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Overview

▪ Current international policy and industry drivers for the growth of ammonia in 

the maritime sector

– Bulk transport of ammonia (energy vector, fertilizer, chemical feedstock, refrigerant etc.)

– Ammonia as a shipping fuel

▪ Scientific knowledge gaps related to atmospheric dispersion of ammonia  

– In particular, related to ammonia spills on/into water 

▪ Recent/ongoing safety and risk studies around the world on maritime transport 

of ammonia and its storage at ports
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▪ Net Zero carbon dioxide emissions by 2050 will likely require a significant increase in 

the use of hydrogen from clean energy sources in the coming years

Hydrogen: Present and Future

https://www.economist.com/briefing/2021/10/09/creating-the-new-hydrogen-economy-is-a-massive-undertaking

▪ To transport this hydrogen, ammonia is emerging as a potential hydrogen vector 

https://www.economist.com/briefing/2021/10/09/creating-the-new-hydrogen-economy-is-a-massive-undertaking
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Hydrogen and ammonia supply chain

▪ For bulk transport by ship over large distances: reported to be cheaper to produce ammonia from hydrogen 

(NH3 Haber-Bosch process) and transport liquefied ammonia than to transport liquid hydrogen1

– Liquefied ammonia has higher volumetric energy density than liquefied hydrogen and fewer issues with boil-off

– Cheaper to import green hydrogen from the Middle East as ammonia than produce green hydrogen in the UK?2

▪ Stored ammonia could potentially be cracked to hydrogen and fed into gas grid, or used in fuel cells to produce 

electricity, with waste nitrogen released to air4 (cracking ammonia takes >13% of stored energy)5

▪ Ammonia could potentially also be used for balancing peak electrical demand when renewable energy sources 

cannot meet demand and for seasonal energy storage (like LNG peak shaving)5

▪ Ammonia currently produced/stored/shipped in large quantities (180 Mt produced, 18-20Mt shipped)5

– Existing technologies, standards, procedures available for bulk handling of ammonia

▪ Ammonia seen as promising option for decarbonising shipping fuel (alternatives: methanol, hydrogen)

▪ Research ongoing for engines burning ammonia (however, potential issues with NOx and ammonia emissions; 

also requires change to IGC shipping fuel code6)

For comparison, 30-40% of the energy content of hydrogen is required to liquefy it2, 

although research on liquid hydrogen (LH2) is ongoing on to prove the viability of shipping 

LH2, e.g., Suiso Frontier first shipment of LH2 from Australia to Japan in Feb 2022

1 https://doi.org/10.1039/D1SE00345C https://doi.org/10.1016/j.isci.2021.102903

2 https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/880826/HS420_-_Ecuity_-_Ammonia_to_Green_Hydrogen.pdf

3 https://www.ammoniaenergy.org/articles/ammonia-for-power-a-literature-review/

4 https://www.gencellenergy.com/

5 https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2022/May/IRENA_Innovation_Outlook_Ammonia_2022.pdf

6 https://www.ics-shipping.org/wp-content/uploads/2021/07/MSC-104-15-9-Development-of-non-mandatory-guidelines-for-safety-of-ships-using-ammonia-as-fuel-Japan-Singapore-ICS-and....pdf

Hydrogen Ammonia

Boiling point -253°C -33°C

Energy density3

(cryogenic liquid)

9 MJ/litre 16 MJ/litre

https://doi.org/10.1039/D1SE00345C
https://doi.org/10.1016/j.isci.2021.102903
https://www.ammoniaenergy.org/articles/ammonia-for-power-a-literature-review/
https://www.gencellenergy.com/
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2022/May/IRENA_Innovation_Outlook_Ammonia_2022.pdf
https://www.ics-shipping.org/wp-content/uploads/2021/07/MSC-104-15-9-Development-of-non-mandatory-guidelines-for-safety-of-ships-using-ammonia-as-fuel-Japan-Singapore-ICS-and....pdf
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Hydrogen and ammonia supply chain

https://royalsociety.org/-/media/policy/projects/green-ammonia/green-ammonia-policy-briefing.pdf

Heat map of liquid ammonia carriers and existing ammonia port facilities (2017) 

▪ Examples of media articles on shipping costs for ammonia and hydrogen

– Research is ongoing to reduce cost of shipping hydrogen

https://www.rechargenews.com

https://royalsociety.org/-/media/policy/projects/green-ammonia/green-ammonia-policy-briefing.pdf
https://www.rechargenews.com/energy-transition/more-than-85-of-export-oriented-low-carbon-hydrogen-projects-plan-to-ship-ammonia-not-h2/2-1-1144059


© Crown Copyright HSE 2022

6

International Policy Drivers for Ammonia as Shipping Fuel

▪ Shipping industry responsible for 2-3% of the world’s total CO2 emissions1

– And by 2050 these emissions are projected to increase by 90-130% from 2008 levels, assuming no new policies4

▪ International Maritime Organization (IMO) adopted in 2018 an initial greenhouse gas strategy2

– Reduce CO2 emissions by at least 40% by 2030 and 50% by 2050 compared to 2008 emissions

– Dates when measures come into force will be defined in 2023 

– Recognition that global introduction of alternative fuels and/or energy sources will be necessary

▪ New legislation from European Commission1 adopted in July 2021

– Slow progress by IMO triggered the EU to take action on maritime transport

– Emissions trading scheme extended to maritime transport and energy taxes revised

– Max limit set on greenhouse gas content of energy used by ships calling at EU ports 

– Support for alternative fuel infrastructures at maritime and inland waterways, and supply of renewables

▪ COP26 Clydebank Declaration3, November 2021

– Aim for six zero-emission green maritime routes between international ports by mid-2020s

– Signatory countries committed to support establishment of green shipping corridors

– 24 signatories including: USA, UK, Australia, Netherlands, France, Italy, Denmark, Norway, Singapore
1 https://ec.europa.eu/clima/eu-actions-transport-emissions/reducing-emissions-shipping-sector_en

2 https://www.imo.org/en/MediaCentre/HotTopics/Pages/Reducing-greenhouse-gas-emissions-from-ships.aspx

3 https://www.gov.uk/government/publications/cop-26-clydebank-declaration-for-green-shipping-corridors

4 https://climateactiontracker.org/sectors/shipping/imo-policies-action/

https://ec.europa.eu/clima/eu-actions-transport-emissions/reducing-emissions-shipping-sector_en
https://www.imo.org/en/MediaCentre/HotTopics/Pages/Reducing-greenhouse-gas-emissions-from-ships.aspx
https://www.gov.uk/government/publications/cop-26-clydebank-declaration-for-green-shipping-corridors
https://climateactiontracker.org/sectors/shipping/imo-policies-action/
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Mission Innovation: Zero-Emission Shipping

http://mission-innovation.net/wp-content/uploads/2019/12/B2020-paper-publish-FINAL.pdf

Mission Innovation

• Global initiative of 22 countries 

and EU to catalyse action and 

investment in clean energy

• Launched alongside the Paris 

Agreement in 2015  

https://www.youtube.com/watch?v=hieC4eVqQZ0

http://mission-innovation.net/wp-content/uploads/2022/04/Zero-Emission-Shipping-Mission-Roadmap-1-1.pdf

Announcement of zero-emission shipping roadmap by Jennifer Granholm, US Secretary of Energy, June 2021 

NB. Concerns about ammonia as a “drop-in” fuel, due to toxic risks 

http://mission-innovation.net/wp-content/uploads/2019/12/B2020-paper-publish-FINAL.pdf
https://www.youtube.com/watch?v=hieC4eVqQZ0
http://mission-innovation.net/wp-content/uploads/2022/04/Zero-Emission-Shipping-Mission-Roadmap-1-1.pdf
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UK Policy Drivers and DNV Forecast

https://assets.publishing.service.gov.uk/government/uploads/system/uploads

/attachment_data/file/815664/clean-maritime-plan.pdf

https://www.theccc.org.uk/wp-content/uploads/2020/12/Sector-summary-Shipping.pdf

CCC is an independent statutory body 

established under Climate Change Act 2008 

that advises UK Government ministers

https://eto.dnv.com/2021/maritime-forecast-2050/about

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/815664/clean-maritime-plan.pdf
https://www.theccc.org.uk/wp-content/uploads/2020/12/Sector-summary-Shipping.pdf
https://eto.dnv.com/2021/maritime-forecast-2050/about
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Growth in Green Ammonia Production Projects

https://www.airproducts.com/news-center
https://www.yara.com/this-is-yara/yara-clean-ammonia

https://www.cfindustries.com/who-we-are/clean-energy-economy-opportunity

https://www.nutrien.com/investors/news-releases/2022-nutrien-announces-intention-

build-worlds-largest-clean-ammonia https://www.theguardian.com/australia-

news/2022/apr/12/queensland-advances-green-hydrogen-and-

ammonia-project-to-be-powered-by-renewables

https://www.airproducts.com/news-center
https://www.yara.com/this-is-yara/yara-clean-ammonia
https://www.cfindustries.com/who-we-are/clean-energy-economy-opportunity
https://www.nutrien.com/investors/news-releases/2022-nutrien-announces-intention-build-worlds-largest-clean-ammonia
https://www.theguardian.com/australia-news/2022/apr/12/queensland-advances-green-hydrogen-and-ammonia-project-to-be-powered-by-renewables
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Growth in Green Ammonia Production Projects

▪ Possible green ammonia production locations:

– Saudi Arabia

– Oman

– Australia

– Chile

– Argentina

– Brazil

– China

– USA

– Morocco

– Norway

▪ Trade-off between local production capacities and  

international production and transport costs

http://dx.doi.org/10.1039/d1se00345c

https://doi.org/10.1016/j.isci.2021.102903

http://dx.doi.org/10.1039/d1se00345c
https://doi.org/10.1016/j.isci.2021.102903
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Growth in Ammonia for Shipping Fuel and Bunkering

https://www.ammoniaenergy.org/articles/sembcorp-

marine-granted-aip-for-ammonia-bunkering-vessel/

https://www.ft.com/content/2014e53c-531f-11ea-a1ef-da1721a0541e

https://www.wartsila.com/

https://www.man-es.com/discover/two-stroke-ammonia-engine

https://www.ammoniaenergy.org/articles/sembcorp-marine-granted-aip-for-ammonia-bunkering-vessel/
https://www.ft.com/content/2014e53c-531f-11ea-a1ef-da1721a0541e
https://www.wartsila.com/
https://www.man-es.com/discover/two-stroke-ammonia-engine
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What are the important issues?

▪ Increased transport, storage and use of ammonia is highly likely in coming decade

– New operators and emergency responders unfamiliar with ammonia safety

– Change of risk profile

▪ Regulatory considerations for bulk ammonia storage at ports

– Ports often located near populated areas

– Onshore bunkering and/or floating barges?

– Onshore/subsea pipeline connection to single mooring point?

– Multiple stakeholders: Site operators, Health and Safety, Environment, 

Security, Port Authorities, Local Authorities, Coastguard, Emergency Services 

▪ Risk assessment

– Need to build confidence and trust in risk assessments for ammonia and 

ensure underlying models are validated and consistent

● Includes source models, atmospheric transport and dispersion models, 

waterborne hazard models

▪ Emergency planning and response

– Advice to emergency responders on cordon distances and protective actions

2.8 mile radius for ammonia railcar release

https://www.phmsa.dot.gov/sites/phmsa.d

ot.gov/files/2020-08/ERG2020-WEB.pdf

https://www.phmsa.dot.gov/sites/phmsa.dot.gov/files/2020-08/ERG2020-WEB.pdf
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▪ Only one experimental waterborne ammonia spill dataset, by Raj et al. (1974)

https://apps.dtic.mil/sti/pdfs/AD0779400.pdf

½ US gallon (2 litre)

5 US gallon (20 litre) in swimming pool

50 US gallon (0.2 m3) in lake

Ammonia ship capacities typically 30,000 – 80,000 m3 (Source: http://www.liquefiedgascarrier.com) 

Experimental Data for Liquid Ammonia Spills on/into Water

https://apps.dtic.mil/sti/pdfs/AD0779400.pdf
http://www.liquefiedgascarrier.com/
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▪ HSE Report by Griffiths (1977) critical of conclusions drawn from Raj et al. (1974) tests

– “… does not provide the information needed to perform hazard assessments of LNH3 releases on water”

▪ Concluded that further experiments are needed

Experimental Data for Liquid Ammonia Spills on/into Water
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Haifa Ammonia Storage Tank Study, 2018

https://www.davar1.co.il/wp-content/uploads/2018/03/DNV-Ammonia-Dispersion-Rev-3.1.18%D7%93%D7%95%D7%97-%D7%A1%D7%95%D7%A4%D7%99.pdf

https://www.davar1.co.il/wp-content/uploads/2018/03/DNV-Ammonia-Dispersion-Rev-3.1.18%D7%93%D7%95%D7%97-%D7%A1%D7%95%D7%A4%D7%99.pdf
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Lloyds Register: ammonia and hydrogen risks, 2020

https://static1.squarespace.com/static/5d1c6c223c9d400001e2f407/t/5eb553d755

f94d75be877403/1588941832379/Report+D.3+Safety+and+regulations+Lloyds+

Register.pdf

Hazard range for ammonia extends further than for hydrogen or 

LNG (how was the refrigerated NH3 spill modelled?)

https://static1.squarespace.com/static/5d1c6c223c9d400001e2f407/t/5eb553d755f94d75be877403/1588941832379/Report+D.3+Safety+and+regulations+Lloyds+Register.pdf
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DNV Safety Study for Port of Amsterdam, 2021

https://sustainableworldports.org/wp-content/uploads/DNV-POA-Final-Report_External-safety-study-bunkering-of-

alternative-marine-fuels-for-seagoing-vessels_Rev0_2021-04-19.pdf

https://sustainableworldports.org/wp-content/uploads/DNV-POA-Final-Report_External-safety-study-bunkering-of-alternative-marine-fuels-for-seagoing-vessels_Rev0_2021-04-19.pdf
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Other Ongoing Safety Studies

▪ Ongoing ITOCHU Joint Study Framework on Ammonia as an Alternative Marine Fuel

https://www.trafigura.com/press-releases/trafigura-joins-cross-industry-study-into-the-adoption-of-green-ammonia-as-an-alternative-marine-fuel/

▪ Ongoing DNV-led study for Global Centre for Maritime Decarbonisation (Singapore)
https://www.gcformd.org/press-release-ammonia-bunkering-safety-study-award

https://www.trafigura.com/press-releases/trafigura-joins-cross-industry-study-into-the-adoption-of-green-ammonia-as-an-alternative-marine-fuel/
https://www.gcformd.org/press-release-ammonia-bunkering-safety-study-award
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▪ Norwegian research institute, SINTEF, project MaritimeNH3

Other Ongoing Safety Studies

https://www.sintef.no/en/projects/2021/maritimenh3-enabling-

implementation-of-ammonia-as-a-maritime-fuel/aims-and-objectives

https://www.sintef.no/en/projects/2021/maritimenh3-enabling-implementation-of-ammonia-as-a-maritime-fuel/aims-and-objectives
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Summary

▪ Ammonia transport by ship and bunkering at ports is likely to increase significantly in 

coming years (IMO target: reduce maritime CO2 emissions by at least 40% by 2030) 

▪ Some of the issues that currently need considering: 

– Investigate potential safety issues associated with use of ammonia in the maritime industry, including 

intermediate storage and bunkering of ammonia at ports, and transfer operations

– Anticipate safety barriers, investigate and implement appropriate risk reduction measures

– Build confidence and trust in risk assessments for ammonia and ensure that underlying models are 

validated and consistent 

● Including analysis of source models, atmospheric transport and dispersion models, waterborne hazard 

models (new large-scale waterborne ammonia spill experiments are needed)

– Work collaboratively with emergency responders to analyse potential hazards and risks so that this 

information can be integrated into their training and emergency management plans for dealing with 

potential accident scenarios 
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▪ Many thanks to Sun McMasters (DHS S&T CSAC), Ron Meris (DTRA), Stephen Brown (Shell) 

and Harvey Tucker (HSE) for feedback on this presentation

▪ Contact points:

– Simon Gant (simon.gant@hse.gov.uk)

– Mike Wardman (mike.wardman@hse.gov.uk)   

▪ The contents of this presentation, including any opinions and/or conclusions expressed, are 

those of the authors alone and do not necessarily reflect HSE policy 
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Waterborne Ammonia Spill Experiments, 1974
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