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Hydrogen value chain

Major industrial clusters

@ Amsterdam
@ Rotterdam
@ Zeeland

@ Groningen
@ Chemelot
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roduction and imports in Rotterdam

HYDROGEN ECOSYSTEM IN ROTTERDAM

EXPECTED H, VOLUMES
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NH3 projects

SHELL, ENGIE, VOPAK, CONDOR
ANTHONY VEDER
o A AIR PRODUCTS,
o H-VISION GUNVOR
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o H-VISION o HYTRUCKS
1 NOT ANNQUAICED

o AIR PRODUCTS TANKSTATION
o AMMONIA CRACKERS o HYXCHANGE
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® Hydrogen production ® Inf

Infrastructure
® Import terminals

® Mobility projects ® Trade platform
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NH3 Cracker

REPowerEU Plan:
European Commission proposed to produce 10 million tons and import 10 million tons renewable H2 by 2030

Port of Rotterdam - Study:
1 million ton/year H2 from NH3 Cracker - + 7 million ton/year NH3 (with no external fuel usage)

Objectives:

« Understanding NH3 cracking technology landscape Why NH; cracking?
« Maximum achievable single train capacity

> CO, use/
« Technical Readiness Level (TRL) of technologies @ ‘é sequestration 1 kg NH; = 0.18 kg H,
» Feedstock, energy, utility consumption b ™ o
£ wad | i
* Plot footprint utilization

* Investment & operating cost of plant, Cost of H2 production
« Safety aspects associated with NH3 storage and transport
« Limitations to plant scale up

« Ammonia cracking technology advancements

» Benefits of a centralised cracking plant compared to several e
decentralised facilities —_———,—,———— e — = — ~
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Planning Projects Rotterdam

2023 2024 2025 2026 2027 2030
Production First 200 MW First H-vision plant 2,5 GW electrolysers
electrolyser operational operational
operational (0.25 Mton H,)
0,35 Mton low
carbon H2
production
Import Expansion existing First low carbon First new import First LH, terminal 4 Mton H, imports
ammonia terminal ammonia imports terminal for green operational
operational ammonia operational
LOHC imports at
industry scale
Infrastructure ‘Hydrogen network’ ‘Delta Corridor’
o S — pipeline in the port pipelines to Chemelot,
operational North Rhine-Westfalia
operational
Use First tank station for First green hydrogen ‘Condor’ hydrogen
trucks operational replaces grey in powered inland
refineries barges operational

Road transport: 1000
H, powered trucks
(500 in Rotterdam)
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World Hydrogen Summit — May 2023

Suppliers’ countries of origin

Argentina
Australia
Brazil

Canada
Chile
Germany

KSA

Namibia

The Netherlands
Norway

South Africa
Spain

UAE

USA
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World Hydrogen Summit — May 2023

Type of carrier expected to supply
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Primarily suppliers from within Europe

90
80
70
60
40
30
20
. AER
0

Ammonia Hydrogen Methanol LOHC E-fuels Liquid
(gas) hydrogen

Carrier type

% of participants
@
o

mPrimarily mConsidering

Infrastructure needed
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Expectations from public entities
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Distribution ~ Funding (CfD, Terminals Permitting Regulatory Cracking Storage facilities Public private Stable financial Employment of
network ready  subsidies, framework (incl facilities partnerships  outlook and
grants etc.) certification, political
safety etc.) environment
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