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Unprecedented momentum on Hydrogen since last 3 years é @@ @®ica hydrogen

World Governments

A 2015
A 2017
A 2017
A 2018
A 2018
A 2018
A 2018

A 2018
A 2019
A 2019
A 2019
A 2019

COP2Paris Agreement
Davos 2017: Creation of Hydrogen Council
Japanes@®rime Minister announced/l LJI Y Q t becomédSANIf RQ& FANERG K& RNER 3 S
Hydrogen adopted a8" MISSION INNOVATION Challeng#ay
European Ministrieg Linz Declaratioron Hydrogen in September
IPCC Special Repam Global Warming of 1°5C in October; hydrogen workshop in October

Japan makes voluntary contribution to IHAr preparation of G20 Report on Hydrogen to be
delivered June 2019 at G20 Meeting

First Hydrogen Ministerial Meeting in Japan in October proddcés2 { @ 2 {é0 | G SYSy i
FCH2JU Studyydrogen Roadmap Eurogeublished inFebruary

Hydrogen Initiative at CEM, Vancouver will be managed Lty IEA

Delivery ol EA Hydrogen Report at G20 MeetimgJune with strategic workshop in June

2nd Hydrogen Ministerial Meeting ifall and IRENA report on Hydrogen
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Why Now ? Drivers

A Emissions COicreasingdespite unprecedenteddeploymentof renewables>>H?2

A ElectricRenewabléelike PV, On shore or Off shore Wind aéry low costs (cf PortugalAunction 15¢/ Mwh) >>H2 compétitif

A H2Technologies mature
¢ 12 000vehicles HRS, 24 000 Forklift,275 O§tationnarysystemwith fuel cells
¢ 200Demoprojects Prodand Power tdzas 1-20 MW
¢ Fuelcellscostsdividedby 3 (2015), 10(2005)ifetime 10 000k 80 000h
¢ Hydrogengasturbine
ACKS GAYS A& NRAIKG (2 GFL) Ayd2 KERNRISYyQa LRAOGSYOGArft G2 LXI @
A Hydrogen can help tackle various critical energyallenges, including Hard to Abate sector.
A Hydrogencan enable renewables to provide an even greater contribution.
A There have been false starts for hydrogen in the past; this time could be different.
A Hydrogen can be used much more widely.
A Hydrogenallows flexibility
A Hydrogenis versatile,adressingdifferent goals:dimate, Air Quality, Energy Security, Economicgrowth, Energyaccess
A Hydrogen: optimiseexistingenergyinfrastructure assets

LRaAlGA2yada SELINAYSSa RIEya OSiGiGS LINB:
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The | EA0Os 7 Key Recommendations to

A Establish a role for hydrogen in loAgrm energy strategies

A Stimulate commercial demand for clean hydrogen

A Address investment risks for firatnovers

A Support R&D to bring down costs

A Eliminate unnecessary regulatory barriers ahdrmonisestandards

A Engage internationally and track progress

A Focus on four key opportunities to further increase momentum over the next decade

Source |IEA, 2019
The future of Hydrogen,
Webinar
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The IEA has identified four nederm opportunities to boost
hydrogen on the path towards its clean, widespread use:

1. Make industrial ports the nervesentresfor scaling up the use of clean
hydrogen.

2. Build on existing infrastructure, such as millions kifometresof natural gas
pipelines.

3. Expand hydrogen in transport through fleets, freight and corridors.
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Coastal industrial clusters: Gateways to building hydrogen hubs

expansion

Source IEA, 2019 — hicilioige
The future of Hydrogen, " Refining : S o
£ ‘

Webinar Ammonis jf
 Me N ‘1

« r 4

Industrial clusters are places where existing uses of hydrogen can be leveraged as sources of demand for new hydrogen
production facilities and CCUS without extensive new infrastructure.
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But «hydrogenmomentum » isfragile

Challenges
¢ Hydrogendeploymentis stronglydependenton climatepoliciesand policymakerscommitment
¢ Costgemainhigh
A Centralizedrersusdecentralizedption, costsfor transport and distribution
A Incertaintieson CCS CCUS

¢ Valuechaincomplexity
A Investorgtrust
A Scaleup for international Publiprivate coordination forinvstments
A Uncertaintieson public moneavaibility
A Innovations a faire dans les relations contractuelles
A Newenergycomplexsystemmodelling

¢ Infrastructuredeploymentneedstime andneedspublic/private coordination andyeographicahlignment

¢ Legal andeglementarybarriers
A Codes and standardsfety
A Taxes
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Hydrogen Council Vision Orviiise ALSTOM oo Bl siiien G50
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Decarbonize end uses -

Enable Help decarbonize
energy across p/ transportation
and sectors and
regions

Help decarbonize
industrial energy use

= ot

= . Help decarbonize

&\ Actas a
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3 . Serve as renewable
system resilience

/' feedstock

SOURCE: Hydrogen Council
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of final energy
demand
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Hydrogen today

Figure 6. Today's hydrogen value chains
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Source IEA, 2019
The future of Hydrogenwebinar
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Hydrogen Production 278ltoe, 2%
Finalenergy

Needs

¢ 205 Bm3 Naturayjas(6% total
consumption

¢ 107 Mt Coal(2% totaConsumptioi

¢ 617 M m3 water( 1,3% total
Replacement bglectrolysiswill
need

¢ 3600 TWtElectricity(Europe production)
1 Ton Hydrogeproduces

¢ 10t CO2 (eratgas.

¢ 12t COZrom oil residues

¢ 19t COZrom coal
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Hydrogen today

80

70

60

50

40

Million tonnes of hydrogen

o

o

1975 1980

1985

1990

1995

2000

2005

2010

§Z-_-_l_Ll.I.I.I-ll

2015 2018e

Pure hydrogen
B Refining

Ammonia

Other pure

Mixed together
with other gases
B Methanol

Steelmaking (DRI)

Other mixed

Source IEA, 2019
The future of Hydrogel
Webinar

Global demand for hydrogen in pure forms has grown steadily over the past 50 yeaasadond 70Mt today.

iea hydrogen
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