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Member of the National Hydrogen Council
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Electric
uses today

Why hydrogen ?

Direct electrification
in all scenarios

|

Energy carriers
Electricity
Fossil fuels and feedstocks
B Hydrogen + e-fuels
B District heating
B Biomass

Green hydrogen and
e-fuels in all scenarios
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Electricity primarily
for LDVs
and buildings

“no-regret”
sectors and
demands

Hydrogen in
industry, aviation
and navigation

2025

2030 2035 2040

2045
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FEEDSTOCK
APPLICATIONS

ENERGY
APPLICATIONS

INDUSTRIAL PROCESSES

* Refining
 Ammonia and methanol synthesis

e Direct reduced iron (DRI) for steel
production

] — * Flexible power generation
« Off-grid power supply
» |arge-scale energy storage

POWER-TO-FUEL
E@ s Renewable gases
¢ Synthetic fuels

« Ammonia

HEATING
¢ |ndustrial heating

* Residential and commercial
heating

TRANSPORT

* Road transport
s Trains

s Aviation

¢ Shipping
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Potential uses of

clean hydrogen

» To decarbonize the
economy

» To contribute to integrate
renewables in the power
system

( Intermittency of renewables)




Priority uses of clean hydrogen : France
Hydrogéne

»Hard to abate » sectors

N Maturity of hydrogen solutions
(compared with other decarbonisation solutions)

N

HYDROGEN

ELECTRIFICATION

>
Distributed applications Centralised applications B

Source: IRENA (2022e).



Value chain of clean hydrogen
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Hydrogen consumption in 2020 (million tonnes per year)

EU27+United Kingdom @ Russian Federation
Canada

Republic
of Korea

@ Japan

Iran (Islamic
Republic of)

United
States of
America

LS

Trinidad & Tobago

Rest of the world

TOTAL 87,2 Mtonnes

Source : IRENA
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Many production pathways of hydrogen

= Electrolysis (alkaline, PEM, SOEC, AEM)

= Steam Methan Reforming of natural gas (SMR) with Capture and
Sequestration/Utilisation of CO2 (CCS/CCU )

= Pyrogasification / Thermolysis of biomass
= Methan Plasmalysis (Plasma torch, microwave)

= Hydrogen as a by-product

Native hydrogen




A low volumic energetic density

In order to transport 10 kWh of energy, you need :
1,1 liter of gazoline

« 1,7 liter of LNG (- 160 °C)

3,1 liter of ammonia (- 30 °C, 1 bar)

« 4,2 liter of liquid hydrogen (-253 °C)

« 53liter of DBT or 6,4 liter of MCH (LOHC-Liquid Organic
Hydrogen Carrier)

7,7 liter of hydrogen at 700 bar
13,3 liter of hydrogen at 350 bar
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Transport and massive storag
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Conversion of existing gas
Infrastructures :

» Pipes networks,

» Salt caverns
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Toward an European hydrogen market

1.

Dunkerque

Le Havre
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MosaHYc (avec Creos) : 100 km entre la France
et '’Allemagne (2026)-Pipe converti

RHYn : 100 km (60 km convertis) entre Chalampé et
Mulhouse (2028), extension possible a Basel (2029)

WHHYn (avec Fluxys) : Etude d’une canalisation
entre la France et la Belgique (Open season - région de
Valenciennes)

DHUNE : bunkerque
HYnframed Zones de

consommation

‘ Exports potentiels
- Imports potentiels

Stockage d'H2
A potentiel

—-——= Canalisations dédiées
H2 potentielles

—_— Conversion potentielle
de canalisations
existantes
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Sth PCl list project -

Ongoing PCI -

completed PC1 [}

Additional gas infrastructure
identifed by RePowerEU -

REPower EU (18. May 2022)

10 Mt produced in Europe
10 Mt imported (4 Mt NH3)

3 major corridors
- Mediterranean Sea
- North Sea

- Ukraine («as soon as conditions will
allow »)
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- H: pipelines by conversion of existing natural gas pipelines (repurposed)
- Newly constructed H; pipelines
== Export/import H, pipelines (repurposed)

-= Subsea H. pipelines (repurposed or new)

Countries within scope of study

Countries beyond scope of study

Potential H, storage: Salt cavern
Potential H. storage: Aquifer
Potential H; storage: Depleted field

Energy island for offshore H. production

* 9 P>

City, for orientation purposes

The European Hydrogen Backbone
(“EHB!!)

29 countries ( 31 TSO)
28 000 km by 2030 / 53 000 km by 2040
(Retrofit : 60 % )

~3

80 up to 140 GEUR until 2040

Cost = 0,11 - 0,21 EUR/kg/1000 km

o
o
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A worldwide dynamics : more than 50 Hlogronene

countries published an hydrogen strategy cgase puri vonsiion ecogoe




France

Value chain of clean hydrogen Hydrogéne

Hydrogen Transport (Energy carriers) Utilization

production
e r_'

4 ) o ( .—— _ )

Fuel cell vehicle

Natural gas

Petroleum lliguid

Reforming/ Gasification

Coal 1
gasification LH,(a253°C) }

Power generation

(methyl cyclohexane) w

~ L. Fuel cell
Renewable “\Carbon dioxide capture N /
energy and storage e A
a}?
| a =
NH. fueled Mix combus-
- 3 . tion in coal
y NH, gasturbine g o hoiler
N ’ Production by Liquid: A33“°Cor 8.5Bar :
'] I [ electricity and heat [ i)
~ / \_ Fuel cell NH, furnacej
i < Ammonia direct use>> [Power generation sector) [ Industrial sector] [Tra nsportation sector) i

Gas turbine, Coal fired boiler, Fuel Cell Industrial furnace Marine Engine
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Orders of magnitude
Hydrogen production

® @ & G

Shipped as Liquefied or Transported by Locally
derivative shipped by long-distance consumed
carriers pipelines
I | I
. @
Existing New industry Building and Transport Power
industry use feedstock industry heat generation

Hydrogen demand, million tons
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Toward a new geopolitics of energy

) Exporter Exporting reglon

i) Importer Importing region

A

— NEw routes in
place or under
development

— Mols in place
establishing
trade routes

© 7~ Potential trade route
explicitly mentioned in
published strategies

Source : IRENA

| Asia Pacific

France
Hydrogéne

» Importer countries of
hydrocarbons will become
exporters :

Marocco, Namibia, Chile

» EXxporter countries of
hydrocarbons will export
H2 and/or derivatives
(ammoniac, methanol):

Australia, Canada, Egypt ,

Saudi Arabia, UAE, USA
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s China 20 5 0

Global hydrogen and

derivative interregional
: long-distance supply

g\ Ny (Mtons per annum)

/ e North America

SUPPLIERS PRODUCT CARRIERS OFFTAKERS

China &

North America =)

Europe 15

N 5
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Africa <= _—‘_:_’A' A

: . S Europe
PE— ;a’ -::_'__':.11 y p
Y /d
_} -, » ‘,’-— e ——— N M
Rest of world B __.....A‘v .." D/ N Excludes local production and

distribution

. <53 Rest of world
Latin America [&) Source :

McKinsey for Hydrogen Council

Australia P Rest of Asia
Middle East 4] Japan and 9
&y South Korea .




Challenges for the (French) Hydrogen Sector
* To reduce costs : scaling up

= To promote technological neutrality
(3,38 kg CO2/ kg H2 )
Certification- Level playing field

* To have clean, abundant and affordable
electricity available (To develop renewable and
nuclear energy)

= To contribute to re-industrialisation
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Imports versus domestic production

" Price competitivity of H2 or derivatives compared to European production is not

guaranted
= Availability of hydrogen or derivatives is not established
= Necessary infrastructures in order to bring hydrogen or derivatives to Europe are

to be developed

» LH2 (liquid hydrogen) : high liquefaction cost and ships do not exist ! Timeframe ?
» NH3 (Ammonia) : supply chains exist. Suitable for direct use. Impact on employment and activity of present ammonia

plant.
Large scale cracking of ammonia : Cost? Timeframe ? Necessity of a hydrogen network if cracking is done within
harbours.
» Methanol : same remarks as ammonia

» LOHC (Liquid Organic Hydrogen Carrier) : easy transportation but presently still at demonstrator level ! Timeframe ?

Piped hydrogen from the Iberic peninsula or from North Africa (H2MED, SouthH2 Corridor) or from Scandinavia




Some simple calculations ! B o
Hydrogéne

« Blue Hydrogen » Engagée pour la transition écologique
Energy for Steam Methan Reforming (Natural Gas & Electricity) = 50 kWh/kg

» Natural Gas price = 20 €/ MWh the share of energy within the cost of hydrogen is 1,0 €/kg. To add 0,5 €/kg for capex
& maintenance of installations. As a result , Grey hydrogen cost = 1,5 €/kg !

Carbone tax = 80 €/tonne and 10 tCO2/t H2 , to add 0,8 €/kg resulting in 2,3 €/kg but without any decarbonization !!

» Natural Gas price = 40 €/MWh, the share of energy within the cost of hydrogen is 2,0 €/kg. To add 0,5 €/kg for capex
& maintenance of installations. Result = 2,5 €/kg for grey hydrogen! And 3,3 €/kg including the Carbone tax.

Cost of decarbonization = 100 up to 150 €/tonne of CO2 : decarbonization impact : 1,03 1,5 €/kg H2
With Natural Gas price at 40 €/MWh, cost of blue hydrogen is 3,5 up to 4,0 €/kg H2
_: Energy needed for electrolysis =55 kWh/kg
With the French power mix, load factor of electrolysers can reach 7000 hours a year.
If electrolyser cost is 1400 €/kW, cost of electrolysis (Capex & Opex) is 1,1 €/kg
» With electricity price of 50 €/MWh (on electrolyser site), the share of electricity within the cost of hydrogen is
2,75 €/kg H2. The resulting cost of green hydrogen is 3,85 €/kg ( similar to blue hydrogen if NG price is 40 €/MWh)
» But if electricity price is 90 €/MWh, 4,95 + 1,1= 6,05€/kg H2 e
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As a CONCLUSION

» Without Hydrogen, we will NOT achieve the energy transition
(decarbonization of economy and integration of renewables within energy systems)

» \ersatile energy carrier : holistic/systemic approach is needed —
Big challenges , No unique solution

> To maintain R&D efforts and foster innovation

» Pooling usages in order to reduce costs : to build local ecosystems, to scale up, import
of H2 or H2 derivatives ?

» A very strong dynamics at world level thanks to Regulation and public financial support -
Strong competition (China, USA)

» A new geopolitics of energy will appear

» Europe has strong assets and must ACCELERATE : industry is at stake and time is now !




THANK YOU

FOR YOUR ATTENTION France

Hydrogéne
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9 50 avenue Daumesnil - 75012 Paris

,E philippe.boucly@france-hydrogene.org

\\ 33607941772

www.france-hydrogene.org

https://vighy.france-hydrogene.org/
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