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Decarbonization of marine propulsion systems 

Figure: April,2025 global ship orderbook - fuel type 
share. Source: Ship&Bunker 

Other Alt. Fuel
− LPG
− Ethane
− Hydrogen
− Ammonia
− Biofuels
− Battery/hybrid

• To reach the net-zero GHG emissions target by 
2050,urgent actions such as uptake alternative 
fuels is necessary

Source: https://www.dnv.com/maritime/publications/maritime-forecast-2023/
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Decarbonization of marine propulsion systems 
Comparison of potential alternative fuels
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Decarbonization of marine propulsion systems 
Comparison of potential alternative fuels

H2NH3
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Ammonia & the APOLO project
Ammonia (NH3) – A promising marine fuel   

The APOLO Project is advancing maritime decarbonization by developing cutting-edge power
conversion technologies through two distinct pathways

Ammonia

NH3
N2

Catalytic 
Membrane 
reactor

Source: https://hydrogentoday.info/en/ammonia-hydrogen-conversion-site-uk/
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Ammonia & the APOLO project
Marine propulsion pathways – APOLO project

Fuel-cell pathway

− High H2 purity required

− No exhaust after-treatment 
system required

-

IC engine pathway

− H2 purity is not critical

− NH3 can be used directly as a 
primary fuel

− Exhaust after-treatment system 
required
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Ammonia & the APOLO project
Investigated combustion concepts

Spark - Ignited (SI) concept

Ignition
Fuel mixture

Fuel requirement 

CO2 emissions

-Pre-chamber spark ignition
-Admixing H2 for a more reactive fuel

-With a cracker single fuel operation 
possible

-Zero CO2 emissions possible – Main 
focus in APOLO Project
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Ammonia & the APOLO project
Investigated combustion concepts

Spark - Ignited (SI) concept Diesel - Ignited (CI) concept

Ignition
Fuel mixture

Fuel requirement 

CO2 emissions

-Pre-chamber spark ignition
-Admixing H2 for a more reactive fuel

-With a cracker single fuel operation 
possible

-Zero CO2 emissions possible – Main 
focus in APOLO Project

-Diesel pilot ignition
-Redundant system 

– 100% diesel operation possible
-Second fuel is needed

-Zero CO2 emissions not possible due diesel 
pilot. Zero CO2 possible with Biofuel
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SCE-Upgrade
Ammonia & the APOLO project

Key tasks completed :
• Design and implementation of an NH₃ and H₂ fuel supply 

system for the SCE
• Design and implementation of an exhaust gas cleaning system
• Establishing a safety matrix system to enable the SCE to 

operate on NH3

• Establishing a system to flash all fuel lines with nitrogen and 
vent NH3 to a flare system

• Change in engine hardware components
• NH3 sensors to detect NH3 leaks in the test cell
• Implementation of the new fuel system into the test cell 

operating system
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Experimental Results 

SI combustion concept

 

    

General information
Rated speed 1800 min-1

Displacement ≈ 5.2 dm3

Valve timing Miller valve timing
Number of intake and
exhaust valves 2/2

Spark ignition combustion concept
Hydrogen supply Pre-mixed with NH3 mass flow
Ammonia supply Central mixture formation
Engine speed 1500 min-1
H2 energy fraction 15%
Lambda 1.4
Diesel pilot combustion concept
Ammonia supply Central mixture formation
Engine speed 1350 min-1

Diesel energy fraction 20%
Lambda 1.4
Test parameter Engine load variation

Investigated engine parameters

*Reference: Decarbonization of high-power systems: ammonia-
hydrogen and ammonia-diesel combustion in HS engines –
CIMAC23, Busan, South Korea

CI combustion concept
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Heat Release Rate - SI combustion concept
Experimental Results 

• Heat release rate (HRR) - The rate at which heat 
is transferred to the gases in the cylinder due to 
combustion

Prechamber 
combustion

SOI

Main chamber 
combustion
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Heat Release Rate - SI Vs CI combustion concept
Experimental Results 

Pilot diesel 
combustion

Gaseous fuel 
combustion

SOI

Vaporization

Mixing 

Ignition 
Primary 
break-up

Secondary 
break-up

Onset and 
progression of 
NH3 premixed 
combustion 

Diesel 
Injector

NH3/Air background 
mixture
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Combustion performance – varying engine load
Experimental Results 

• Ignition delay – period between the start of 
injection (SOI) and the start of detectable heat 
release

SOI
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Combustion performance – varying engine load
Experimental Results 

• Ignition delay – period between the start of injection (SOI) and 
the start of detectable heat release

• Longer combustion duration observed in NH3-diesel concept 
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Combustion performance – varying engine load
Experimental Results 

• Ignition delay – period between the start of injection (SOI) and 
the start of detectable heat release

• Longer combustion duration observed in NH3-diesel concept 

• NH3-H2 Concept  Lower Coefficient of Variation (CoV)-Imep
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Exhaust Emissions – varying engine load
Experimental Results 

• Higher NOx in NH3-H2 Concept
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Load Variation –Exhaust Emissions
Experimental Results 

• Higher NOx in NH3-H2 Concept

• Lower levels of unburned NH3 emissions across the investigated 
loads in NH3-H2 Concept
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Load Variation –Exhaust Emissions
Experimental Results 

• Higher NOx in NH3-H2 Concept

• Lower levels of unburned NH3 emissions across the investigated 
loads in NH3-H2 Concept

• NH3 +diesel concept – Higher N2O
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Load Variation –Exhaust Emissions
Experimental Results 

• Equivalent CO2 (BSCO2-eq) represents the overall GHG emissions  

BSCO2-eq = BSCO2 + BSN2O * 300 

• Higher GHG emission in NH3-diesel concept

79%

97%

Diesel mode

GHG 
reduction

560

Main GHG emission contributor in ammonia engines
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Influence of H2 on the combustion process
Experimental Results 

− Lower engine loads require higher H2 energy fractions

− Full-load operation possible with pure NH3. 

− Lower H2 Fraction  higher Ignition delay, cyclic variability, 
and unburned ammonia

− These are preliminary, unoptimized results — final engine 
performance to be determined after optimization in later 
stages of APOLO.

Engine operation settings

Engine Load [%] 100,50,25

Excess air ratio
Lower than 
NG engine

H2 Energy Fraction[%] Var

Compression Ratio
Higher than 
NG engine
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 Ammonia has proven to be a promising alternative fuel for different combustion 
concepts.

 A secondary fuel is required in both concepts to enhance the NH3 combustion 
process.

 A wide range of engine loads are achievable with ammonia as a main fuel

 Full-load engine operation is possible with pure ammonia, However at low loads, a 
higher fraction of a more reactive fuel (e.g., H₂ or diesel) is required.

 NOx and NH₃ emissions are high but can be reduced with exhaust after-treatment 
systems, controlling N₂O emissions remains a significant challenge.

Outlook : Our focus is currently on; 

 Further investigations of NH3 combustion process

 Demonstrating the operation of an NH3 engine coupled with ammonia cracker

Summary and Outlook
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