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1 Context



CONSTRAINTS ON THERMAL ENGINE

6% 25%

sescnme s (Concarntrations ) 2 Emissions * Current restrictions in urban
areas

19% | pravesnmued

* Pollutants : particles, NOx, SO, =

ELECTHICITY

health effects revealed
“aosroaA: (igeess Wmatisnsie s Eserii * Risk 2030: Traffic restrictions in
* WHO: reference thresholds not to be certain areas for all thermal
* Transport : % of CO, emissions exceeded vehicles

e Standards more and more severe * Increasingly restrictive standards
(CAFE) (Euro 6, Euro 7,...)




CARBON NEUTRAL FOR 2050 IN EUROPE

Nov. 2021 > COP 26in Glasgow
(Scotland). Goal: accelerate climate

commitments

Apr.2021>New EU climate goal =

(55% reduction in GHG emissions by
2030 compared with 1990)

Dec. 2019 EU commitment to

carbon neutrality by 2050

Nov. 2014 > |PCC's Fifth

Assessment Report. Projected 4.8°C
increase in average temperature by
2100 atthe current pace

2050 » Europe, the first carbon-

neutral continent

2035-2040>Probable end to sales
of new ICE vehicles in Europe (to be
votedin 2022)

2019-2024 > European Green Deal.
Priority given to climate-oriented

investments and regulations

Dec.2015>COP 21 (Paris
Agreement). Goal for 2100:
well below 2°C

220421 _climate-report-renault-group_8mb.pdf




H2 : HUGE ONBOARD ENERGY

H, - FUEL CELLS

AR
s 55

Stored

Energy Critical raw material ?

BATTERIES

| I—
Charging time
Mass / Autonomy
Winter & Summer range
autonomy

Refueling time
Mass/ Autonomy

Energetic
Efficiency
Infrastructure

we== Energetic Efficiency
H2 Infrastructure




RENAULT GROUP : LEADER OF ELECTRIC MOBILITY IN EUROPE
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Fuel Cell : How does it work ?



PROTON EXCHANGE MEMBRANE FUEL CELL

* Automotive conditions

Low T (<200 °C)
Solid Electrolyte

PEMFC : REFERENCE

|

Potash Polymer Phosphoric
membrane Acid
AFC PEMFC PAFC
& ’ v
60°C 80°C 200°C

Ceramic

900°C

Electrolyte

SOLID
LIQUID

Working
Température



HOW DOES IT WORK ?

. Hydrogen @ Proton (+ve)
I' O—I . Oxygen Electron (-ve)

Anode Cathode
Hy‘dfogen i Oxygen
H; Fuel . ~ '“ 0, From Air
Hy Recycling SIS} i ‘ ‘ Airand
_I /. \ Water Vapour
Gagq Diffusion Layer Catalyst Catalyst Gas Diffusion Layer
Pdoton Exchange Membrarje
Bipolar MEA Bipolar
(Membrane
plate Electrode plate
Assembly)
Anode : H, oxidation Cathode : O, Reduction

2H, (g) & 4H*(aq) + 4e- O,(g) + 4H*(aq) + 4e- 2 2H,0 (I)

Fuel cell = Open Generator

= Transformation of chemical
energy provided by a
spontaneous oxidation-reduction
reaction into electrical energy

=2>Two separate compartments
called half-cells each containing
an electrode and an electrolyte

Two Redox couples
= Cathode : O, (g)/ H,0 (l),
= Anode : H* (aq)/H, (9)



SOME ELECTROCHEMICAL NOTIONS

Anade Cathode
A

Open Circuit Voltage (OCV) : Nernst
>  Eyernst= E°(H;/Oy) +%In<w)

Electrolyte PHZ o
0 Carbon
1\‘ Reaction Activations Ohmic I&ses =» Standard potential (1 bar, 298 K)
\\ = Membrane thickness EO(H2 /02) — 1,23 V

\ Transport
— -~ => Bipolar plates + electrodes

—

Losses
=>» Activation of reactions

_ s =» Ohmic
0,3 0,6 0,9 1,2 | (Afem?)
=> Transport

1"



Stack and System



FROM SINGLE CELL TO COMPLETE STACK

BPP (Bipolar
plate)

e A "
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Single Cell

End plates

Cellule

End plates
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FUEL CELL SYSTEM

Pump Fuel cell system

Hydrogen recirculation

™ B [
b o,
S o
S z FCCU
< o
() -
<
Fuel cell
stack — —

Humidificator

—>-<—

silencer

exchanger

Air filter ~ compressor

Air Compressor
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Fuel cell vehicle



FUEL CELL VEHICLE : DIFFERENT ELECTRIC ARCHITECTURE

3

RENAU';'LMASTER 2022 STELLANTIS 2021  TOYOTA Mirai 2021
A .
LV :
e . .

1. 30 kW 1. 45 kW 1. 128 kW 1. 103 KW 1. 120 KW
2. Battery 33 kWh 2. Battery 10 KWh 2. 1,6 kWh 2. 1.7 KWh 2. 1.,5kWh
3. 3-7 kg H2 3. 44 kg H2 3. 6kgH2 3. 56kgH2 3. 6,3 kg H2
1. Fuel cell system power 2. battery energy 5

on-board H2 storage capacity



VEHICLE INTEGRATION ISSUES

Integration of H, tanks in vehicle
= Cylindrical tanks which are difficult to
integrate.
» The rear seat / trunk roominess is reduced
due to the installation of the hydrogen
tanks.

Toyota Mirai Il

Cooling performance
» QOperating temperature too low : 70-80 ° C

= Sijze of the radiators to be increased.

» Front vehicle face to be opened to
increase air speed & help cooling.

Toyota Mirai | Hyundai Nexo
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ENVIRONMENTAL IMPACTS : LCA

LIFE CYCLE
ASSESSMENT

&£ Pa o

Ry ‘AP“, s

o™ o

Global warning : CO, emissions
Resource depletion
Eutrophication of water
Acidification
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FR 2023 Steamreformer

Diesel

Véhicule utilitaire - Global Warming Potential [EF 2.0]

100% Renewable / Okm III

FR 2023 / Okm

NG / 500km / 200bar II

Alkaline/PEM electrolysls average

BEV FCEV

® End of life

= Hydrogen supply
Electricity supply

B Direct emissions

= Diesel supply

m Vehicle
manufacturing

Source : ADEME - 2020

Depends on electricity supply
Fuel Cell + Electrolysis : similar to BEV




Conclusion



CONCLUSION

1. Real benefits of Fuel Cell for Light Duty Vehicle and High Duty Vehicle :
= Refuelling of H, in few minutes
= Driving range
= Mass

2. Key factor for success :
= Deployment of H, infrastructure
= H, cost

3. Improvements on fuel cell systems are expected :
» Cost (mass production + technological progress)
= Operating temperature (cooling)

» Integration
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