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Clean, green ammonia
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We do Energy Conversion, Storage, Recovery. We do Power, Propulsion, Fuels.
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NH3 landscape: Cost-effective infrastructure with lower mOI‘INH3

Clean, green ammonia

CO2 production routes looks promising and is very engines for marifime
necessary

Ammonia infrastructure

Ammonia Production Moves Away From Fossil Fuels by 2050
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NH3 landscape: Cost-effective infrastructure with lower
CO2 production routes looks promising and is very

necessary
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Quantitative
performance criteria

M Relative Mass

X Relative Volume

A Relative WTW Energy
¢ Relative WTW Cost

© Relative WTW GHG

*Values shown relative to HFO (no CCS)
*Abbreviation: E = electricity, CCS = carbon capture

MariNH,

Clean, green ammonia
engines for maritime

The

. University of
partnership

Nottingham

UK | CHINA | MALAYSIA

Science and
Technology
Facilities Council

=9 UNIVERSITYOF
: BIRMINGHAM

University of Brighton

CARDIFF
UNIVERSITY
PRIFYSGOL
CARRDYY

Engineering and
Physical Sciences
Research Council



One step back: Rethinking conventional engine cycle
Split cycle gets its advantage by decoupling the
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compresses & combustion processes

Conventional Diesel ICE

One step back

Recuperated Reforming Split Cycle Engine
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One step back: Rethinking conventional engine cycle me‘|NH3

Clean, green ammonia

Split cycle gets its advantage by decoupling the engines for maritime
_compresses & combustion processes
HT Recuperator i HT Recuperator 7

LT Exhaust

LT Exhaust

Intake HT Exhaust Intake HT Exhaust

Compression \ Eannsion Compression '_ Expansion
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Architecture of Split Cycle: Useful insights form testing mOf‘|NH3

Clean, green ammonia

of compression, expansion, recuperation, H2 fuelling engines for maritime
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Architecture of Split Cycle: Useful insights form testing mOf‘|NH3

of compression, expansion, recuperation, H2 fuelling
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First step forward: Rethinking compression process
Quasi-isothermal compression in split cycle reduced
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losses, improves overall fuel conversion efficiency
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First step forward: 35% compression work saving by
dual role of cryogenic NH3 due to boiling point, LFL &
latent heat of evaporation
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MariNH,

Second step forward: Rethinking intracycle processes |
Recuperated-reformed that transfers waste heat into fuel  cognesiormartime
chemical energy and lowers exergy destruction

a5.0 60% 15% Max 11%Vol H, from 450
4.5 13%Vol NH, at 700K
4.0 5 0% 12% ;o0 L 445
< %o -__C_o_z_tfi.g_ei _______ _, 40% g ~ 44.0
<3.0 = = 2 = 9% =
=25 | NOxlimit [ = 30%§ < %43'5 e
B2.0 [T g = —_— X 6% g 43.0 g +6% fuel
] = = oy O
05 '“’E““:é‘““ = 10 3% " 420 & & = )
0.0 =2 0% 0% 41.5
& L L 0.E+00 1.E05 2.E-05 3.E-05 D G@ EE ok SR e
< o & & & -=-Total fuel ithout ref
S . 23 2y "D'Hz (600 K 13%)VO|NH3) otal tuel energy W! out reformer
m HC with 90% DPF, g/kWh ~0-NH; (600 K 13%VoINH;) —4—Total fuel energy with reformer (600 K)
HNOx Wit 905 SCR.. @i —0-H; (700 K 13%VoINH;) —e—Total fuel energy with reformer (700 K)
B CO, % Reduction =0-NH;3(700 K 13%V0oINH5;) 12

. - ARDIF|
”;?m hi !‘. University of & ?2.'3.'.‘,'2?02';" B UNIVERSITYOF Hf . Funded by %E Engineering and
i ) sical Sciences
partnership f S Nottingham Facilities Council ~ &» DIRMINGHAM el i EirveoL Research Council

UK | CHINA | MALAYSIA



MariNH,

Clean, green ammonia

Third step forward: Rethinking combustion

Small step to big result as partial NH3 reforming gives engines for maritime
substantial fuel benefits and exceeds 40% CO2 target
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Result of Three Steps Forward: A Novel Engine me‘|NH3

Clean, green ammonia

Indirect-Direct Cryogenic Injection with Recuperated- engines for maritime
Reformed NH3/H2 Split Cycle p— @I._a p ")
Shown this time CR2SCE SObm
» Flexible fuel injection strategies, simplify onboard fuel storage T w e
= Cryogenic NH3 in dual role, offers compression work savings @%
» Intracycle recuperator-reformer, NH3/HZ2 blend
= [owers fuel-bound & thermal NOx, improves combustion " \?_Er ::“?E:n't

properties NIt

Cool | f Hot |

Watch this space Co(r:r;ﬁir:j::on A O Eépﬁ::iﬂ",).
= Cooler combustion, ruthenium catalyst reforming, coupled to spark ,

ignition, higher NH4 conversion, even lower NOx -
Special thanks to Elisa Wylie (PhD Candidate) for supporting [[I: =
split cycle works & championing the presented idea o A_ Y, ”
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