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Background

The Hydrogen and Fuel Cell Association of
Singapore (HFCAS) was officially registered on
27 Nov 2019 as a Trade Association and
Chambers (TAC) in Singapore.

Purpose

HFCAS is committed to support Singapore's
National Hydrogen Strategy and transition
towards net zero by 2050.
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As a full-fledged TAC, HFCAS supports our
members in providing platforms to collaborate
with other associations and companies, both
locally and overseas.
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Why Now?

CLIMATE CHANGE.

A The best way to transport renewable
energy - electricity grid.

A However, this is not going to work for all
regions of the world.

A The Ukraine war accelerates the shift
towards energy security - increase in oil
prices has motivated the shift towards
renewables
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\Why not link the
world with cables
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A Physical requirements of such
connections is  currently impractical.
European Union study to improve renewable
energy from Africa, only to realize that the
interconnects required would require too
much materials. And the distance between
the 2 blocks of land is just 100km apart.
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A Political considerations - E.g. European
Union to weight if Morrocco, Africa could be
a reliable partner to work with.
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New Use Cases for Hydrogen
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Hydrogen Supply Chains

Energy System 2030/40 / Renewable energy
\ _ A , Hydrogen storage & distribution

Road

Storage Pipeline Maritime

Site infralstructure

Electrolysis Pyrolysis ~ Steam reforming
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Our hydrogen economy

Feedstock :geg:td"g I'g‘ Logistics & mobility
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Image: Victoria State Governmenthttps://www.tuvsud.com/enin/themes/hydrogen/exploreéhe-hydrogenvalue-chain https://nwhydrogenalliance.co.uk/wsgontent/uploads/2020/12/MarkNellerA-RoadMap-for-teh-FurtherDeploymeniof-the-HydrogerRE@nomy.pdf
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Hydrogen Production

Hydrogen Production Technologies

Brown Hydrogen Grey Hydrogen Blue Hydrogen

Coal Natural Gas Natural Gas Natural Gas Wind, Solar
Steam Reformer Steam Reformer Steam Reformer ‘ Methane Pyrolysis ‘ Electrolysis
- - - ‘ — ‘

Partial Oxidation Partial Oxidation Partial Oxidation, ATR ¢

CO, Capture as gas

KX

o, 4111 co, 4% co, 4 Co, + NO CO,

Auto Thermal
Reformer

https://hylot.kentech.ac.kr/subpage.php?mc=85
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Hydrogen Transportation (Hydrogen Vectors)

Hydrogen supply chain
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*Alternative transport methods like ammonia and methanol will be assessed at IHS Markit fall 2019 workshops.
Source: IHS Markit © 2019 IHS Markit/1736808
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Hydrogen End Uses

THE UTILIZATION X
~

THE PRODUCTION | THE SUPPLY CHAIN OF HYDROGEN

Conversion to:

THE THREE MAIN END USERS OF HYDROG B
ARE THE INDUSTRY, MOBILITY AND SUPPLY

SECTORS

H2 Fuel Ammonia
LH2 Methanol

THE DISTRIBUTION STAHL §& LOHC  SAF/SNG

EVERY YEAR 600 BILLION CUBIC METERS
OF HYDROGEN ARE USED WORLDWIDE.

Nuclear energy

Green wind
and solar
energy

Agriculture

Conversion to

Electrical substances

Terminal for further
distribution

Electricity

@
® and heating
/ = Typical Industries:
o Shipping to Steel Energy generation
D & endpl.':ﬁg"‘” Glass Cement

Pharmacy Chemistr
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Key Takeaways

E Ammonia, Methanol, LOH@S Low Carbon Hydrogen

As an industrial chemical moves closer to residential areas, safety is paramount. Any mishaps would r
negative public sentiments to the new fuel/chemical

Industry to work together

Feedback to the government on the
Education of the general public on direction the industry is heading,
safety considerations when dealing m through participating in workshops
with hydrogen with the agencies or through

associations like IGAS and HFCAS.

Participate in courses to keep one

s/ | up to date with new uses cases and % Participate in standards
ﬂ;/;; new standards for the new development.

applications.
o

HFCAS
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Singapore’s Journey towards Net Zero

A Singapore has committed to achieving net zero emissions by 2050
A Limited land for solar deployment without large scale deployment to wind and hydropower
A We will nevertheless make an ambitious effort to lower our carbon footprint and develop more

sustainably
A Low carbon hydrogen is a promising broad-based and scalable decarbonisation pathway and can

enhance our energy security
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Key Sectors for Low Hydrogen Deployment

o

Power Sector _‘i

A Accounts for 40% of emissions.

A Hydrogen has the potential to decarbonise
Singapore’s power sector, by making up a
significant component (up to ~50%) of our energy
mix by 2050

A Replacing existing combined-cycle generation
turbines (CCGT) with Hydrogen Powered CCGTs

Industry iliili

A The largest contributor to Singapore’s carbon
emissions (~44% in 2020)

A Use case e.g. Feedstock for industrial processes;
Fuel for heat, power, and steam generation

SCTITC
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Maritime VY

VNN

Largest bunkering hub - supplying ~50 million tonnes of
marine bunker fuel in 2021

Industry outlook for international maritime for a multi fuel
transition — LNG, NH3, E-Methanol, etc

Singapore plans to be an early mover in transition towards
ammonia bunkering

Set up of Global Centre for Maritime Decarbonisation
(GCMD) to advance maritime decarbonisation

Aviation/Land X Ny

A As an air hub, Singapore will support initiatives on

sustainable aviation fuels production, fuel cell ground
support vehicles, and LH2 in long term

A Fuel cell solutions to decarbonise vehicle segments

require higher power and mileage
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# 1 Experiment with the use of advanced hydrogen
technologies at the cusp of commercial
readiness through pathfinder projects

# 2 Redouble efforts in R&D to unlock key
technological bottlenecks

#3 Pursue international collaborations to enable
low carbon hydrogen supply chains

H#H A4 Undertake long term land and infrastructure
planning
#5 Support workforce training and development

of broader hydrogen economy
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#1 Pathfinder Projects

Through pathfinder projects, we aim to work with
the industry to experiment with and build up
capabilities in advanced hydrogen technologies,
and identify and address any technical, safety, or
regulatory issues that may arise.

A Launch of Expression Of Interest (EOI) in Dec
2022 by Energy Market Authority (EMA) and
Maritime and Port Authority (MPA) -
development of end to end solutions for
low/zero carbon ammonia power generation
and bunkering.

A The EOI aims to achieve at least 50 MW of
power generation and 0.1 million tonnes per
annum (MTPA) for marine bunkering by 2027.

G

HFCAS

A First build capabilities in importing, handling, and
utilizing low-carbon ammonia as a hydrogen carrier
or direct fuel in power generation, as well as to
study the support on marine bunkering,.
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#1 Pathfinder Projects

1. On 19 Jul 2023, ground broke and construction began on the 600MW
“hydrogen-ready” gas-fired power station in Singapore. The Keppel
Sakra Cogen Plant has been designed to co-fire a blend of up to 30%
H2. The combined-cycle gas-turbine facility is expected to be completed
in first half of 2026.

2. 3 Jul 2023, JTC and Singapore-based fuel cell manufacturer Spectronik
announced trials of Singapore’s first hydrogen fuel cell-powered light
commercial vehicle (LCV) to start in the fourth quarter of 2023. Next
year, PSA will launch the trial involving a heavy vehicle (prime mover)
with a Hydrogen Refuelling Station.

3. In Jun 2023, CITY Energy and Senoko Energy signed a memorandum of
understanding (MOU) to jointly study the technical and commercial
feasibility of import and supply of hydrogen between the companies’
facilities in the northern part of Singapore.

4. MOU signed during SIEW 2022 between Tuas Power and EDF and Itochu
to collaborate and establish a supply chain required for the import of
Ammonia.
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#2 Redouble efforts in R&D

As a likely net importer of hydrogen, ability to transport,
handle, and utilise hydrogen safely, economically and at r
scale is critical for Singapore: '

j =
A In 2021, 12 R&D projects awarded with total S$55 mil /N -~ —
under Low Carbon Energy Research (LCER) Funding -
Initiative Phase 1 - development of major CCUS and LA ,
hydrogen technologies. N 147 ) , "',
A Additional $129 million for LCER Phase 2 to include ‘ - .
Directed Hydrogen R&D Programme to address key by | v
R&D priority areas to support the deployment of .
hydrogen in Singapore.
G
HFCAS
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#3 Pursuing International Collaborations

A Agreement on the methodologies or standards for
accounting for the carbon intensity of low carbon
hydrogen and its certifications.

A The use of hydrogen at scale - to consider new or
updated policies to support its usage.

A Mutually recognised and interoperable standards
and certification across multiple areas will be
important to enable large scale hydrogen supply
chains:

A Advancing the development of Guarantee of
Origin certification methodologies.

A Continue develop partnership with oversea
countries.
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#4 Long Term Land and Infrastructure Planning

A Adoption of hydrogen at scale will require new
infrastructure (import terminals and jetties,
storage tanks, hydrogen distribution
pipelines) with corresponding land
requirements.

A Experience from pathfinder projects will inform
long term planning, by deepening our
understanding on areas such as land
requirements for storage, safety buffer zones,
and hazard mitigation measures.
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#5 Workforce Training
and Development

A Domestic deployment of hydrogen and a large global
hydrogen economy offer opportunities abound

across the value chain e.g. [N

A will

and hydrogen
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