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GREENLION CONCEPT

From green materials to greener batteries

Actions at 3 key levels of the battery value chain:

> 1%

Electrode Cell Battery
Module pack
with integrated
BMS

i) more environmentally
friendly production of the

battery components ii) substantial shortening

of the battery assembly iii) easier and more effective
procedure disassembly and end-of-life

recycling
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FLUORINE BINDERS FLUORINE-FREE BINDERS
(State of the art) (Future)

Polyvinylidenfluoride
(PVdF)

15-18 €/kg

—

n

NON-AQUEOUS processing solvent
» Special caution during electrode
processing

> Difficulties to recycle components

Carboxymethyicellulose
(CMC)

SRR ey | 1-2 €/kg

AQUEOUS processing solvent

> Water is not polluting

» Possibility of recycling: Easy
separation of electrode components by
dissolving the binder




m i.Electrode Processing
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- Aqueous Processing of Natural Binders
(independent of active materials chemistry — starting selection: C/LFP)

Electrode Coating

. Physical Separation .

Anode
Materlals Carbon+ Binder
(Slurry)

Cathode
Lithium Compaunds Materials
+Binder {Slurry)

¢ Materials

GREENLION Improvements

Copper Fail

Aqueous slurries ECO

Ceoating {Electra

Compressing

Non-fluorinated polymers RECYC COST

Non-thermoplastic polymers COST

Slitting [l Burr Free Cutting to Size g Slitting

—

Laser cutting COST

Clean Room Conditions

Cell Assembly

- Slot-die coating process adjustment on pilot line




ii. Cell Assembly

Cell Assembly

Separator

Clamps

Connections, Terminalg
Vents, Safety Devices

GREENLION Improvements

Cylindrical Cells ie

Clamps

Laser cutting instead of die notching COST

Stack-Winding process COST

Connections, Terminals

D Vents, Safety Devices

Eco-friendly bonding process ECO

Pre-drying for lower dry room requirements COST

Charge Discharge 1

Identification

More efficient and long-life cell sealing ECO

Controlled Cycles :_

Adjusted formation step time COST
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GREENLION Improvements

GREEN

iii. Module Design & Assembly

Pouch cells

i
E Automation of module assembly process
< .cosT
1
i ie Easy disassembling for maintenance and
: Packaging & i recycling at their end of life ECO
- : Management :
attery Pack System ié_ Lighter battery module design through air
i_ i~ | cooled solutions ECO/ COST

- Lighter module design through air cooled solutions:

Electrical and thermal simulation of GREENLION cells to develop a module including BMS (SOC, SOH
algorithms, equalization) and Thermal Management System.

- Eco-designed bonding techniques to improve sealing and disassembly:
Degreasing and activation/primering of surfaces for structural bonding. Adhesives/glues with additives to
activate easier disassembly for maintenance/reuse/recycling.

- 3D design of automatic battery module/pack assembly line:
Pilot line in 3D (validation of a prototype for Key-Processes) as a turn-key production line for Li-ion module
manufacturing (Cycle time: 3 sec/cell 2 production capacity 880MWh/year)
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... through an step by step approach: &
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Electrode Cell Module

Electrodes (0.5 m?, s.s.) Electrodes (m“, d.s)
Laboratory coater Industrial pilot plant coater
Cells (ca. 5 Ah) Cells (ca. 20 Ah)

Modules (5-10 k\Wh)



GREENLION Consortium

16 partners from 7 member states:
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GREENLION Partnership and Roles
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" Electrode Procedure Natural binder Characterization of Bonding and
anagement ; - development . electrodes & .
ormulation Silicon choice sealing for cells
- . components
Li-ion module Optimization of Testing (incl. Nanowire/ and modules
development ptimization 0 Abuse) CMC and Characterization of o
cell assembly recvclable components lonic liquid Regulatory
(+BMS,+TMS) . Equalization angdes electrolytes issues & LCA
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GREENLION Partnership and Roles

(D GREEN

materials

electrodes

L

manufacturing

development

specs. /
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NOTE: atribution of roles to partners not exhaustive
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WP1 Management

WP2 WP3 e WP7

Advanced ! Battery module Demonstration

Cell design,
development &
testing

electrode
development &
testing

eco-design, of battery
assembly & module &
testing validation

WP6 Eco-design (Life Cycle Assessment & Reuse/Recycling Strategies)

WPS8 Dissemination, Exploitation & Training



€2
WP2 —
Advanced fion
electrode Sl27
development
& testing
» Optimized formulation for aqueous pe e
coating using CMC as binder: T 150
(=]
v’ Anode: Graphite (SLP30) > S
v Cathode: NMC 'S 100 %)
. . . i
* Transfer to pilot line (electrodes S n :g)
Q 50 i icienc ] S
for GEN2 cells) 2 | -0~ Efficiency =
é O <|> . 1 L 1 - .Charge 1 ] 80
n 0 150 300 450
Cycle No.
Selection of components for 0.5 m2 negative and positive Optimized formulation of
GENT1 cells (= 5Ah): electrodes for GEN1 cell: positive and negative

ACHIEVEMENTS Graphite / NMC DELIVERED electrodes with CMC

SO FAR CMC binder Pre-pilot
- J




WP3

Cell design,
development

& testing

* GEN2 cell preliminary design:
300 .

<
« »

140

» Cell thickness: 8.5-9mm

WININ Manufacture of GEN1 cells from
fluorine-free binders, small area Design of the initial
ACHIEVEMENTS electrodes GREENLION cell (= 20Ah)

SO FAR DELIVERED GEN2




WP1 Management

Manufacturing of electrodes, cells & modules in pilot-line

WP4

Battery module

eco-design,
assembly &
testing
_ Negative
* Mod1 design: output Positive
output
108

~ < _PWM
control

355
151

Design of the GREENLION battery modules
UNDER DISCUSSION
ACHIEVEMENTS - COUPLED WITH CELL DESIGN & ECODESIGN

SO FAR




WP1 Management
WP5

l l l

WP6 Eco-design (Life Cycle Assessment & Reuse/Recycling Strategies)

WP8 Dissemination, Exploitation & Training

 Electrode manufacturing options:
v' Gen2 coated with 2 passes (4a)
v' Gen3 goal: 1 coating pass (4b)
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Figure 4a: One-sided coating and drying of the Figure 4b: Simuitaneous double-sided coating with

metal foil subsequent drying of the metal foil.

Electrode manufacturing:
transference from lab-coater to Production process defined
industrial pilot line PRELIMINARY

ACHIEVEMENTS
SO FAR ABOUT TO MANUFACTURE




WP1 Management

WP7
Demonstration of
battery module &

validation

WP6 Eco-design (LCA & Reuse/ Recycling

WP6 Eco-design (Life Cycle Assessment & Reuse/Recycling Strategies)

WP8 Dissemination, Exploitation & Training

Strategies)
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Binder’s Carbon black Solvant’s LiPFg Polymer :
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Baseline battery LCA
boundaries

Battery pack

T

LCA& ecodesign ;
gathering of inputs from partners
* reference cell & module
* Greenlion cells & modules

Benchmarking on recycling
processes done:
ALREADY STARTED

ACHIEVEMENTS
SO FAR




WP8 Dissemination, Exploitation

& Training eVS 27

GREEMNLESA® e 000 sakeas r=a

R | i =)
www.greenlionproject.eu

. . Project brochure & semestral
ACHIEVEMENTS Greenlion website: newsletters:
SO FAR LAUNCHED ONGOING
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Materials for Ageing Resistant lithium ion
energy Storage for the Electric Vehicle

it
E e grad oellulone bused pa kagrg

Topic: Improved materiaks for innovative ageing resistant
- batteries

*Ute Orcle Ao sassm ant t
mataias o

*Production long e cell at lab

“Production at the pre-induatdal
lewel (85 format cel)
. 01/10/2013 -01/10/2017

16 partners from S member states:

ndustries, 4 research centres, 5

CATHODE
= Synthesis routes for new nanosized materials
enable

ELECTROLYTE
Selection of commerdial and new itives to
enhance the anodic stability of electrolytes

s lonic

= Development of new carbon coatings to

the application of aqueous binders
Synthesis of high purity, anhydrou

ecting coating for long-cycle-life
= Investigation of physico-chemical processes & protecting coating for long-Cy ife L
ion battery liquids

interfacial phenomena
ale most promising materials = verifying
ity of the application of developed

Target: 900 Wh/kg

Investigation of ageing mechanisms. Interfacial
phenomena and cyde life of cells optimization.

Scaling-up of candidate anode materials

Target: 1000 mA/g, 1000 cycles

ionic conductivity > 103 S cm** (20°C)

Preparation of solid polymer electrolytes
with no-flammability

Upsc
Target: Thermal stability 2 150°C

most promising materials

ESW 2 4.5V (vs. Li/Li*)

CELL DESIGN & PRODUCTION
Optimise/Scaling-up electrode
formulation
Integration of best ele:

composition into the

olyte
Il assembly

ping new generation cellulose
uchcells

Deve!
based packaging for Li-ion p
Developing Li-ion pouch cells from

Il up to automotive

small

m?; >2 )
Target: 250Wh/kg
3000 cycles at 100% DOD

SFe M

CATHODE
Naromzed
oy

NPO,

ELECTROLYTE

MO DELLING

15t GEN MAT ERALS,

2nd GEN MATERIALS,

230 Wh/sg

OF AGEING PROCESSES AND UFETIME OF CELLS

MODELLING of AGEING

el including

Development of a cell m

electrical, thermal and ageing

haracteristics

opment o hods for SOH and
stmatior
f a battery pack model

»velopm ent

including thermal issues

lopment of a model based control

strategy for increasing life time

LCA & RECYCLE/REUSE

menton Reach and

Regu

cal/environmental

duct

Technicalfe
optimization of the p:
Industrially optimized cells recycling
process

To evakuate the reutilization of different

battery components for further uses
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