for Hydrogen and Fuel Cells
in the Economy

Hydrogen: a trigger for accelerating the
development of renewable energies

BernardFrois IPHE Chair



Enable the renewable energy system

Enable large-scale
renewables
integration and
power generation
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The deployment of hydrogen will change
the economics of energy and transport

Hydrogen will enable new linkages between energy supply and
demand, in both a centralized or decentralized manner

Hydrogen use has the potential of enhancing overall energy
system flexibility.

Hydrogen use has the potential of contributing to decarbonise
the Iindustry: refineries, steelmaking, cement industry.

Fuel cell vehicles will providd KS Y20Af A0& &SNIA
conventionalvehicles.



Zero Emission Valley : A new concept
around 3 cities: Clermosferrand, Lyon, Grenoble

La Région
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Renewable energies are cheaper and cheaper
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Figure 1. Levelized US utility-scale photovoltaic power purchase agreement (PPA) prices $U82148/|\/|Wh ($A28/|\/|Wh)
by operational status and PPA execution date.

Early2017 United Arab Emirates $24,20 IMWh 20,33e k a? K
Summer2017 |Chile $21,48 IMWh 18,04 Kk a 2 K
Forecas?018 |SaudiArabia $17,90 /MWh 15,04€ kK a2 K




Project develop.: 400MW renewable H2 plant to outcompete natural gas reforming

Project examples

AWorking on GIGA factory concept for renewable hydrogen : ” U;(

production to gutcompete natural gas reforming

AlLargest electrolyser plant ever designed
AAddressing a USD ~ 150 billion market
Alnternational industrial customer
ATied to solar power

ACapEx of USD ~175 million

ABenchmark CapEx ratio:
A0.45 MUSD /MW

Cost of electrolyzers has decreased bya faator
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A 10 MW
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ITM Project
In Shell
Rhineland
refinery




Different Forms of Supplies of RenewaBlases

storengy

Une sociéte de @NGIC

Waste Electric Power Natural Gas

Power-to-Gas
Electrolysis

Biogas Steam Gas Reforming

l Hydrogen

“ Methanation | Methanation
conversion conversion

Source: DNV GL

Locally consumed
b (or transported via virtual Grid injection
pipelines)

*SNG-substitute natural gas Industry Mobility Heating



storengy

Une sociéte de @NGIC

Hydrogen (H2): an efficient means of ensuring adanbon energy mix

|
Hydrogen [I;DJ Hydrogen L ndustry

........................ >
Fuel Elecricity . Electricity
Cells || ||| FHmm > Grid

Renewable electricity Electrolyser Surface or underground storage of H2
: D Green mobility

Hydrogen
Methane @ @ Naturalgas network
Compressed natural gas
(CNG) for vehicles

Anaerobic digestion Methanation
or another source




JUPITER 1000

Power toGasProject
Marsellle

Electrolysers

Compressors
\ Methanation
/
Injection, blending
and analysis
Supervision of the process
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