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The Challenges

LITHIUM-ION CELL TECHNOLOGY NOT 3

% HIGHER DEMAND FOR BATTERY
SUPPLIED BY EUROPEAN INDUSTRY

ELECTRIC VEHICLES (BEVs)

HIGH ENERGY CONSUMPTION OF _FIGREEM ¢ USE OF ENVIRONMENTALLY
SINGLE PRODUCTION STEPS HARMFUL SUBSTANCES

=H5rPeeD

LOW ENERGY DENSITY ) { HIGH COSTS OF LITHIUM-ION CELLS
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Funded by
the European Union

The greenSPEED Approach

Al supported coating
process
Optimised
4 current collectors

Low CO, formation process

Simulation supported
\ cell integration

Simulation supported
jelly roll winding
I l Technology demo
4 A = in 21700 &
Q’ stacked pouch cells

i"o

Dosing &
Mixing

Winding & Electrolyte Electrical

el CEIENEElil Assembly Filling Formation

close2market materials Pre-lithiation Innovatlve_ (_alectrolyte
additives

Pure silicon anode — dry process
new technology
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Introduction - Anode Tasks and Partners

- Si/C composite produced by wet process
- Pure Si anode produced by MW-PECVD

Drum Side ,
e Electrolyte Slde

a0 ‘g x
3‘*._ ¢ ,,"\""""'x\ﬁm LG

Cu foil modification/development

HELMHOLTZ-INSTITUT
MUNSTER

IJ JULICH

Forschungszentrum

Prelithiation experiments Si/C & Pure Si
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Anode Development

G-Si (>60wt%) | NMC811

1,0 — e ' T - T - T - 1T - T - T *r T 100

0,9 - 90
> i
o 0,8 ----- R R B B B A B e e T — 80
S | - 1. =
T 07} Baseline cell 170 <
O i (=Gen0) | c
o o
9 016 B = 60 "E
S | 1. ¢

u 450 @

5 0,5 _ _ 5
© >
= 0,4 140 £
N . 1.0 &
-(_—tj 0’3 | | : -4 30 ]
c 1.  improved capacity of the anode . O
o 02 e 7120
- 2. Modification of the electrolyte ]

0,1 - -4 10

3. modified substrate (Cu) ]
D’D ) ] ) ] . ] ) ] ) ] ) 1 ) 1 ) 1 . 0

-50 0 50 100 150 200 250 300 350 400
Cycle No
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Si (dry processed) | NMC811

105

1. improved capacity of
the anode

2. Modification of the
electrolyte

100

95

90

85 f

80

0 50 100 150 200 250

Cycle number #

G-Si Anode
LJ pure Si Anode
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Anode Development — Prelithiation

G-Si

Start Prelithiation ___ Prelithiation Step

N T I T

120% = R2R prelithiated Anode: G-Si (>60 wt%)

100%
X
p
O 80%
|_
Z
=
w 60%
4
E © 0 0 0 o 0 0 (¢
2: 40% . I WD ¢
o
<
)

20%

0%

0 100 200 300 400
CYCLE NO.
Without pre.lith. O~ With pre.lith.
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Anode Development — Prelithiation
pure Si O
te or l'e’
—O— Ref. —0O— Preli5% —O— Prelil0%
@ @ @ @ 35 ©-— CE_Ref. & CE_Preli5%  — & CE_Preli10%
@ @ @ Anode
® ® >
Electrolytic solution @ @ & 3
£ S
Dissolve the Li salt to the solution % 995 )
! : 8
— W]
Applying electric field toward the anode side ey 25 &
5 2 T
} a 99 2
Taking the anode to the pouch cell S £
— o
g
< 2 o
98.5
15 : Small bath prelithiation - Anode: pure Si (dry processed) o R
0 50 100 150 200
Cycle

Nonlithiated area Lithiated area
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Introduction- Cathode Tasks and Partners

ARKENA V
speira

Adopted binders and current collectors as well as active material
for the dry extrusion and roll-to-roll transfer process

Dry extrusion of the cathodes

,o.a,:f
.( v~ ‘,.'. ol ; :'fl;.‘.":" "f
U Digital twin of the dry extrusion process

greenSPEED Success Story Public - BEPA BATT4EU webinar 12




Cathode — Process Overview

Extrusion

Powder mixing: Extrusion and R2R
transfer:

All powders are

premixed dry in tumble Homogeneous paste

mixer is created and coated

- Homogeneous dry directly on the current

mix dosed into extruder  collector

Removal of ethylene
carbonate:

Ethylene carbonate
serving as processing
additive and pore
forming agent is
removed

greenSPEED Success Story Public - BEPA BATT4EU webinar
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Calendering:

Electrode is
calendered to target
porosity

13



Cathode — Process Overview

/Dosing
« Powder or granules
* No NMP - highly
toxic and expensive
\_ solvent is avoided

Extruder

Extrusion process

» Highly efficient: fast

» Continuous

* Low-maintenance

« Small dead volume
\_ Easy to scale

greenSPEED Success Story

The ZSW solvent-free extrusion process

SW
—

K'Slot die coating
« Efficient production of a flat
composite film
* Thick electrode - high areal
capacity
* Roll-to-roll application
K—)Suitable for mass production

/

~
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€ No drying step )
Binder migration avoided

Reduced process time

High safety and cost are reduced

Saving of ~50% of overall energy

demand in electrode production /

Customized
passive
materials from

Calender

. ~ Roll-to-roll

-1 project partners
Areal mass

scanner ‘

Public - BEPA BATT4EU webinar
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Cathode - Challenges

Main challenges:
4 Uniform film thickness, not too thick films
< Homogeneous shape of edge, quality of edges |::>

41 Adhesion between current collector and extrudate

s acl

] . I
4 Mechanical stability of extruded films towards bending ...k of a sample with poor

edge quality
< Matching the desired loading on both sides

greenSPEED Success Story Public - BEPA BATT4EU webinar 15
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Cathode — Results and Outlook

Main achievements:
4 Influence of binder type on processability & mechanical stability elucidated

Composition, screw speed and extrusion temperature were optimized

Adhesion to current collector optimized by using primered aluminium foil

el

Electrochemical performance improved by optimized
composition

4 Stable process enabling double side coating established
4 Digital twin involving the different process steps created

- Beneficial parameters predicted

S a‘ A
Double side coated electrode
from stable process

greenSPEED Success Story Public - BEPA BATT4EU webinar 16
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Introduction - Cell Tasks and Partners

- Apdapted Electrolyte by variation of salts and additives

\{ VARTA

- Developed electrodes are integrated; different cell formates (pouch
& cylindircal)

g (VE]| @ vehicle

e
O
AVL 3

- Electrochemical performance testing & safety testing

AVL 3z

greenSPEED Success Story Public - BEPA BATT4EU webinar 17
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greenSPEED’s Cell Approach

)

N
© ©

o Multilayer Pouch Cells Cylindrical Cell 21700

Up to 2 Ah 4.8 Ah (C/10), 4.3 Ah (C/3)
4,5
70,000 Cycle life: 3,0-4,3V

Anode G-Si: C _cn 4
Wet-processing 30060
H2 evaluation during ' _ 35
mixing, Cell gasing < ?5:
Cycle life ~200 L 2000 A s e

5 & 2

£ 40,000 § g 2,5

e

S 41% E S
Anode Si: @ 30,000 - = € S ®

= P © S L
Dry Process Q e S 215 *
High volume 20,000 2 g’
Expansion (>300%) Pid 1
High pressure during 10,000
formation (>>1 MPa); Discharge — Rate: 0,5
without special set-up 0,000 HPPC . 3,0-4,3V . e lo o
~50 cycles 0 20 40 60 80 100 120 5 7 9 11 0 100 200 300

SOC /% Cycle No Cycle No.
greenSPEED Success Story Public - BEPA BATT4EU webinar 18
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greenSPEED Results vs Benchmark

21700 GEN1
DCIR @ 2C; 25°C

70,000 * _ _
GSP_21700_GEN1_charge 30sec Reference: Panasonic/TESLA. 3.1 Ah high energy
cell @25°C, 30sec, ~. 70mChm
60,000
GSP_21700_GEN1  discharge, 30sec

50,000 Comparison of the DCIR of the
_ GSP_21700_GENT: ~4.2Ah greenSPEED cell technology
§4O’000 vs benchmark cells
= 30,000
O ’ .
o Requirement D1.1 Gen1 = G'S| AnOde

Pulse (charge): 50% SOC, 25°C, 30 s;<28 mOhm - .
20,000 Pulse (discharge): 50% SOC, 25°C, 30 s:<25 mOhm Gen2 = pure Si Anode
10,000 zCz
0,000
0 10 20 30 40 50 60 70 80 90 100
SOC/ %
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Agenda

-+ Summary and Project Demo
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Summary and Project Demo

2 All innovative process technologies applied and demonstrated
in full cells

1 High Si-content anode demonstrated in stacked pouch or wound-type
cell

1 Dry processed cathode demonstrated in pouch cells
1 Toxic solvent (NMP) replaced by innovative processing
1 Valuable data gathered along the process chain

1 Production energy demand and cost assessed for further
decisions, supporting modelling activities established

1 Lessons learned on interfaces between partners doing the
different processing steps

greenSPEED Success Story Public - BEPA BATT4EU webinar 21
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greenSPEED Final Results Webinar: Accelerating
a Sustainable Future

coop| luesday, Time: 9 AM (CET)
800 16th December 2025 Duration: 2,5h

SCAN ME

Register here and
find out more:
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Carbon Neutral European Battery Cell Production with Sustainable,
Innovative Processes and 3D Electrode Design to Manufacture

EU HORIZON RESEARCH PROJECT

BatWoMan

Carbon Neutral European Battery Cell Production with Sustainable, Innovative
Processes and 3D Electrode Design to Manufacture

Towards cost- and energy-efficient lithium-ion battery
cell production

Marcus Jahn, Bernd Eschelmiiller

BATT4EU Workshop — 13/11/2025 BE > A

Batteries European =
Partnership Association @&

CONSORTIUM PARTNERS

{x.;\\
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HELLAS
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BE/-A

Batteries European
Partnership Assaciation

BatWoMan — Project Consortium

R I Resea rCh Karlsruhe Institute of Technology
B | Institutes
SE of Sweden

sovemasrour

ENGINEERING & EQUIPMENT FOR BATTERY MANUFACTURING

s SAUERESSIG'

UNIVERSITAT

DEUS | SSEBNU RG

cidetec>

MEMBER OF BASQUE RESEARCH
&TECHNOLOGY ALLIANCE

X
\ A9 CERTH
{ @iy  CENTRE FOR RESEARCH & TECHNOLOGY HELLAS
A

N
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Carbon Neutral European Battery Cell Production with Sustainable,
Innovative Processes and 3D Electrode Design to Manufacture

_—
o
=

EU HORIZON RESEARCH PROIJECT sh : tion for batt
. . . are of energy consumption for battery
“ Why are we working on this topic: manufacturing processes

To develop sustainable and cost-efficient battery cell production
technologies that reduce carbon footprint and strengthen the EU’s
leadership in green battery manufacturing. Others: 19.31%

_Coating and drying:
26.57%

W Who benefits from the results:

European battery manufacturers, automotive OEMs, and society at
large benefit through cleaner, cheaper battery production and
enhanced supply chain transparency.

Formation://

24.51% ~_Dry room:

“ What is the industrial need for your work: 25.74%
Vacuum drying: /

The industry urgently needs scalable solutions to lower production 3.87%
costs and energy demands while meeting environmental regulations

and ensuring high—performance Ce” quallty = Coating and drying = Dryroom = Vacuum drying = Formation Others

Batteries 2024, 10, 64. https://doi.org/10.3390/batteries10020064

CONSORTIUM PARTNERS

esearc H UNTVERSITAT “: 1
mwe  Cldetecy QT R SUVeMaIGnour S SAUERESSIG | 8:ii) oot

)
TRGSSA 3 Alisdoad Wiy ARE
Kivkrvie ki ok Bichwiiony Open-Hinded ENGINEERING & EQUIPMENT FOR BATTERY MANUFACTURING - HELLAS

.
AIT&??EEMLW”’E E




Sustainability and cell production BE. A,

Partnership Assaciation

Reducing inactive materials
Increased energy density

Reduced amount of Energy efficient
inactive materials processes

* Energy efficient processes

Solvent-reduced slurries e
Sustainable .
Manufacturing Dry room need reduction

Raw materials Longevity and * Raw materials selection
selection Second Life CRM-free cell chemistries
Water-based electrode manufacturing

* Longevity and Second Life
Smart Cells and Sensor integration

19.11.2025 Batt4EU Workshop 2025 / AIT 4




Possible concepts and solutions

E._A

[~

bat
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f Batteries European
Partnership Association

Dry room for slitting,
stacking, electrolyte
filling production steps

Energy-efficier
unit and direct L
electrolyte filler

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 comr- =
compacting electrodes
Mechanical electrode Laser-cutting o - Potential cost reduction up to 70%
cutting electrodes

- Potential energy reduction up to 60%

of 5%

of maximum 1%

19.11.2025

Batt4EU Workshop 2025 / AIT

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%

# at cell level

Wessel et al., Procedia CIRP 98 (2021) 388-393.
Liu et al, iScience 24, 102332, April 23, 2021.
Kwade et al., Nature Energy 3 (2018): 290-300.
Duffner et al., International Journal of Production
Economics 232(2021): 107982.




WP Overview

Batteries European
Partnership Association

WP 1 Coordination

-

Digitally-driven WPs

WP 2
Sustainability &
Digitalisation

WP 3
Model-assisted
process optimisation

..................................................... "
i i
] 1
HE '
[ WP 4 WP 5 i
‘<"">i Solvent-reduced electrode — Eco-friendly cell assembly !
i processing & quality control | &
; i i .
o | g
o WP 8 Surface and Intrinsic Electrode Microstructure Analysis i '
HE i 5
1 | v
< y -
H |
] ]
i WP 6 Industrialisation (scalability) !
! :
i i H
1 ] 1
J oo A )

WP 7 Dissemination

19.11.2025
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WP2 - Sustainability & Digitalization

Batteries European
Partnership Association

Compactingand drying

Cathode cutting

Preparation of Slurry mixing
cathode materials .

Preparation of
cathode materials

Lnd

‘Separator patterning —» Separator, tabs, housing

Preparation of
anode materials

Slurry mixing Coating

Slurry mixing

Separator patterning  —» Separator, tabs, housing —» Cell stacking

Slurry mixing Coating

Compactingand drying

Cathode cutting

—

Anode cutting

Dry Room Condition

Encapsulated cell

drying andfilling [T

Compactingand drying

v S Electrolyt Formati
) ectrolyte ormation
Ll stafk:ng e P g filling T &ageing
Anode cutting ‘l‘ 2
Degassing
& sealing
Preparation of
Compactingand drying anode materials
rocess chart with

BatWoMan optimised cell manufacturing p

reduced dry room area - only stacking, stack drying and electrolyte

filling carried out in dry room

"4
Manufacturing part | Dry room conditions

EXZTE <\Vh/kecell  kWh/39 Ah cell
Reduced dry room 0.186 0.118
0.003

kWh/39 Ah cell
0.410

0.140
0.025

19.11.2025

Batt4EU Workshop 2025 / AIT

encapsulated device.

P

BatWoMan “no dry room assumption” - stack drying and filling in

Heated Chamber,
80°C + vacuum

.

Rotating magazine

* Ambient Air

Transfer System

Filling machine

¥

Stack holder

Filling chamber

Formation
& ageing

¥

Degassing
& sealing

~




WP2- Battery Data Space

® https://ait-dataspace.ait.ac.at/catalog

Title

APPLICATION/ISON

BATTERY-PASSPORT-0 EV BATTERY
Probably the best battery in the country!
10: BATTERY-PASSPORT-0 AT

APPLICATION/ISON

NICKEL-10 RAW MATERIAL

Nickel, which is mined in accordance with all ethical
conditions and nature conservation guidelines.

10: NICKEL-10 AT

AI I AUSTRIAN INSTITUTE
OF TECHNOLOGY

TOMORROW TODAY

AIT Dataspace Demonstrator

Datasets:

Description

APPLICATION/JSON

BATTERY-PASSPORT-1 EV BATTERY
Probably the best hattery on the planet!
ID: BATTERY-PASSPORT-1 AT

APPLICATION/ISON
ALUMINIUM-11 RAW MATERIAL

Aluminium, which is mined in accordance with all
ethical conditions and nature conservation guidelines.

1D: ALUMINIUM-11 AT

+ Development of a Data Space Demonstrator
« Showcasing the implementation of a Digital Product Passport (DPP)

» Public deployment of the frontend, providing access to an example DPP via a QR code

* Implementation based on the Eclipse Dataspace Connector (EDC)
» Leveraging an existing open-source version from GitHub.

APPLICATION/JSON

BATTERY-PASSPORT-2 EV BATTERY
Probably the best battery in the universe!
10" BATTERY-PASSPORT-2 AT

APPLICATION/JSON

GRAPHITE-12 RAW MATERIAL

Graphite, which is mined in accordance with all ethical
conditions and nature conservation guidelings.

1D; GRAPHITE-12 AT

AT

19.11.2025

Store credentials

Provider offer

@ Send credentials

Processes
Registration
Data Exchange

Batt4EU Workshop 2025 / AIT

@Jblish

Initiate reg@ration

Provider Connector

Present credentials

|  Negotiate contr@_

— Execute transfer —

Consumer Connector

Poll for offers

g

@

Initiate
transaction

Read offers

g

~H-

-
//

Poll for offers

Dataspace Services

Browse content




WP3 - Model-assisted process optimization BE/-A,

Data analysis and modelling
Correlation of electrode manufacturing
parameters with resulting electrode
properties

Models to simulate coating, drying, and
calendering

Laser structuring simulations implemented

Unstructured electrode:

Structured electrode: Saturation

Saturation profile of unstructured (left) and structured (right)
electrodes for a specific time step in COMSOL MULTIPHYSICS.

Partnership Assaciation

cidetec> UDE Performance Simulation

Homepage

Coating & Drying
Calendering
Wetting
Drying
Inputs Results
Performance
Evolution of spec. disc. capacity during different C-rate
Parameter Name Value
180
© spacing 150 pm ~
160
© Width 20 pm ~ 3
E1404
2
© Depth 60 pm - 5
3120
8
@
Constants 81004
g
Parameter Name Value 5 80
o
Electrode thickness g, 60
7]
Electrode porosity 40

Bernd Eschelmiiller T T T
H C-rate [-]

Electrode geometry 0 05 1 1.5 2 25
RUN SIMULATION
v &8 o L Runsmuuamon

Parameter simulation accessible via: https://batwoman.eu/

19.11.2025
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Discharge capacity (mAh/g)

WP4 - Solvent-reduced electrode manufacturing

Cathode formulation cMC Binder SC% Qtarge | Lascarse ICE%
(mAh/g) | (mAh/g)
M/CB/CMC/Binder = 93/2/2/3 72000 (3%) | BM620B (40%) 59% | 186,47 | 166,01 | 89,03
68%f 179,10 156,36 | 87,30
~70%) 183,97 160,71 | 87,35
73%§ 190,61 165,45 | 86,80
1a0 C20 €/10 250
170 - 170 1
160 1 c/2 ¢/2 160 -
150 - 1c oot 150 -
140 4 140
130 + 130 -+
120 + 120 +
110 + 2 110 4
100 4 100 4
90 4 90 4
80 4 80 -
70 + 70 4
60 - 60 4
5g y - 50 4 —o—AM/CB/CMC/Binder = 93/2/2/3
40 == 40 - _
30 4 50 —o—AM/CB/LA133 = 96/2/2
20 4
10 4 10 4{ —e—AM/CB/Vanisperse/LA133 = 96/2/0.1/1.9
0 0 ¥ - -

0 2 4 6 8 10 12 14 16 18 20 22 24

Cycle count

BE.A

Batteries European
Partnership Association

»  Water-based NMC622 processing
* NMC/C45/LA133/VS =96/1.9/2/0.1
+ Solid content (SC) increased up to 73 %

Electrochemical testing results of cathodes with

20 {——AM/CB/Vanisperse/CMC/LA133 = 93/2/0.1/1.9/3 LA133 binder and Vanisperse dispersant in the

waterborne cathode formulations. The cathodes

19.11.2025

20 70 120

170

220

Cycle count

270

320 were tested in full coin cell (FCC) vs graphite anode.

Batt4EU Workshop 2025 / AIT 10
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Batteries European
Partnership Assaciation

WP5 - Eco-friendly cell assembly & validation

. . . . Discharge capacity - Demonstrator Pouch Cell - CM068 S108
* Validation of the impact of laser structuring on cell 200 J3Layer - 3.15 Ah - structured electrodes - Gelon SEP

performance indicators

180 +
* 3D design electrodes 160

140

* Final demonstrator validated with 3.1 Ah capacit
P y Discharge capacity - Demonstrator Pouch Cell - CM068_S108

13-Layer - 3.15 Ah - structured electrodes - Gelon SEP

120
* Improvement of high-rate capability by 3D design

Discharge Capacity [mAhg™]

100
80
@ @ 601 ‘ | 7
; ] [T g
— @ :> Q 40 va\ - i,,: .é
) < =1 E
\7/ 20_ "mi : -E:'
0 e 3
0 5 10 15 20 25 &
o 80 =
Cycle Numt 3, 7q + Unstr. #1, new batch
e »— Unstr. #2 batch
COATING + COMPACTING STRUCTURING CELL ASSEMBLY 5 o Mooy it i
R2R process implementation OPTEC PS450-TO Multilayer pouch cells 2 40 —~— Struct. #1, new batch
= Cathode areal capacity: 4.0 mAh/cm? = Pitch: 300 um = Nominal capacity: 2,100 mAh /30 —— Struct. #2, new batch
= Anode areal capacity: 4.6 mAh/cm? = Wavelength: 515 nm = 4 double sided coated cathodes 20 *— Struct. #3, new batch
. - . 10 +— Structured Demonstrator 3Ah
= Drying temperature: 85 °C ® Pulse repetition rate: 1 MHz = 5 double sided coated anodes i/ i = et
= Compacting rate: ~ 25 % = Laser power: 5 W 50 75 100 125 150 175 200
Cycle Number

19.11.2025 Batt4EU Workshop 2025 / AIT 11




WP5 - Formation

D5.1 - Report on Optimised Formation and
Ageing Protocol

c)

w Formation protocol optimisation for cost = Screening  *.*
efficiency and quality measures.

Voltage V]

W Electrochemical testing of resulting cells

and comparison with conventionally
manufactured cells.

Detailed
Investigation

Discharge capacity - Pouch cells - CM
o S-Layer 1066 mAh

W T5.4: Formation time can be reduced
significantly to save costs and energy

W \/ery successful collaboration within

WP5 and with partners from other
WPs:

Pouch cell
validation
W Result transfer to WP6 — Industry

W Scientific publication in collaboration
of CID, AIT and CERTH

Article

Understanding the Effectiveness of Formation Protocols
/ for Aqueous Processed NMC62211Gr Lithium-lon Full
Cells

Industry-
Perspective

19.11.2025

Batt4EU Workshop 2025 / AIT 12



WP5 - Drying Concepts
Component level

BE A

Batteries European
Partnership Association

IA Pyl )

i
Sasdalaalapee| ¥
Condition # Condition buediil] ]
1 |AmbientAir 2d Cathode moisture content after
0 Cathode moisture content ppm at different vacuum drying —_ " KFTitrator
S storage conditions 000
2 3.000 500
O N Dry room 400 e Condition # Condition PR
@ 2000 \ storage I sample #1 | sample #2
o \ :> 300 // 1 |VacuumO.80°C90m 193,68 211,04
1.
g 000 —— ~ 200 / 2 Stored in D.room 1h 412,90 487,32
B —
"&; 0 > 100 3 Stored in D.room 2h 471,66 390,61
@) 0 1 2 3 4 5 6 7 8 0 4 Stored in D.room 3h 400,01 426,09
—@—sample #1 —@—sample #2 0 1 2 3 4 5
—@—sample #1 —@—sample #2
Anode moisture content after vacuum
Anode moisture content ppm at different drying
N storage conditions 350 oo
«—  3.000 D 300 /\\ Condition # Condition
(¥s) 5500 ry room 250 & sample #1 | sample #2
% 5000 [ storage 200 / 1 Vacuum 0. 80°C 90m 86,83 96,31
8 1.500 :> 150 / 2 |storedin D.room 1h 31223 | 29,9
< 1000 100 ¢ 3 Stored in D.room 2h 306,30 291,83
L 50
500 e 4 Stored in D.room 3h 263,52 265,19
N T 0
0 ; 0 1 2 3 4 5
0 1 2 3 4 5 6 7 8
—@—ppmsample #1  —@—ppm sample #2
—8—sample #1 —@—sample #2
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WP5 - Drying Concepts BE A

Sta C k | eve | Partnership Association
e

KF measurements to investigate the time-dependent change in wetting/drying behavior
under specific and relevant conditions for separator elements and 1.066 Ah pouch stacks

Pouch Stack 1.066 Ah To demonstrate if stack drying instead of component
drying is feasible -> dry room reduction concepts in WP6
Condition # Condition bpm
sample #1 | sample #2
1 Ambient Air 2d 267360 | 2712,36 Stack 1.066 Ah moisture content ppm at different
Vacuum 0. 80°C 30m 254,11 236,78 storage conditions
3 Vacuum O. 80°C 60m 187,48 179,43

3.000
2.500
2.000
1.500
1.000

500

0 0,5 1 1,5 2 2,5 3 3,5

—@—sample #1 —@—sample #2

e —————————
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WP5 - Drying Concepts

Material P — -

|nVeStigati0n Quantificati drying paramater influence on molstur - B b : i;‘

. . . . I $ ==

W Material investigation was s, 5
~4

conducted on component and cell = . S E
stack level S22k

To demonstrate if stack drying

instead of ing is.

faasible -> dry room reduction
potential.

Discharge capacity - Pouch cells - CMO68_S126

Discharge capacity - Pouch cells - CM068_S126
5-Layer 1066 mAh

W Holistic validation in full pouch e
cell configuration to investigate R e
impact on performance '

Pouch cell

B E vaIidation/
Publication

Draft Article for Submission to the Journal of Cleaner Production

W Result transfer to WP6 — concept
developed

“ Result transfer to WP2 — Results
served as base for LCA

W Publication submitted (under
review) Ta———

D6.1 — DRY ROOM REDUCTION REPORT

Industry- it

q Life Cycle Assessment of a Low-Impact NMC622 Battery Cell: | ti inM ing
Pe rs pe Ct Ive and Material Efficiency from the BatWoMan Project

g ey can o ket 0 e

Authors:
Emanuel Bengtssorl'. Mats Zackrisson', Steffen Schellenberger', Lisa Skedurlg'
'RISE Research Institutes of Sweden
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ELIMINATING VOC* FROM
BATTERY MANUFACTURING

THROUGH DRY OR WET PROCESSING

*Volatile Organic Compounds




OUR MAIN
OBJECTIVE

- Implementation of an
/ environmentally friendly,
non-toxic lithium-ion battery
production

W Wiy,



OUR AMBITION () Brand new strategic technology

Competitive low cost and environmentally friendly lithium-ion
batteries in both cylindrical and pouch format for the fast-
growing electromobillity landscape.




BACKGROUND INFO
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Funded via Horizon Europe

Duration: 48 months

Start Date: O1 Sept 2022

Project Budget: €5,415,728.25

Coordinator: RISE Research Institutes of Sweden

15 partners from all over Europe
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THE NOVOC CONCEPT
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48 MONTHS OF NOVOC

Electrode optimisation Electrode
at lab scale manufacturing at pilot
scale

Cell assembly and

validation

Cell Requirements Active materials Aqueous processing Aqueous processing 18650 cell Data for cells in two
Anode Anode formats
21700 Anode: Si/C Cathode Cathode Performance 21700
10Ah pouch Cathode: NMC8T1 Safety 10 Ah pouch
Dry processing Dry processing Post mortem
Anode Anode Performance (Cell level)
Specifications Binders Cathode Cathode 2-10 Ah pouch cell 235-400 Wh/kg
Aqueous binders (650-750 Wh/L)
: Cell harmonisation Cell harmonisation
Dry binders Performance
Pouch cells Pouch cells Cost (Cell level)

Safety
Post mortem

Test procedures

Cylindrical Cylindrical 75-85€/kWh

Modelling, Digitalisation, Recycling, LCA /LCC




Aqueous wet cathode manufacturing process

Cathode pre-development
Lead: Austrian Insitute of

Upscaling
Lead: Avesta Battery and Energy

Surface coating of NMC811
Lead: RISE Research Institutes of Sweden AB

Technology (AIT) Engineering (ABEE) and AIT
Discharge capacity and CE
200 105

L 200 % C/3,~1.7-2.0 mAh cm? * Challenges with bubbles forming when
! 156 \l.._h__ oo E” using slot die coating. Investigation to
< T ettt | ;. & 150 _ FePO, coated NMC811-GraplHite find solutions to this issue in ongoing.
B = ) . .
2 100 1% 5 2100 \ * Meanwhile pilot scale cathode
m O . . .
% 2 E Pristine Uncoated NMC811- manufacturing will be done by AIT using
e 5 Graphite .
z ., 0 E comma bar coating.
2 07 el O 2 0
A e a

#NNCB1 15+ NoVOC NMC811-Graphite cells
1 85 ———
0 50 100 150 200 250 300 350 100 200 300 400 500

Cycle Number

Electrochemical result of 5-layer
pouch cell (= 1 Ah)

Composition: 95% NMC811, 3%
C65, 2% binder

e Stable slurry pH over long time using >1.5 M phosphoric acid, comma bar coating.
 Comparable specific capacity with stable rate performance and cycle performance
* Recipes and methods transferred to upscaling that is ongoing.

Cycle number

Scale up of FePO,
coating NM(C811



Aqueous wet anode manufacturing process

Anode Pre-development (Lead: CIDETEC) with anode material provided by Talga. Upscaling (Lead: ABEE)

Formation_C/20

>
; =
1
: 0,5
‘ 0
” 0 100 200 300 400 500
kv 5000x 7.0 ETD \1/\:).3553mm 50 pA Azp?r::z Charge/Discharge capacity,mAh/g
5% Si-graphite anode Electrodes with SEM morphology Electrochemical result in half cell Upscaling at ABEE

8

in cell).
Composition: 90% Gr, 5% Si, 1% C45, 2% CMC, 2% SBR (coin cell)

* New mixing protocol is adopted for 5% Si-graphite slurry which achieves stable rheology and uniform coating,
comma bar coating.

* Half coin cell testing of the anode shows reversible specific capacity of 423 mAh/g with 99% CE

* Recipes and methods transferred to upscaling that is ongoing.



Dry Manufacturing process — Pre development

Anode and Cathode development
Lead: Technische Universitat Braunschweig, TUBS

materials
muxmg

\‘ powder . film formlng
feedlng & Iammatmn

Cathode dry electrode fabrication Anode dry electrode fabrication

Key findings:

Anode composition: 97.5 (graphite):1.5 (C65):1 (PTFE) Electrochemical evaluation in half cell is completed, and high initial capacities and stable
Cathode composition: 95 (NMC811): 2.5 (C65): 1.5 (PTFE) cycling is achieved for cathode and anodes



Dry Manufacturing process — Upscaling (Ongoing)

Anode and Cathode development powder - formmg
Lead: Technische Universitat Braunschweig, TUBS > materals it feedmg o® &Iammanon

' ,\Jl] :'-‘ | flﬁ'\“‘,i “‘I ,.

I\
,':(‘;:\. '! ! ‘ ,
.u’*‘l

W' MM“' ) | \ M"Hl

[E
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L

lllustration of non-homogenous granule size on calendaring for anode trials

Anode dry electrode fabrication

Challenges:

1) Inhomogeneous dosing causes “ribbing” of electrode in subsequent calender gap.
2) Inhomogeneous size of extruded granuless is causing curling effect.

3) Challenges in freestanding anode electrode adhesion.

Pilot scale cathode coating trials not successful
without automatic powder dosing unit.

Cathode dry electrode fabrication
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Electrode optimisation Electrode
at lab scale manufacturing at pilot
scale

Cell assembly and

validation

Cell Requirements Active materials Aqueous processing Aqueous processing 18650 cell Data for cells in two
Anode Anode formats
21700 Anode: Si/C Cathode Cathode Performance 21700
10Ah pouch Cathode: NMC8T1 Safety 10 Ah pouch
Dry processing Dry processing Post mortem
Anode Anode Performance (Cell level)
Specifications Binders Cathode Cathode 2-10 Ah pouch cell 235-400 Wh/kg
Aqueous binders (650-750 Wh/L)
: Cell harmonisation Cell harmonisation
Dry binders Performance
Pouch cells Pouch cells Cost (Cell level)

Safety
Post mortem

Test procedures

Cylindrical Cylindrical 75-85€/kWh

Modelling, Digitalisation, Recycling, LCA /LCC




CONTACT US

EMAIL ADDRESS WEBSITE

~
- contact@novoc.eu WWWwW.Novoc.eu

Coordinator: Stina Starborg
Project Manager: Sara Stibing
RISE Research Institutes of Sweden

DISCLAIMER

Views and opinions expressed are those of the author(s) only and do not necessarily reflect those of the European Union or CINEA.
Neither the European Union nor the granting authority can be held responsible for them.
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