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Despite the ambitious decarbonization targets...

Fit for 55 2030 Targets m REPowerEU

DELIVERING THE GHG reduction vs 1990 55%
SIS %RES on energy
~ 14 July 2021 | 18 May 2022

...The EU economy is still largely based on fossil fuels,
z the largest share of them are imported

EU* imports 56% of its energy, which makes it the largest net energy
importer among G20 members. EU energy bill in 2022: € 834 billion

» 96% of crude oil imported

> 83% of NG imported
v in 17 Member States the dependency on NG imports exceeds 90%

Italy
» 93% of crude oil imported*
» 95% of NG imported**

possible external shocks
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Wind produmblllty _ Solar producibility

From imported Oil and Gas...

..to exploitation of local RES

consequent growing effort
In fransmission capacity

eméﬁTS‘g E TYNDP 2022 \ : . 10-year National Development Plan .
7+64 GW fransm. capacity 2025 2030 %v )(15% '
+88 GW fransm. capacity 2025 2040_| 5‘ .
TR, = e O
+41 GW of s’roroge by 2040 & - -
e e = 10 \
ﬁ 67 66| I
2008 2015 2016 2017 2018 2019 2020 2021
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European Commission Report Critical Raw Materials for Strategic Technologies and Sectors in the EU

Key suppliers for strategic energy technologies — A comparisonwithEU € © © @

Batteries Fuel cells Motors  Wind PV

Share supplied

| Raw materials

= 3% 3% 3% 39% 3% 24% 3% 8%

< Processed

O

o.

a Assemblies 15% .. 15% 15% . - 39% 15% . 0% 15% . - 18%
e o = Sl Africa Bl Rest of Asia

CESI Source: CESI elaborations on Critical Raw Materials for Strategic Technologies and Sectors in the EU — European Commission 26/02/2023 4



Supply Chain
Material Supply risk Largest supplier fo EU

@ VeryHigh Share of EU

® righ worY  demandsuppied In Sept. 2020 the EU issued an updated list of critical
hiEEE;S : E:::z = zz: raw materials. Out of 83 materials screened in their
Magnesiom P china [l 937 whole value chain from extraction to processing as
Niobium o Brazi 85% many as 30 materials were identified as critical, i.e.
Borafes @ Turkey 98% more than twofold the critical materials (14)
identified in 2011.
Technology applications In general, for most materials the EU is already now

reliant between 75% and 100% from import and
0 o O 9 . following the current trend the situation will be
Batteries Fuelcelle Motors  Wind rapidly worsening in the coming years considering

also the competition from other OECD and
emerging countries in importing raw materials.

CES' Source: EC Critical Raw Materials and CESI elaboration 26/02/2023 5



Restrictions on REE export imposed by Ineffective reactions of EU and USA with

‘w following a dispute with Japan claim at WTO
3,000
N\ :
2500 I\ Reaction from Japan:
' I, v’ Higher stocks of REE
w 2,000 - o\ v Diversification of import
% Ii \\\ — -Eu
> 1,500 oo ——=Tb
; \}\ Dy
1,000 - ; ‘\\\ ______ _ Japan: REE import from China
'''' . , ‘.,\‘ S~ 100% 1%
500 //;\;;, ‘meemee----- S N KL 85%
80%
2007 2008 2009 2010 2011 2012 2013 Jan Feb Mar April Jun  Jul Aug 70% 62% 60%
14 14 14 14 /14 14 14 14 60% ° 53%
Source: ResearchGate 50%
40%
. o 30%
REE prices kept low by China to .
discourage competitors enter in the REE 0%
supply chain 0%
2007 2008 2009 2010 2011 2012 2013 2014 2015
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Material Technology applications Availability
0O00@®@O

Battenies Fuel cells Motors Wind

| REES v v v Light Rors Earih The .cu.rren’r. ’rech.n.ologies for car batteries are bqsed
HREES? vV v v e e on LITI’?IU.m—IC.)n .(LI—IOI’]) or nickel-metal hydride (NiMH),
Magnesium o Eorin Eiemenis containing lithium and cobailt.

Nicbium v v Both materials are expected to face a vertiginous
Germanium v rise in their consumption.

Borates v Vv WV L )

ithiunm v Whereas resources of lithium are relatively

Cobalt v VvV abundant, though concentrated in few counfries
Vanadium N4 like Australia, Chile and Bolivia, cobalt is in a much
Titanium v’ shorter supply.

Slicon metal v < v v

Source: EC Critical Raw Materials and CESI elaboration
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" EU needs
Lithium Cobalt x16 Availability & Competition
X60 16x

12x Availability: according to the US Geological Survey,
cobalt world reserves that can be economically
exploited with today’'s technologies are estimated in

60x

40x
8x

. x18 N XS about 7 million tons, which represents only 58 years
I I referring to 2020 global demand
T o o Competition with other sectors: only about 0% of
current Cobalt production is for Li-ion baftteries
Lithium:

Cobalt

v' 2020 global demand 82 kton (est.)
v +116% between 2016 and 2020
Cobailt: -

v' 2020 global demand 120 kton (est.) | o S |m|Iorcon5| dero’rlons """
v +30% between 2016 and 2020 restimation - gpply to REE, especially

® Li-ion batteries mSuper alloy mHard Materials ® Ceramics & pigments ™ others ! _I_O H REE
Source: Darton Commodities!

8%+ 51%|

CES' Source: EC Critical Raw Materials and CESI elaboration 26/02/2023 8



The decarbonization pathway will help in reducing the fuel dependency, while ensuring @
security of supply provided that a series of measures are undertaken

CESlI

Recycling

New greener technologies

Domestic production

Labelling
R&D
2nd life

Example: Tungsten

Northvolt, Umicore, Tesla
EV Batteries - stationary

Brushed electric motor
Cage rotors
Low % cobalt

BMW iX
Vestas
Mercedes

Green lithium

Bruchsal geoth. plant

Upper Rhine Basin
Po valley

Batteries
Mining conversion

EU Battery Alliance

Just Transition Mechanism

J
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Most common technology Lithium-lon Battery (LIB)

Several solutions with different materials adopted

—————————————————————————

7 \\ ope
// \ Specific
energy at Cycles
Cathode Anode cell level

[Wh/kg] [nb cycles]
Lithium nickel manganese

\
;’ :
| |
I |
I |
: l
NMC Ecobol’r oxide i graphite 140-200 2000+
i Lithium nickel cobalt aliminum i
NCA 1 oxide I graphite 200-250 2000+
I |
LMO i Lithium manganese oxide i graphite 100-140  1000-2000
' l
LFP i Lithium iron phosphate i graphite 90-140 3000+
l‘ I Lithium
LFP-LTO *.ithium iron phosphate ,/ titanate <80 5000+

—————————————————————————

Cathode is the most critical component
Several different critical materials contained =) need for different processes for their recycling
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T J | .| Recycling of materials
| o | | .| used in the XX century
! Raw material Material Lo Battery ! ! e !
2 maten srocessing | | manufacturing | EV utilisation (eecgr??umnygzree:izg;od
! 1 : : : : .. o,
i )\ - : . l . @ | [Plinum21%)..
. /alh ST E ' E o) | QA
A Agg second life

88 i T

Q ¢ | |
.....but recycling of 3 | | D | Batteries
materials used in the o g | [p ity scale
green technologies is [ e Q| o |
still a challenge. D : |
It is estimated that | recycling
globally 95% + 97% of ’ ;
LIBs are notrecycled | | =~ Tl | Landfill &

.......... : andfi
- HYdromeTO”Ung i incineration

-------------------------
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_______________________________________

Sorting

Discharge

Dismantling /

% End of life
P batteries

Deactivation of the battery

Decrease the volume of the

disassembling product to be treated
l -------------------- v
Pre-Treatment v
s
Thermal Mechanical Physical Chemical Mechano-chemical
e

______________________________________________________________________________________________________________

Enrichment of the metallic
fraction

Reduction of scrap volumes
Reduction of subsequent
energy consumption
Recovery rate improvement

Increase subsequent
leaching efficiency

Direct recycling

............... 4 Regeneration

_______________

Source: Elsevier “Lithium-ion batteries towards circular economy: A literature review of opportunities and issues of recycling tfreatments” and CESI elaborations
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Current challenges in recycling processes:

v variability of input chemistries v scalability Need for flexible

v presence of impurities v standardisation | > Processes TO. quickly
adapt to various and

evolving technologies

v the safe handling of LIBs components due to v simplification of freatment steps
electrolyte or Li atoms exposure

v _new market developments... .~
Process i Pros i Cons
; i - high energy consumption
- optimal technology readiness - high capital costs
P I - easiness of procedure - material loss in the slag
yrometallurgy - generation of exothermic reaction reducing energyi - no recovery of Li and Al
i consumption . - process strongly dependent on LIBs chemistry
- good technology readiness - complexity of the process
- high recovery efficiency - production of wastewater in leaching and physical
- high quantity of recovered material separation processes
Hyd rometallu rgy - moderate energy consumption - selectivity of reagents
. - no gaseous emissions . - need of pre-treatment
- recovery of all LIBs cathodic metals ’
- advantageous for lower-value cathodes (e.qg.: - technology so far focused on laptop and mobile phone
. LiMn204, LiFePO4) . batteries
Direct recycling - all battery components recovered (except - process to be tailored to specific cathode formulation
iseparators) i - evolving technology of batteries causing commercial
| . reluctance to reuse materials

CESI 26/02/2023 13



Comparison of different LiB recycling methods

Quality of Quantity of Presorting of
Technology recovered recovered batteries
readiness Complexity material material generation Energy usage  Capital cost | Production cost required
Pyrometallurgy
Hydrometallurgy
l 4
| ¥ J
Materials recovered
r
Cobalt Nickel Copper Manganese Aluminium Lithium
recovered recovered recovered recovered recovered recovered
Pyrometallurgy No

Hydrometallurgy

Direct recycling

Source: https://doi.org/10.1038/s41586-019-1682-5
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Recycling is key to offset vulnerabilities arising from critical materials adopted in green
technologies...

Measures:

v Labelling: complex mix of materials contained in batteries and other green technologies

O
O
O
O

QR codes
RFID tags
Standardisation of formats

Clear classification of inner hazardous components

v' Design of components: reversible assembly

v R&D of recycling process aimed at reducing:

o GHG emissions compared with primary production

©)

Energy consumption

Battery: Display: Structure: Speaker: Electronics:
Cobalt Indium, Tin Aluminum Neodymium Tantalum, Tungsten,
Lithium LED: Magnesium \ Dysprosium Tin, Platinum,
Graphite Gallium \ *‘ Praseodymium“‘ / Palladium

Multiplicity of contained materials that

make it difficult to recycle and reuse them
" - N -t
= ‘ ‘ o
\‘Hgl h-failur p arts \ Non-durable ack of materia
“difficult to materials reduce substitutes, lov
and replace lifespan recyclin

Source: One Earth Perspective

v Political driver: see the “European Green Deal’s Circular Economy Action Plan”

..but without forgetting all possible solutions to ensure energy independency (substitution,
domestic production and green technologies for extracting and processing raw materials)

CESlI
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AGENZIA INTERNAZIONALE DELL'ENERGIA
«Fate scorte di litio e rame»

L’Aie: obiettivi sul clima
a rischio senza litio e rame,
Servono scorte strategiche

Green&Blue
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La penurie de minerais strategiques menace
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ARMELLE BOHINEUST W @warmelella Aﬂ-T vite et ensemble
ECONOMIA
Inevidenza  Inedicola  Fiume di denaro: inchieste  Podcast  Lab24: i visual 24 Abbonati
Servizio | Industria estrattiva ™

L’auto elettrica fa rinascere le miniere piemontesi

< di Davide Madeddu
5 DATA STAMPA R —

¥ agosto 2021

www.datastampa.it

241 DIRE

Che vita sarebbe

senza il neodimio?

La domanda di minerali per la transizione verde ¢

COMMENTI

pronta ad esplodere: e I'offerta?

di Marcello Minenna

o TeMral A2
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parte la caccia a litio e cobalto duraturo

La Svezia annuncia la scoperta del piu grande
giacimento di terre rare in Europa .. 24 DR

di Beda Romano
MONDO

12 gennaio 2023
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CESI

Shaping a Better Energy Future
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