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CEA-LITEN: THE FRENCH INSTITUTE FOR ENERGY TRANSITION

Mission: to accelerate the descarbonization of industries

How? By transferring knowledge and technology to our industrial partners
2 sites, 25.000 m? of facilities to test and develop pre-industrial prototypes
1.100 researchers, 200 patents/year, 250+ industrial partners

12 technology platforms




hefiiery  CEA-LITEN’S SOLAR PLATFORM
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Comprehensive vision

HYDROGEN AND BATTERY PLATFORMS [Nl
throughout the value chain,

from materials to systems

Materials Cell System System
synthesis assembly development integration

HYDROGEN
PLATFORM

BATTERY
PLATFORM

Modelling, technological watch, market analisis, tec-eco/LCA




N°1 PUBLIC RESEARCH ORGANIZATION IN LCE TECHNOLOGIES, 2000-2019

Share of IPFs in selected fields

Coun- LCE Combus- Alterna- MNuclear Solar  Batteries CCUS Hydrogen Smart Other Chemical ICT
try  IPFs tion  tive fuels and fuel grid  enabling and oil
cells refining

CEAfAlternative
Energies and
Atomic Energy
Commission

FR 1772 0.1% 0.2% 3.9% 0.9% 0.6% 0.0% 1.2% 0.1% 0.6% 0.2% 0.1%

Industrial
Technology
Research
Institute

™ 846 0.1% 0.1% 0.0% 0.5% 0.2% 0.2% 0.3% 0.1% 0.2% 0.1% 02%

Fraunhofer
Gesellschaft zur
Forderung der DE 125 0.1% 0.2% 0.0% 0.6% 0.1% 0.0% 0.3% 0.1% 0.2% 0.2% 0.1%

Source: angewandten
iti Forschung eV.
Patents and the energy transition, IEA study, 2021 orschung eV

. . IFP Energies
https://www.iea.org/reports/patents-and-the-energy-transition Nnuweuegsmpm FR ™ 08% 0.0% 0.0% 0.0% 0.1% 0.0% 0.2% 0.0%
University of -
o 'i:g::i? “ US 666 01%  08% 04% 03% 02% 06% 04% 01% 03%  03%  00%

Electronics and
Telecommuni-
cations Research
Institute

CMRS/Mational
Centre for
Scientific
Research

KR 626 0.0% 0.0% 0.0% 0.3% 0.1% 0.0% 0.0% 0.5% 0.1% 0.0% 1.0%

FR 594 0.0% 0.2% 0.1% 0.3% 0.2% 0.2% 0.3% 0.0% 0.2% 0.4% 0.0%

Tsinghua

University CN 569 0.1% 0.2% 0.3% 0.2% 0.4% 0.1% 0.2% 0.3% 0.3% 0.1% 0.0%

MNational Institute
of Advanced
Industrial Science
and Technology

IP 455 0.0% 0.2% 0.0% 0.2% 0.3% 0.2% 0.2% 0.0% 0.1% 0.2% 0.0%

Battelle Memorial

Institute us 402 0.1% 0.3% 0.4% 0.0% 0.1% 0.5% 0.3% 0.2% 0.2% 0.3% 0.0%



https://www.iea.org/reports/patents-and-the-energy-transition
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FROM RESEARCH TO INDUSTRY : SUCCESSFUL TECHNOLOGY TRANSFERS

2020 Transfer to industry

Strateqgic decision

Launch of HJT activities

PV modules

Proof of concept

Demonstrators

Transfer

to industry

CCl

Green Power

Strategic decision

Launch of SOC activities

Proof of concept
First electrolyzer rSOC

Transfer

to industry

Strategic decision
Launch of PEMFC activities

Fuel cells

Proof of concept
first stack PEMFC

Demonstrators
From EZ to ~100 vehicles

8

Transfer
to industry
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Circular economy approach at CEA




RECYCLING PROCESSES & CRITICAL METALS RECOVERY

Photovoltaic panels
Ag, Cu, Al
Li-ion Batteries
Transitions metals, Li, Al

Permanent magnets
Rare-Earth materials

Fuel Cells PEMFC
Catalysts (Pt, Co), Nafion
E-WASTE (PCB)

Au, Pd

Nuclear Fuels
Radioactive catalysts, Material Radionuclide




SYSTEMIC INTEGRATION OF CIRCULAR ECONOMY IN OUR R&D DEVELOPMENT

Creation of an internal experts network within CEA to support our researchers in the
systemic integration of environmental KPIs in the competitiviy analysis of their R&D
development:

= Technical KPIs

: - Classic tec-eco analysis approach
= Economical KPIs

= Environmental KPIs = Environmental competitivity approach (including LCA)



CIRCULAR ECONOMY OF PV SYSTEMS

Selection of materials

Alternatives to reduce raw materials consumption
Selection of PV components

Enable 2nd uses

Improve recyclability

Reducing Elec consumption by process

* 2nd life strategies (failure diagnosis, repair, re-use)
* New efficient recycling processes
» Ex. Photorama Project (solutions from diagnostic to recycling)

S Circular
Valorization & Recycling Econo my . des,gn _______
| of PV
system

* Improve durability of PV modules
* Improve system integration
* Ex. Atamostec (PV systems adapted

to desert conditions)




Classic
tec-eco tools

LCA tools

DIGITAL TOOLS FOR LCA OF PV SYSTEMS

CoO tool (internal tool) .
BP tool (internal tool) .
LCOE tool (internal tool) "
CoO/BP tools (internal tools) .

CoO (Cost of Ownership) assessment of PV technologies
Business plan for Giga Factory
Assessment of energy systems (LCOE, VAN etc.)

Technical-economical assessment of different components of PV
systems

Sima Pro (licence) .

ECO-PV (internal tool) .
PV database (internal database)

Carrying out complete LCA studies over the entire life cycle of a
product, process or system

Rapid diagnosis of one solution compared to another from an
industrial perspective

Assessment of scenarios and orientation of technological choices
for eco-designed solutions

Sensitivity analysis and tec-eco-env optimization



ECOPV TOOL

Life Cycle Analysis of a PV manufacturing process compared to other processes from CEA’s database

L) Project Information

é Technology of Reference

5{ Electricity Mix

"', Results

r Database
»

=* ECOPV

Lingot |

Cycle de vie d'un
systéme PV en silicium
cristallin

Instaliation des
modules PV




ECOPV TOOL

Definition of KPI's optimization according to company’s goals:

Customers Priorities
) Projec  Please define customer’s priorities to quantify the needs

’a Techaol Low priority Medium priority High priority
& ' Economic Performance (@] 0 ® “« | %
M PV systen
0 Technical Performance @) ® 0 n %
| B
I Eavironmental Performance - 0 0) 1% 9%
L&
..' Cancel I Save ]
’: Lm

Project Requirements Prionties v

Fued targets Next
No requsrements




ECOPV TOOL

Example of results for a new PV panel manufacturing process:

Environmental evolution of different impact categories / Contribution of different steps of the value chain on the environmental impact

0.045 100r
Mineral fossil&resource depletion
Land use —
Freshwater ecotoxicity é 8or
Marine eutrophication X 003 [: C1
Freshwater eutrophication s 60} [1C2
Terrestrial eutrophication ON 0.03f B C3
Acidification
. , 0 i c4
Photochemical ozone formation o 005 [ a0t —
lonizing radiation E =
lonizing radiation HH o 00z wl Il C6
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Human toxicitycancer effects Rk |
Human toxicity,non cancer effects : ot 0
cnﬁ?;:fﬁtﬂ - 26% g Climate
g 0 ) g 0.005 | change
4100 50 0 50 100 |
Evolution(%) Reference New process

Impact Categories  Climate Change v




Activities in Antofagasta Region




OUR 4 PILLARS IN CHILE

Advanced materials for
the energy transition
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Solar energy Green hydrogen Green mining




ATAMOSTEC: THE BIFACIAL INSTITUTE FOR DESERT PV

Objetive:
To minimize LCOE in Atacama Desert’s conditions

ATAMOSTEC CEA-Liten contribution in ATAMOSTEC :
= Design of PV panels adapted to Atacama desert
Qualification =» Desert Label

V= = Modeling and data analysis
UA a CDEA = Competitiveness analysis (objective LCOE < 15 USD/MWh)
de Antofagasta CENTR .

ENERGETICO ANTOFAGASTA Training, Technological Transfer

-
CORFOﬂ Laboratorio outdoor - PSDA (Plataforma solar del desierto de Atacama)

CARACTERIZACION TERRITORIAL PLANTA DE PRUEBAS MONOFACIAL

MEDICION AVANZADA POR MODULO Y SISTEMA

V- 4 E

ESTRUCTURA VERTICAL MINI M‘6DULOS ESTRUCTURAS FIJAS INCLINADAS ‘ ESTRUCTURA CON SEGUIMIENTO

-




ATAMOSTEC: PROYECTO ATAMO I

ATAMOSTEC

SR CDEA

CENTRO DESARROLLO
ENERGETICO ANTOFAGASTA

deo Antofagasta

.

CORFO¥Y

Inauguramon abr|I 2022




PROYECTO SOLAR CIRCULAR: HABILITAR 2DA VIDA MODULOS FV
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