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HYDROGENE : MARCHES ET COUTS DE PRODUCTION ACTUELS

Un marché dominé par les besoins industriels : Raffinage, et agricoles : Ammoniaque
Un colt de production concurrencé par le réformage des combustibles fossiles
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capacity factors. Fo r sake of simplicity, all reference c apacity factors are sef at 48% for wind farms and 26% for solar PV
Syslems.
Source: IREMA analysis
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Source : IRENA (International Renewable ENergy Agency, Tokyo Septembre 2019)

DRI : Direct Reduced Iron
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EVOLUTION DES PROJETS DE PRODUCTION D’'HYDROGENE DANS LE MONDE
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Report prepared fof the
2* Hydrogen Energy Ministerial Meeting
InTokyo, Japan

: SEPTEMBER 2019.
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PRODUCTION HYDROGENE : TRANSITION EN COURS ALCALIN VERS PEM
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State of the art FCH 2 JU target Unit State of the art FCH2 JU target
Unit
Mo. |[Parameter 2012 2017 | 2020 | 2024 | 2030 Mo. [Parameter 2012 2017 | 2020 | 2024 | 2030
Generic system” |Generic system
Electricity consumption lectricity consumption
1 |@nominal capacity Kihika =7 a1 a0 4 48 nominal capacity kW hikg 58 55 52 50
1 B0
oot ot E/(kg/d) 8,000 1600 | 1.250 | 1.000 | 200 p— 2000 | 2200 | 2000 | 1200 | 000
2 Ekw) | (~3.000) | (750) | (Booy | 480y | (4om) _
2 |capital cost (€W f~3.0000 | (12000 | sooy | (rooy | (som)
3 |0&M cost (kgid)iyr 160 32 26 20 16 P e — =T — = e = m
Electrolyse Alcaline E Electrolyse PEM
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E PRODUCTION HYDROGENE : ELECTROLYSEURS HAUTE TEMPERATURE (700 — 800°C)

Cellules céramiques SR e

State of the art FCH 2 JU target
Mo.  |[Parameter Unit
2012 2017 2020 2024 2030
IGeneric system*
Electricity
consumption @rated KWWR/kg na 41 | 40 30 a7
jcapacity
1
2 [Aovailability % na na B5% 28% B88%
@ [Fapital cost Eifkgld) na 12000 | 4500| 2400] 1500
4 |O&M cost E/kgid)iyr na 600 | 225 120 75

B8 Electrolyse Haute Température
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APPLICATIONS MOBILITE

Perspectives R&D :
* Diminution colts matériaux + production
* Optimisationstockage

MIRAI version 2 : 700 km d’autonomie

FCH 2 JU target
State of the art ECH 2.1l taraet
Parameter Unit International SoA
SoA 2012 2017* Target 2020 Target 2024 Target 2030
No.
1 Fuel cell system durability h 2,500 4,000 5,000 6,000 7,000
2 Hydrogen consumption kg/100 na 1.2 1.15 1,1 1
3 Availability % 95 98 98 9% =89
4 Maintenance EUR/km na 0.04 0.03 0.02 0.01
5 Fuel cell system cost EUR/EW 500 100 60 50 40
6 Areal power density Wicm2 na 1.0 1.5 18 20
_—_—

8 Cell Volumetric power kWil na 50 73 9.3 10.0

PGM : Platinum Group Metals
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E APPLICATIONS MOBILITE
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E APPLICATIONS MOBILITE

HYBRID ENERGY SYSTEM PROJET
EASYJET
iencedlcn § cisi o Y ?
o

Power to Liquid:

2020 : Projet Pays-Bas 20 MW
production de carburant
synthétique neutre en CO, pour
I"aviation

Co(it cible: 1€ HT/L en 2050 (Bosch)
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Déclaration au salon du
Bourget 2019 : avion zéro
émission (Airbus, Boeing,
Dassault, General Electric,
Rolls-Royce, Safran, UTC)
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Batteries

* Massevs autonomie ('/)-\_‘-é) &5 E & g‘j

* Potentieldediminutiondes colts de production
* Recyclabilité et matériaux critiques

* Duréederecharge

 Réseauderecharge

* Potentield’innovation

e Sécurité
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STOCKAGE DE 'HYDROGENE : Réservoirs du Type IV au Type V

Coque composite

Type IV : Etat de l'Art
Type V : Suppressiondu liner + Coque composite thermoplastique
Type IV* : Réservoir Thermoplastique

State of the art FCH 2 JU target
No. Parameter Unit International SoA
2012 2017 2020 2024 2030
- 1 |cAPEX - Storage tank EUR/Kg H2 3,000 1,000 500 400 300
p  |volumetric capacity (at tank kg 0.02 0.023 0.03 0.033 0.035
system level)
3 . . -
(Gravimetric capacity (at tank o 4 5 5.3 57 5
system level)
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STOCKAGE DE 'HYDROGENE : VERS LE RESERVOIR CONFORMABLE

Freie Berlin University

feiyertundy ”.\’ ‘_

Conformable Tanks : Thiokol Propulsion

=B

Conformable tank : Hype project Conformable tubes : Copernic Project

Enjeux:

- Intégrationvéhicules

- Automobile : Flexibilité batterie/hydrogene
- Flexibilité vis-a-vis des applications
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