
NMP-based slurry Solvent-reduced H-O 0.4% 4-6%
preparation based slurries
Conventional electrode Thick electrodes with 25-30% 20-25%
thicknesses high areal capacity

>4 mAhcm™
Electrode coating with Single-unit approach of 2% 4%
following drying unit and | drying and compacting
compacting electrodes
Mechanical electrode Laser-cutting of 3-4% 2-3%
cutting electrodes
Dry room for slitting, Energy-efficient drying 15-20% 10-12%
stacking, electrolyte unit and direct transfer to
filling production steps electrolyte filler
Electrolyte filling in One-step filling with less 0.2% 5-10%
several steps and under electrolyte amount
vacuum
Conventional formation Improved energy and time 1-2% 8-10%
and ageing efficient formation and

ageing procedures
Conventional scrap rate Reduced scrap rates n.a. 1-3%

of 5%

of maximum 1%

8.00E+00
7.00E+00
6.00E+00
5.00E+00
4,00E+00
3.00E+00
2.00E+00
1.00E400

0.00E+00

Source: EMPA, Green Batteries Conference 2021.

Climate change impact (kg CO2 eq/ kg cathode paste)

-19%

Baseline: NMP solvent water-based paste

dry process

M LFP precursor production LFP cathode paste production
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RECENT TRENDS

Scrap rate

minimisation

UV curable
binder

Protective
Coatings

Laser processing

Freestanding
electrodes

Spray
deposition

Design 4
Manufacturing

Solvent-free
electrode
manufacturing

Design 4
Recycling




EXAMPLE #2 BATWOMAN PROJECT

Raw
materials

Slurry
mixing

Compacting

Electrode
cutting

Sustainable materials® supply chain
Reduction of electrolyte, solvents and other inactive
materials

Water-based slurry processing
Increase of dry mass content

Processing of highly viscous slurries for anode and
cathode

Compacting and electrode drying in a combined unit

Laser-cutting to increase cell performance and
efficiency

32



EXAMPLE #2 BATWOMAN PROJECT

Electrode
drying

Cell
stacking

Electrolyte
filling

Formation
& ageing

Degassing
& sealing

Development of energy efficient drying concepts in
stack configuration

Combined cell stacking and electrolyte filling

Improved wettability and accelerated
filling process through 3D patterned electrodes

Digitally-driven improvement of cell formation &
ageing procedure

Safer, sustainable BatWoMan cell with increased
lifetime

33
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COLLABORATIVE NETWORK — CURRENT EUROPEAN PROJECTS
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NETWORKING ACROSS EU

The objective of the LIPLANET Network of research pilot lines for lithium battery
cells is to create a European innovation and production ecosystem

Map the European R&D battery cell pilot lines

Create inventory of pilot lines h ~

Identify skills and equipment gaps
technologies, scales & expertise 8 oy qaaip gap

Conduct round-robin tests to Develop a roadmap for the network
compare qualification methods Lol to support European industry
Issue recommendations to Promote mutual data and knowledge
policy makers * exchange between network members

Promote the network activities f:] 5’ ﬁ Provide training materials

Define a standardized legal framework for network members -
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