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Introduction: 

• Shipping’s greenhouse gas (GHG) emissions and the associated climate 
impact are currently subject to intense debate within the International 
Maritime Organisation (IMO).

• Although global regulation on mandatory energy efficiency standards in 
shipping was introduced in 2013, various studies project shipping’s GHG 
emissions to grow if additional measures are not taken. 

• For example, the official IMO GHG study foresees an increase of 
shipping’s GHG emissions of 50-250% by 2050.

• An alignment of international shipping to a 1.5°C scenario would require 
decarbonisation of the sector between 2035 and 2050. 



Overview of measures to reduce shipping’s carbon emissions: 

Type of measures Main measures 
Technological Light materials, slender design, less friction, waste 

heat recovery
Operational Lower speeds, ship size, ship-port interface
Alternative 
fuels/energy

Sustainable biofuels, hydrogen, ammonia, electric 
ships, wind assistance



Overview of measures to reduce shipping’s carbon emissions: main 
measures related to alternative fuels and energy 

Measures CO2 emission reductions

Advanced biofuels 25-100%
LNG 0-20%
Hydrogen 0-100%
Ammonia 0-100%
Fuel cells 2-20%
Electricity 0-100%
Wind 1-32%
Solar 0-12%
Nuclear 0-100%



Southampton success on maritime decarbonisation projects:

We have worked on four winning projects from the Department for 
Transport’s Clean Maritime Demonstrator Competition round 1. 

1. Development and testing of a zero-emissions ammonia marine 
propulsion system: Prof. Stephen Turnock

2. Liquid hydrogen-powered un-crewed surface vessel (H-USV): Dr.
Richard Wills

3. Use of innovative solid oxide fuel cell technology and batteries to replace 
the use of diesel generators on cruise ships: Prof. Dominic Hudson

4. Design and testing of a ammonia-hydrogen ceramic combustion engine 
propulsion system: Dr. Dinesh Kahanda Koralage



1. Development and testing of a zero-emissions Ammonia Marine 
Propulsion System: Prof. Stephen Turnock with Ocean Infinity 
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2. Liquid hydrogen-powered un-crewed surface vessel (H-USV): Dr.
Richard Wills with ACUA Ocean 
Concept:
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3. Use of innovative solid oxide fuel cell technology and batteries to replace 
the use of diesel generators on cruise ships: Prof. Dominic Hudson with 
Carnival, LR and Shell
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4. Design and testing of a ammonia-hydrogen ceramic combustion engine 
propulsion system: Dr. Dinesh Kahanda Koralage with Carnot Engines 

Scope of Project
Develop an ultra-efficient ceramic combustion engine for marine auxiliary power 
units/propulsion
Assess the technical feasibility of operating Carnot ceramic engines on a 
hydrogen-ammonia fuel blend 



4. Design and testing of a ammonia-hydrogen ceramic combustion engine 
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CFD modelling of ammonia-hydrogen direct injection combustion
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