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Why ammonia ?

| Hydrogen| Lig.NG | Methanol | LSHFO | Gasoline | Ammonia
Boiling point (°C -253 -162 65 160-750 27-225 -33
Vapor pressure @ 20°C

N/A N/A 13 5 857
kPa
Density (20°C, 1 bar) 920 -
0.08 0.66 790 740 0.71
(kg/m?3) 1060
Sf;f::::: :;:L?g‘z;::;"at 985 | & The cost of storage and transportation Liquid
20°C 700 | .. The volume of tank 10
. 920 -
Storage density (kg/m3) 39.7 194 790 1060 740 610
Low Heat Value (MJ/ke 120 49 19.9 42.7 44 18.8
Energy density (storage 8.52 20.7 15.72 36.3 32 12.82
conditions) (MJ/I
ACCUGRELLLE 2 461 510 1168 ? 180-350 1370

(kJ/kg)



Alternative fuels will require more fuel volume
(approximate values)

Fuel tank volume

VLSFO

vl NG

Courtesy of Deltamarin

Example: Ammonia version with 4 x 1750 m? tanks on board

V&N Methanol

x4 Ammonia

GRlE Hydrogen




The use of NH, as fuel for vehicles = an old story

Ammonia Engine : French engineer, Delaporte
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NH, as fuel for vehicles = an old story

C-Free Run project,
HydrogenEngine Cente
(lowa), 2018

Universita di Pisa
Italy, 2013

4. No vehicles on road for the moment !

‘1960-1 966

2012-2015:
US Army : KIER, Korea
Rocket record Marangoni Toyota GT-86 70% NH,

Eco-Explorer, 2013

@940

CV-7A fixed wing
Belgium aircraft.
NH,/’synthetic’
coal gas 2020:
10 000 miles ! )

Hydrofuel project
(Ontario Univ.) (NH3+H

Fig. 4 — Norsk Hydro power company first converted truck
to run on ammonia [79].



Some recent examples : Spark Ignition Engine

Heavy duty 4 cyl./0.9I
; Gaseous PFI-CR 9
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Some recent examples : Compression Ignition Engine

John Deere, Caterpillar
4 cyl. (1.1251) 1 oyl. (2.44)

Single cylinder
research engine (0.5)
Gas fully premixed

N
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3 cyl.Cl engine
CR 17.5 (0.54l)
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Case of NH, as fuel for ICE

Spark Ignition @ Compression
Engine Ignition Engine
Ignition and/or
combustion

Dual Fuel or RCCI
Ignition promoter

promoter
% of Carbon footprint l

NG, CH,

AIcohoI

Biodiesel
DME




Ammonia for Marine Engines

Engineering
the future
two-stroke
green-ammonia
engine e

Fuelling the future by natural power

It is observed that ammonia is a promising alternative
fuel for achieving IMO 2050 targets, but there are no experi-
mental results of ammonia-fuelled mid- or heavy-duty en-
gines [25], including marine diesel engines, and there is a
lack of case studies to show the benefits of ammonia for
maritime transportation. Therefore, in this paper, a case
study with ammonia-fuelled general cargo ship is done for

The case ship represents both short and moderate voyages.
There are three fuel options in the study. The first one is MDO
only, the second one is 60% ammonia and 40% MDO dual-
fuel, and the last one is 95% ammonia and 5% MDO dual-
fuel. One of the novelties of the study is considering two
different ammonia proportions at the case study. Another
novelty of the study is three different ammonia types are
classified according to their production method are consid-
ered. The current international maritime regulations target
tank-to-propeller emissions [40]. Thus, all ammonia types
are seen as reducing the carbon intensity of maritime

Using ammonia and reducing the energy fraction of MDO
results in decreasing SOy and PM emissions, due to the sulfur-
free structure of ammonia. Besides its CO, reduction poten-
tial, using ammonia on marine diesel engines improves air
quality and reduces acidification due to the reduction of
mentioned emissions. It is also shown that 60% ammonia
energy fraction reduces NOyx emissions, but the SCR is
required to comply with the NOy limits when 95% ammonia

Q emis-

ehiefit of

combustion concepfs, atment units, etc., are devel-
oped for marine diesel engines, 60% ammonia energy fraction
is the most reasonable choice if all emission types (CO,, NOy,
N20, SOy, and PM) are considered.



Global ammonia combustion characteristics

» stoichiometric combustion properties (ZSOC, 1 atm) h|gher fuel Consumption * fuel tank
34.2 17.65 6.46 14.6 6.06
4.5-75 5-17 6.7-36  13-7.6 (15-30)
210 38 40 0?7 T >
537 595 440 >225 6t
>120 120 109 0 >120
2110 1950 1880 2030

nl

+. No good combustion properties even for Sl or Cl engines!

very low flame speed

high auto-ignition temperature
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Research gaps for clean and efficient NH, engine

Need ignition strategy/promoter

Challenges Impacts Research needs
(Experiments & modeling)
Hard to ignite Cold start (Auto-) Ignition properties of NH, blends & related

chemical kinetics

Narrow flammability

Stability/operability problems

Extinction and stability characteristics of NH, blends

Slow flame
propagation

Stability/operability problems
Depleted thermal efficiency

Flame propagation characteristics &
chemical kinetics of NH, blends

Fuel-bound nitrogen

Pollutant emissions

Chemistry and physics of low-emission combustion
modes
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