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The future of Lithium batteries and
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= RESEARCH
— IN NUMBERS

ORGANIZATION
OF RESEARCH

4 Campus
11 Deparments

13 Interdeparimental
Laboratories

Politecnico is present in : RE$ EARCH
Tashkent - Turin Polytechnic Universi H A
in Tashkgm {lel::-ehistan]w G S H:rs

Shangai - Tonji University (Cina)

CAP ITAL Guangzhou - Sputh China University 305 EurI:fl'JEEIn and International
of Technology (Cina) Projects
101Min €

247 Full Professors
399 associate Professors
337 Researchers

889 sdministrative Staff

Mational and regional
192 Projects
36MInE

Research contracts with the
private sector: 19,2 MIng€ (2019)

16 PhD Programmes
696 PhD students

RESEARCH IN ACTION

248 Horizon 2020 Projects

SCIENTIFIC 95 Min €
PUE LlCATlDNs AND 17 ErRC (European Research Council) Projects
PUBLIC ENGAGEMENT 21 Min€
YEAR 2018 53 MSCA (Marie Sklodowska Curie Actions) Projects
16 Ming€

2579 Publication in scientific journals
106 Industrial Leadership / Societal Challenges/
Joint Technology Initiative Projects

36 Min €

Contributions to scientific
892 conferences published

3 EIT Communities pariners :
410 |nno Energy / EIT Digital / EIT Manufacturing

Open Research Infrastructures
5 Departments of Excellence selected by ANVUR

more than 400 conferences and public
lectures

more than 450 students engaged in
outreach actions

more than 3ﬂﬂﬂ media mentions on re-

search and technology
transfer activities

‘? ./ 1aboratorio
di 1

U Electrochemistry Group @PoliTO 2

?’ORNO



'&Elﬁb S
' 11 i 58 Y P I. I - - ‘. > 0 ‘/
Sy EoTormo Main research topics o

[FEV  steciinms  enel X

) , Testing of modules & packs

it = CASALE o
\@ Prototyping pilot line !'; o
7\ ALSTOM Fer (LD

BATTERIES Li-ion, Li-metal, Li-S, Li-OZ/NZ

from TRL-0 . Sensors & Self-healing
to TRL-6

", Solid-state electrolytes

Sustainable materials

,«/.'

elf-hedfinguree

Dyes/Perovskites-based PV ~ e~
Ener : / N gma P ?ﬁ o —
gY Smart materials for solar fuels I-,-'- - J\'!( )

Potassium batteries

téctrolyi

conversion o '3’
g . . 4 |’ 4 A K- B

& Integrated PV + storage integration —— N P Vo <
deViceS b .d ) | | units = <:L’ g Mb_ ned barrier ‘ /
Electrochemical N, reduction H y Il P ¢ - YT |
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Lab scale facilities

2 glove-boxe

Liophilizer

UV-Vis-NIR TN R Ultrasonic-spray coater

spectrophotometer

Vis and NIR
detectors

Battery testing facility (abuse/safety) Container for battery
packs testing

Cycler for single cells Climate chamber (720L)
(5V — 100-200 A)

Environmental Park . _
Green Electrochemistry S” P'IOF @
Lab L |

Battery tester
for modules and
packs
(600V, 260A)

Accelerating rate calorimeter

sov 04,/
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Materials, Nanosensors & New cell designs
Silvia Bodoardo (DISAT): batteries
Fabrizio Pirri (DISAT): nanotechnologies

Modeling

Daniele Marchisio (DISAT): materials production processes

Pietro Asinari (DENERG): electrode/electrolyte interfaces

Massimo Santarelli (DENERG): electrochemical and thermal modelling

sy

Battery packs

Paolo Guglielmi (DENERG): assembly
Radu Bojoi (DENERG): BMS Ay
Michele Pastorelli (DENERG): power electronics | #,

Electric vehicle applications and integration

LCA & Recycling Massimiliana Carello (DIMEAS)
. 5

Silvia Fiore (DIATI)
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Global greenhouse gas emissions by sector

This is shown for the vear 2016 - global greenhonse gas emissions were 40.4 billion tonnes CO ey,
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S Direct electrification Hydrogen Power-to-liquid (diesel) Power-to-liquid (petrol)
2020 050 2020 2050 2020 2050 2020 050

100% renewable electricity 100% renewable electricity 100% renewable electricity 100% renewable electricity

Electrolysis

CO, air-capture and
FT-synthesis

Transportation,
storage
and distribution

v 94% 68% 55%  55%

Charging
equipment

Well to tank
[ o

Battery
charge efficiency

H, to electricity
conversion

Tank to wheel

Inversion DC/AC

Engine/motor
efficiency

4

overalleficiency  T7% 21°9%  33% 42°%  20% 22%  16% 1:59%

Notes: To be understood as approximate mean values taking into account different production methods. Hydrogen includes onboard fuel compression. Excluding mechanical losses.

f‘O\’\TEC
§ A
o "'5"%) ) == TRANSPORT & v nI Sources: Worldbank (2014), Apostolaki-losifidou et al. (2017), Peters et al. (2017), Larmanie et al. (2012), Umweltbundesamt (2019),
4M . E | ect roc h emi = ENVIRONMENT @ transportenvironment.org National Research Council (2013), Ricardo Energy & Environment (2020), DOE (no date), ACEA (2016).
ORIN
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Global CO, Emissions 22

Transport Sector is Contributing Significantly to CO, emissions

Approximately one-quarter of global CO, CO, Emissions by Q1 2021 - Sectors Split
emissions are accounted by transportation sector.

With a share of 23%, the transport industry was the W Power Gen. From Coal
second-largest source of CO, emissions. m Transport
M Industry

10% 4%

Power Gen. From Oil & Gas

U.S., China, EU, and India account for 46% of the o B
global CO, emissions from transportation. m Others

Source: IEA

Post Covid-19, the demand for transport sector has

; ; ; Transportation Sector Emissions in 2020
rebounded and Is expected to rise continuously. d

(Sub-Sector Split)
1%
6% 2%

However, the Net-Zero Emissions target requires - m Light Duty Vehicles
global transport sector to reduce its emissions by \‘ ® Heavy Duty Vehicles
20%. 11% 46% ® Marine

Aviation
The electrification of the transportation sector is —
necessary for the sector's transition to achieve low- ‘ B o feceanc T il b gl

emission targets. 25% Source: IEA
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N diTorino EV battery demand outlook in division
per vehicle class and chemistry
GWh 2021 2025 2030 2040
7,000 - Cathode B FC & LDV
LFP NCM622 ‘ Bus & Coach o
- RYe - e ERE MDCV :
6,000 177 nca [ NM/LMNO \ Il +ocv
nemtt [l other ‘ \
oo B NCM523
I Anode
Gr+ Silicon Silicon Dominant ‘ ‘
4,000 - LTO I Sclid State
Natural Il synthetic ‘
3,000 -
2,127
2,000 -
1,000 -
=mnill
0 2016 2018 2020 2022 2024 2026 2028 2030 2032 2034 2036 2038 2040

Source: RhoMotion, EV & Battery Quarterly Outlook Q4 2021, 2021
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600 000
500 000 BEV = PHEV
400 000
500 000 I
200 000 I
100 000 . I
H B B I
0l 02 03 04 01 02 03 04 01 02 053 04
2019 2020 2021

Source: EU based on ACEA data.

During 2021 the number of electrified vehicles on the EU roads almost doubled reaching four millions, an
equivalent of almost 150 GWh storage capacity given an average battery capacity of 55 kilowatt-hours

(kwWh) for BEVs and 14 kWh for PHEVs.19
The further growth of sales in EU Is expected to reach 3.5 million vehicles in 2025 (31% of all vehicles in this

CIaSS SOId |n 2025), 7 m|”|0n |n 2030 (55%) and abOUt 11 m|”|0n |n 2040 (87%) RhoMotion, EV & Battery Quarterly Outlook Q4 2021,

Electrochemistry Group @PoliTO .
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Global gross energy storage capacity additions by key market

B US B Latin America B China M India W Australia = South Korea and Japan
Germany B UK M Other Europe B Rest of the world ™ Buffer

150 gigawatts

2016

|

17 18 19 20 21 22 23 24 2 26 27 28 29 2030

Source: BloombergNEF. Note: Buffer = headroom not explicitly allocated to an
application. BloombergNEF

BloombergNEF’s forecast of installations to the end of 2030 by key global region.

Electrochemistry Group @PoliTO

Cumulative energy
storage installations
will go beyond the
terawatt-hour mark
globally before 2030
excluding pumped
hydro, with lithium-ion
batteries providing
most of that capacity,
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Reported and projected cumulative global installations by region. with ‘RoW’ representing the ‘Rest of the World’ and ‘Buffer’ markets and use
cases for which there is low visibility, BloombergNEF

Electrochemistry Group @PoliTO

Buffer
RoWw

" MENA
lberia
France

Italy
m Other Europe
mUK

Germany
® India
m Southeast Asia
= Japan
m South Korea
®m Australia
B China
B Canada

Latin America
mUs

Storage capacity by area

EMEA

APAC

AMER

latest analysis of the sector,
the firm has forecast that
by the end of 2030,
cumulative installations

worldwide will reach
411GW and 1,194GWh.
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battery materials production.

P

Global lithium-ion battery production capacity

p rOd u Ctio n is Sti I I i n ASia is projected to increase eightfold by 2027.

Here's a look at the top countries for
battery manufacturing in 2022 and 2027,
based on BloombergNEF’s lithium-ion

China controls 80% of the world's Li-ion battery raw supply chain rankings.
material refining capacity, 77% of cell production
capacity and 60% of battery component

Six of the top 10 battery

. . aog manufacturing companies
man UfaCtU rl ng CapaCIty. L are headquartgered ir? China.
Global biggest suppliers of Li-ion batteries were: 1 S s e

CATL, LG Energy Solution, BYD, Panasonic and SK
Innovation (Q1 2022).

2022

The EU trade deficit in Li-ion batteries continued to
expand in 2021 and reached EUR 5.3 billion (+25%

77% China
893 GWh
from 2020). o
_ 5 2% Hungary
194 GWh
4
N
2% Sweden
6% Poland 135 GWh
73 GWh G
- 6% U.S. _, 1% Poland
70 GWh 112 GWh
11% Other
127 GWh
Total
: Total
1(:1?3&'8\3% Capacity
(GIGAWAT T-HOURS) 8,945 GWh

(GIGAWATT-HOURS)

Electrochemistry Group @PoliTO
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MNext-G er“_1 Battery Illka g[f;,.;‘?.:e' Bomsey 4 gglg;r:rzsmtgglne, SKELE+ON gg:g:‘,:Tallinn & LiNa Energy ggzd;:um,Lamashire
— Bk ey B il cs
Companies (excerpt) as of BlueSofuions  POVMer.ErguéCabéric  [JeJzff]  TBA Frauenfeld . |t 3Darchitecture,Einanoven
January 2023 ' =  RuNning N 2024 LionVolt 2o
AYOLE Oxlde, Lyon - th . Polymer, Berlin BASQU= Polymer, Vitoria-Gasteiz
yXOLE oos = theion o> SVOT oo

Hydro Polymer, Montreal o~ - o S - ol
Q, Queébec 2o ' > ) - : é’ﬂ:_{% Published by
e d4m

Hybrid, Woburn = L } =% ~ v
Opee 2 - | ~ e 2 BATTERY-
Oxlde Elk Biver ' e e — .
;gMEET Burnmi LA . & ] . o <) e o
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. Hybrid, Tucson
= Sion Power Running

. Sulflde, Louisville
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ENTVIX ¢ mont 201
-ﬁ'.i'-"; . Polymer,
Prieto  port collins 2028

= = Multllayer Graphlte,
ENPOWZ=R Palo Alto 202X

Sulfide, San Jose

i N AT

L 202X
f - Oxide, SiliconValley
" Ampeera” 20xx

] = Sulfide, Sacramento
D LIPOM, San Jose
o T o
— . Sliicon Anode,
< arH.p'F'Tus Fremont 205
Liquld, 5an Leandro
B CUBERG 5,
= Oxlde, Sanlose

QuantumSeape 504
Oxlide, Beltzvill
|ON{: 20KK -

SHKUU EHg;g:rld Sanlose

% IONIC Polymer,\Woburn

I ™

vaisriols O ) a % A :
Silicon, Fremont Authors: Gerrit Bockey & Dr. Heiner Heimes (PEM I:*‘u'l."l'l-lfau:r]en University) -

L | T e o 2':'2:": o
m R— Sllilcon, Palo Alto

neDetr 5oo Sulfide, Changzhaou o :

[r] FEST, Woburn T s SUIMdE, YoNGIn sy‘blr e ng G‘iﬁmﬁﬁﬁ ;gé";: Kunshan Panasonic ggﬁe- Kamoda prologium gglfzde-'rﬂ':'}’“ﬂ” City

ngde P Sulfide, Yokohama

€ ADVANO >ICom\Venum » suiideseou  CATL 20z Ly 2024

. 2030 Va4 Hybrid, Zibo Sulfilde, Toyota Polymer, Chiyvoda ¢ Sliicon Anode,

Po Redmond !
< AR TMaLT ED}Ig{mer seme S on Solld 2026 L 202K @ 2025 EAPE 2000 StoreDot Herzliya 2024

Silvia Bodoardo
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European Gigafactories June 2023

Battery cell production in Europe Is picking up speed to meet the growing demand for battery cells

SE:TMOGWh + X Fl: 40 GWh DE: 544.5 GWh + X

Battery production |k _ 4 Blackstone Resources

¢ of BATTERY- OFREYR 2028, Mo i Rana 83 GWh|| northvolt & @ CUSTOMCELLS® 2024, Dobeln
- SEYONOER 2024, I:EC}QEEHFI 10 GWh § Skelleftea, 40 CWhH + 35C0WhH 2 PowertCo
e/INnor. 2026, Trondheim X GWh Gothenburg & "W 2026, Salzgitter
| Borlange ﬁﬂﬁgﬁ 202X, 40 GW

S1/OLT 2030, Europe 10 + X GWh | | £ =2,0014 GWh + X | +4% (25 of February] 110 GWh + X Riga X GWh 2020, Willstat CATL
InoBat 202X, Eu rope x CGWh Alldata are based on the MEXimuUMm annUaNCapacily ol . 1 25 CWh

PowercCo 2030, Eu rope 120 G\Wh the thearetically highest expansion stage ) CELLFORCE 2025, Erfurt
aramotors 20XX, Europe X GWh 2024, Tubingen 100 GWh

inoBal Seeen 20XX, Europe 40 GWh 1CGWh + X T=sL=S

v/ 202X, Grunheide
: 2023, Europe SVOLT :
NL:1GWh + X Eu“e 2028, Eur: P 2023, Uberherrn 200 GWh
24 G\Wh WU VARTA

202X, Lauchhammer 20XX, Ellwangen

- 16 GWh 2 GWh

N:Eﬁ;g;““ 202X, GB X G\Wh acc

O™ 2025 Coventry60GWh b 8 "~ =2 = [§NGA Eis

& Emvion '==02030, Sunderland 35 GWh 2030, Kaiserslautern 202X, Nordhausen
amte 2023, GB10 GWh + X 40 GWh 0.5 GWh
samsHvolt 2025, Blyth X GWh northvolt ;

2026, Heide 2026, Flintbek

rrtessown “leewn B8
QCC 2030, Douvrin 40 GWh |

SIERIEX " ;W @ LG Energy Solution

------ 2030, Dunkirk 50 GWh 2025, Wroclaw 115 GWh

Hlm Solutions  20XX, Quimper 1.5 GWh

| =rrit Bochkey & Prof. HeinerHeimes
& envision /=50 2029, Doual 30 GWh .- PEM RWIH AachenUniversiad BTG e X el o] InoBat
Prologum  20XX, Dunkirk 48 GWh PT: 45 GWh A« ) IT:1I8GWh 2020, Bratislava 10 GWh
= - 2028, Portugal 45 GWh

QCC 202X Termoli 40 GWh

m BE: 3 GWh Fatids \FAAM 2024, Terevola 8 GWh

Powerco202X, Sagunt 60 GWh 202X, Seneffe-Manage 3GWh ravoLr 2024, Italy 70 GWh
© Phis.-cr, 2027, Noblejas 20 GWh CH: 7.6 GWh B

BASQU=. 1 2027, Spain 10 GWh 202X, Frauenteld 7.6 GWh
& enision =50 2025, Navalmoral de la CZ:15 GWh o= 2027, Subotica 48 GWh

HU: 215.3 GWh +X

CATL 2025, Debrecen 100 GWh

EVE 2026, Debrecen 28 GWh
2021, Cod 40 GWh

SAMSUNG  555% TBD X GWh

e 2028 Komarom & lvancsa

SB: 80 GWh

Mata 50 GWh 2025, Horni Suché 'IS CWh inoeat 2032, Serbia 32 GWh SK innovation Up to 473 GWh
o\*‘Teo '
lnlalono o
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March 2022 NEWS.DE

BATTERY-

2024, Rogaland
10 GWh

seyonoer  MORHOW

2024, Aader
Upto
32GWh

[ eviis own - x G
e 202X, Europe
o X GWh
2026, Kaliningrad Qeuvro
Upto12GWh 2023, Europe

10 GWh + X Up to35 GWh
SRMSHVOLT

2025, Coventry 2023, Biyth
Upto60GWh Upto30 GWh

1GWh + X
amte 2 Envision \F 5
2023, <8 2030, Sunderland

QcCC 2030, Dunkirk

2022 Douvrin YR 1050 GWh

Upto24 GWh @ EmisionAEST
2024, Doual
Up 1024 GWh

© Phis
@ 2027, Noblejas
2026, Sagunt 20 GWh
40 GWh BASQU=
2026, Spain
10 GWh

[ e=:0own- [

IT:102GWh

QccC

awvorr” £ AAMN
202X, Termoli 2024, Italy
I 24 GWh

2024, Terevola
Up 1070 GWh Up 108 GWh

HatmarHeo e

C€Z: XCWh

202X,

% XGWh

Gothenburg &

Borlange

110 GWh + X

| $B:16 GWh

- 2029,
ElevenEs.

! SE:TIOGCWh+ X GER: 477,6 GWh

</, cALB

202X, Germany
20 GWh
f| A Locanche

2020, Willstat
Upto25 GWh

©. 9.

2024, Tubingen
0,1GWh + X

svorr

24 GWh

Qcc

i 5uckstone Resources
2024, Dobeln
Upto5GWh

@
20XX, Bitterfeld
Up to16 GWh

2024, Salzgitter
Up 1024 GWh

CATL

2023, Uberherrn 2025, Erfurt

Up 10100 CWh
TESL®H

2022 Kaiserslautern 202X, Grunheide

Upto24 GWh Up 10200 GWh
northvolt 4 VARTA

2026, Heide 2026, Ellwangen
Up to 60 GWh Upto2 GWh
BL-enIAh 2022 Wroclaw
@ LG Chem Up to 65 GWh

SK:10 GWh

2020, Bratislava

Suboticall 2021, God
1BGWh fl Up to 40 GWh

TnoBat 10 GWh
HU: 87,3 GWh W
[ SK innovation
SAMSUNG 2028, Komarom &
lvancsa

Up t0 473 GWh

Gigafactories

. blished o
LiBrecycling [N S—
3 S 100,000 t/a of
projects EU: ‘ instalieciand | | ]
July 2022* planned 2023, Halmstad 2030, Skellefted
pmand 10,000 t/a 125,000 t/a
.S
. hydrovok VORYON i 3 = Installed T18,750 t/a + X ]
Installed, Kristiansand X
7,000 t/a 12,000 t/a 10,000 t/a

=
Installed, Rotterdam

14,000 t/a
2023, Northfleet 202X, X
10,000 t/a Xtfa
stow\
24, Minworth Installed, Darlaston
Xt/a Xtfa

Aburubis
Installed, Hoboken 2025/26, Olen
7,000 t/a Xt/a

~
Installed, Crenoble
t/a

2023, X
1,000 t/a

Fonce RSl

2300 2023,
202X, Saint Quentin Amneville
10,000 t/a 4,000 t/a
@ veoun epi suez

2023, Dieuze 2024, X

5,000 t/a Xtfa

ondeso (1) meomre & roew
Installed, Cubillos del Sil Installed, Erandio 202X, X
8,000 t/a Xt/a 15,000 t/a

announcemeents
“Conwersion from 10 t/d to t/a
(200 werking days per year)

Xt/a

—aZ,
202X, Europe
Xt/a

2025, Europe
Xt/a

Installed, Nivala
4,000 t/a

Installed, kaalinen
3,000 t/a + X
2023, Harjavalta

Installed, Krefeld
3250 t/a

2,900 t/a

Installed, Zwickau
950 t/a

20V, Baudenbach

1,000 t/a Installed, Aue
4,000 t/a

Installed, Hilchenbach

20,000 t/a Installed, Salzgitter

REDY 1,500 t/a

1000 ga_reTerMaYEN 2023, Kuppenheim
2500 t/a

Installed, Wangerland INIS. Heide

350 t/a (2023: 2,500 t/a) y o/

e P
202X, Wemberg-Kéblitz 202X, Hamburg
Xt/

9,000 t/a

15,000 t/a
Installed, Wendeburg S

Installed, Hettstedt
3,000 t/a (2023: 20,000 t/a)

2024, Schwarzheide

ROVAL J6T5" .
2020, Legnica 2022, X
3,600 t/a Xt/a

~ BKYBURZ

Hungary I

Wimmis

00 t/a

8,000 t/a

25,000 t/a

Source: www.battery-atlas.eu; abstract, no claim of completeness

Recycling companies
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And also...

% g Published by: 3 2
" Battery active materials "W 172,000t iy SE: 40,000t 2025, Borlange
Battery system Published by: (extract) as of 2025, Mo 2023, Porsgrunn 2021, Kristiansand Up to 40,000t*
manufacturing s 30,00 50,000t 92,000t I Cathode
ST | 2022 5816 Izoz‘l _ 2022, Kirchardt June Lrp @ FREYR Graphite Nickel sulfate ETTO008
) : ) , Leipzig b : 7,
July 2022 2023, Sodertilje 2025, Goteborg || 2022 Riga 12024 Uusikaupunki| 2022, Regensburg R | DI 3005 ; -
- 2020, Dingolfing 2023, Bitterfeld p” Hﬂ’" @m Oleverton TOPSOE ] 2025, Finland ;%zoithafjavaka
! ithium 3 ? > Z 6,000t*
2019, Trondheim 2;21, Arnstadt S ;?gé(éfomwall :g)éxob?asmgton g%%gltasmgton :ggt! Basington v Nickel sulfate Cathode
_— 2025, Gottingen ' Lithium carbonate Lithium chemicals Lithium chemicals|| LNMO a 2025, Finla‘n:‘.‘ 2022, Kokkola
2016, Stockdorf £ = 739,700t + X,000t B 50,000 t 15,000t
2012, Kamen% . \ ' J Anode Lithiumhydroxide
2021, Hams Hall 2021, Sunderland 2020, Untertarkheir m 20XX Europe 2030, Europe : - PL: X,000t 2023, Nysa
T 2022, Bruhl 2008, Thale Up to X,000t Up to 64,000t* C X,000t
= B 200 Sndefingen (omipuo  Upiees : e
'€ 11D) 2021, Ludwigsfelde 2022, Griinheide DE: 102,000t + X ﬁ.oom ;%)g& TBA
f E Lithium hydroxide
2020, CGent a : 2 mcracioy
g 2018, Brussel 2013, Braunschweig 2000, Karlstein :oozg) Spremberg i%zgétsmwmheide UK: X GWh 20XX, Shevchen-
X t s kivske X,000t
2010, Wildpoldsried  20XX, Ingolstadt Aluminium oxide Cathode ' . ! Lithium hydroxide
Q 1BU |tec ’ HU: 108,000t 2025, Debrecen
# 2019, Sachsenheim 023, Heusweiler 2024, Cuben 2021, Weimar SR : 8 et 108,000t
2021, Poitiers 2023, Billy-Berclau 2021, Leipzig 24,000t 4000t : & ’ Cathode
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Supportive framework

Other legislative & funding initiatives at EU and national level

EU = Strategic Action Plan on Batteries

Business
Investment |BIP
Plattorm
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Hatteries European
Fartnership

EUROPE

EUROPEAN TECHNOLOGY
AND INNOVATION PLATFORM

Battery downstream &
complementary Partnerships

Other Horizon Europe RE&I

activities

European Battery Alliance

MS led IPCEls: R&I & and first

commercial deployment

BATTERY

+

Capture a new market worth 250B€/year

Interregional partnership on
advanced battery materials
(ERDF/Smart specialisation)

Mational and bilateral REI
activities

EBAZ250
EBA250, Member States, EU-led initiatives

(Fy]
@
e
Q
s
L
LLe
(1
18]
g
LD
A
Lol
-
-
-
i
L
O
Y
-
=
L8]
=
T
J
-
p —
@
40
et
48]
e
-
L1
@
-
o
i
=
Ll

=
..l:._'-
o1
A
A
=
Jma

Electrochemistry Group @PoliTO . 22




Battel
+Zurope

WG1: New and Emerging WG2: Raw Materials and WG3: Advanced Materials WG4: Cell Design and WG5: Application and WG6: Application and

Battery Technologies Recycling Manufacturing Integration: Mobile Integration: Stationary
E . E i E i i Daniela Fontana | i | [T n 4 ‘ i
_ ! Daria Hedberg :: Philippe Capron Lo Fabrice Stassin L Comau S.p.A. I = ““ .’“'“'; Franz Geyer i E £ Christian Noce I
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. im | » ! Storage Systems u % » = y/ .
: L 1 I : =i et = o 1
3 . i Kristina Edstrom i i Marja Vilkman i E Silvia Bodoardo i E Marcus Jahn N Zl(i;:‘hnt:lfode i E Javier Olarte i
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Lo . \ i i 5 Matthias Vetter .
ALLEILCEL Bart Verrecht Lo £ 4w Marcel Meeus Arno Kwade Uil EEl . [

Fraunhofer Institute
for Solar Energy !
Systems ISE

The University of | Fraunhofer-Allianz | .

@ Technical Advisor
E Warwick . I Bse g Batterien .
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: ra ol | I 1o %7 = - -

Provide an overview of the technologies

Roadmaps SRIA
November 2021 — January 2023
Under the Coordination of Under the Coordination
Batteries Europe Support strategic research actions of BEPA
& Technology development/implementation
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Supportive framework

Other legislative & funding initiatives at EU and national level

EU = Strategic Action Plan on Batteries

Business
Investment |BIP
Platform
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Halteries European

Fartnership

E U R D PE Battery downstream &,
FUROPEAN TECHNOLOGY complementary Partnerships

Arw e 'ATION PLATFORM Other Horizon Europe R&

activities

European Battery Alliance

BATTERY

n MS led IPCEls: R&Il & and first

commercial deployment

Interregional partnership on
advanced battery materials
(ERDF/Smart specialisation)

Capture a new market worth 250B€/year

Mational and bilateral R&I
activities

EEAZ250
EBA250, Member States, EU-led initiatives
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LARGE-SCALE RESEARCH INITIATIVE

B{ﬂ‘TTE ;Hj Coordinator:

=) Kristina Edstrém, Uppsala

SUSTAIMABLE BATTERIES

..-:F THE FU il.IH-E i a Uni\femim S\ﬂEdEI'I

- L

L ] . L - =
. . Deputy coordinator:
_ » > B FAIR DATA a
» COORDINATION ROADMAP COMMUNICATION STAMNDARDS AMND H
MONITORING L MEEDS AND GAPS ® CURRICULA ® EMGAGEMEMT _ GUIDELIMES Slmn Perrauclf CEAI FrarH:E
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BATTERY 2030PLUS CSA
ov, SwEDEN HIDLEW

www. battery2030.eu

., d BATEVER  Twitter: 2030battery
Sensnbui SPARTACUS
Opincharge Phoenix Salamander Opera UltraBat  HealingBat
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BATTERY BATTERY 2030+ roadmap:

_|_

Short term: : Medium term:
\ |
Develop theoretical and Integration of the Materials accelerating
experimental platforms different parts platform + smart battery |,

and tools functionalities

BATTERY
) (=) 2(+)

WP3 New Curricula

EdU Batt Network

This progect s recsived funding
fem the European Union's Horizon 2020
resedrCh and innove 1HON (IOGramrs

weder grant agrevwirmnt No, 957213

ry Group @PoliTO




Young Scientists engagement (=
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4 Universities involved and around 120 young scientists

«Efforts made today will be the

breakthroughs of the future»
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Different expertise:

l.e. battery experts, engineers, chemists, physicians, economists, doctors in
medicine, people with all humanistic specialisations, etc.

Batteries of the Future




Inside the battery pack
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Battery Pack —

Module

e.qg. pack for pouch cells (Nissan Leaf)

A 'pack’ is formed by connecting
multiple ‘'modules’ with sensors
and a controller and then
housing the unit in a case.
Electric vehices are equipped
with batteries in a ‘pack’ state
which are connected to

the powertrain.

f’qo\'\n%?b{ J

' -
¢ . / Laboratorio = __
|

e.g. module for pouch cells (Nissan Leaf)

A 'module’ is formed by connecting
multiple ‘cells’, providing them with
a mechanical support structure and
thermal interface and attaching
terminals. Modules are designed
according to cell format, target pack
voltage and vehicle requirements.

S warwick.ac.uk/fac/scifwmgfbusiness/automotive batteries_101 wmg-apc.pdf

Q/OE Electrochemistry Group @PoliTO
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Module - Cells ¢ (S

Negative | | Cu-Foll

Lithium-ion cell

Al-Foll

Positive

Separator,
Electrolyte

e.qg. pouch or cylindrical cell

As a single unit, a ‘cell’ performs the

primary functions of a rechargeable
‘battery’. Cells come in varied formats:

Cylindrical Cells
* Pouch Cells

e Prismatic Cells

-1\ ERattery2030. 48 31



Cathode : LiMn,0O, spinel Anode : metallic Li foil

LiCoO, cobaltite graphite
intercalation compounds

charge

LiM+nQ, * M+(+1D)Q, + Lit + e

- Metal oxidation 0




How should be the
Battery for future




MATERIALS

0. COST

)

K W SUSTAINABILITY
abundancy &
PERFORMANCE Second I acoessibiiity

Power Energy
density density

LITHIUM ION
BATTERY

Renewable

life

g pon I Recyclability

Carbon
footprint
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Lithium — Cobalt —Oxide
(LiCoO,)

*Rated voltage: 3.6 V
*Gravimetric density: 200 Wh/Kg
*Energy density: 400 Wh/I
*Complete life cycles: 500 — 1,000
*Discharge rate: 1C

Advantage: high specific
energy, fast charge.

https://www.flashbattery.tech/en/types-of-lithium-batteries-which-chemistry-use/
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&gm e ” Chemical cell composition tailored on the applications

Lithium — Iron — Phosphate

Lithium — Manganese — Oxide . Nickel — Manganese — Cobalt Lithium — Iron —
(LiMn ,0,) (LiFePO4) (LiNixMnyCoz02) Phosphate

*Rated voltage: 3.7 V *Rated voltage: 3.2V *Voltage rating 3.6 V (LiFePO4)

*Specific energy: 150 Wh/Kg *Gravimetric density: 170 Wh/Kg «Gravimetric density: 220 Wh/Kg

*Energy density: 350 Wh/I *Energy density: 350 Wh/I *Energy density: 500 Wh/| Next future Na-ion
«Complete life cycles: 300 — 700 *Complete life cycles: > 4000 -Complete life cycles: 2000

*Discharge rate: 1C, 10 C *Discharge rate: 1C/3C *Discharge rate: 2C/3C

Advantage: high thermal stability Adv.antage: high thermal stability, long Advantage: very high specific energy
cycling, fast charge, no cobalt

Cost

Lithium — Iron — Phosphate
(LiFePO4)

Safety Specific Energy

Life span C Rate
Electrochemistry Group @PoliTO LFP LTO_  NMC_ NCA Lo LMO.
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(Bt} heiteenicc EU supply sources of raw materials for batteries m\\

s : Natural
Cobalt Lithium Manganese Nickel .
graphite
100 %
Others Pcrtuga Others
e 139% 12% Othefs Others
19 % | 27 %
France Brazil
5% 8 % 80 %
Finland Greece
8 %
DZampbique 60 %%
12%
Gabon
Australia 39 9% Canada Brazil
24 % 13%
87% 40 %
Democratic South Finland
Republic Africa 38 o China
of the Congo 41 9% 40 % 20 %
68 %
0 %

Source: Data for raw manganese, nickel and natural graphite sourced from the 2023 Study on the Critical
Raw Materials for the EU (referenced to the 2016-2020 period). Data for raw cobalt and lithium is not
P available in the 2023 study and was instead retrieved from the Raw Materials Information System .

(referenced to the 2012-2016 period and sourced from the 2020 Critical Raw Materials assessment).




Raw Material Supply Chain Disruptions

Challenges in Raw Material Supply Chain Hindering the Outlook for Smooth Energy Transition

1200
1000
800
600
400
200

%

i

Prices of Raw Materials China Dominating Battery Value Chain

Proccessed
Matenals

Percentage (%)

Raw Materials Battery Cell Assembly

Components

w—— | ithium ==—=Cobalt ==—=Nickel 8 Austratia 8 Chilk o Ching » Argerting B Korea BEurope B United States @ Japan 8 Others

Causes of Supply Chain Disruptions

o

Electrochemistry Group @PoliTO

Biggest Market of EV i.e, Europe
dependent on other regions for raw

Rate of EV production vs Cowid-19 Pandemic
rate of mining of raw

materials.

5. % ’ Ukraine-Russia crisis @
D -ll'

matenal sourcing/Raw matenal sourcang
by European EV manufacturers

Silvia Bodoardo
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In 2021, average global battery prices fell by 6% to around 116 EUR/kWh (in EU market - around 150 EUR/kKWh)

continuing a long-term trend.
The system cost of grid scale Li-ion applications was around EUR 350/kWh in 2021 and, for home storage systems,

roughly twice that.

CATL announcement 56 €/kWh/cell

684
Pack il
215
194
393
130 303
Cell 82 298
185
i N 140
l..ﬁﬁﬁﬁ
2013 2014 2015 2016 2017 2018 2019 2020 2021
Volume weighted average pack and cell price split (real 2021 USD/kKWh). N ——
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o WORING

h S 7 o 3.8 %

Volatile
Components
8.3%

Aluminum
18.0 %

Aluminum Battery
5.8 % ‘ Ry
Bl Plastics
5.7 %
Graphite Cables
8.2% 2.3 %
Aluminum
| | 5.2 %
Mass fractions of components in an Plastics
1.5%

electric vehicle battery system.

Steel
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Nickel — Manganese —

Cobalt
(LiINixMnyCozO?2)

wr Lithium — Iron —
Phosphate (LiFePO4)

NMC622 NMCB811

NMC 111

Nickel 33.3% Nickel 60% Nickel 80%
Manganese 33.3% Manganese 20% Manganese 10%
Cobalt 33.3% Cobalt 20% Cobalt 10%

https://www.flashbattery.tech/en/types-of-lithium-batteries-which-chemistry-use/
§ =Le
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Cell Generations (oL,

"Onmo‘
Current * 350 Wh/kg, * 500 Wh/kg,
EDI'II_";T:"IDE'::iEﬂ * 90-235 Wh/kg 750 Wh/I Sn{laid St:te 1000 Wh/| C
oo AL . 2025 o e 2025-2030
Generation 1 2 3 4 5
2a 2b 3a 3b 4a 4b 4c
Type Current Current  State-of- AdvancedLi- Advanced Li- Solid State Beyond
the-Art ion HC ion HV Li-ion

Expected Commercialised Commercialised 2020 2025 >2025
Commercialisation
Cathode e NMC/NCA eNMC111 eNMC424 eNMC622 e HE NMC eNMC eNMC eHE 0,

oLFP eNMC523 eNMC811 e Li-rich NMC NMC oS

¢ MO eNMC910 e HVS
Anode e Modified Modified Modified Carbon Silicon/Carbon Silicon/Carbon Li metal Li

Graphite Graphite  Graphite (Graphite)+Si (C/Si) (C/Si) metal

® Li4Ti5012 (5-10%)
Electrolyte e Organic e Organic+ ¢ Solid electrolyte

e LiPFs salts Additives — Polymer (+Additives) Post Li-ion:

— Inorganic K-ion, Mg-ion,
~ Hybrid Al-ion, Ca-ion

Separator Porous Polymer

Membranes

9&% "/
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Battery cells 2024: State of the art

Sulfur Solid-Stat : :
ultur Solia->tate Oxide Solid-State
Electrolyte

Electrolyte

Lithium-lon

lon NMC/NCA

" | .

: 4 SEI

: . - :
LILTIINNI™IO0]

NMC/NCA Cylindrical
Pouch (High Energy)

LFP Prismatic

Sodiul Layered Oxide /
Layered Oxide Prismatic |
Pouch

f Lithium-ion
I NMC/NCA Lithium-lon
Cylindrical e | | Syl NMC/NCA
(High Power) Prismatic

Prussian Blue

Layered Oxide LFP Pouch LFP Cylindrical
Cylindrical

© FutureBatteryLab.com
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Energy = Voltage x Capacity

: Cathode materials:

Lithium/Li-ion .
xLi,MnOy/(1-X)LiMO, (M = Mn, Ni, Co, Cr) | ey

iMnPO,, LICoPO, &
{ Li,M,Mn, O, (M=Fe, Co) o
LINIVO,

_etc,, etc.
Graphitas®
. ;ﬁ‘ Carbons

key parameters:

e energy density

e power safety

e charging rate

e cost

etemperature and chemical stability
e manufacturability

e sustainability

e recyclability

PSS

w

Anode materials:
Lithium/Li-lon

Metal oxides (displacement-type)
Sn

Potential vs. Li/Li*

N

0 250 500 750 1000 1250 1500 1750 3750 4000

Capacity / Ah kg1 . 45

#
¥

Li
metal

Si

l SIIC composites
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a) State-of-the-art LIB b) ,,Ecologically optimized” LIB for high-energy applications

= COST

- y ‘\\
A N \
| L : - ‘

@ SUSTAINABILITY
$“—= ‘ : bEIeénent& |
.: abundan
PERFORMANCE & 0 _,/ material
ST ; : - accessibility
Saf[ety Lifetime < 9, ;{ & o T T |
&: ch ';?;fng A '3/ - c) Sustainable alternative battery technologies,
o e.g. for stationary applications
Fas " Renewable --
’ resources Recyciability
-_—. Carbon
! ' footprint
Power Energy
density density
LITHIUM ION

BATTERY

S. Duhnen et al., Small Methods 4 (2020) 200039
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Increase the energy density: =
Solid State cells and conversion systems

Lithium-Metal

TR -

Higher energy density Theoretical energy density

Smaller volume 5 times higher than Li-ion

Electrochemistry Group @PoliTO 0
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Abundance Potential Stoke’s
in Earth [V vs SHE] radius in PC
| crust [%]
Li & 0.0017 100 000 -3.04 0.76 4.8
Na g 23 3 000 -2.71 1.02 4.6
K 2 15 10 000 ~2.93 1.38 3.6

=  Available worldwide

" Forms graphite intercalation compounds

" Does not alloy with Al.

= |ess ordered solvation structure - the lowest desolvation
energy in EC - faster K* diffusion.

Min et al., Energy Environ. Sci. 14 (2021) 2186
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(hhl o Potassium as an emerging post-Li choice =y

Positive
electrode

Discharge

Electrolyte Negative
+ Separator electrode

1.8 M-EUR project just granted

GREENE MOVE
\/

Green potassium batteries manufacturing
processes: towards sustainable gigafactories

(FISA) . 46
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ZEBRA batteries (batterie al

sale....) =

High temperature battery - Stationary applications

C.-H. Dustmann/Journal of Power Sources 127 (2004) 85-92

2NaCl + Ni—= NIiClp + 2Na

0

TCB Seal

details on

OCV 2.58 at 300°C, :
the right

Operating range

Current collector

(f pole) |
270°C to 350°C, gﬁgmmiﬁiamchloﬁde
. . Ceramic electrolyte
Typical capacity 32Ah
Sodium
100% Ah-efficiency (pole)
2 NaCl + Ni === _ NiCl, + 2 Na hand

Fig. 1. Basic cell reactions.

Electrochemistry Group @PoliTO

Na Al Clg

Liquid electrolyte
3"- Al2 O3
Ceramic electrolyte
Capillary gap

Wick

Charge

Na AICl4

Liquid electrolyte
3"- Al

Ceramic electrolyte
Capillary gap

Wick

Discharge

Silvia Bodoardo
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membrane

posl negative
electrolyte electrolyte

pump pump

Source: www.echemion.com
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Slurry Mixing Coating Evaporating Compressing Slitting

>
Q
£
&
7))
<
Drying Tab welding Stacking Packaging Filling
L //
Z V4
0.0
T ®
o E ‘ ‘
L LE ~24 hours ~7days
Pre-Formation Aging Degasing Formation Final Storage

-uente: M+W Group 2013
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Cell Manufacturing

control

(GIGAGREEN Design to Manufacture Giga-Factory concept Overarching approach
_____________________________ |
SAFER GREENER 'nfustrfv aa:thmz ; al
dCtors Trom - I
* NMP-free * Reduced energy and all value free) |
*  SOPs for safety material consumption , : :
handling and Energy consumption chain processing :
automation of cell manufacturing |
reduced by 25% Open @ Pathway2 - :
Access dry |
BETTER ensured processing
|
* High performance . :
LNMO/SiC LNMO/Si-C Time to |
Data-driven process chemistry - impact: :
and product quality immediate :
I

Electrochemistry Group @PoliTO .
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Solvent recovery process is necessary for the cathode production during drying and the recovered

Solvent Binder

Enliva Conductive @ @ NMP is reused in battery manufacturing with 20%-30% loss
mqterial carbon ﬁ—»‘ 1

Solvent recovery

’ {:JJ The changeover from an NMP-based to an
Slurry "\ ﬂ aqueous electrode production process could not
Cavlei ® only  reduce the energy consumption

: \
C A : ~ \ Further processing: : : :
: @G)I : : \ Caleﬁdarmg ? tremendously due to a simplified process without
Z o . \

OO, \ Cutting/notching

the otherwise mandatory solvent recovery

Mixer procedure for NMP.
- . The switch to an aqueous processing route
- : - : 0
Solverit Mixing ! Coating Drying : Recovery could also lead to cost reduction of over 90%.
L y——— Controlled - Solvent vapours needtobe :  Recovery system required to Ecological and cost optimization of the
NMP g . collected to avoiding . recycle the expensive
ventilation system and PSE  : enviroment needed °
: dlspersmn in the atmosphere solvent : : :
: . electrode coating process 1s directly connected
PSE only required for . Can be performed .
Water handling of powders in air s Narseoveny necessary Nt fiaseas with the drying step.

Electrochemistry Group @PoliTO . 55
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Cell Production: Digital twins
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MATERIALS

——

MATERIALS

-—*

(

STANDARDIZATION
PHYSICAL MANUFACTURING PLANT
MIXING COATING CALENDERING CUTTING iSTACKING FILLING FORMATION
i; %, - i
o RN
9!

DECISION MAKING | | DATA
FRAMEWORK DIGITAL MANUFACTURING FRAMEWORK ADQUISITION

-
MACHINE MODEL

PROCESS
MODEL

MIXING

\

(

™\ |

MACHINE MODEL

PROCESS
MODEL

r

MACHINE MODEL

PROCESS
MODEL

VIRTUAL MANUFACTURING PLANT

P

~ CALENDERINC

Y

r

MACHINE MODEL

PROCESS
MODEL

https://onlinelibrary.wiley.com/doi/10.1002/aenm.202102696

Electrochemistry Group @PoliTO

)

r

(mEEN

\(
MACHINE MODEL

PROCESS
MODEL

MACHINE MODEL

PROCESS
MODEL

\

r

MACHINE MODEL

PROCESS
MODEL

CELLS

CELLS

Towards the sustainable giga-factory:

developing green cell manufacturing

processes (HORIZON-CL5-2021-D2-01-04)
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Slurry mixing 7.91% Slurry mixing | 0.83%
Coating/drying 14,96% Coating | 1.38%
Solvent recovery 4 .60% Drying/solvent recovery 46.84%
Calendering 5.19% Calendering | 2.86%
Slitting |  3.09% Slitting | 5.35%
Vacuum drying |  3.20% Stacking |  5.80%
Stacking 8,65% Welding | 1.88%
Welding 7.34% Enclosing |  5.20%
Enclosing 12.45% Formation/aging | 0.53%
Formation/aging 32.61% Dry room | | 29.37%
0% 1(;% ZC;% 3(;% 4(;% 50% 0% 10l% 20"’/o 30l% 40'% Sd% 60%
Manufacturing Cost Energy Consumption

The estimation is based on a 67 Ah NMC622/graphite cell

The electrode coating, drying, cel formation and aging contribute to 48% of the entire
manufacturing cost !

y. Liu et al., iScience 24, 102332, April 23, 2021

Electrochemistry Group @PoliTO .
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new EU regulation on Recycling ready!

Time line for the new EU Battery Regulation

Requirsmeants of:
~digital pasaport for
‘m P Fequirsments of:
12 months after adoption footprint for batteries ~T0% collection rate
Requirementsz of: ~2Wh Reguirementz of portable battaries
Adoption (goal) *Documentsd tracsability. * Performance and maximum carban
parformance and durability rability batior footprint for batierss
Requirementz of: for batteries =2kWh :::JEI-EWh far == =2 k¥Wh Requirementz of:
* Removability and -B5% collaction rate * Racycled contant in
'E'Fﬂl e lity of | Hequiremeants of portable battaries batteriaz =2kWh
= . documeanted carbon - Specific recycling " Racycling efficiency Requirements of:
*Documentation of safety in footprint for batterisz  afficiencies for Co, Pb jithium-ion 70% and | - Increased recycled
ESS batteries ~OkWh Li. Ni. Cu ' lead-acid 809% content in batteries
- Acceas to BMS information T Requirements of: - Increazed zpecific =2 kiWh
- “1-":.' pmty and Racycling « Documentad recycling efficiencias
reclazzification of sfficiency recycled content for Co, Pb, Li, Ni, Cu
repurposed batteries lithium-ion * Parformance and " Azzezament of
- All producera responzible B5% and laad- durability for phasze-out of single-

2021 2022 2023 2024 2025 2026 2027 2028 2030

Increase of percentage of recycled materials

https://eur-lex.europa.eu/legal-content/IT/TXT/HTML/?uri=CELEX:52020PC0798&from=EN

Electrochemistry Group @PoliTO .
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L# Q Cathode 1

o) 0 0‘;) o 0<‘T??F Cathode 2

!llm Q Cathode 3

®
Ghotad Passpr

Y
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Sales and collection of portable batteries
and accumulators in the EU-27 (tonnes)”

5 1 % ® Sold portable batteries ® Waste collected to be recycled
200,000 =
=
—
% | 150,000
.

100,000 —

of portable batteries sold _
in the EU were collected - < o
for recycling in 2019 = = Q

Portable batteries and accumulators collected for recycling

o inthe EU-27 (2019 - in %)

80
60
40
20

EU-27 average

Czechia =s—
Bulgaria s
Austria ms

Slovenia e

Poland
Slovakia
Sweden

Finland

Greece

Estonia

Malta

Lithuania s

Denmark

Croatia *'
Luxemburg _i—
Belgium #l
_:
_:
|
_:
Germany —i|
———i
_:
France —E
Ireland ——-i
Spain e—— E
YPruS e |
Ee—— i
m———. ] i

Hungary
Portugal

Romania™
Netherlands

* Data estimated by Eurostat from 2009 to 2014, and 2019
** Data from 2018

,’Q’O\,\Tso’b
o At . Source: Eurostat (2021), online data code: ENV_WASPB
M; Electrochemistry Group @Pc
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MICS

Made in Italy
Circolare e Sostenibile

Time to invest in Recycling!!

_wWZ  New approaches to recovery criticAl MEtals from spent Lithium-ions batteries (AMELIE

Waste streams

Waste
batteries
recovery
) supply chain

Human-centric
solutions for the

Modelling and
optimization of the
manufacturing and de-
manufacturing process

A 4
3a Selection of
batteries from .
general waste Biocarbon
from waste
43
Mechanical pre-
treatments
/ \
5 Microwave 6 Solvometallurgy Hydrometéllurgy
applications (*) approach applications
1RL1-3

8 Synthesis and testing of new cells
with recycled anodic and cathodic
materials

I New batteries I

AMELIE supports
companies to meet
EU Batteries Regulation

2025

Portable batteries
and accumulators

65 %

Sustainability analysis
of the proposed
technologies

Battery digital
passport (digital twin)

2030 2031

" \J\TEQ»

10

11

Portable batteries The batteries used in light electric
and accumulators  means of transport (LMT)?

70 % 54 %

i)
)

9/
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n 4 Tempgrature has a strong effect onageingand | New self-repairing polymer electrolytes for smart
senSEibat  materials degradation batteries (developed by SIMONE SICCARDI-PhD
/" Sensing temperature, pressure, cell resistance is research work)

(EUFROJECTLCBATIZ 202020230 important to increase the battery life & safety v' Development of UV cured
v" New Thermal arrays prototypes | v’ Printed electrodes directly integrated | polymer electrolytes with

for sensing directly integrated in small pouch cells for in situ & in UpyMA (methacrylated

inside the cell (developed by operando Electrochemical ureidopyrimidinone)

ANDREA MARCHISIO-PhD Impedance Spectroscopy (EIS) functionalities with self-healing

research work) properties through H-H bonding

——_—— - 9 - - g — e e - — - —— - > - ————-— - -~

voltage of NMC622 vs Graphite
and full cell. Working and Counte;
vs LFP. Plateau after every half-
cycle is due to EIS analysis at

e |

constant OCV voltage.
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8 SUBLIME
Hybrid power-energy electrodes for next generation lithium-ion
@ 4/ R /A batteries (H2020)

Solid state sulfide based Li-metal batteries for EV applications
(H2020)

Cell-integrated sensing functionalities for smart battery systems with
improved performance and safety (H2020)

sensnbai

@ Battery interface genome — Materials acceleration platform (H2020)

BIG MAP

BATTERY 2030+ large-scale research initiative: at the heart of a
connected green society (H2020)

TP

Next generation battery system concepts for marine application
(H2020)

Electrolyte optimization for enhancing GREEN ammonia production
from nitrogen ElectroReduction (MSCA)

EVNTE
70 O’b
5q >
¢ [ \aboratorio \o
@ di 19
Elettrochimica
X \_/ E 3 )

?’OR\NO

Electrochemistry Group @PoliTO

Ongoing grants funded by the European Commission

f’QOv‘TEO¢
; .@6
di Q
Ica

(1 i
Eleftrochimica ,
’\_/ *)
QORING

Solar driven electrochemical nitrogen fixation for ammonia refinery
er C s (ERCStG)

7 SuN,fise

P All-liquid phase JANUS Bldimensional materials for functional nano-
erc x\ y  architectures and assemblies (ERC-5tG)
JANUS Bl

Symbiosis for energy harversting concepts for smart platforms on
SYNERGY foils (H2020)

Towards the sustainable giga-factory: developing green cell
manufacturing processes (HE)

(mEEN

Development of advanced next generation solid-state batteries for
electromobility applications (HE)

'GEN

Towards the next generation of high performance li-ion battery cells

@iexrce oo

Towards the next generation of high performance li-ion battery cells

WigiCell ®e

'65
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Tailoring the HYDrophilic-hydrophobic Reaction zone for
the Electrochemical nitrogen reduction reaction to
AMmonia (PRIN)

Binders with high iONIc Conductivity for fully sustainable
Li-ion cells (PRIN)

Perovskite-Inspired materials-based iNdoor
PhotovOltaics for powering the Internet of Things (PRIN)

Next-Generation Redox Polymers for Lithium and Post-
Lithium Organic Batteries (PRIN)

Lithium protection for robust and Safe batteries (FARE)

National ongoing grants

GREEN
\/

MOVE
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Green potassium batteries manufacturing processes:

towards sustainable gigafactories (FISA)

.66
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RAW
MATERIALS
ACTIVE
MATERIALS
SECOND-LIFE & RECYCLING ,. &L k
A
- 4 |
> |

by 2030: 140 million Evs are predicted to be on * DESIGN FOR <>
the road worldwide and 11 million metric tons RECYCLING

- BATTERY
of end-of-life LIBs are expected to be generated ~ MANUFACTURING > ~ RECYCLING
cumulatively = “
by 2040: the annual waste flows of EV batteries -
will reach as high as 340,000 metric tons

\ CIC
energl
CIC EnergiGUNE 10

Y. Bai, N. Muralidharan, Y.-K. Sun, S. Passerini, M. S. Whittingham, |. Belharouak, Mater. Today 41 (2020) 304
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Plastics/anode/steel

60 °C 24 h

X - e — Wi _ 5 »H&::%

W 5 #g\ ‘”J# ) | '»

£ S “mw Cathode —} NaOH /v\

8 Spent LIBs Discharge Dismantle

.

+ Al solutlon

E Grmdmg Calcmatlon * o Drymg

k4 L .
Scrap materials 0.5h

610°C 5h

I .I Little residue

n :
Dilution

ICP-OES
d # # analysis

Lactic acid and H.0:  Acid leaching Filtration  Leachate L|/N|/Co/Mn

Leaching process

=, ‘Adding the £ , ; _
+°  acetate pH~7 Calcined Grinding Calcined

I 4
—  — — — —p @
a Li:Ni:Co:Mn Removing . 450°C5h 0.5h 900° 12h

= 3.05:1:1:1 waterat 80°C Resynthesized
Leachate NMC

Resynthesis

Electrochemistry Group @PoliTO Fuels 2021 ! 35, 22, 18257-18284 .
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Pyro metalurgial recyling proces PYRO-METALLURGICAL PROCESSES &

1 Spent Lithium-ion Batteries (LIBs)

Pretreatment process
(Crushing ,milling and sieving)

1

Cathode and Anode
materials

!

Electrode materials
(spent Li-ion batteries)

Crusher Roll Crusher Ball mill

Heat treatment
at 150-500 °C
Heat treatment
(150-500 °C)
Heat treatment at ~ Removal of
1400-1700 °C - electrolyte and

: organic solvent

Heat treatment
(1400-1700 °C)

Li,0
all i,CO
: _ : uao Co,0,
o G0
@ ci,g. sla:‘ :ec:fme Energy Fuels 2021, 35, 22, 18257-18234 .

Addition of Reducing agent and Slag modifiers

Reducing age : activated carbon, aluminium foil , NaHSO,
Slag modifiers : Al,03, CaO , MgO, SiO,




<

20N 4y
Y ¥ Politecnico Hydrometallurgical recycling process HYDROMETALLURGICAL PROCESSES ’af@

_—

Laboratorio \,
di
¢ iiiiiiiii\i';ii.....iiii‘::%iﬁi%:: i I I Elettrochimica "
\{'\"“l w4 di Torino (a) Lithium-ion Batteries (LIBs) 2050
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1 (b)
Pretreatment process _— .
(Discharging , dismantling, separating , dissolution ,ultrasonic ﬁ s
2 ~ -
washing, heat treatment method ) R ¥ 1 /B
| t R
2 55
= S ’i = Gl
Anode material Cathode = g
(Graphite , Cu foil) (LiCoO,, LiNiO,, LiMn,0, ) = g §
o $58 2
: g «— 383
Cathode active materials ~ = .
(spent Li-ion batteries) § ]
s
l ; s g
| ‘ ‘ & (8’ g w n
Acid leaching Bioleaching 3 i
» 9 s 3
2 O
| 58
:b. ? & O
: : g : ¥ 93
Organic acid In-organic acid z 3. S
H :
Y
~ Leach Liquor s é §
~
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Solvent extraction Chemical precipitation Electrochemical process A
l 1
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30 000

25 000

15 000

10 000

Potentiel de changement climatique [kg CO2-eq]

PRODUCTION USAGE FIN DE VIE

5000 }-

/
+ .
//
Production 0km 25 000 km 50 000 km 75 000 km 100 000 km 125 000 km 150 000 km Fin de vie
Distance parcourue [km)

wiile VP Slectrigue 2012 - mix Fr e VP électrigue 2012 - mix Al e VP diesel 2012 - NEDC e VP essence 2012 - NEDC

j— ———

Elaboration selon les principes des ACV des bilans énergétiques, des émissions de gaz a effet de serre et des autres impacts environnementaux
Induits par I'ensemble des filieres de véhicules électriques et de véhicules thermiques, VP de segment B (citadine polyvalente) et VUL a I'horizon 2012 et 2020
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Battery manufacturing emissions

Total lifetime emission$ FR

Total lifetime emissions EU

<
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Battery manufacturing can
account from 30% to 65% of total
CO2 emissions depending on the
emergy mix

Increase prooduction efficiency
Reduce critical materials also in
production

Extend battery life
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