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INDUSTRY SECTOR | KEY APPLICATIONS

CHEMICAL

REFINING

IRON & STEEL

GENERAL
INDUSTRY

Hydrogen demand by industry

Ammonia
Polymers
Resins

Hydrocracking
Hydrotreating

Annealing
Blanketing gas
Forming gas

Semiconductor
Propellant fuel

Glass production
Hydrogeneration of fats
Cooling of generators
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H2 DEMAND BY SECTOR

M Chemical M Refining/Iron & Steel M General Industry
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ﬂHow Hydrogen empowers

the Energy Transition

HYDROGEN COUNCIL | SEPTEMBER 2017
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Hydrogen is a clean, safe and versatile energy carrier

Can be transported over long distances, Produces clean power and/or heat
allowing the distribution of energy between countries for transport and stationary applications
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Can be produced without Has a high energy density, Required as a clean
a carbon footprint through making it suitable for long-term feedstock in industry
electrolysis or SMR + CCS storage when recycling captured CO,
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EU Position on Hydrogen

The path towards a European hydrogen eco-system step by step :

[ Today - 2024 H 2025 - 2030 H 2030 - ]

From now to 2024, we will From 2025 to 2030, From 2030 onwards,
support the installation of hydrogen needs to become renewable
at least 6GW of renewable an intrinsic part of our hydrogen will be
hydrogen electrolysers in integrated energy deployed at a large
the EU, and the production system, with at least 40GW scale across all
of up to 1 million tonnes of of renewable hydrogen hard-to-decarbonise
renewable hydrogen. electrolysers and the sectors.

production of up to
10 million tonnes of
renewable
hydrogen in the EU.

European Commission “A Hydrogen Strategy for a Climate-Neutral Europe”,
2020. https://ec.europa.eu/energy/sites/ener/files/hydrogen strategy.pdf

How can hydrogen be promoted in Europe?

sustainable industrial value chain.

l%@ - The production of clean hydrogen needs to be increased by creating a
Hy

+ We should boost the demand for clean hydrogen coming from industrial
m@ applications and maobility technolgies.

+ Clean hydrogen needs a supportive framework, well-functioning
'u :E‘@ markets and clear rules, as well as dedicated infrastructure and a logistical
network.

H-E/\\ « Promoting research and innovation in clean hydrogen technologies is
(—:,J crucial.

@ « Europe we will secure cooperation opportunities with neighboring
@P\% countries and regions of the EU and work to establish a global hydrogen
market.
i* * *t
:ﬂf::n: + The European Clean Hydrogen Alliance will help build up a robust pipeline
192

of investments.
1
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By 2050, hydrogen can enable major CO, emission reductions

Global Energy demand supplied with hydrogen, Exajoule (EJ)

p:g Power gene-

%_6/ ration, buffering
Transportation 0
13%
<9 Industry energy demand n 2080
Building heating
¥  and power
b  Feedstock, 7_5 Gt
8 = CCU’ DRI annual CO, abate-
Current H, market Bt

2015 2030

1 Excluding feedstock
McKinsey & Company
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SOURCE: Hydrogen Council, IEA ETP Hydrogen and Fuel Cells CBS, National Energy Outlook 2016
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Typical Clean Hydrogen Production
Options

Source Process Product

',.k ‘
///‘
efining an
Petrochem
a - a
Renewable electricity Water + —
electrolysis
Energy Storage
L"
]
( -0
Transportation
Natural gas Current H2
Production (SMR)
Carbon Capture
and Storage
Exports
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Steam Methane Reforming (SMR)

* SMR technology splits natural gas
(NG) into mixture of hydrogen,
CO and CO,

* Industries use SMR technology to
deliver large quantities of H, and
CO with remaining CO, being
released to atmosphere

* The process is mature with
systems capable of producing up
to 100s of metric tonnes per day
of H,/CO

* Currently over half the worlds
hydrogen is derived from NG
feedstocks
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SMR and Carbon Capture
Utilisation and Storage (CCUS)

WHAT A ZERO CARBON CLUSTER
COULD LOOK LIKE IN THE HUMBER REGION

Capturing the CO, produced by
SMR can decarbonise the process

Captured CO, can be stored in
undgrgroundzgeologlcal features or
use

If CO, is captured/used,
HYDBOGEN IS BLUE

Many large scale CCUS projects are
being developed, and the UK is
seeking to become world leading in
CCUS technology.

- Ny
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The Acorn
Project will capture
about 200,000 tonnes
of CO, from the St
Fergus Gas Terminal
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Salt Caverns for Gas Storage

* Used to store gases including hydrogen since
the 1950s e

PV plant om e :

 Sites have traditionally been developed after
salt extraction by the chlorine industry

* Over 30 caverns in use in the UK today
* mainly used for NG

Crude oil

. y . . "\\ \,‘
‘ Natural gas 8
Brme
f producnon

* Lowest cost direct storage mechanism for Hjeroked 30 view
large hydrogen volumes

* 1in use for hydrogen

* internal wall properties prevent leakage and
contamination of the hydrogen

‘ SALT CAVERNS
* Possibility to use Larne salt caverns for

hydrogen storage
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Supporting the energy transition:
initial findings on Hydrogen

Onshore proven but still upside Potential H2 models

Offshore to be piloted (Q13a in Netherlands)
Blue - onshore SMR and H2
Re-use potential: SNS, EIS and NNS storage, offshore CCS
» Onshore: methane

Larger hubs can help capture full potential: Elonning

» Offshore: wind powered
Shetland, Orkney, SNS, EIS and NNS desalination: CO2 storage

Green - onshore i
electrolysis and H2 storage " i
+ Onshore: wind powered
electrolysis; H2 storage
» Offshore: wind powered
desalination

Green - offshore ;

electrolysis and H2 storage e el el -

+ Offshore: wind powered
electrolysis on platforms;
H2 storage; H2
transportation with re-used
pipelines

Oil & Gas
Authority

Schematic: TNO

4.1 HYDROGEN
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Hydrogen market capture strategies are
customized by region

Hydrogen demand and mix over time Regional Hydrogen Strategy Drivers

» Goals: 2050 net zero or similar

* Funding: Carbon fees or other

~10x demand growth

e * Leverageable assets (blue)
projecte

Illustrative
— H2 system
— At-scale CCUS hub
Green * Leverageable assets (green)
(electrolysis) — Geologic storage

— Low power prices

100% -
Blue Global Hydrogen Market Enablers
(SMR + CCUS)

* Cost and supply chain improvements;
e.g.,
— Electrolyzers

\\
\\

— Renewables

Today 2050 * H2 and renewable synergies
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Source: Barclays, HSBC, Hydrogen Council
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For example, Rotterdam is transforming from a global O&G to

hydrogen hub, following this grey to blue to green pattern
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From - energy hub of today...

* Refining hub
» European gateway and logistics point

* Global market clearing point (e.g., refined products,
bunker fuel)

Source: Rotterdam Vision

O » i
NAL ADDITIONAL USE OF
HIATING JREIMY USsE HOMLES
M, FROM
SIOMASS

laa

To - energy hub of tomorrow...
e

INDUSTRY USES My
FOR MEATINOG
AND AS FERDSTOCK

* Clean (blue and green) H2 production hub

* H2 gateway and logistics point with Northwest
Europe

» Trading market for H2 with pricing
transparency
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CONNMICTION TO
NATIONAL My ORID

TRANSPORT
NORTH RHINY
WESTPHALIA

TRANSPORY
1O CHEMELOT
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‘Houston’s Hydrogen Hub Vision’
Ty

transportation markets
Exporter, market maker

-7

- S . . .
S Decarbonize industrial process
Airport H2 loading equipment heat and pOWer

Leverage captured CO2 for EOR

\

\
... Low cost natural
gaspipeline DC
4y s~
CO2 pipeline “rea., i
for EOR e

.....

Converted
GasPipeline

.
Port H2 loading
equjpment

Hydrogen salt
cavern storage

H2-fired y e \—=
bower plant gz‘ .

Floating
wind +
electrolygers
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Vision 2050: global H2 hub

Anchor local and national heavy
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Long e term OutIOOk On Hydrogen INSTITUTE OF PETROLEUM RESEARCH
Technologies in Greece
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« Develop a Roadmap for real scale deployment of FCH technologies

Grey Hydrogen ; Blue Hydrogen = Green Hydrogen

O ! Oxygen
! Renewable /

energy

Fossil fuel

=ip

Hydrogen | Water
e

O, eited uhie ki)

fossil fuel (natural gas)

« Support training and educational technologies on FCH applications => through
collaborations e.g. between IPR/FORTH, NCSRD, Universities, Industry, SMEs =>
create a National Hydrogen Cluster

- Attract private financing for deploying large — scale FCH projects ‘ , @ .

- Disseminate and promote the technology to the '
commercial sector, citizens and engage local and
regional stakeholders for large-scale
implementation of FCH projects
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