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The multifuel engine

Gaseous fuels*
- LNG

- LPG

- Ammonia

- Hydrogen

Liquid fuels*
- HFO

- MDO

- LPG

- Ammonia

- Methanol

- Ethanol

Pilot fuel*
- MDO

Three separate fuel systems

* Including corresponding bio and synthetic fuel



© Wärtsilä3

LIQUID NH3 – DIESEL

Mixing

Liquid NH3

Intake of air

In.

Compression of air

Diesel

Ignition by pilot diesel

Injection of diesel fuel share

Main 
fuel feed

Pilot 
fuel feed
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GASEOUS NH3 OPERATION CONCEPT   

* ** *
* * *

*

**
* *

*
*

* * *
*

*
*
*

*
*

Intake of air and gas Compression of air and gas Ignition by pilot diesel

In.

Pilot 
fuel feed

Main 
fuel feed
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pressure 
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Possible locations for Ammonia outlet/leakage

Crank case 

(ventilation)

Liquid fuel system

(double wall 

piping)

Inlet gas system

(double wall 

piping)

Exhaust gas

Liquid fuel system

return
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KEY LEARNINGS AMMONIA ENGINE TESTING
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• Wärtsilä started first ammonia engine testing in research laboratory in Vaasa Finland summer 2021.

• Ammonia is widely used and well known chemical as fertilizer, refrigerating agent and in 
manufacturing processes.

➢Using ammonia as fuel in engines is in research phase. 

• During normal operation ammonia engine room is gas safe space 

similarly to LNG engine room.

• Ammonia calibrated detectors are added in addition to gas detectors 

into the engine room.

• By utilizing high level of automation the need to enter ammonia gas 

containing space in case of ammonia leakage can be removed.

Ammonia fuel container
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• Running the engine as premixed otto combustion mode will led to ammonia gas concentration to go 
up in the crankcase. Because of this engine operators can not go to the engine room straight after 
engine stop to open crankcase doors. 

• When running ammonia engine with gaseous ammonia, ammonia odour can remain in the engine 
until the next day. It was measured proximately 10ppm of ammonia near the engine. Such small 
concentration of NH3 are not dangerous.

• It was observed that ammonia can enter the lube oil through ammonia filled crankcase space. 
Changes in oil properties were not observed in more detailed laboratory tests. About 100 ppm of 
ammonia was measured to evaporate from the hot lubricating oil.

• When running the engine with liquid ammonia, the ammonia odour disappeared quickly.
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• To operate ammonia engine and perform maintenance personnel must 
have good level of ammonia training.

• When performing maintenance work on ammonia engine or systems 
suitable ammonia PPE should be used due to the toxicity of ammonia. 

• During the testing of the ammonia engine no major ammonia leakages 
has occurred. Some small ammonia leakages have been observed. 







Maritime Ammonia

Cargo in Gas Carriers

Fuel in Atmospheric Pressure Fuel Tanks below deck

Fuel in Low Pressure Fuel Tanks above deck

Accidental Ammonia Spills into bodies of water

Risk & Hazard profile depends on type and size of release

Ammonia Fundamentals

ASTI Training Program and Literature

Emergency Response and PPE

Design Issues



Fundamentals

Naturally Occurring, background levels in air, water, soil

Molecular weight    17

Colourless

Water and Ammonia are hugely attracted to each other

Putting water and ammonia together creates a huge reaction

Ammonia is self alarming with a very pungent odour 

which will drive you out of the space at a concentration of 

one tenth of that which can harm you

Ammonia is produced in the human body 
primarily from the breakdown of amino acids.
Your body removes ammonia through the liver by 
forming urea and it is then eliminated via the 
kidneys in your urine.



States – Liquid, aerosol stream, aerosol cloud, vapour, gas, solid (-77C)

Boiling Point  -33C  at atmospheric pressure                                  

pH    11.6 to 13.8 for NH4 OH  Strong Alkaline   

Lower Flammability Limit    15% in air         ( LPG is 2.1% in air)

Upper Flammability Limit      28% in air

Ignition Temperature          +651C

Odour Threshold              5 Parts Per Million in air

Threshold Limit Value  25 ppm in air   ( 8 hour per day allowable exposure value)

Gas density   60% of air       ( Much lighter than air )

Liquid density    68% of water          ( Lighter than water )

IDLH  is 300 ppm



10 min   30 min   60 min   4 hr   8 hr

AEGL 1      30          30         30        30      30

AEGL 2     220         220       160      110    110

AEGL 3    2,700     1,600     1,100    550    390

Acute Exposure Guideline Levels

AEGL 1  Minor Exposure   Low Exposure

AEGL 2  Moderate Exposure

AEGL 3  Acute Exposure



Fully Refrigerated (FR) Gas Carriers transport ammonia liquid at -33C in 

insulated hold tanks at a low pressure slightly above atmospheric pressure

The temperature of the ammonia cargo in these Gas Carriers 

must be carefully controlled to ensure it is at the right 

temperature ready for unloading at the destination.



Container Ships, where above deck space is at a premium, can likely use 
insulated, below deck, FR liquid ammonia insulated bunker fuel tanks to 
make optimum use of the available hold space given the ammonia fuel tanks 
will be significantly bigger than HFO tanks to achieve equivalent range. These 
tanks will operate at slightly above atmospheric pressure.

Ammonia fuel will be pumped from the tanks to the 

engine room via the pressurised fuel piping system

The vast majority of the ammonia fuel will be contained in 

the fuel tanks at slightly above atmospheric pressure and -

33C, whereas a tiny fraction of the ammonia fuel will be 

within the fuel management system under pressure.

Automatic shut off valves will be available to activate 

and close the ammonia fuel supply in the event that an 

accidental release is detected.

Below Deck



Bulk Carrier and similar ships, where above deck space is available, could 

possibly use insulated, low pressure, non-refrigerated ammonia bunker fuel 

tanks located on the deck. These thanks would typically be horizontal, 

cylindrical steel pressure vessels, with design pressure of up to 5 barg. They 

would be bunkered using -33C liquid ammonia with a saturated pressure 

slightly above atmospheric, which would allow them to undertake a voyage 

of up to one or two months duration before the pressure builds up in fuel 

tanks due to heat ingress through the insulation.

Above Deck

Ammonia fuel will be pumped from the tanks to the 

engine room via the pressurised fuel piping system

The majority of the ammonia fuel will be contained in the fuel tanks at 

up to about 4 barg , and a tiny fraction of the ammonia fuel will be 

within the fuel management system at a much higher pressure.

Automatic shut off valves will be available to activate 

and close the ammonia fuel supply in the event that an 

accidental release is detected.



Release of saturated liquid under pressure

The example shown involves a pressure reduction at the point of release vertically down 
the line from 5 to 4 arriving at atmospheric pressure and a dryness fraction of 0.22

We can therefore estimate that 22% of the mass flow of the 
release will instantaneously turn to flash gas at the breach

The volume ratio of gas to liquid at atmospheric 
pressure and -33C is a factor of 766

For example 1 litre/sec of liquid releasing will generate 168 
litre/sec of flash gas which will violently propel an aerosol and then 
become a dense gas cloud which will be heavier than air.

This kind of release poses the highest risk.

Release under pressure results in an aerosol and potentially 
a dense gas cloud which is usually heavier than air

3A4
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Release of saturated liquid at atmospheric pressure

Release from storage at atmospheric pressure (point 2) 

A little bit of water vapour may be visible whisping 
from the surface of the pool

Spraying water onto the pool will increase the 
evaporation rate and even cause a gas cloud which may 
be heavier than air so this should never be done.

The majority of the gas evaporating from the pool 
will be invisible pure gas which is about 60% of the 
density of air and will quickly rise into the 
atmosphere. There will be no aerosol or dense gas 
cloud and therefore the risk is low.

The amount of gas evaporating from the surface will be a function of 
the quantity of heat entering the pool from the surface below and 
the air above. Ammonia has a very high latent heat of evaporation , 
so the rate at which the ammonia evaporates will be very low.

3A8
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The highest risk and hazard profile will be from a pressurized 
saturated ammonia liquid release in an enclosed space

The lowest risk and hazard profile will be from an atmospheric 
pressure storage of saturated liquid ammonia in an outdoor area

Summary

3A11



Minot North Dakota 2002 Five rail tankers ruptured spilling ammonia

250 Tons were released. A cloud of ammonia lay over the city for several hours.

2C1

Case Study 1



Dispatchers told residents to stay inside, close doors and windows, and 
cover their faces with wet cloths to counteract the ammonia.

Residents were also instructed to go into their bathroom and 
turn on the shower if the ammonia smell became too strong.
The ammonia is absorbed into the shower water and carried 
down the drain which reduces the ammonia concentration. 

This was one of the largest outdoor, pressurized ammonia releases in recent 
history, which tragically resulted in one death and fourteen serious injuries.

2C2



In December 1994 there was an explosion in the Port Neal Iowa ammonium nitrate plant 
which ruptured nearby atmospheric pressure ammonia storage tanks allowing 5700 tons of 
liquid to escape into the bunded area. This was the largest ammonia release in US history.

1700 residents were evacuated from the surrounding area however 
there were no deaths or injuries as a result of the ammonia release.

Case Study 2





Safety Days    Run regularly on three continents

Live Release Training

Table Top Events 

Site Specific Emergency Response Plans

Site Specific Technical and PPE Reviews 

Statutory code of practice development

Dispersion Modelling

Literature for the General Public

Joint Training Exercises - Tripod 

ASTI Education and Training Overview



The 32 hour courses are usually held in North America and they 

involve significant live ammonia releases. The ammonia 300 live 

release training provides essential knowledge and hands-on 

experience in: 

Various types of releases including Saturated liquid under 

pressure, sub cooled liquid under pressure and gas under 

pressure.

Tarp and cover methods to knock down an aerosol release. -

Shelter in place effectiveness - Handling aqua-ammonia 

solutions - appropriate use of fogging nozzles or water curtains. 

Use of level A, B and C PPE ensembles in live ammonia 

conditions. 

Demonstration of the interactions between ammonia and water -

Spills of liquid ammonia into water. 

Ammonia 300      Also known as the 32 hour ammonia responder course.



Ammonia 100 On-Line   Based on the Safety Day program

Ammonia 100 is a series of three online sessions which provide an 

introduction to ammonia safety including modules relating to large scale 

storage and transport, fuel, energy and as a hydrogen carrier 

101 Introduction to Ammonia Safety 

102 Risk Profile, Emergency Response, PPE, case studies and scenarios. 

103 Ammonia Safety - Maritime Bunker Fuel, case studies and scenarios. 



Ammonia 200 On-Line         Based on the Tabletop Events program

These modules involve a deeper dive into the following: 

201 Ammonia Properties, Toxicity, Hazards, Risks, AEGL’s, Medical 

responses and management, case studies and scenarios. 

202 Emergency Response Planning for an accidental release, ICS system, 

OnePlan, case studies and scenarios. 

203 First Responders, HAZMAT, PPE, Public Safety, Offsite consequences, 

Plume dispersion modelling, case studies and scenarios. 

204 Government regulators, Standards, Codes, Regulatory Requirements, 

Social Licence, ammonia in the community, case studies and scenarios.
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Quick Guides and Playbooks

Blue Playbook
Green Playbook
Red Playbook
Orange Playbook
Hazard Analysis Quick Guide
Release Estimator Guide

2B5

30 Minute Plan

56 page Emergency Response Plan Training Manual 



Tri-fold brochures



Level A    Using gas tight suit over SCBA

Recommended for concentrations above 5000 ppm and temperatures down to -40



Level B   Disposable suit under SCBA

Recommended for 300 – 5000 ppm

Use Correct Photo



ASTI high visibility vest

Lapel mounted personal ammonia detector  

Negative pressure, full face compact mask with replaceable K2 filter 

White LED right angle flashlight

Ultravision anti fog goggles with forehead seal 

Elbow length chemical safety gloves 

Chemical break open eyewash 

Anti-fogging agent to use on mask & goggles 
ASTI 30 Minute Plan (A3 folded) 

Level C. ASTI Vest



Ammonia Engine Room Design

Ventilation Forced ventilation of 6 - 10 air changes per hour 

should be sufficient to ensure the concentration during an accidental 

ammonia release never approaches the LFL.

Detection. An ammonia detection system will enable automatic isolating 

valves to be closed and ventilation systems to be started in the event of an 

accidental release in the engine room. The detection system can also be 

used to shunt trip all electrical circuits in the engine room to eliminate 

potential ignition sources if the concentration exceeds one fifth of LFL.   

Explosion Vents Some Regulators and insurance companies 

require ammonia engine rooms to be fitted with explosion vents in case 

there is an ammonia deflagration to prevent damage due to a pressure 

wave.

Fire Suppression  Water Sprinklers are usually advised against in 

ammonia engine rooms. Carbon Dioxide suppression systems should work 

provided it is known that when ammonia gas and CO2 gas mix together they 

form a white solid, ammonium carbamate, so it appears to be snowing inside. 
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Release of saturated liquid at atmospheric pressure
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Spraying water onto the pool will increase the 
evaporation rate and even cause a gas cloud which may 
be heavier than air so this should never be done.

The majority of the gas evaporating from the pool 
will be invisible pure gas which is about 60% of the 
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