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The Challenge
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Ammonia Is the cheapest e-fuel

Carbon
Capture

co,

Green Methanol

Water Electrolysis H Green Hydrogen (liquid)

Green Hydrogen (pressurizes)
Green Ammonia

Source: Forecasting the alternative marine fuel-Ammonia
Korean Register report, 2020 www.alfalaval.com
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Ammonia as potential future marine fuel

Fuel volume for today’s biggest container ship

-253°C

Ambient Temp
~8 bar

5054

30 days trip from Hong Kong to Hanabirg. com
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Penetration of e-fuels for shipping

— Projection

Not enough cost-
competitive C available
after a few years

http://infomaritime.eu/index.php/2021/08/22/top-15-shipowning-countries/ www.alfalaval.com
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Renewable Ammonia Vision

— Transporting Renewable as liquid fuel

Producing green ammonia

Air Separation Unit

Electrolysis

Haber-Bosch
ammonia plant

"

Ammoniaenergy.org

-
Ammonia made near farms

Transportation

To market

Ammonia is more than fertilizer. The gas liquefies
easily under light pressure and chilling, and can be
transported to power plants to generate carbon-free
electricity. It can also be “"cracked” into H,, a valuable
energy source for fuel cell vehicles.

Cracking

Fuel cell vehicle

http://www.sciencemag.org/news/2018/07/ammonia-
renewable-fuel-made-sun-air-and-water-could-power-globe-

without-carbon
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Decarbonization trend - It's complex

— Progression towards greener fuel followed by progression towards cleaner conversion

Fuel Conversion Technology
Faster introduction(+),

Lower efficiency(-),
Nox,N,O emission(-) \

Combustion

Types of Fuel Cell

engine

T

Higher efficiency(+),
No or little Nox,N,O emission(+),
Low TRL level ( -)

Methane
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Progress in ammonia fueled ships

Approval in Principal

15,000 TEU Ammonia Powered Container Vessel . '§- - Ammon?a—fueled .
i s - Ammonia Gas Carrier

AFAGC)

= N¥K.o-

HIFFON Y¥USEN HKAIGHA

Ammonia Floating
Storage and
Regasification Barge
(A-FSRB)

Project lead: Project partners: Ciassification society: Ship Design:

W Seaspan | (3) Mt ci | YaBs | o o

Seaspan Corporation and Maersk Mc-Kinney Mgller Center for Zero Carbon Shipping Receive Approval in
Principle from ABS for Ammonia-Fueled Container Vessel | Seaspan Corporation
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https://www.seaspancorp.com/seaspan-corporation-and-maersk-mc-kinney-moller-center-for-zero-carbon-shipping-receive-approval-in-principle-from-abs-for-ammonia-fueled-container-vessel/
https://www.seaspancorp.com/seaspan-corporation-and-maersk-mc-kinney-moller-center-for-zero-carbon-shipping-receive-approval-in-principle-from-abs-for-ammonia-fueled-container-vessel/
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AMMONIA TO POWER



AMON Consortium
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The system will need an ammonia cracker

ANODE GAS
RECIRCULATOR

= o =

Nl AMMONIA
CRACKER

AMMONIA

SOFC @
H, to elecricity 70% in electricity

POUJER

v

Alfa Laval is responsible for
developing the cracker
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AMON power generator

Air
handling
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Exhaust
handling
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Does Ammonia fed SOFC need a precracker?

NH; & 1.5H, + 0.5N,
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Ammonia could be cracked inside the SOFC with added advantage of lowering the cooling load as ammonia
cracking is endothermic

Chakraborty et al., 2010, ISBN: 978-1-61671-509-2
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Why ammonia cracker for SOFC?

— SOFC degrades via nitride formation

Base

50% AOR
70% ADR
80% AOR.

-——-

650°C

 Ni and Fe nitridation results in cell

degradation
« Similar material degradtion potential for

piping and other BoP

Frandsen et al.,https://doi.org/10.1016/j.ijhydene.2023.12.139
Frandsen et al., 10.1016/j.enconman.2024.118396

21 | www.alfalaval.com
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https://doi.org/10.1016/j.ijhydene.2023.12.139

Ammonia cracker

Ru/Al,O4 or FeNi/AlL,O,

Pt/Al,O4
Or Cu/Ru on Al,O5 (patented)
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From shell and tube to plates

— Using our existing core competencies to expand strategic product offering

Heating gas output

13

Catalyst pellets '

Heat exchange
& Chemical Reaction

Tube wall

Reformer

Niw
 Ammonia.

Shell and tube design Plate heat exchanger design
- Poor heat transfer resulting slow reaction - Improved heat transfer
- High catalyst loading increasing cost - An order of magnitude lower catalyst
loading resulting in cost reduction
Source: MDPI
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Hydrogen from ammonia: Technology and IPR owned by Alfa Laval
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QUESTIONS?
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