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É High efficiency 
solar PV solutions 

É PV everywhere

É Make the PV smart

É Batteries 

É Hydrogen 

É Scenario study & 
analysis

É Optimal EMS design 

É Digital tools & modelling

É Electrical conversion 
components & Systems

É Thermal systems for 
energy efficiency

É Strategic Materials
recycling

É Materials Saving & 
Sobriety - Additive 
Manufacturing

É Environmental 
impact reduction

É (Photo) 
electrocatalysis

É Biology/ 
Biohybrides

É Thermocatalysis / 
Thermoconversion
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DIGITAL TOOLS FOR ENERGY

INSTRUMENTATION AND 

CONTROL OF ASSETS

DATA, AI & 

DIGITAL TWIN

CYBERSECURITY

É Sensors and system integration

É Non destructive testing

É Asset management 

É Complex system optimization

É Decision making

É Prediction

É Vulnerabilities identification

É Secure Industrial IOT 

É Anomaly-based network 
intrusion detection & reaction

É End-to-end encryption

É Trusted ledgers for data and 
service
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RENEWABLE
ENERGY 
PRODUCTION 

High efficiency solar PV solutions 

PV everywhere

Make the PV smart
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*
Å Large scale industrialization of heterojunction 

technology towards european eco-system

Å Focus on the perovskite / heterojunction

tandem technology as a long-term goal 

Å Increase efficiency by reducing electrical and 

optical losses

Å Develop new PV modules high-level

requirements

Å Increase modules lifetime

Å Imagine ecodesigned modules with low 

footprint from materials to end-of-life

Å Optimize productivity by using digital tools for 

modelling, diagnostics and monitoring

Å Adapt the system to include the flexibility

needs

PV SOLUTIONS

PV EverywhereLarge solar power plant

Developping High efficiency solar technology

at competitive cost

Optimising PV systems efficiency
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TECHNOLOGY

PILOT LINE 

& PLATFORM
Perovskite platform

(since 2016)

2020 - World Record 

efficiency of +25%
Tandem technology :

silicon & perovskite

2020 - World Record 

efficiency of 20% on an 

11cm2 module

SHJ Pilot line 
(Since 2005 )

2018

Å High performances perovskite cells and 

modules (20% on 11 cm²)

Å Stability assessment via specific

materials encapsulation

30% 2023 @cell level

Å High efficiency SHJ cells

Å High performances modules  

Å IEC-61215 & 61730 certification
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TECHNOLOGY

Key Features

Å Top efficiency 25%

Å High quality materials 

Å Reduced number of process steps compared to upgraded standard 

technologies

Å Use of ultrathin wafers (<100ɛm) due to outstanding surface passivation 

capabilities

Å Compatible with advanced interconnection solutions (xBB)

Assets

Å Bifacial cells and modules, with a low temperature coefficient 

Å Compatible with smartwire swct

Å High throughput, High efficiency & Higher energy yield

Success stories 

SILICON

HETERO-

JUNCTION

(SHJ)
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SUCCESS STORY

CEA and Enel Green Power have 

reached a heterojunction solar cell 

record efficiency of 25.0% active 

area (213 cm²) on M2 wafer on 

industrial pilot line at INES.

World-class result certified by 

CalTeC

https://www.enelgreenpower.com/

SHJ CELL : NEW PV 

PRODUCTION SITE IN 

EUROPE 
Photos usine ?Ligne de prod ? USINE 

Cathane ?

Crédit photo ©Enel

https://www.enelgreenpower.com/
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TECHNOLOGY

PV EVERY-

WHERE

TELECOM
Stratospheric module

MARITIME 

APPLICATION
Specific & Bifacial modules

DEFENCE & 

CONSTRUCTION
Light modules (4 kg/m²)

ROAD INTEGRATION
Multi-use modules

High value-added segments

Highly positive externalities segments 

MONITORING
Ultra-light modules (700 

g/m²)

MARITIME 

APPLICATION
Specific & Bifacial modules

Key Features

Å Develop PV Technologies 

with high efficiency at 

competitive cost

Å Custom Integration even 

with high-level 

requirements (weight, 

flexibility, irradiationsé)

Å Enables energy self-

sufficiency

Success Stories

Å Stratobus
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SUCCESS STORY

CEA has developed for Thales a working 

module answering all requirements for a 

real stratospheric airship.

The next step will be the integration of 

modules on the Stratobus, an 

autonomous, multi-mission stratospheric 

airship, midway between a drone and a 

satellite.

https://www.thalesgroup.com/en/worldwide/space/new

s/whats-stratobus

STRATOBUS

©Thales Alenia Space/Briot except first version by ©Thales Alenia Space/Master Image Programmes

https://www.thalesgroup.com/en/worldwide/space/news/whats-stratobus
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TECHNOLOGY

Key Features

Å Software (SW) solutions for forecast & dynamic 

management (considering financial and technical 

constraints/objectives) 

Å Components sizing & system design :

Å SW designed for various applications and requirements, 

including production prediction depending on the forecast

Å In-house libraries of models  

Å Energy Management System (EMS) :

Å Predictive and real-time control strategies

Å Mathematical optimization methods 

Å Information system for feedback of operating data and 

control

Success Stories

Å PV production prediction - Steady Sun 

MAKE

THE PV 

SMART

FROM LOCAL 

TO GLOBAL 
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SUCCESS STORY

Development of an algorithm for PV 

production prediction, at minutes, 

hours and days levels and according

to different regions.

STEADY SUN
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ENERGY STORAGE
& HYDROGEN
VECTOR

Batteries 

Hydrogen 
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TECHNOLOGY

Key Features

ÅA positionning all along the value chain for 25 

years

Å From materials to components and packs

Å Characterization & modeling

Å Electrodes, cells & modules

Å LCA/recycling

Å Safety

Assets

ÅA unique battery platform in Europe focusing on 

lithium-ion battery development (to boost battery

performances, improve reliability and cut costs)

Å Including close relationships with industrial partners on all 

the value chain

Success stories

ÅVarious battery experimentation projects: 

Mettaliance, Iveco, Renaulté

BATTERIES
(FOR STATIONNARY

& MOBILITY

APPLICATIONS)  
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PLATFORM

MATERIALS 

& TESTS 

PLATFORM
Cells & modules design; battery development and characterization; electrochemical, 

mechanical, thermal behavioré 3000m2

200 pers. 

Materials Synthesis

Characterization from nanoscale to 

system

(Component and Cell levels)

Electrode 

Coating

Cell assembly and testing

Abusive tolerance

testing

NEW ! Battery Platform extension at Pessac, 350 m2 for 

Combinatorial Synthesis & High Throughput Screening, 

Surface & Interface Engineering :
ÅVacuum deposition techniques

Å Thin Films

ÅComplex Materials

ÅAutomated Screening
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TECHNOLOGY

BATTERIES
(SUCCESS

STORIES)

CellsMaterials Packs & BMS Recycling

Characterization & Multi-scale modelling
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TECHNOLOGY

Key Features
Å Li-ion, Li-metal, from gram to kg

Å Positive electrode material : High voltage Spinel Oxides,  High 

Capacity Layered Oxides; LiFePO4 & other polyanionic materials, 

New cathode materials (rocksalt, glasses,é)

Å Negative electrode material : High power/safety/lifetime, Ti-bases 

anodes, High capacity Si/C composites, Li metal

Å Electrolyte : Liquid (salts, solvents, additives), Gel (i.e. SolgainTM), 

Solid (polymer, inorganic, glass, hybrid) 

Å Inks & electrodes : mix (10ml to 60l)

Å Enduction : lab coater, pre-pilot & pilot scale

Å Assembly from button-size to dozen-Ah batteries

Assets
Å Anhydrous lab (about 1000m2)

Å Increase performances (power energy, durability), 

Å Decrease costs (economical, environmental, risks) 

Å Widen operational conditions (temperature, form factor)

Å Beyond conventional Li-Ion Batteries : Many battery chemistries 

using Li ions or other ions (Na, K, Mg, Al,é), Different cell designs, 

Alternative processes

BATTERIES
(FROM MATERIAL

SYNTHESIS

TO ASSEMBLY

Lithium-sulfurSodium-ion

Hybrid

Supercapacitors
All solid state 

(Li, Na)

Organic Flexible

Printed

Metal-air (Li)

Mg-, Al-, K- ion Primary

Redox Flow

Ni-based
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PLATFORM

Key Features

ÅAll kinds of abuse tests : Electrical, Thermal, Mechanical

ÅSystematic measurements (Voltage, current and temperature profiles, 

HD camera)

ÅSpecific measurements and analyses (IR camera, Gas analysis: 

volume, composition Any other specific needé)

BATTERIES 
(SAFETY

TEST 

PLATFORM)

Sensitivity
Most influent 

parameters

Validation
Temperature field

Pressure increase

Criterion for thermal runaway

Characterizations
Geometry, heat transfer, electric

Released power profiles

Nature and flow rate of gases

Criteria

Thermal runaway

Multi-physics simulations
Heat transfer, electric, gases
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TECHNOLOGY

Key Features 

Common approach for batteries and PEMFC - Close link between Modelling & 

Caracterization
Å Model development :

Å Truly multi-scale

Å Multi-physics: electro-chemical, transport phenomena, heat transfer, mechanics

Å Depends on the scale of interest & the issues at stake

Å Predictive models : Performance, Durability, Safety

Å Software development : Development of reference codes, Interoperable codes, HPC 

computations

Å Database management : Material and cell database
Å Automation of Data collection, Treatment for model parametrization,

Analysis 

Å Advanced experimental characterizations
Å Support to modelling : Observation of the phenomena, 

Characterization of the parameters, Validation of the models
Å Operando and at all scales

Å World-class equipment and teams : CEA nano-characterization platform; ESRF Synchrotron ; ILL neutron 

scattering

BATTERIES 
(MULTI-SCALE

MODELLING

& SIMULATION)
micro system
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SUCCESS STORY

BESS Management ïOperation follow-

up & predictive maintenance 
Å State, solicitation, diagnosis and health indicators 

implementation, tracking and analysis

Å Control laws & strategies of use tracking and analysis

Å Maintenance operation forecasting & planning

Å Development of an algorithm for  SoH calculation and 

other ageing markers 

Å SoH extrapolation to calculate the remaining lifetime

BATTERY ENERGY 
STORAGE SYSTEM 
(BESS) 
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SUCCESS STORY

Battery packs design for 

aerospace applications 

where safety is one of the 

top priorities

AEROSPACE :  
SAFETY FIRST AT A 
COMPETITIVE COST

1

2 3
4

5

Vahana (A3)

Batteries for eVTOL
Pendleton, California USA

May 2018

Hybrid E-Fan Plus

Batteries for hybrid-electric planes

Oshkosh, Wisconsin USA

July 2016

E-Fan

Batteries for all-electric planes

Lydd UK-Calais France 

Traversée, July 2015

CityAirbus

Batteries for eVTOL
Donauwörth, Germany,  May 

2019

Skyways

Batteries and BMS for Drones
Singapor, february 2018

6

OneWeb

Batteries for Satellites

February 2019 
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TECHNOLOGY

Key Features

ÅBMS function with reconfigurable architecture, 

enabling chargers and engine inverter functions

ÅSignal generator

ÅContinuity of service with deficient cell(s) 

isolation 

ÅUp to 20% autonomy

Å Increased battery life (up 15%)

ÅFor stationary or nomadic storage

Assets 

ÅTechnical means at the best worldwide level

ÅSkills across the entire value chain (from the 

electrochemical cell to the full system)

Success stories

ÅNomadic application - Otonohm

ÅStationnary application - SwitchESS

SIGMA 

CELLS
(COMMUTED

ARCHITECTURE)
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*
From production to transport, 

storage and conversion, CEA 

works on the whole value chain.

HYDROGEN ACTIVITY
AT CEA

Hydrogen storage
Hydrogen conversion

Hydrogen production by 

electrolysis

H2

O2

H2

air

High-Temperature

Electrolysis (HTE)

Hydrogen transport 

Hydrogen embrittlement

Hydrogen Carriers 

Ź Levellized Costs of H2 (LCOH)

Ź Environmental Impact (LCA analysis)

ŷ Durability

ŷ Safety - Reliability

Ź Levellized Costs of Energy (LCOE)

Ź Environmental Impact (LCA analysis)

ŷ Durability

ŷ Safety - Reliability

ŷ Safety - Reliability

ŷ Sustainability

Ź Levellized Costs of H2 (LCOH)

Ź Environmental Impact (LCA analysis)

ŷ Durability

Fuel cells low T° - PEMFC*

Fuel cells High T° - SOFC*

Hyperbaric storage for transport

Liquid massive storage

*PEMFC : Proton Exchange Membrane Fuel Cell

*SOE : Solid Oxid Electrolysis - HTE 

*SOFC: Solid Oxid Fuel Cell
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TECHNOLOGY

HYDROGEN

PRODUCTION 
(HIGH 

TEMPERATURE

ELECTROLYSIS)

In 15 years of R&D: 

Performance improvement: x 8

Lifetime: > 2500 hours

Number of Cells/stack: x 25

1st prototype of Integrated 

System

Demonstrated efficiency at the 

System Level: 

84% LHV

Cost Reduction of the Stack: -

80% 

Background Patent Portfolio PI:  

More than 40 patent family

Bonus : Reversible Technology

BASIC 
CONCEPTS 

DEVELOPMENT

STACK

DEVELOPMENT 

SYSTEM 
DEVELOPMENT 

SYDNEY

1st integrated system

CEA Cell at the state 

of the art

Characteristics :  

operating point 

-1A/cm²

Degradation 2-3% 1000h

Active Surface 100cm²

PISTEUR

In demonstration 

at a partner 

Core stack

25 cells

Of 100 cm² 

active area

CARBON-FREE HYDROGEN PRODUCTION
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PLATFORM

HTE

TESTING

EQUIPMENTS
(PERFORMANCE 

AND DURABILITY) Electro-chemical 

test rig

(SRU and small 

stacks 3 kW)Electrochemical test rig

(large stacks 6 kW)

Pressurized test rig (30 

bar) upon construction

Pressurized 

test rig

30 bars

Key Features
Å System test : up to stack box 100 kW

Å Characterization of BoP components and 

of  the behaviour of the stacks in real 

environment

Å System able to operate in SOEC, SOFC, 

and reversible SOFC/SOEC

Å i-V curves, durability test (up to 

10000h),

Å Electrochemical impedance

spectroscopy

Å Sensors: Gas tighness of H2

and O2 compartments, T, P, DP

Å Gas chromatography

Electro-chemical test rig

(Single cells Æ 50 mm)

SRU 

Single 

cells

Stacks
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TECHNOLOGY

Key Features

Å Clean Hydrogen efficient production technology (84% LHV efficiency at 700°C) 

with a low environmental impact via high temperature steam electrolysis

Å Building a strong HTE French ecosystem with the first up-to-scale 300 kW 

demonstrator in 2023.

Å Industrialisation of the reversible technology (HTE) also able to operate in 

reversible mode

Å The main objective is the launching of a Gigafactory in 2025

Assets

Å 15 years of expertise in HTE

Success stories

HYDROGEN

PRODUCTION 
(HIGH 

TEMPERATURE

ELECTROLYSIS)
The Genvia joint venture will focus on the development and industrial 

deployment of a game-changing electrolyzer technology for clean 

hydrogen production
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TECHNOLOGY

Key Features

ÅHydrogen is chemical bonded to an organic or 

inorganic material for safe storage

ÅSolid storage using lightweight element B, Mg, Na, 

Né

Å H2 yield up to 12 %, stable at 85 °C, low impurities, easy novel 

synthesis 

Å Hydrogen is released by thermolysis or hydrolysis

Å Assessment of product synthesis reliability

Å Using by-product to optimize the circular economy of hydrogen 

by enhancing product regeneration at competitive cost

ÅLiquid storage using organic molecule

Å liquid at atmospheric conditions, no H2 gas, no loss during 

storage, Low toxicity, non-explosive and non-flammable liquids. 

Å H2 routing involves transporting a liquid using existing or 

dedicated  infrastructures dedicated to liquid transport

Å New CEA molecule, efficient catalyst and optimized reactor

Assets

CHEMICAL

HYDROGEN

STORAGE 

&TRANSPORT

MxM2(BH4)m.(NH3)n

MxM2(BH4)m.(NH3)n

MxM2 MxM2Hy

 

A full suite of tools and expertises to develop materials (molecule, catalyst, chemical 

processesé) and tank/reactor design with LCA / economical assessment.
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TECHNOLOGY

Key Features

ÅDesign of H2 Composite Vessels and abusive testing  

for gaseous storage

ÅType IV tank set up and structure 

Å Liner (function : H2 tightness)

Å Composite Overwrapped Shell (function: pressure withstand)

ÅType IV tank design and calculation

Å Abaqus (2D & 3D finite elements)

Å + Composicad (fibers trajectories calculation)

Å + CEA Customized Plug-in FiWiQus®

ÅMulti-instrumented test : pressure, temperature, 

optical fibers, strain gauges, acoustic emission, LVDT, 

fast camera, 3D digital image correlation

Assets 

ÅExpertise & Testing Facilities : impact, burst, drop 

(up), leak (bottom), fire (up), Guntest (Bottom) 

HYDROGEN

STORAGE & 

TRANSPORT 
(GASEOUS

STORAGE)
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TECHNOLOGY

Key Features
Å Thermal-hydraulic simulation of multiphase flow dynamics

Å Code for thermohydraulic analysis, fluid flow simulation in industrial processes 

Å Used for the design, the safety assessment and real time simulation of complex systems

Å Support REFPROP database for dealing with different fluids (H2é)

Å Safety in cryogenic conditions : Sizing of the safety device & Thermal flux arriving on the 

cryogenic components

Å Performant & user-Friendly HMI « GUITHARE »

THE CATHARE 

CODE
(FOR HYDROGEN

APPLICATIONS 

SIMULATION)

Assets
Å 40 years of development 

Å Thermal-hydraulic simulation at system and 

component scale of multiphase flow dynamics

Å Safety analysis and design purpose ï

plant or components

ÅQuantify the conservative analysis margins

Å Define and verify emergency procedures

Å Specific module developments and CATHARE 

code licencing


















































































































































