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Why ammonia ?
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AmmoniaGasolineLSHFOMethanolLiq. NGHydrogen
-33 27-225 160-75065 -162 -253 Boiling point (°C)

857513N/AN/A
Vapor pressure @ 20°C 

(kPa)

0.71740
920 -
1060

7900.660.08
Density (20°C, 1 bar) 

(kg/m3)
LiquidLiquidLiquidliquidgasgasStandard storage form

10111250700
Storage pressure (bar) at 

20°C

610740
920 -
1060

79019439.7Storage density (kg/m3)

18.84442.719.949120Low Heat Value (MJ/kg)

12.823236.315.7220.78.52
Energy density (storage 

conditions) (MJ/l)

1370180-350?1168510461
Heat of vaporization 

(kJ/kg)

The cost of storage and transportation
The volume of tank



Fuel 
lourd

Battery



Ammonia Engine : French engineer, Delaporte 
(1870)

The use of NH3 as fuel for vehicles = an old story



1940
Belgium
NH3/’synthetic’ 
coal gas
10 000 miles !

1960-1966
US Army

Rocket record

2007-2012 : 
Michigan University

2012-2015 : 
KIER, Korea
70% NH3

Università di Pisa
Italy, 2013

Marangoni Toyota GT-86 
Eco-Explorer, 2013

UH-1D helicopter 

CV-7A fixed wing 

aircraft. 

C-Free Run project, 
HydrogenEngine Center 
(Iowa),  2018

NH3 as fuel for vehicles = an old story

2020:
Hydrofuel project
(Ontario Univ.) (NH3+H2)

No vehicles on road for the moment !



Iowa university, DTU

NH3+Gasoline

2012-2013

Pisa University

NH3+H2

Range  Extender

Frigo et al. 
IJHE 2012

Texas university

Gasoline+ethanol
(max30%)+NH3
(17%)

Haputhanthri et al. 
ASME 2017

KIMM/KIER

Natural Gas + NH3 
(50%)

Oh et al.
FUEL 2021

Toyota
NH3 + H2 Thermal Reformer
cold start + SCR catalyst
Koike et al. 
IJHE 2021

Some recent examples : Spark Ignition Engine
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CFR
Gas PFI

Twin Lombardini (2 cyl./0.25 l)
Gas PFI
LPG injector

GM engine (4 cyl/0.6 l)
Gas PFI
Direct gas Inj
EMULSION

Heavy duty
(6 cyl./1.8l)

Premixed PFI – CR 10.5

4 cyl./0.9l
Gaseous PFI – CR 9



Iowa Energy Center

Dual-Fuel Premixture

DME (min 40% /NH3)
Ryu et al. 2014

KIER

Diesel min 62%/NH3

Dual Fuel
Woo, NH3 conference, 2014

Louvain-VRIJE –
Université d’Orléans

HCCI

NH3+H2

Pochet et al., PROCI 
2018

T.E. Murphy Engine 
Research Lab 
(Minneapolis)

Diesel (45% in 
Energy)/NH3

Thermal Chemical 
Recuperation

- seed with H2

Northrop et al.
NH3 event 2021

NRC 

Diesel (60% in 
Energy)/NH3

Dual Fuel

Split Diesel injection = 
reduction of unburnt NH3

Yousefi et al. 2021Yammar Engine (0.3 l) 
Liquid premixture GDI (200 b)

Single cylinder
research engine (0.5l)
Gas fully premixed

John Deere, 
4 cyl. (1.125l)
CR 17
Diesel DI

3 cyl.CI engine
CR 17.5 (0.54l)
Diesel DI

Some recent examples : Compression Ignition Engine

Caterpillar, 
1 cyl. (2.44l)
CR 16.25, 900 rpm (8b), Diesel DI



Case of NH3 as fuel for ICE

Spark Ignition 
Engine

Compression  
Ignition Engine

Ignition and/or 
combustion 

promoter

Gasoline

NG, CH4

H2

Dual Fuel  or RCCI
Ignition promoter

Diesel 

Biodiesel 
DME

Alcohol

H2

% of Carbon footprint
decrease

Pure NH3PURE NH3 ?



Ammonia for Marine Engines



Global ammonia combustion characteristics

• stoichiometric combustion properties (25°C, 1 atm)

AmmoniaFOMethanolLNGHydrogen
6.0614.66.46 17.65 34.2 Stoichiometric air/fuel ratio (kg/kg)

15-301.3-7.66.7-365-174.5-75Flammability limits in air (vol.%)
740 ?4038210Laminar burning velocity (cm/s) 

651>225440595537Auto-ignition temperature (°C)
>1200109120>120Research octane number (-)
18802030188019502110Adiabatic flame temperature (°C) [

higher fuel consumption : fuel tank

very low flame speed

high auto-ignition temperature

No good combustion properties even for SI or CI engines!



Research needs
(Experiments & modeling)

ImpactsChallenges

(Auto-) Ignition properties of NH3 blends & related 
chemical kinetics

Cold start
Need ignition strategy/promoter

Hard to ignite

Extinction and stability characteristics of NH3 blendsStability/operability problemsNarrow flammability

Flame propagation characteristics &
chemical kinetics of NH3 blends

Stability/operability problems
Depleted thermal efficiency

Slow flame 
propagation

Chemistry and physics of low-emission combustion 
modes

Pollutant emissionsFuel-bound nitrogen
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Research gaps for clean and efficient NH3 engine


