LITEN

Institute for Innovation in
New Energy Technologies and Nano
materials
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Automotive Building

Market Market

Nomad
Market

New fuel

Market

!
rnes

Electrical Powered Solar Energie

Hybridizing Thermal and
Fuel Cell / Batteries , Photovoltaic cells
storage and delivery Electrical Systems
Energy Saving / Storage Energetic efficiency
Electrical Conversion / management Building integration

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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Chambery : Solar Energy
& Building integration

R&b “2lines
200 collaborators

DE L'ENERGIE SOLAIRE

Grenoble : Electrical
transports & Nano materials
700 collaborators

CEA Property
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/ % / TARGETS : 1 - SAFETY
2 - COST REDUCTION

3 - HIGH ENERGY
4 — HIGH POWER

Materials

Cells

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

{ Modules

i M Sensors

Calculator
(BMS)

Junction
box
| Carter...

"Service plug"

| *http://nissan-leaf.net/2010/05/27/nissan-leaf-dratispecifications

**http://www.al23systems.com/hymotion/
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arious « fit & form »
(Pr, Cy, soft packaging,
hard casing...) & Specific
architectures and design
(bipolar cells, thin cells,.

3.2V - 40 mAh 3.7V-50mAh - 2.45g =
-0.01% / cycle 10 years at 37T |
LiFePO,-B/Graphite 4000 cycles & R

Efficiency > 99% Layered oxide/Graphite
Safety tests performed successfully
Strong weldings <
High tightness j 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
+70T @ 152

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

012 # (
3# 114 514
6 - 7
789"
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June 25, 2010

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

On June 24, 2010, Renauft and the CEA (French Alternative Energies and Atomic Energy
Commigsion) signed a research and development agreement to work together in the field of
clean vehicles and sustainable mobility for all: electric vehicles, new energies, and cleaner
combustion engines.

Joint teams
Semi Industrial Line — Mid 2011 Under the terms of this agresment, cooperation between Renault and the CEA wil take ihe form of
. 2 joint project teams working fogether at several sites. A Renault/CEA Strategic Steering Commitiee
. Dry room eXtenSIOn > 300m will be responsible for management. It will idenfify areas of synergy and the cormesponding
I ||| I " | New faC|I|t|eS (> 1000 mz) objectives, approve the three-year research and development program and ensure that a win-win

balance iz maintained for each parly, parficutarly with respect fo resulis and their use. The

“’I. | |'. Ine Capablllty up to SOOkWh/month commitiee will be chaired joinily by the head of the DREAM (Research, Advanced Shudies and

1y . | I‘ " | Matarials divizion) at Benault and the CEA technological research director.
4
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‘Major Partnerships allowing CEA sustegicprograns -
- battery activity to ramp up s S S i
Steadily - new energies in transport,
- upgrades in elecirical and electronic architecture;
CEA PI - improvements in the competitiveness of combustion engines;

communicating vehicles.
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Electronlc Solutions

Material/Battery manufacturers:

Smart-Tags and Sensors
EDF, INERIS, DGA,...
Other actors in NTIC and Textile domains,...

. confidential partners

Prayon, Solvay, Merck, Timcal, Umicore, Solv

Saft, Varta uBatterles (Printed), Prollion (Niche Markets) Batsca P

Cegasa,..

Jarxkema

Building trust every day j
SIEMENS , PROLLiON PSA PEUGEOT CITROEN
SOLVAY| RENAULT o
End-users:

Automotive : RENAULT, NISSAN, PSA, FIAT, Daimler-Chrysler,

Volkswagen, Valeo, Aixam, Michelin, Irisbus b
~‘~ Aeronautics : ESA, Eurocopter, Dassault, EADS
9N Medical : Cochlear, Finetech, Sophysa \
€DF

lVARTA  EADS

I"INE I ECH| wepicaL Lo

ACTIVE SURGICAL IMPLANTS

CEA Property



PROLLION % &' (

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

| : : i
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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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...)

[ .

|.mn.||.||ﬂ|¢ui-iluw

|

REX DER-LAB : 2005-2011
‘ tructure DERRI
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DEMONSTRA]

;LN HOUSES

WITH Li-ion BATTERIES

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
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Following German Law on Self I
Consumption wi
Low interconnected PV networks
Optimization | :
. Distrbui
2012 — Qoswn
Counter
32.77 €cts/kWh :
— G——
Counter Counter L
| 19.05 €cts/kWh 20.76 €cts/kWh
400V
m:::nca Voltage!SOC regulation
Chargefdisch t Consumption
i S Iimiat:tg{on :c arge curren Sen
..-—"""’,F"
Air temperature
profile
. . +«— Inverter
System Simulation
Lidon battery model with T
= ageing




ELECTRIC VEHICLE n NiIMH/NICd e
CHARGING STATION . Redox Batteries

Sodium-beta

CEA Property
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Goal

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

Improve service
Improve information : Driver information, Diagnostic

HMI Diagnostic ECUs (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 T :
State indicators [ Cells Balancing ] -
L ){_ SOC-SOH-SOE-SOF-SOS/{ )
Battery Pack
(\@@ Algorithms Thermal Design
2 Modeling

Tests — Characterization

CEA Property
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INES « Green mobility » GIANT future view
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~ 600 kW Solar,
Tp | ]
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Chambery Solar Institute (INES)

Two major data sources :  INES / GIANT, -  ©10 Colh savoie o
[~ CEAGrenoble (GIANT)

0
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> to ensure long life time

>

encapsulation in rigid can

CEA Property

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

» Electrochemical core:
thickness ~6mm
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
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Comportement en cyclage des éléments: E
( T T T T T
- Determination d’'un protocole de test acceleré cl o i
a partir d’'un profil d’utilisation ———— e
(! | | | | |
- Cyclage des éléments CEA suivant le profil . o T |
accelére o I T
—)015 | | |
Tensions de fin de décharge stables = I
- Mesure des énergies de décharge o s s o
152 \ : R
148 -2 ‘ i i bl rrrrr
144
T 140 o |
% 136 -] rrrrrrrrrrrrr
TR R e s — RN
o et
124 o] e A
o HEEE R REE.
0,01 0,1

Régime

®» Capacité nominale (C/10 et 20C) : 10,5Ah = 0,5Ah
» Résistance interne : 10m W+ 3m W/
(&) = 40 éléments fabriqués

CEA Property



=9 » Bonne tenue a la température des éléements CEA

/ |

Comportement des éléments CEA 10Ah pour modules PV
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Iype d'essai
abusif

Techno CEA LFP/G

Test de court-
circult externe

Fusion des joints aux
bornes
= remplacés depuis
sur version 2

Test du clou

Pas de dégagement de
furmeée, pas de flamme
-> Bon comportement
de la technologie.

Test de

surcharge

Gonflement de
I'element jusqu'a
rupture des soudures
apres plusieurs
heures de surcharge.

- Technologie LFP tres sire

- Elément plat plus facilement intégrable
dans un panneau PV

CEA Property

(Q* C

Test de court-
circuit

Test de surcharge

lors des essais abusifs

Test du clou
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« 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 »

« 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 »

) F2 ==

CEA Property
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Identification du véhicule
Kms restants ou souhaités?

Heure de départ?

CEA Property
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Hybrid or Hybrid or

. Electric car . Electric car
PV productlon PV producﬂon

Domestic electric loads

Domestic electric loads

CEA Property
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20kV/400V

' |

Plan de tension-puissance
Etat de charge des batteries

Planification

CEA Property $
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EMS

PV Inverter /
Life simulator
of the house —
Switchboard

Battery Inverter

N
A?
B & BA
#2 & CE' 0 Kl< ,<F B

CEA Property
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Stockage stationnaire de systemes isolés
Couplage a la maison PV
Autoconsommation a l'issue du tarif d’achat
Autoconsommation par tarif incitatif
Sécurisation

Calcul economique en
prenant en compte les
codts diagnostiques
et
reconditionnement... :
comparaison des
technologies...

et Li-ion reconditionné Fh PV neuf
Elemcxts 4R 300 30 153
Ciazaossic -econdition s i 30 3
BME SN W
Ci5klage connestigy 200
Corfacteurs 22cate
Coffre
Prez systéme 1Wh 4320 1322 1703
4 capacité ammenale wtilisée 0% 0 502
REERNRLT £ getiqe 4564 e
‘ E;;‘ ¢ relcuée par ovel 8,55 [ 480
. Tivtée de vie enannees K
: : Cyeles & 54 TOD 1295¢ 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]

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

applications avec des eléments @
facilement accessibles pour étre inter
changés ou pour faciliter le recyclage
(le démantélement)

@

Batterie dans un cabinet pour stockage stationnaire
ceol # $% & $

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

Exhaustivité

Vision globale

» Une évaluation par des criteres
environnementaux

Comparaison de technologies de
batteries

» Une prise de conscience des
bénéfices et dommages
environnementaux significatifs

» Une orientation des travaux de R&D
a venir

Optimisation

Eco-innovations

CEA Property
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