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Presentation of CEA and LITEN

French Atomic and R ble Energy Commissi
renc °'f“c an enea € Energy or_nnssnon CEA : 9 R&D Centers in France

FUNDAME

4 main research priorities

w2

eDefense & Global Security

*Energy
'--":: . eHealth and Information Technology
i M eFundamental Research

T el Ut - - Key figures
DEFENCE g g : ~
ANDGLOBAL §. &/ | HEALTHANDINFC oStaff : 15 618

: ' L eBudget : 3.5 b€

TECHKNOLOG]
*530 priority patents applications field

eStaff : 900

eBudget : 120 M€ (90M<€ turnover)
*400 patents

*150 p on batteries

l-ten « Laboratory for Innovation in New Energy
& Technologies and Nanomaterials »

= Solar energy

= Tra nsport teCh nOIOgieS Cg} energie atomigue - energies altermnatives
R&D = Energy sources for portable electronics —

= Nanomaterials http://www.cea.fr/

= Extreme Materials http://www-liten.cea.fr

= Hydrogen Technologies
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1CEA : Commissariat a 'Energie Atomique




An outstanding position : Between Research & Industry

Fundamental research
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® Research in partnership
Applied Research Public - private
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LITEN ;
900 p.
400 patents
(+160 in 2010)
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v CEA is a French PubI|c Company transferrlng technology to Industrial Partners
v"CEA is not a material nor a battery producer but may allocate platforms for Industrial Partners
with confidentiality care



Developments at CEA-Liten

Automotive
Market

Building

Market

Nomad
Market

New fuel
Market

New Energy
for Transportation

New Energy
for bui!;linq

Electrical Powered

Hybridizing
Fuel Cell / Batteries ,

storage and delivery
Energy Saving / Storage

Electrical Conversion / management

Solar Energie

Thermal and
Photovoltaic cells
Electrical Systems

Energetic efficiency
Building integration

New Energy
for nomad devices

New Energy
from biomass

Hybrid components

Micro-Power Sources
Energy recovery
Organic electronics
Nano Technologies

Novel fuel

Biomass to liquid,
Massive hydrogen
production
Hydrogen storage
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CEA-Liten Key points

Chambery : Solar Energy
& Building integration
R&D B,

DE L'ENERGIE SOLAIRE

200 collaborators

Grenoble : Electrical
transports & Nano materials
700 collaborators
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CEA Li-lon batteries prototypes | ™ReETs: 1 - SAFETY

2 - COST REDUCTION

3 - HIGH ENERGY
4 — HIGH POWER

From  Materials

Cells

- Battery System*
(300kg, 160km, €265-€540/kWt _

i
MY M
. | Sensors

Modules

Calculator
(BMS)

Junction
) box
| Carter...

| "Service plug"
~ *http://nissan-leaf.net/2010/05/27/nissan-leafdtspecifications

**http://www.al23systems.com/hymotion/
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CEA Batteries: Li-lon cells prototypes s

R

arious « fit & form »
(Pr, Cy, soft packaging,

hard casing...) & Specific

architectures and design

(bipolar cells, thin cells,.‘

-0.01% / cycle 10 years at 37C ?
LiFePO,-B/Graphite 4000 cycles é} e
Efficiency > 99% Layered oxide/Graphite

3.2V - 40 mAh 3.7V-50mAh-245¢g

¥

hon
o

Safety tests performed successfully
Strong weldings =
High tightness :n L

After nail test Overcharged cell

few mAh to 800 mAh,

ultra-thin packaging (< 0.4 mm)
2.310 3.7V, <1lgto 45¢g

=> Towards fully printed Li Batteries

3.2V - 10 Ah L
High cycle life 3.7V - 350 mAh .
Operating up to Cell for extreme -
conditions
2 +70T @ 152
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s Materials development from g to kg for Prototyping and Transfer

L 1) Positive electrode: |r|))>
- Safe Polyanionic materials (LiFePO,..) Hydrothermal

PRAYONIR reactors

- High Voltage Spinel Oxides,
- High Capacity layered oxides.

Neagative electrode:

- High Power Titanium Based Compounds
(Li Tis0,, TiO,-B ) > Power

- High Capacity Si/C composites >
Energy

3) Electrolytes (salts, solvents, additives,
1onic liguids) and Membranes.

Ball-
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A R&D Prototyping Platform *

* In addition to our research laboratories (lab coaters, printing machines...)
and testing facilities (450 channels)

- A 130m? dry room with 3
areas

B Dew points: -20°C and -40°C
MLine capability from 5 to
15kWh/month

e characterization, coating

& - Electrode calendaring and slitting

8 ° Cell winding, assembly

- Electrolyte filling, crimping, welding

CEA Property 11



Semi Industrial Line Extension— 2010-2011
Li ion batteries Pilot Line

a0

COMMUNIQUE DE PRESSE

T M [ R T 5

June 25, 2010

RENAULT AND THE CEA SIGN A STRATEGIC COOPERATION
AGREEMENT IN THE FIELD OF TECHNOLOGICAL RESEARCH

b On June 24, 2010, Renauft and the CEA (French Alternative Energies and Atomic Energy
l : _ j ; Commission) signed a research and development agreement to work together in the field of
‘ —— 2. = - - L1 clean vehicles and sustainable mobility for all: electric vehicles, new energies, and cleaner
| : — : z combustion engines.
W |
- Semi Industrial Line — Mid 2011
[If .
Dry room extension > 300m?

Joint teams

Under the terms of this agreement, cooperation between Renault and the CEA will take the form of
joint project teams working fogether at several sites. A Renault/CEA Strategic Steering Commitiee
will be responsible for management. It will idenfify areas of synergy and the cormesponding

| !|||.I | NeW faC|I|t|eS (> 1000m2) uh}acﬁ\re.s, aw-rm'e.. the three-year research and develi-apment program and ensure ﬂ'|z.|i a win-win
RO inc capability up to S00KWH/MONN o e e oy by s s o o oA s, s S e

il 4% "| | (i Matarials divizion) at Benault and the CEA technological research director.
Al

- Major Partnerships allowing CEA Stiategicprograms -
. battery activity to ramp up S AR
steadily o
- upgrades in elecirical and electronic architecture;
CEA PI - improvements in the competitiveness of combustion engines;

communicating vehicles.
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Rackwe/ _—

Building trust every day

~ TES

Electronlc Solutions

PSA PEUGEOT CITROEN l

SIEMENS ' PROLLION
H‘D SOLVAY| RENAULT
End-users:
PRAYON . Automotive : RENAULT, NISSAN, PSA, FIAT, Daimler-Chrysler,
Volkswagen, Valeo, Aixam, Michelin, Irisbus b
- ~‘~ . Aeronautics : ESA, Eurocopter, Dassault, EADS .
&&\%@esa é‘D‘F . Medical : Cochlear, Finetech, Sophysa \ -

Smart-Tags and Sensors
EDF, INERIS, DGA, ...

Material/Battery manufacturers:

Cegasa,..

. confidential partners

Other actors in NTIC and Textile domains,...

. Prayon, Solvay, Merck, Timcal, Umicore, Solv
. Saft, Varta uBatterles (Printed), Prollion (Niche Markets) Batsca Y

Jarxkema

M VARTA

CEA Property
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PROLLION Li-ions cells and batteries systems

Company

PROLLION develops and manufactures custom-designed cells and battery systems,
from the most innovative Li-ion technologies to meet high demanding customer needs

Breakthrough performances: autonomy, power, energy
Severe environments: thermal, mechanical

Volume constraints

Reliability, safety, ...

Applications
Stationary systems: renewable energies, Aeronautics and Space (autonomous sensors, ...)
grid support, ... Sea and Underwater applications
Electric vehicles: buses, light electric Medical: implantable medical devices

trams, light vehicle fleet, ...

Defense: soldier of the future, radio
communication, unmanned vehicles
(UAVs, UUVs, ...

Distress beacons, seismic sensors

prollion@prollion.com
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INES Facilities dedicated to storage

The STORE Platform: an outstanding test facility in Europe
¢ More than 100 cycling channels (up to 200 V, 500 A)
¢+ Thermo regulated baths, climatic chambers (-40C, + 60C)
¢+ Two laboratories for physical-chemical analyses, safety tests

¢ For all storage systems investigation (simulation, emulation, profile of
use testing, ageing...)

|

[ ol

|.mn.||.||ﬂ|¢ui-iluw

REX DER-LAB : 2005-2011

Infrastructure DERRI
Batteries /"xQ&dember 2010



“Solar mobility” study at INES

Home

DEMONSTRA';LN HOUSES
WITH Li-ion BATTERIES

yStationary”
storage

SOLAR PARK +
CHARGE STATION
FOR ELECTRIC CARS

[13 = b1
| . o . \Vi[e]o]l!
1 2 3 4 5§ 6 7 8 5 10121 12 13 14 15 16 17 18 19 20 21 22 23 Storage

¢+ Development of energy simulation tools
¢+ Development of energy management strategies

CEA Property 17



PV

Sol-ion Project : PV system with Storage

® Following German Law on Self
Consumption

M Low interconnected PV networks

3

Optimization
2012 : —
Counter
32.77 €cts/kWh
— —
Counter Counter L
i 19.05 €cts/kWh 20.76 €cts/kWh
Irradiance
profile

\—‘-‘-“‘--._-_‘_‘
,.—"”f”

Air temperature
profile

' m System Simulation

Distribution
Network

EMS

400V
Voltage!SOC regulation
Consumption
Chargefdischarge current profile

limitations

+— ageing

Lidon battery model with

«—— Inverter




Future smart recharging station

Weather
\ | station (real
S | time, for'ecas’r)

S‘ra‘honar'y
storage
system

ELECTRIC VEHICLE
CHARGING STATION

Electrical or Plug-In vehicles
CEA Property 19



Battery Management System

Goal

» Ensure safety
» Improve performances : Life Cycle Cost (€/kWh, €/km)

» Improve service
> Improve information : Driver information, Diagnostic

\_

HMI Diagnostic ECUSs (charger, inverter, ...)

- ﬁ -
// f%ommunicatioﬁ N Pack\

Architecture

4 /= e
Sensors Battery managemerﬁ Actuators —
Safety/Ch /Disch
U, I, Temp alety/Charge/bischarge Safety, thermal, ... ==
., X . :
State indicators [ Cells Balancing ] -
L )| SOC-SOH-SOE-SOF-SOS/{ )
\\ _~ BMS _ /
Battery Pack
(\@6’7 Algorithms Thermal Design
2 Modeling

Tests — Characterization

CEA Property




Two mobility projects for public demonstration

INES « Green mobility » GIANT future view

Innovative transport systems development & testing site

Electrical bus for urban
& interurban applications

AN g

Chambery Solar Institute (INES)
INES / GlANT .CEA CNRS, CSTB, Savoie Univ.

@ ccA Grenoble (GIANT)

N

Two major data sources :

—

CEA Property
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Design of the cells:

Example of battery cells integrated at the back side of a photovoltaic panel

> To ensure the battery energy aimed and the working voltage focused -
association in series and/or in parallel

>» to allow thermal integrity of the PV panel - covering the whole
surface of the PV panel back integrating an air layer

> to ensure long life time - encapsulation in rigid can

» to make the module handling - flat format and light metallic can

Battery specification

* Energy : 360Wh, 15 years

* Operational voltage: 25 to 80V
* Max current : ~ 4A

* Weight :

— Module < 30 kg

— PV panel, 75 W ~8 kg

Max battery weight < kg

* Integrated at the back side of the PV
panel

* Thickness: 50 mm

CEA Property
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| M

Li ion Cell characteristics
LFP Technology

> Technology LiFePO ,/Graphite — 3.2V [2.6 V — 3.7] , 10Ah
» QOverall dimensions : 194 mm x 157 mm x 9 mm

» Electrochemical core:
v thickness ~6mm
v Snap contact in Cu and Al sealed to the connections

» Canin Al

> Stable electrical behavior & good behavior during abusive tests

> The high degree of integration of these cells exhibiting new designs & reliable
technologies is applicable, for instance, to lighting where inserted components
are required

CEA Property 24



Batterie Li ion pour stockage PV - Comportement

Comportement en cyclage des éléments:
- Détermination d’'un protocole de test accélére sl o 3
a partir d’'un profil d’utilisation S e e ——
s 1 . |
- Cyclage des éléments CEA suivant le profil : — |
accelere Sl LI .
- Tensions de fin de décharge stables ol —ewew o
- Mesure des énergies de décharge ot R e e
152 R : T
| o b e MCGLPRTE EE o M BT EEA o RS §AFT - I
. W I L
R Tt
A (e <
(L tZ’ 136 [ rrrrrrrrrrrr rrrrrr
. T e et
il 1 e 3
128 oo B SRR 4
Mm” 124 o] o f !
W 4 BRI EEEH
il 120
" 0,01 0,1 1
F Régime y | . | | . |
- ® Capacité nominale (C/10 et 20C) : 10,5Ah £ 0,5Ah & = i = xL- s st e P

il | Heemiana o Sy
0 '?ifd ® Résistance interne : 10m Q +3m Q
wﬁ@jw ®» 40 éléments fabriqués
- Design de la batterie: - constituée de 15 éléments 10 Ah mis en série

X CEA Property 25



Batterie Li ion pour stockage PV - Sécurité

Comportement des éléments CEA 10Ah pour modules PV lors des essais abusifs

Lype d'essal | g hno CEA LEP/G
abusif
Fusion des joints aux
Test de court- bornes
circut externe = remplacés depuis

sur version 2

Pas de dégagement de
furmeée, pas de flamme
Test du clou - Bon comportement

de la technologie.

apres plusieurs

y Mw Gonflement de
i I’élément jusqu’a Test de surcharge
a TESt dE Test de stabilité thermique
K rupture des soudures 40
surcharge

120

heures de surcharge.

emballerment element CEA & 111°C

=}
a

— X 08
— CEADS

=}
=}

- Technologie LFP tres sire

Température (en °C)

/_/_/_/_ / emballement élernent X 4 88°C

®
=}

- Elément plat plus facilement intégrable

-

=
=}

dans un panneau PV

Pzt

i~
=}

=}

| mﬂ‘

T T T T T
0 00 1000 1500 2000 2500

~ ® Bonne tenue & la température des éléments CEA R
-

CEA Property 26
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Le double contexte: Photovoltaique / Véhicule électrique

« Entre 2 et 4 millions de véhicules
électrigues devraient étre mis en
circulation en France d'ici a 2020, soit
environ 5%-10% du parc national »

-

5-10 TWh/an*

12 m? / place de parking

« Entre 5 et 10 GWc de systemes PV
seront installés en France d'ici a 2020,
soit 1% a 2% de la production d’énergie

nationale »

5-10 TWh/an**

g

II[II:> 25 km /jour /place

— | 1600 Wc / place de PV
111@'" * Hypotheéses : 15000 km/an; 180 Wh/km

CEA Property

50 km /jour

** Hypothése : 1000 Wh/Wc/an
28



Les contraintes - Les objectifs - Les Outils

w0000 Consommation VE Production PV
3500,00 A A 2000
3000,00 [ \ / \ .
§ 2500,00 f \ f \ |
g 2000,00 / \ / \ % 2000
% 1500,00 f \ f \ g 1500
1000,00 j \ j \ 1000 -
500,00 / \ / \ 500 |
opo:::::::e/ \tt/\%e
PAPPPIPPDD BB DB D DD DD DD D

" “*Maximiser I'adéquation Production PV-Consommation localement
"||h|
(T MW X **Minimiser I'impact sur le réseau de distribution et les infrastructures

“*Minimiser I'impact chez le particulier

] "I:'I' I:'Z Ly
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Plate-forme Micro-réseau PRISMES

Stockage 'ZQ\ I(\UQOSA
stationnaire . . DE LENEROIE SOLAIRE
W - i«

[

Centrale PV

Maisons INCAS

A e
e——1{ B

%eq === Réseau AC
:“‘ . .ll ' |

L

Garage solaire

- ==mm Réseau DC 12 places =8



Les démonstrateurs en cours d’opération

21 kWc
*+12 places de parking

2 x5,5kWc
*+2 places de parking

12,5 kWc
6 places de parking a Grenoble

Themes de recherche

¢ Systéme véhicule/réseau/batiment:
Optimisation énergétique, communication,
gestion prévisionnelle de I'énergie

¢ Nouvelles architectures électriques (ex.:
courant continu)

¢ Intervention sur véhicules

¢ Intégration du véhicule dans un réseau iloté
¢ Smart GRID

¢ Borne de recharge

¢ Systemes de stockage

CEA Property
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Les projets en cours et a venir

<» DHRT2 (Toyota-EDF) AMI ADEME
&, Maximiser la couverture solaire de PHVR
¢ VELCRI (Renault, Schneider, EDF...) AMI ADEME
L, Valoriser I’énergie stockée dans un VE
** RéactivHome (Orange, Schneider...)

L, Gestion de I’énergie dans I’habitat

iy

I II;|| LIII
5 "'"\“u“._‘ ** ZENdrive (Courb, Heuliez) AMI ADEME

%, Quadricycles légers

La borne de recharge, un élément clé

< GREENLYS (ErDF, GEG, GDF-SUEZ...) AMI
ADEME

L, Compteur intelligent, délestage des
stations de recharge (pour le CEA)

/Identification du véhicule

|
e o,
Kms restants ou souhaités?

Heure de départ?

CEA Property




Approche efficacité énergétique et ACV

Distribution AC classique Distribution DC ou Hybride
T & T

Network

Hybrid or Hybrid or

Electric car Electric car

PV production

Domestic electric loads

GER en kvwh/m de cable
87\)
/

i - 300 _
Tension du bus continuen V 05500 400 Section du cable en mm2

CEA Property 33




Systeme de gestion de batteries pour véhicules électriques

Besoin des VEs Architecture électrique

20kV/400V

el | S i
::-H_:—u :: . o e i .|I |
S S e !
= 213 L & Plan de tension-puissance
: e g | B LUELL L L)
e oy i A .
j I =5 || M rEE TR e L Etat de charge des batteries
L - o bz
{ Sy MRS ' H [ e
HEN ST Tl > Planification
i 3 b § i ) ' piasmp

| S SO N N I IS IO i I | H
.II".|"|l'|l"'l-ﬂ"l?'1|-1llFPl"|lﬂ|'IEﬂﬂ
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Prototypage de la gestion électrique d’une maison

(Multisol)

Life simulator

of the house
Switchboard
FiaL
Consommation électrique 8000 —— Sans Mulisol *| ‘ "
d’un habitat [ Avec Multisol ﬂ N ’-\
Recharge VE - - lﬁ
Conso maison _
; gcmuu l
. 5 3p00 1
e e " il ULl 1
Recharge équivalente a 40 km et 3kW de PV |\|H|H HHI|I . I J,A HI L] ‘ ‘H I||| |||||||:|h
- - 5 . I|||“Il| ‘ ”LLLLUJ Vl{ﬂb J“‘ 'l ol il |“‘ n I
1000 — A ‘ q-h'” ‘ ] H
X ]
0 .
i 4 8 12 18 20 74

EMS
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Seconde Vie des batteries: Applications envisagées

W Stockage stationnaire de systemes isoles
W Couplage a la maison PV
» Autoconsommation a l'issue du tarif d’achat , :
_ o Calcul economique en
>At_1toc_onsommat|on par tarif incitatif prenant en compte les
W Sécurisation - colts diagnostiques

: — 7 — et
g ””:> 2 . reconditionnement... :

, comparaison des

d technologies...

| w Taille de batterie pour 5kWc PV et maison 4 pers.

Taux de 'autoconsommation en fonction de la capaci  té nominale de batterie pour 5 kWc de PV installé

Li-ion neuf Li-ion reconditionné Fh PV neuf

'
|} Elemerts €4 300 il 151
TCiaziossic ecoafitionseme 0 30 3
BME W
Aklags conns iy
Corfacteurs 22cate
Coffre
Prx: 3yatéme 12Wh 4320 18] 1701
% capecite nnmenale tilisée 0% 0% 50%
REFERMENT et =l
‘ E;:C restouée per evel g g war
= Tivtée de vie enannees K
: : Cyeles £ 55 TOD 1395C 340 110
| | 7 roabbads (0.5 cveled) 23 406 12453 6132
40 T f T T T T T T T Colt Kh restitas CIAE 0144% 0.277€
0 2 4 6 8 10 12 14 16 18 20 22 24 26

Capacité nominale de batterie [kWh]
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"M applications avec des éléments @

Seconde Vie des batteries et Eco-conception

.

Concevoir des modules permettant Batterie dans un véhicule électrique
des assemblages pour divers

facilement accessibles pour étre inter
changés ou pour faciliter le recyclage
(le démantelement)

—

Batterie dans un cabinet pour stockage stationnaire

+ health and safety aspects of critical materials

CEA Property
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Iy

| [ :._ \ I‘H‘U‘LH

y

.+ Une prise de conscience des

I

~ * Une orientation des travaux de R&D I

* N Optimisation S

Analyse du Cycle de Vie (ACV)

* Une meilleure maitrise du cycle de vie des batterie s Li-ion a application

automobile Principe d’Evaluation des impact environnementaux (ACV)
v Exhaustivité [Frontigre du systeme

/Vision globale i
premiares

» Une évaluation par des criteres
environnementaux

v"Comparaison de technologies de
batteries

Produetion

Alimentation
en énergie

Réutilisation

Traitement das
déchets

bénéfices et dommages
environnementaux significatifs

Méthodes de calcu!s d’'impact

Usage u'cmobl

Decharges

FENERGT sy Service rendu 30 MWh,

| Energie pour le systeme
S ala fve it 1
Période : nuit tsaction du poids - .

CEA Pro pe rty | Geston el do v o b 40

ayant perdu 20% de sa capacité |



Thank you / Contacts at CEA
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