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Main pathways for producing Hydrogen
and hydrogen-based products S T

Natural gas Steam methane reforming Fischer-Tropsch synthesis
oil S Autothermal reforming Methanol synthesis
Partial oxidation = Methanation
Coal Coal gasification Hydrogen
Biomass Biomass gasification Haber-Bosch synthesis
Electricity Electrolysis Ammonia

2) |- Yd rogen 1CP Source: The Future of Hydrogen, IEA 2019

CO:

N:



Today’s hydrogen production

Hydrogen production mix, 2020 and 2021
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Note: CCUS = carbon capture, utilisation and storage.
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Potential renewable hydrogen pathways

@ llydrogen TCP
Task on the topic:
TiD Renewable Hydrogen

Production
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Various types of electrolysis

 Alkaline electrolysis (AEL)
» Proton exchange membrane (PEMEL)
+ Solid oxide electrolysis (SOE)

« Anion exchange membrane electrolysis (AEMEL)

- Alkaline electrolyser PEM electrolyser SOEC electrolyser

Long
Electrical
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Source: The Future of Hydrogen, IEA 2019
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Elak tr, Enargiavarbrauch [k'Wh,Mme]

Lebansdauar Stack [h]

Source: Studie INndWEDe, NOW 2018
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Potential growth global electrolyser capacity by
2030, based on current project pipeline

New capacity by region Total capacity by region Total capacity by technology
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Potential growth low-carbon hydrogen production
by 2030, based on current project pipeline

Fossil fuels Fossil fuels
: Electrolysis w/ CCUS Electrolysis w/ CCUS
« Note: current hydrogen production nd e w 16 e
3 T
about 90 Mt/a T 2 © - BRoW
g S 14
s 12 BMiddle East
16 10 @ United States
14 Chi
12 ° OEarly stage 2030 g Bthina
10 @2030 @Canada
6
8 02021 olLatin America
6 OAPS 4
4 B Australia
2
2 B Europe
0 0

IEA. All ights reserved.

Notes: RoW = rest of world; APS = Announced Pledges Scenario. In the left figure, the
blue columns for 2020 and 2030 refer to projects at advanced planning stages. The
right figure includes both projects at advanced planning and early planning stages.
Only projects with a disclosed start year for operation are included.

Source: |EA, Hydrogen Projects Database (2022).



Indication cost (reductions) hydrogen

Levelised cost of hydrogen production by technology in 2021 and in the Net Zero Emissions by 2050 Scenario, 2030 and 2050
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Notes: Ranges of production cost estmales refoect reglonal varialions In Costs and rencwabie resource conditons. The dashod areas reflect the COu price mpact, based on COu prices
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Production cost hybrid solar-PV and wind

Hydrogen production
costs (USD/kg H,)
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Source: Global Hydrogen Review, |IEA,2022
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Modes and cost of hydrogen transport/delivery

Levelised costs of delivering hydrogen by pipeline and by ship as LHz, LOHC and ammonia carriers, and electricity transmission, 2030

-~ 30
»
3
w
= 25
g
2 2
g 'E2> Flydrogen TCP
é '5 Task on the topic:
i TiD International
§ 10 Hydrogen Supply Chains
0.5 /
T i ' v . . ' .
0 1000 2000 3 000 4 000 5000 6 000 7000 8.3('1”
New 20-inch pipeline Repurposed 20-inch pipeline New 48-inch pipaline . Repurposed 43-inch pipeline
{50-130 ktpa) {50-130 ktpa) (630-1 900 kipa) (630-1 900 kipa)
——— LH, tanker (200 ktpa) e LOHC tanker (15 ktpa) Ammona tanker (180 kipa) —— Offshore HVDC (160 kpta)

EA A nghts reserved

Source: Global Hydrogen Review, |EA,2022

@ Hydrogen TCP



European hydrogen backbone development

Pipalnes Korages Ppaines Storages

::mmm a ;‘Hmha :v‘l-mﬂ : mw
Revs o s \/ ]
« EU H2 backbone network proposed ~ “= , I |
*  Cistng o planned Gas bepor Termred / p @ Lanang or plawed Gans-lgon-Termnal

* Lrwergy and for W2 production / * Ereegy sland for M2 procetion
/

by gas infrastructure companies
(EHB/news)

* Currently, 31 European gas
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partnership
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https://ehb.eu/newsitems

Hydrogen infrastructure development:
the case of the Netherlands

« Conversion of natural gas infra to hydrogen, including large-scale storage (e.g. salt caverns): HyWay27

Phase 1: ready 2025 — 2026: large industrial Phase 2: ready 2027 - 2028 Phase 3: ready no laterthan 2030, other routes
clusters on the coast + the connectionto storage
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https://www.rijksoverheid.nl/documenten/rapporten/2021/06/30/eindrapport-onderzoeksproject-hyway27

Hydrogen storage

Underground hydrogen storage (UHS)
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Underground geological storage of hydrogen

Specific
investment

Levelised cost of
storage

Cushion gas*

Capacity

Annual cycles

Geographic
availability

Salt cavern

Medium

Low

25-39%

Medium

Multiple

Limited

Lined hard-rock

Depleted gas field  Saline aquifer o
Low Low High
Medium Medium Medium 2) IHydrogen 1CP
Task on the topic:
45-60% 20-70% 10-20% Task42 — Underground
Hydrogen Storage
Large Large small
Few Few Multiple
Variable Variable Abundant

* The volume of gas required as permanent inventory in a storage facility to maintain sufficient pressure to meet withdrawal

demands at a high rate, even at low storage levels.
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Source: Energy Technology Perspectives 2023, IEA 2023



Hydrogen technology TRL assessment

Technology readiness levels of production of low-emission hydrogen and synthetic fuels, and infrastructure
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Source: Global Hydrogen Review, IEA 2022
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