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FP in a nutshell

» 1,735 people*, of which 65% in » Status: State-owned industrial and
R&D based in Rueil-Malmaison commercial establishment (EPIC)
and Lyon

» Funding: State budget and resources

» 219 doctoral and post-doctoral provided by private French and foreign

researchers partners
| > Budget for 2007: €301.5 million
» More than 50 professions including €241.3 million for R&D

represented: from geological
engineers to motor engineers

» More than 12,500 active patents
» A very high-quality technical
environment (testing resources, » More than 200 scientific pUblicationS

equipment) every year

5 strategic priorities :

- CO2 capture and storage

- diversified fuels (bio-, H2)

- efficient vehicles

- refining and petrochemicals
- extended reserves

* mean workforce, full-time equivalent
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Introduction of new vehicles drivetrains ‘ 2
and energy vectors to meet the requirements —g—

Fleet averaged CO, emissions trends
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Hybrids are part of the solu
.... but not a trivial one !

Opportunities
use engine in conditions of optimal efficiency  gain in urban cycles
energy recovery (breaking, downhill)
many possible degrees of hybridation
favorable range
preserve acceleration capability with strong downsizing of IC engine

Difficulties
more severe regulations on NOx and particle emissions (Euro 5 and 6)

battery cost expected to stay high (lithium availability, thin film
technology, cycle life, safety,....)

low energy density of batteries  limited scope of rechargeable hybrid
system management & optimization: loss in conversions, battery state,...
low gain of efficiency on open roads

efficiency & vibrations of small IC engines (range extenders)




Energy density and power density of batteries
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Hybrid Vehicles
Research & Development activities

A wide and coordinated approach

Prototypes

Vehicle and )
powertrain - de_3|gr_1,
simulation Real tm_1e Vehicle realization

simulation  |negrated ~ Component  testing and
powertrain  testing and optimization

control optimization

LMS AMESIm

Energy storage
system
test bench
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PRIUS NGV

IFP partnership with GdF

Hybrid vehicle dedicated
NG (no liquid fuel on
board)

76 g CO2/km NEDC
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HIL test platform

for hybrid vehicles develop

Hyhil project

Engine Brake

« Vehicle,

« Driver,

« Driving schedule,

« External conditions

Dynamic engine test bench

* Optimize engine architecture,
» Validate controls/ECU,

» Assess fuel consumption,

» Assess pollutant emissions.

HyHIL test bench
» Optimize hybrid architecture,

 Validate various components,

» Recalibrate engine,
» Assess energy consumption,
* Assess emissions.
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Simulation model
« Transmission,

« Electric machine,
* Energy storage,
* Axle
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e Driver,

« Driving schedule,

« External conditions

Brake
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Co-organized with

Supporied by
.-I-.Ei ETAS
The exciting era of hybrids is just
— starting
“\\k\v
\ Enjoy your meeting !
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