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Liquified ammonia stored at -33ºC is the 
preferred phase condition, reducing the 
storage volume by 850 times compared with 
the gas phase.

Liquified ammonia storage at -33ºC requires 
insulated storage tanks and complex 
monitoring, handling and conditioning systems 
to manage ‘boil-off’.

Inherent characteristics of ammonia requires 
systems designed with a Fuel Preparation 
Room (FPR),Tank Connection Space (TCS) 
and double walled fuel pipes.

Phase

Storage

System Design

The potential generation of NOx during 
combustion and ‘ammonia slip’ require design  
considerations for mitigation.

Ammonia being corrosive to certain materials 
necessitates careful selection of compatible 
materials for use in ammonia systems.

Ammonia is lighter than air and requires 
appropriate consideration for the ventilation 
design of spaces at risk of leaks.
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DESIGN  CONSIDERATIONS

OPERATIONAL  CONSIDERATIONS

Emissions

Reactivity 

Reactivity

Reactivity

Handling 

Ammonia (NH₃) is considered as an alternative marine fuel due to its cleaner combustion, resulting in 
lower emissions of NOx, SOx, and particulate matter (PM). 
                                                                     4NH3 + 3O2 → 2N2 + 6H2O 
The combustion products of ammonia in air are nitrogen and water vapour, while the formation of NOx 
is influenced by  combustion temperatures, SOx and particulate matter (PM) result from the pilot fuel.
Toxicity, reactivity and low temperature are key characteristics of ammonia which require very careful 
consideration in system design and operational safety.
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COMMERCIAL  CONSIDERATIONS 

Toxic Reactive Low 
Temperature

 The lower energy density and calorific value has an adverse influence 
on the endurance of the vessel. Retaining the fuel storage capacity 
reduces its endurance, while increasing it could reduce cargo 
capacity.

 The commercial viability of ammonia as a marine fuel hinges on its 
potential for GHG reductions, cost and availability at scale.

 IGF Code - International Code of Safety for Ship Using Gases or 
Other Low-flashpoint Fuels

 MSC.1/Circ.1687 - Interim Guidelines for the Safety of Ships using 
Ammonia as Fuel 

 MSC.1/Circ.1455 & MSC.1/Circ.1212/Rev.1 – Guidelines for the 
approval of alternatives and equivalents

REGULATORY  CONSIDERATIONS 

CREW  SAFETY  CONSIDERATIONS 

 Awareness of the exposure risks and training on first aid measures in 
the event of exposure.

 Awareness of the hygroscopic characteristic of ammonia in reacting 
with human tissues including eyes, skin and lungs.

 Understanding of the reactivity of ammonia with certain chemicals and 
its incompatibility with certain materials.

The toxicity of ammonia requires additional 
technical and procedural controls to prevent 
exposure. 

With a relatively narrow flammability range of 
15-27%, the risk of ammonia fire is low, but as 
the flammability potential exists, inerting and 
gas-freeing of systems is essential.

Liquified Ammonia can cause cold burns 
through direct or indirect contact, requiring 
procedural and engineering controls to prevent 
inadvertent contact.

Toxicity

Flammability

Temperature

Reacting exothermically with water, and with 
certain other chemicals causing violent 
reactions, requires to be addressed in 
operational protocols.

Ammonia burns in air with a pale-yellow flame 
and requires fire detection systems suitable to 
detect these flames.

Liquified ammonia bunkering require 
measures to protect against thermal shock, 
accidental releases and the build up of static 
electricity and/or flammable mixtures.

Reactivity

Fire detection 

Bunkering

 Understanding Personal Protective Equipment (PPE) requirements 
given the risks of toxicity, reactivity and low temperatures.

 Awareness of safety protocols for access into designated controlled 
spaces such as the FPR and TCS.

 Awareness of the reactivity of ammonia with water, and low visibility of 
flames when fighting ammonia fuelled fires.
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