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• Serving ship owners and shipyards worldwide

• 7 offices: 

• Hoofddorp

• Rotterdam

• Heerenveen

• Nikolayev 

• Houston

• Athens

• Gdansk

• > 180 in-house engineers employed

Ammonia as a Marine Fuel

Independent design and engineering company



FUTURE MARINE FUELS

Renewable Energy Storage & Power Generation

Experience in (R&D) projects

• Batteries

• Hydrogen (H2)

• Ammonia (NH3)

• Methanol (CH3OH)

• Nuclear

•

View on developments

• Sodium borohydride (NaBH4)

• Iron powder (Fe)

• Other



MARINE NH3

Research Questions

• Main: How can ammonia be applied safely and effectively as a marine fuel?

• Sub-1: What is the potential of ammonia as a fuel in a sustainable future with respect to storage and 
production?

• Sub-2: What is the technical feasibility of ammonia power generation onshore?

• Sub-3: What is the technical feasibility of ammonia power generation for marine applications?

• Sub 4: What is the performance of ammonia power generation for marine applications?

• Sub-5: How does conventional power generation compare with ammonia power generation for marine 
applications?

• Sub-6: What are the general properties of ammonia in consideration of risk & safety, and how to cope with 
them?

• Sub-7: What risks are identified when using ammonia as a marine fuel?

• Sub-8: What means are required to reduce the risks found in Q7 to an acceptable level, and how do they 
affect the design?
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Winner Maritime Designer Award 2019

https://c-job.com/c-job-lead-naval-architect-niels-de-vries-wins-maritime-designer-award/

https://repository.tudelft.nl/islandora/object/uuid%3Abe8cbe0a-28ec-4bd9-8ad0-648de04649b8

https://c-job.com/c-job-lead-naval-architect-niels-de-vries-wins-maritime-designer-award/
https://repository.tudelft.nl/islandora/object/uuid%3Abe8cbe0a-28ec-4bd9-8ad0-648de04649b8
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Why Ammonia?



FUTURE MARINE FUELS

Renewable Fuel Selection: Suitability per Ship Type and Autonomy

The main philosophy in the 
selection process of 
renewable energy storage 
types is to aim at a low 
OPEX. When the size of a 
certain energy storage system 
becomes un-proportional in 
terms of mass volume and/or 
CAPEX, more dense options 
should be considered, which 
will have a higher OPEX.



FUTURE MARINE FUELS

Suitability per Ship Type and Autonomy: Examples

X
Ferries – Local (Inland)

Ferries – Regional (Baltic Sea)

Cargo ships – Short Sea & Deep Sea

Dredgers – Global



Ammonia as a Marine Fuel

Ammonia Storage

Ammonia as cargo:

• Fully pressurized 10 bar at atmospheric temperature

• Semi pressurized/refrigerated Intermediate P & T

• Fully refrigerated Atmospheric pressure at -34°C

Ammonia as fuel:

• Cost & complexity

• Density

• Tank types

• Safety considerations
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Ammonia as a Marine Fuel

Ammonia Fuel System Principles

• Fully refrigerated ammonia storage

• Ammonia fuel treatment room:

• Supply (compression & heating/cooling):

• Liquid 

• Boil-off (gas)

• Pumps:

• Low pressure supply +/-10 bar

• High pressure supply >70bar

• Engine room:

• Double walled piping (ventilated or pressurized with nitrogen)



Ammonia as a Marine Fuel

Ammonia Fuel System Principles

• Exhaust system:

• Engine 

• Ventilated ammonia spaces

• Vent system (pressure/thermal relief) 

• Nitrogen system
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Ammonia Power Generation

Internal Combustion Engines

Fuel Cells



MARINE NH3

Ammonia Power Generation



Ammonia as a Marine Fuel

AmmoniaDrive

GasDrive

Ammonia dr. ir. Peter de Vos - 3ME, P.deVos@tudelft.nl

mailto:P.deVos@tudelft.nl
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Ammonia Fuel Knowledge Gaps

Including, but not limited to:

• Engine performance, harmful emissions:

• NOx

• N2O

• NH3

• Ventilated ammonia spaces (highly diluted NH3)

• Vent system (high NH3 concentration) 

Considerations:

-> SCR

-> SCR, catalyst capabale of also reducing N2O 

-> Ammonia slip guidelines SCR system

-> Ammonia scrubber or (harbour) restictions

-> Ammonia scrubber or (harbour) restictions
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Maritime Ammonia Developments

Disclaimer
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Maritime Ammonia Developments

180,000 ton DWT bulk carrier (Dec-2019)

• Shanghai Merchant Ship Design & Research Institute

• LR Approval in Principle (AiP)

• MAN ES (dual-fuel)

2,700 TEU container ship (Chittagongmax) (Dec-2019)

• Shanghai Merchant Ship Design & Research Institute

• ABS

• MAN ES (dual-fuel)
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Maritime Ammonia Developments

23,000 TEU container ship (Dec-2019)

• Dalian Shipbuilding Industry Co

• LR Approval in Principle (AiP)

• MAN ES (dual-fuel)

23,000 TEU container ship (Oct-2020)

• Daewoo Shipbuilding & Marine Engineering

• LR Approval in Principle (AiP)

• MAN ES (dual-fuel)
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Maritime Ammonia Developments

Viking Energy to be retrofit for ammonia fuel in 2024 

• 2MW SOFC on green ammonia

• €10.0 million EU funding

• €21.5 million total budget

Goal:

• Installation 2023

• Operation 2024

• 3000 hours of operation annually
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Maritime Ammonia Developments

Joint Venture Viridis Bulk Carriers (Mar-2021)

• Navigare Logistics

• Amon Maritime

• Mosvolds Rederi
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Maritime Ammonia Developments

Höegh Autoliners (Apr-2021)

The Aurora Class’ multi-fuel engine can run on various biofuel and conventional fuels, including LNG. With minor 
modifications it can transition to use future zero carbon fuels, including Green Ammonia.

DNV’s new ammonia ready notation
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Maritime Ammonia Developments



www.c-job.com

info@c-job.com

+31(0)880243700

Niels de Vries

n.devries@c-job.com
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Renewable Fuel Principle

Production -> Consumption

Consumption -> Emission

Emission -> Production
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Renewable Fuel Options

Hydrogen usage:

• Methane CO2 + 4H2 -> CH4 + 2H2O 50%

• Methanol CO2 + 3H2 -> CH3OH + H2O 67%

• Ammonia N2 + 3H2 -> 2NH3 100%



MARINE NH3

General Ammonia Safety

• Existing safety measures

• Leakages in enclosed spaces (Ventilation)

• Leakages in open spaces (Water spray)

• Overpressure in storage tanks (Flaring)



MARINE NH3

General Ammonia Safety

• Risk levels:

• Flammability

• Flammable gas

• A narrow flammability limit: 15-28%, with a high lower limit compared to other fuels

• A high absolute minimum ignition energy compared to other fuels 

• A high auto ignition temperature: 651 °C 

• Toxicity

• AEGL 3: Life-threatening health effects or death.

• Environmental impact

• Very toxic to aquatic life with long lasting effects
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General Ammonia Safety

• Ammonia in the Nitrogen Cycle

D. G. Capone, D.A. Bronk, M. R. Mulholland and E. J. Carpenter, “Chapter 2: Gaseous 
Nitrogen Compounds (NO, N2O, N2, NH3) in the Ocean - Ammonia & Outlook,” in Nitrogen 
in the Marine Environment (2nd edition), Burlington, Elsevier, 2008, pp. 75 - 84.



MARINE NH3

General Ammonia Safety

• CNG: Compressed Natural Gas

• LNG: Liquefied Natural Gas

• ULSFO: Ultra Low Sulphur Fuel Oil (0.1%)

• Globally Harmonized System of Classification and 
Labelling of Chemicals (GHS)
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General Hydrogen Safety

• CNG: Compressed Natural Gas

• LNG: Liquefied Natural Gas

• ULSFO: Ultra Low Sulphur Fuel Oil (0.1%)

• H: Hazard statement

• 2: Physical hazard 

• 3: Health hazard

• 4: Environmental hazard

• Hazard category: a hazard class for which the use 
of a hazard statement is applicable
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Cracking ammonia



FUTURE MARINE FUELS

Renewable Energy Storage & Power Generation

Roles of C-Job

• Knowledge partner

• Technical and economical feasiblity studies

• System integration

• Design & engineering

Enabling shipyards and ship owners in the role 
of knowledge partner to assess and implement 
the latest technologies to realize the energy 
transition

Additional experience

• Energy saving

• Wind-assisted propulsion

• Weather routing

• Other



Knowledge and Engineering Partner

• Aid shipowners in review, selection and implementation of renewable energy storage / future fuels

• Insight in technical consequences

• Evaluate total cost of ownership

• Co-creation, implementing operational experience

FUTURE MARINE FUELS


