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Batteries value chain INTRODUCTION

Batteries value chain within CarE-Service involves that used Lithium-ion
batteries (LIB's) coming from the automotive industry will enter a process
which ends in batteries being:

Circular Economy of Battery
Recovery schematic

> re-used,
» second-life/repurposed or
» recycled.

Every branch is being deeply
investigated to assess the best
exploitation paths of discarded
LIB's coming from electric and
hybrid vehicles (EV & HEV).

RAW MATERIALS MINING

Testing of EoL batteries is the crucial starting point in this value chain,
as it determines the material flow and the final application.




Batteries value chain INTRODUCTION

Current Situation

John’s
ELV&HELV

‘ Great variety of batteries

‘ Unknown real state of batteries

Difficulties for dismantling, not automatized processes

No process standardization

‘ No link between recycling, remanufacturing, market needs

‘ No real exploitation of Circular Economy business

‘ Poor efficiency on recycling processes
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" Second-life .
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Batteries value chain INTRODUCTION

= Terminology:

s RE-USE

e Batteries that are in good working condition have the possibility
of being remanufactured for a similar application.

pmg SECOND LIFE

e At the EolL of their first application they are remanufactured to be
used in a different application.

smmm RECYCLING

* Final alternative within CarE-Service project for those EV/HEV
batteries (packs, modules or cells) that are irreversibly damaged
and not able to be re-used.
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Batteries value chain OVERVIEW

JEEP RENEGADE PHEV

ek Example of
ffffff disassembly from
John's Battery Pack to Cell
RENEGADE

leve

MODULE




Batteries value chain OVERVIEW

~  Recycling

W

[ Remanufacturing ~ Second-life

Remanufacturer facilities )

 Reuse/repair

ITEMS ‘ Procedures Final use



Batteries value chain BATTERY PACK

Battery pack [ Disassembly ]

General Protocol

From:pack ~ Moe20mins  Sofety glasses

Strategies Examples

Removal

Battery pack

PROCESS CRITICALITIES SOLUTIONS

Highly variety of batteries General Protocol, SOS
Disassembly |- +|  Safety Use of Robots
Discern the status DSS to guide the operation

B ITEMS [ProceduresJ Final use




Batteries value chain BATTERY PACK

[Stationary Plant] Battery pack [ Disassembly ]

SOLUTION 1: General Protocol, SOS

4 N

N
CRITICALITY " SOLUTIONS | KEY POINTS

é )
Unifies common operations to all

High variability in GENERAL //L disassembly processes )
battery design:
. PROTOCOL \\ Stablishes the order to follow
- Chemistry
(NMC, LCA, etc.)
- Geometry of cells / Kind of DATABASE of tasks
(Prismatic,

Cylindrical, Pouch)

Cover all the possible ways to carry

) Cooling system out single tasks during disassembly

74NN

q 0 . rocess
(Air, Liquid) P
- Assembly of modules . W Support the operators on their job
and cells.
Can be continuously updated

. /
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Batteries value chain BATTERY PACK

[ Stationary Plant ] SMM Battery pack [ Disassembly ]

" soLuTIONS | [ EXAMPLES )

4 )
Different

battery packs
GENERAL follow the

PROTOCOL same

disassembly
protocol

(" ) [ Same |

step is
accomplished in
different

k ) L ways y

UNGLUE UNSCREW  CUT RIVETS

g )~
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Batteries value chain BATTERY PACK

CEED oo
Use of Robot in Smart SMM | EEEIEESS Disassembly

Mobile Modules (SMM)




Batteries value chain BATTERY PACK

SOLUTION 3: ] :
Battery pack [ Disassembly ]

Batteries Classification
using DSS T DSS Selection Client Application

» Incorporated to ICT Platform
E » Guides the operator in SMM by using a dialogue box to perform specific tests

Battery

) 4

Visual Inspection

e

) 4

Further Tests

=
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Batteries value chain OVERVIEW

[ | B
TESTING
\ 4 v \
[ Remanufacturing ~ Second-life
Remanufacturer facilities )

 Reuse/repair
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Batteries value chain MODULE/CELLS

TESTING
COBOTs :
Disassembly W
9 Stationary plant @
Module . Cells
)
PROCESS CRITICALITIES SOLUTIONS
Many different tools Standard Protocol
Difficulties to split cells Use of COBOTs

Di bly (2
isassembly L} Safety Battery grading

Quick and reliable testing

¥ ol -
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Batteries value chain MODULES

sy | QD s
Use of COBOTs in Stationary Plant Module Disassembly

Stationary facilities

Example of COBOT:

Robot
Operator ,~  Vision

sensor

. Robot work
envelope

> /_\Assembly

parts




Batteries value chain

| TESTING |

Types of tests

SAFETY TESTING
. V|sua.l Module/cell Preliminary
inspection results
Current leakage Module/Cell Preliminary

results

ITEMS | Procedures

MODULE/CELLS

[Stationary PIant}

PERFORMANCE TESTING

ElS Module  Preliminary

/Cell results
. Module  Preliminary
resistance
/cell results
Char -
ei ge Module  Preliminary
. Cell results
Discharge /

Final use Places



Batteries value chain MODULE/CELLS

TESTING | [Stationary PIant}

Classification Battery grading

(what to do with it) (what can it do)

—_— —_—

Performance
testing

(Good, Dismantle,
Recycle)

ITEMS | Procedures Final use




Batteries value chain MODULE/CELLS

TESTING ] Classification x L’:)

John’s RENEGADE -
Battery pack »
Open circuit
voltage

Process continues

Module 1 #
= EIS

Module 2

odule 3 ooy CELL | CELL ] CELL
odule
=) =y 2 3
CELL | CELL | CcELL
Module 4 1. Recycle 4 5 6
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Batteries value chain

MODULE/CELLS

[ TESTING ]

Classification

REMANUFACTURING | DISMANTLING RECYCLING
inspection

Pass

pass

Current
leakage

Dismantle only

Dismantle only

Fail

Fail

Open circuit In the range OUT OF RANGE  OUT OF RANGE
voltage potential second no potential
life second life

X

. #:
— .
-

Performance test results

General battery grading

Industrial battery grading

g p [
apacity
accuracy
ﬂ Internal resistance Y1 Y2 Dismantler + 9%
(o]
<} Internal impedance Z1 Z2 — Yo
AlgOI’IthmIC m Stationary plant +%
State of health A% B% . Remanufacturing z %
| calculations plant
L
> . : e f N W
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Batteries value chain MODULE/CELLS

DSS | Best Strategy for Battery Reuse (modules) r.f‘les

0% RESIDUAL CAPACITY 100% = .
50% 9
Introduced in the e * %k
software interface * >* *
. . Availabl
according to their needs * P modules

> 1O
2. 4
*‘t { Modules suitable

for small mobile
applications

300%4

RESIDUAL (
PROPERTIES

=
o
INTERNAL RESISTANCE RETENTION ;?Q

4
+

Only modules classified

. I:I The low-performant modules are suitable for recycling and/or a further disassembly to
after testing for:

cells level

The modules are suitable for stationary applications

I:I The modules are suitable for small mobile applications

- The modules are suitable for higher demanding applications, i.e. automotive
applications

ITEMS ProceduresJ Final use Places




Batteries value chain OVERVIEW

[ | B
TESTING
\ 4 v \
[ Remanufacturing ~ Second-life
Remanufacturer facilities )

 Reuse/repair
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Batteries value chain REMANUFACTURING

| Remanufacturer |

TESTING

Second-life ]

COBOTs <

p

L 4

{ Remanufacturing Reuse/repair}

N

Remanufacturer facilities

PROCESS CRITICALITIES SOLUTIONS

Different technical requirements
Safety
Market needs undefined

Use of cobots

Remanufacturing DSS

=
s
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Batteries value chain REMANUFACTURING

} | Remanufacturer |

O

Reuse

BATTERY SECOND LIFE

ELECTRONICS

COMPONENT

FAULT DETECTED ﬁ_ REPLACEMENT

CASING

iz U (Procedires) ((Finaluse | (Places | empemp 2 3 ey am a £2)




Batteries value chain REMANUFACTURING

| Remanufacturer |

Reuse

ke RN

A 13 Oy
L §
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Batteries value chain REMANUFACTURING

Cell
Application | CRITICALITIES | Solutions

Current control Adapted driving circuits
STATIONARY Stationary  (Led driver) BMS replacement testing
ILLUMINATION | illumination  BMS Battery life testing
Power losses
Iy Y
Lighting in remote
__> — where electricty
does not reach
L 4
[~ N\
I\ — Coupling with
y renewables
o r/
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Batteries value chain REMANUFACTURING

second life | Remanufacturer |

Other applications in development

Application Unique characteristics

Small and light weight
Light weight mobility  High voltage/size ratio —
(normal use 18650)

Power mobility High power draw

Power integration
UPS (power banks)

Gateway electronics

Light weight

| 1 Portable technology o ,
s T il Electronic intergration

\

N TEMVS ‘ Procedures Final use



Batteries value chain OVERVIEW

[ | B
TESTING
\ 4 v \
[ Remanufacturing ~ Second-life
Remanufacturer facilities )

 Reuse/repair
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Batteries value chain RECYCLING

Recycling [ Recycler facilities J Battery pack

Final alternative for EV/HEV irreversibly damaged and not able to be re-used

PROCESS CRITICALITIES SOLUTIONS

1. Safety issues (high voltage, 1. Cells discharge
oo fires...)

-+ 2. Adjustments of mechanical
2. Different cell geometry pre-treatment
Recycling (2 3. Energy intensive recycling 3. Lower energy demanding
process recycling process

@ 4. High variability of chemistries 4. Flexible hydrometallurgical
(LFP, LCO, NCA...) recovery processes

Can be held at Pack [~ +] , Module L2 or Cell ﬂ level

ITEMS ‘ Procedures | Final use Places




Batteries value chain RECYCLING

rREE(-:::I?AI'I(':ICII;ENT [ Recycler facilities J Battery pack
/

I I
CRITICALITY SOLUTION KEY POINTS
_A Avoid further short circuits
1. Safety issues (high ONTROLED iRy — —
voltage fires...) > AL Allows lower contamination degree
Higher metals recovery efficiency

CYLINDRICAL PRISMATIC POUCH

2. Different cell
geometry

J L l dimensions
o / L

ITEMS ‘ Procedures Final use




Batteries value chain RECYCLING
MECHANICAL —
PRE-TREATMENT [ Recycler facilities J
4 N O ; ~
[_‘}'r—' FEEDING
e U
-~ . Feed adjusted depending on the cell
[ ] | jl shape and size
GRID Il ] 7 7 q
Particle size
Black Mass Sieves of distribution

different sizes

SIEVING

<

\ y

ITEMS ‘ Procedures

Final use Places



Batteries value chain RECYCLING

:I;gggs“:ETALLURGICAL [ Recycler facilities J
/

CRITICALITY | ( SOLUTION N

tb

3. High temperature
recycling process

 Black Mass -

4. High variability of
chemistries (LFP,
LCO, NMC...)

Contribute to the
Circular Economy

ITEMS ‘ Procedures ’ Final use




Batteries value chain RECYCLING

:I;ggé)sh;lETALLURGICAL [ Recycler facilities ]
4 SOLUTION A

ydrometallurgica

(containing separation

metals)

: Bla.ck‘Mavss'- [‘ Acid leaching

(mainly

graphite)

> i

Contribute to the
Circular Economy

) (Frave) B e i icacn a2/

Sustainable solutions to
recover key materials




Batteries value chain RECYCLING

HYDROMETALLURGICAL —
PROCESS [ Recycler facilities ]

Hydrometallurgical
separation

graphite)

- Black Mass‘ B Roasting

(containing
metals)

Contribute to the
Circular Economy

PR | roe | (Pos) 30255 o £

dissolution

Sustainable solutions to
recover key materials




THANK YOU VERY MUCH
FOR YOUR ATTENTION

Now, your turn...




