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The CEA made them possible, last year

= CEA and 3SUN break a new
record for photovoltaic cell
efficiency !
As part of the joint
development program
between CEA and 3SUN on
tandem perovskite-on-silicon
solar cell technology, a new
milestone has been achieved,
setting a new efficiency
record of 30.8% (certified)
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Critical materials forlow carbon energy systems at
CEA

Solid state & Magnets Gen3 Tandem cells

Metal-ion RE-free cu, si, (Pb), (sb) Fuel cladding

Li, ¢, (Si), cu Zr, Nb, (Ni, Sn, Cr)
Magnets Gen2 HTJ cells c

cars . - atalyst

Lithium-ion LFP REFe:, Ag, In, Si, (Sb), Cu ot COYr) Nafion Fuel controls

Li Fe, P, C, (Si), Cu &0, B4C, Hf, Ag/In/Cd
Magnets PERC cells EHT

Lithium-ion NMC Genl Ag, Cu, In, Si, (Sb), Cu Y. Ni, Zr. Co, LG, Pr. Mn, Ce, Cu Nuclear plant

Li, Ni, Mn, Co, C, (Si), Cu Nd, Ce, Dy, Tb Alloy(Ni, Cr,..), Al, Cu
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Electrolyzers

Electric
Solar Panels and fuel cells Nuclear plants

Batteries machines

Electronics

Cu, Au, Ag, Pd et Pt, Ga, Ge




Circular economy of materials
forlow carbon energy systems

Clean (effluent) and efficient

cycling
(vield, water, energy) extraction Shortloop

Sorting, dismantling and recycling
of raw materials (mine)

Disig\'ing (batteries, PV, magnets...)

Sorting
Tech-eco
& Collect
Ore Second life .
(social)LCA
Refin O
Refined
materials Using Second life

Instrumentation of batteries,
Waste PV, electrolyzers fuel cell, PE for
diagnostic

Reduction or substitution of
critical materials
(RE for magnets, ...)

Equipments

@ A - Increased lifespan

Materi-al-saving Battery, PV, Electrolyzer, fuel-cell, Power Electronics 5
Manufacturing processes instrumentation for predictive maintenance
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Reduction of critical
raw materials in PV
cells and modules:
l “How can we use less
m silver?”



Duality of

increasing performance
and

reducing silver consumption

W , with novel cell and
P module interconnection technologies

PV capacity

v
4
7

Sk

i)
£
oL
o
S
o
-

()]
(8
c
£
p &
o
[Vl
P &
()
o

@ We must target 5mg Ag/Wp by 2030!



Innovations on heterojunction cell and
module metallisation

= Cell metallisation with printing and plating using
CuAl..

= Increasing efficiency with tandem cells
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Evolutionary reduction of silver consumptioﬁv

by printing

Silver screen-printing process optimization

® Screen-printing process: screen angle and
material design
“ Cell metallisation design:
thinner lines and
increasing number
of busbars
Ag
Screen-printing
Line width Efficiency (%)| mg Ag / Wp
0
(1m)
Ref. 55 22,47 28,8
Improved 44 22,39 19,2
=> 30% Ag reduction

Metallisation pastes with Cu core particles
coated with Ag

»

Ag coating

=> 40-65% Ag reduction




Reduction and
substitution of CRM
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Battery critical materials:
Lithium, Cobalt, Nickel, Graphite

Geographical distribution of the global EV battery supply chain, 2023
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Battery roadmap

Energy

A Ni-rich

NMC 81

LiNi)...,C0,Mn, 0,

NMC 8+1

Li-rich
(lamellar)
ukl“’i-xol

Na-ion

High Energy
Density
NMC 9.5.5
250 Wh/kg
HV-spinel
(Ln’so) HLM DRS
Mn-rich (rocksalt)
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Sulfides
450 Wh/kg

Environmental
Impact
Lowering

Common material challenge : understanding of degradation modes to
increase lifetime

«  NMC batteries
«  Material challenges::

v Increase Si integration at anode
v Reduce nickel, cobalt at cathode

Na-ion battery technology

« Cathode : NVPF or PBA or Mn-Rich

- Anode: Hard carbon or Na,Ti;O,

- Material challenge: vanadium free
- CEA Target >180Wh/kg

- K-ion battery technology
- Cathode : PBA or layered Oxides
- Anode : Graphite
«  Material challenge : Stable electrolyte design
- CEA Target >200Wh/kg

Li-S battery technology

- Cathode : Sulfure

« Anode : Li-metal

- CEA Target > 450Wh/kg
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CEArecentresult on K-ion technologies

e e >
Charge —o Q o= Décharge
<100 Wh/
\ L Aluminium Aluminium \ loo h kg
B .
ol .:\ ’ z D~ OOy

Advantages :
No Cu, Li, Ni, Co

Abundant of K
Low potential K
Safe OV storage

120 oo 120

100 |aem - 100
. \N

© o % s 80 3
Water based for: E 60 - &
v Cathode Prussian White  K-oriented z %
synthesis K,MnFe(CN), Graphite 2 40 3
v" Both 3 3 |
electrodes 50 = \/
coating
K 0 : : = H o
£ 120 0 50 100 150 200
& 100 Cycle index
» 8¢/
z_g 60/
s 40
DI >200 Wh/kg
0i—
0 _Z(T — 307

Nombre de cycles




Reduction &
substitution of rare
earth in electric
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tREE

Permanent magnet critical materials:

(Heavy) Rare earth

Rare earth production will not fill the
demand in 2035!

Magnet REE production from operating and announced projects in the base case
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Rare earth demand growth
driven by electrification

- EV motors, typical content

Q >80% of EV motors use permanent
magnets

0 1-2 kg of magnets per motor
0 25% of Nd+Pr & 5% of Dy (wt. %)

- Offshore wind turbines

~600 kg of magnet per MW for
permanent magnet synchronous
generators, ex for DD-PMSG:

0 Nd:~180 kg/MW
Q Pr: ~35kg/MW
Q Dy :~17 kg/MW
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Nd-Fe-B magnet manufacturing pilotline

— Strip casting

— Milling G Y L Sintering —— =
Micron sized % - .=
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Conclusions

- Critical Raw Matrial challenges are an
industrial reality :

v The reduction or substitution of CRM ﬁ _
v" The increase of technology sy i g Ao K
. o ° of raw materials (mine] v
performance inducing a reduction of |

Sorting, dismantling and recyding

O o (batteries, PV, magnets_.)

CRM weight/Watt Ol
. (social)LCA

T
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A Uning % Second life
y Instrumentation of batteries,
woswe

PV, electrolyzers fuel cell, PE for

v Material saving through innovative
manufacturing process (e.g. reduce

scraps)

(A
wWineg v
matencok
0
o i, diagnostic
Reduction or substitution of "
/ “itical ma‘crial‘ Cqupyments \
e (RE for magnets, _.) <8 ';\

A < Increased lifespan
Material-saving Battery, PV, Electrolyzer, fuel-cell, Power Electronics
Manufacturing processes instrumentation for predictive maintenance

- Circular economy is d key lever to reduce
the CRM demand
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‘ ‘ Improve the circularity of materials essential
for low-carbon energy technologies, transfer
solutions to the industry and therefore
contribute to sovereignty for the energy
transition
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