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The main focus of this presentation
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Introduction to HSE

Á HSE is the UK regulator for workplace health and safety

ï Includes onshore/offshore pipelines, chemical/oil/gas infrastructure, offshore platforms etc.

ï Activities: evidence gathering, policy development, consultation, regulation, incident 

investigation, enforcement

ï HSE acts as an enabling regulator, supporting the introduction of new technologies

ï 2,400 total staff 

ï £230M ($280M) budget: 60% from Government, 40% from external income

Á HSE Science and Research Centre, Buxton, UK

ï 400 staff, 550-acre test site

ï Scientific support to HSE and other Government departments

ï ñShared researchò or joint-industry projects co-funded by HSE

ï Bespoke consultancy on a commercial basis
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Why use ammonia as an energy vector?

Á To transport energy in bulk around the world, it is expensive to use hydrogen
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Hydrogen (H2) Ammonia (NH3)

Boiling point -253ÁC -33ÁC

Energy density3 

(cryogenic liquid)

9 MJ/litre 16 MJ/litre

Á Cheaper to produce ammonia from hydrogen (Haber-Bosch process) and transport liquefied 

ammonia than it is to transport liquid hydrogen1

Á Cheaper to import green hydrogen from the Middle East as ammonia than produce green 

hydrogen in the UK?2 Blue/green ammonia will also be shipped from elsewhere, e.g. USA

Á Ammonia can 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

Á Ammonia could be used for balancing peak electrical demand when renewable energy sources 

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

Á Ammonia currently handled in large quantities (180 Mt produced globally, 18-20 Mt shipped)5

ï Technologies/procedures for bulk handling of ammonia exist from fertilizer/chemical industry, but there 

are gaps in global ammonia standards for design/operation of future clean energy supply chains 

30-40% of the energy content of 

hydrogen is required to liquefy it2 

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 

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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Other possible applications of ammonia?

Á Ammonia is seen as the future clean shipping fuel
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https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/fi

le/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 

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/815664/clean-maritime-plan.pdf
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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Clean ammonia production projects

Air Products NEOM (Saudi Arabia)
Green ammonia, due to start operating 2026

Solar/wind farm covering 150 km2 area

1.2 Mt/yr ammonia to be exported to by ship to 

Rotterdam, Hamburg and Immingham
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Air Products Louisiana Clean Energy (USA)
$4.5bn investment for blue hydrogen and ammonia,        

due to start operating in 2026

https://www.airproducts.com/news-center

https://www.hydrogeninsight.com/production/intervie

w-neoms-2-2gw-green-hydrogen-and-ammonia-

complex-will-meet-high-bar-eu-definition-of-

renewable-fuel/2-1-1498120 

https://horisontenergi.no/projects/barents-blue/ 

https://www.hydrogeninsight.com/production/blue-hydrogen-setback-europes-largest-

blue-ammonia-project-in-limbo-after-ccs-partner-equinor-pulls-out/2-1-1397825 

HEGRA (Norway) 
HErøya GReen Ammonia 

Aim to electrify ammonia plant owned 

by Yara, Aker and Statkraft

Barents Blue (Norway)

https://www.yara.com/yara-clean-ammonia/ 

https://hoestptxesbjerg.dk

HØST PtX Esbjerg (Denmark) 
Green hydrogen and ammonia

FID in 2025, operating 2028

https://www.airproducts.com/news-center
https://www.hydrogeninsight.com/production/interview-neoms-2-2gw-green-hydrogen-and-ammonia-complex-will-meet-high-bar-eu-definition-of-renewable-fuel/2-1-1498120
https://www.hydrogeninsight.com/production/interview-neoms-2-2gw-green-hydrogen-and-ammonia-complex-will-meet-high-bar-eu-definition-of-renewable-fuel/2-1-1498120
https://www.hydrogeninsight.com/production/interview-neoms-2-2gw-green-hydrogen-and-ammonia-complex-will-meet-high-bar-eu-definition-of-renewable-fuel/2-1-1498120
https://www.hydrogeninsight.com/production/interview-neoms-2-2gw-green-hydrogen-and-ammonia-complex-will-meet-high-bar-eu-definition-of-renewable-fuel/2-1-1498120
https://horisontenergi.no/projects/barents-blue/
https://www.hydrogeninsight.com/production/blue-hydrogen-setback-europes-largest-blue-ammonia-project-in-limbo-after-ccs-partner-equinor-pulls-out/2-1-1397825
https://www.hydrogeninsight.com/production/blue-hydrogen-setback-europes-largest-blue-ammonia-project-in-limbo-after-ccs-partner-equinor-pulls-out/2-1-1397825
https://www.yara.com/yara-clean-ammonia/
https://hoestptxesbjerg.dk/
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Ammonia-powered ships

Fortescue ñGreen Pioneerò former 

offshore supply vessel
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https://www.hydrogeninsight.com/transport/in-safe-hands-onboard-the-world-s-first-ammonia-powered-

ship-billionaire-andrew-forrest-s-green-pioneer/2-1-1576006 (Dec 2023)

Yara ñEydeò container ship
Due to start operating between Norway and Germany in 2026

Yara is currently the worldôs largest shipper of ammonia            

(15 ships, 18 terminals, annual revenue of $24bn)

https://www.yara.com/corporate-releases/the-worlds-first-clean-ammonia-

powered-container-ship/ 

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

Eidesvik Offshoreôs 

ñViking Energyò 

supply vessel
Ammonia fuel cell to be 

installed in 2024

https://eidesvik.no/viking-energy-with-ammonia-driven-fuel-cell/ 

https://www.mpa.gov.sg/media-centre/details/world-s-first-use-of-ammonia-as-a-

marine-fuel-in-a-dual-fuelled-ammonia-powered-vessel-in-the-port-of-singapore 

https://shipfc.eu/ 

https://www.hydrogeninsight.com/transport/in-safe-hands-onboard-the-world-s-first-ammonia-powered-ship-billionaire-andrew-forrest-s-green-pioneer/2-1-1576006
https://www.hydrogeninsight.com/transport/in-safe-hands-onboard-the-world-s-first-ammonia-powered-ship-billionaire-andrew-forrest-s-green-pioneer/2-1-1576006
https://www.yara.com/corporate-releases/the-worlds-first-clean-ammonia-powered-container-ship/
https://www.yara.com/corporate-releases/the-worlds-first-clean-ammonia-powered-container-ship/
https://www.ft.com/content/2014e53c-531f-11ea-a1ef-da1721a0541e
https://eidesvik.no/viking-energy-with-ammonia-driven-fuel-cell/
https://www.mpa.gov.sg/media-centre/details/world-s-first-use-of-ammonia-as-a-marine-fuel-in-a-dual-fuelled-ammonia-powered-vessel-in-the-port-of-singapore
https://www.mpa.gov.sg/media-centre/details/world-s-first-use-of-ammonia-as-a-marine-fuel-in-a-dual-fuelled-ammonia-powered-vessel-in-the-port-of-singapore
https://shipfc.eu/
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Clean ammonia storage at ports

Stanlow
https://www.stanlowterminals.co.uk/stanl

ow-terminals-at-the-heart-of-global-

hydrogen-energy-transition-with-

development-of-open-access-green-

ammonia-import-terminal/ 

Immingham
https://imminghamget.co.uk/

https://national-infrastructure-

consenting.planninginspectorat

e.gov.uk/projects/TR030008 

Rotterdam
https://www.ammoniaenergy.or

g/articles/preparing-the-

netherlands-for-large-scale-

ammonia-imports/ Antwerp-Brugge
https://www.ammoniaenergy.org/articles/advario-new-

ammonia-import-capacity-in-belgium/ 

Hamburg
https://www.ammoniaenergy.or

g/articles/large-scale-

ammonia-imports-to-hamburg-

brunsbuttel/ 

Herøya
https://www.yara.com/yara-

clean-ammonia/  

Esbjerg
https://hoestptxesbjerg.dk/ 

Shoreham
https://www.ammoniaenergy.org/articl

es/green-ammonia-port-hubs-in-the-

uk-and-australia/ 
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https://www.stanlowterminals.co.uk/stanlow-terminals-at-the-heart-of-global-hydrogen-energy-transition-with-development-of-open-access-green-ammonia-import-terminal/
https://www.stanlowterminals.co.uk/stanlow-terminals-at-the-heart-of-global-hydrogen-energy-transition-with-development-of-open-access-green-ammonia-import-terminal/
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https://www.ammoniaenergy.org/articles/preparing-the-netherlands-for-large-scale-ammonia-imports/
https://www.ammoniaenergy.org/articles/advario-new-ammonia-import-capacity-in-belgium/
https://www.ammoniaenergy.org/articles/advario-new-ammonia-import-capacity-in-belgium/
https://www.ammoniaenergy.org/articles/large-scale-ammonia-imports-to-hamburg-brunsbuttel/
https://www.ammoniaenergy.org/articles/large-scale-ammonia-imports-to-hamburg-brunsbuttel/
https://www.ammoniaenergy.org/articles/large-scale-ammonia-imports-to-hamburg-brunsbuttel/
https://www.ammoniaenergy.org/articles/large-scale-ammonia-imports-to-hamburg-brunsbuttel/
https://www.yara.com/yara-clean-ammonia/
https://www.yara.com/yara-clean-ammonia/
https://hoestptxesbjerg.dk/
https://www.ammoniaenergy.org/articles/green-ammonia-port-hubs-in-the-uk-and-australia/
https://www.ammoniaenergy.org/articles/green-ammonia-port-hubs-in-the-uk-and-australia/
https://www.ammoniaenergy.org/articles/green-ammonia-port-hubs-in-the-uk-and-australia/
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Ammonia shipping terminals

Immingham Green Energy Terminal DCO NSIP
(Planning examination stage in progress, April 2024)
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https://www.yara.com/corporate-releases/yara-clean-ammonia-and-azane-granted-

safety-permit-to-build-worlds-first-low-emission-ammonia-bunkering-terminal/ 

https://national-infrastructure-

consenting.planninginspectorate.gov.uk/

projects/TR030008 

Á Ammonia import by ship

Á Cracking to hydrogen

Á Hydrogen liquefaction

Á Future: carbon dioxide ship transport

https://www.yara.com/corporate-releases/yara-clean-ammonia-and-azane-granted-safety-permit-to-build-worlds-first-low-emission-ammonia-bunkering-terminal/
https://www.yara.com/corporate-releases/yara-clean-ammonia-and-azane-granted-safety-permit-to-build-worlds-first-low-emission-ammonia-bunkering-terminal/
https://national-infrastructure-consenting.planninginspectorate.gov.uk/projects/TR030008
https://national-infrastructure-consenting.planninginspectorate.gov.uk/projects/TR030008
https://national-infrastructure-consenting.planninginspectorate.gov.uk/projects/TR030008
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Recent risk studies on marine applications
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Á ñHydrogen and ammonia infrastructure: safety and risk information and guidanceò by 

Lloyds Register, May 2020 
https://static1.squarespace.com/static/5d1c6c223c9d400001e2f407/t/5eb553d755f94d75be877403/1588941832379/Report+D.3+Safety+and+regulations+Lloyds+Register.pdf 

Á ñExternal safety study - bunkering of alternative marine fuel for seagoing vessels, Port of 

Amsterdamò by DNV, April 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 

Á ñSafety and operational guidelines for piloting ammonia bunkering in Singaporeò, DNV-led 

ammonia safety study for Global Centre for Maritime Decarbonisation (GCMD), April 2023 
https://www.gcformd.org/ammoniabunkeringreportdownload 

Á ñAmmonia as a marine fuelò, Maritime Energy & Sustainable Development (MESD) and 

Nanyang Technological University (NTU), October 2022 https://www.ntu.edu.sg/mesd-coe/publications 

Á ñRecommendations for design and operation of ammonia-fueled vessels based on multi-

disciplinary risk analysisò by Lloyds Register for Mærsk Mc-Kinney Møller Center for Zero 

Carbon Shipping, June 2023 https://www.zerocarbonshipping.com/publications/recommendations-for-design-and-operation-of-ammonia-fueled-vessels-based-on-

multi-disciplinary-risk-analysis/ 

Á ITOCHU Joint Study Framework on Ammonia as an Alternative Marine Fuel ï any progress? 
https://www.itochu.co.jp/en/news/news/2022/220406.html 

https://static1.squarespace.com/static/5d1c6c223c9d400001e2f407/t/5eb553d755f94d75be877403/1588941832379/Report+D.3+Safety+and+regulations+Lloyds+Register.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
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://www.gcformd.org/ammoniabunkeringreportdownload
https://www.ntu.edu.sg/mesd-coe/publications
https://www.zerocarbonshipping.com/publications/recommendations-for-design-and-operation-of-ammonia-fueled-vessels-based-on-multi-disciplinary-risk-analysis/
https://www.zerocarbonshipping.com/publications/recommendations-for-design-and-operation-of-ammonia-fueled-vessels-based-on-multi-disciplinary-risk-analysis/
https://www.itochu.co.jp/en/news/news/2022/220406.html
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Rail transport and power applications
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https://www.rwe.com/en/press/rwe-supply-and-trading/2023-02-

13-rwe-and-vtg-develop-logistics-concept-for-ammonia/ 

https://www.centrica.com/media-centre/news/2023/centrica-energy-bord-gais-energy-and-

mitsubishi-power-announce-development-of-europes-first-ammonia-fired-power-generation-facility/ 

https://www.rwe.com/en/press/rwe-supply-and-trading/2023-02-13-rwe-and-vtg-develop-logistics-concept-for-ammonia/
https://www.rwe.com/en/press/rwe-supply-and-trading/2023-02-13-rwe-and-vtg-develop-logistics-concept-for-ammonia/
https://www.centrica.com/media-centre/news/2023/centrica-energy-bord-gais-energy-and-mitsubishi-power-announce-development-of-europes-first-ammonia-fired-power-generation-facility/
https://www.centrica.com/media-centre/news/2023/centrica-energy-bord-gais-energy-and-mitsubishi-power-announce-development-of-europes-first-ammonia-fired-power-generation-facility/


© Crown Copyright HSE 2024

Ammonia distribution for vehicle refuelling

Á £6.7 million from the Department for Business, 

Energy and Industrial Strategy (BEIS)

Á Principle: distribute ammonia to local vehicle 

refuelling stations where it is cracked to hydrogen

Á Ammonia storage and vaporization units arrived   

on site in Sept 2023

Á Commissioning in Jan 2024

Á https://ammogen.co.uk/ 
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https://ammogen.co.uk/
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What are the important safety issues?

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

ï New operators and emergency responders unfamiliar with safety of bulk 

ammonia transport and storage

ï Change of risk profile

Á Regulatory considerations for bulk ammonia storage at ports

ï Ports often located near populated areas

ï Onshore bunkering and/or floating barges?

ï Onshore/subsea pipeline connection to single mooring point?

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

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

2.8 mile radius for ammonia railcar release

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

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

Á Risk assessment

ï Need to build confidence and trust in risk assessments for ammonia and ensure underlying 

models are robust and validated

ǒ Includes source models, atmospheric transport and dispersion models, waterborne hazard models

Á Emergency planning and response

ï Advice to emergency responders on cordon distances and protective actions

https://www.phmsa.dot.gov/sites/phmsa.dot.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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Useful reviews for further reading

Á Royal Society policy briefing on green ammonia, 2020 
https://royalsociety.org/-/media/policy/projects/green-ammonia/green-ammonia-policy-briefing.pdf

Á International Power-to-X Hub reports, 2024

ï Ammonia, nitrogen and green hydrogen production and purification 
https://ptx-hub.org/wp-content/uploads/2024/01/International-PtX-Hub_202401_Ammonia-nitrogen-and-green-

hydrogen-production-and-purification.pdf 

ï Ammonia transport and storage 

https://ptx-hub.org/wp-content/uploads/2024/01/International-PtX-Hub_202401_Ammonia-transport-and-storage.pdf 

Á Ammonia roadmap journal paper, 2023 https://dx.doi.org/10.1088/2515-7655/ad0a3a  

15

https://royalsociety.org/-/media/policy/projects/green-ammonia/green-ammonia-policy-briefing.pdf
https://ptx-hub.org/wp-content/uploads/2024/01/International-PtX-Hub_202401_Ammonia-nitrogen-and-green-hydrogen-production-and-purification.pdf
https://ptx-hub.org/wp-content/uploads/2024/01/International-PtX-Hub_202401_Ammonia-nitrogen-and-green-hydrogen-production-and-purification.pdf
https://ptx-hub.org/wp-content/uploads/2024/01/International-PtX-Hub_202401_Ammonia-transport-and-storage.pdf
https://dx.doi.org/10.1088/2515-7655/ad0a3a
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Flammability and toxicity
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Too dilute to burn Flammable Too rich to burn 

(but could burn if diluted)

Methane flammable range 5 ï 15% v/v
https://www.osti.gov/biblio/7355338/ 

Plume image source: 

http://www.hysafe.org/science/eA

cademy/docs/4thesshs/presentati

ons/ESSHS2009KellerJ1.pdf 

Low concentrations 

on edge of plume, 

too dilute to burn
High concentrations in core 

of plume, too rich to burnPlume is flammable 

where concentrations are      

between 5% and 15% v/v

https://www.osti.gov/biblio/7355338/
http://www.hysafe.org/science/eAcademy/docs/4thesshs/presentations/ESSHS2009KellerJ1.pdf
http://www.hysafe.org/science/eAcademy/docs/4thesshs/presentations/ESSHS2009KellerJ1.pdf
http://www.hysafe.org/science/eAcademy/docs/4thesshs/presentations/ESSHS2009KellerJ1.pdf
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Flammability and toxicity
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Too dilute to burn Flammable Too rich to burn 

(but could burn if diluted)

Ammonia flammable range 15 ï 28% v/v

Hydrogen flammable range 4 ï 75% v/v

Methane flammable range 5 ï 15% v/v
https://www.osti.gov/biblio/7355338/  

Hydrogen has a wide flammable range, i.e., it is possible to ignite and burn a large proportion of the plume

Ammonia has a relatively narrow flammable range (needs to be richer than methane to burn) 

Ammonia is also difficult to ignite (its minimum ignition energy is over a thousand times that of hydrogen) 

https://www.osti.gov/biblio/7355338/
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Flammability and toxicity
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Carbon dioxide is not just an asphyxiant

Lethal effects with CO2 concentrations > 10% v/v
https://www.eiga.eu/uploads/documents/SI024.pdf 

https://www.rivm.nl/sites/default/files/2018-11/20091002_Evaluation_toxicity_CO2.pdf 

Too dilute to burn Flammable Too rich to burn 

(but could ignite if diluted)

Toxic (AEGL-3) or equivalent 

life-threatening health effects or death

Ammonia AEGL-3 (10-minute exposure) is 

2,700 ppm or 0.27% v/v
https://www.epa.gov/aegl/ammonia-results-aegl-program 

Ammonia flammable range 15 ï 28% v/v

Hydrogen flammable range 4 ï 75% v/v

Methane flammable range 5 ï 15% v/v
https://www.osti.gov/biblio/7355338/

Ammonia is toxic at lower concentrations than when it is flammable (also detectable by smell at ~17 ppm)
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/290981/scho0307bmkt-e-e.pdf 

Carbon dioxide is toxic at a similar concentration to common hydrocarbon flammable limits

See AIHA for alternative occupational exposure levels www.aiha.org 

https://www.eiga.eu/uploads/documents/SI024.pdf
https://www.rivm.nl/sites/default/files/2018-11/20091002_Evaluation_toxicity_CO2.pdf
https://www.epa.gov/aegl/ammonia-results-aegl-program
https://www.osti.gov/biblio/7355338/
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/290981/scho0307bmkt-e-e.pdf
http://www.aiha.org/
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Flammability and toxicity

20

Asphyxiation: possibility of fainting within a few 

minutes without warning and risk of death with 

< 11% v/v oxygen (which equates to > 48% v/v 

of an inert gas) https://www.eiga.eu/ct_documents/doc044-pdf   

Carbon dioxide is not just an asphyxiant

Lethal effects with CO2 concentrations > 10% v/v
https://www.eiga.eu/uploads/documents/SI024.pdf 

https://www.rivm.nl/sites/default/files/2018-11/20091002_Evaluation_toxicity_CO2.pdf 

Too dilute to burn Flammable Too rich to burn 

(but could ignite if diluted)

Toxic (AEGL-3) or equivalent 

life-threatening health effects or death

Ammonia AEGL-3 (10-minute exposure) is 

2,700 ppm or 0.27% v/v
https://www.epa.gov/aegl/ammonia-results-aegl-program 

Ammonia flammable range 15 ï 28% v/v

Hydrogen flammable range 4 ï 75% v/v

Methane flammable range 5 ï 15% v/v
https://www.osti.gov/biblio/7355338/

See AIHA for alternative occupational exposure levels www.aiha.org 

https://www.eiga.eu/ct_documents/doc044-pdf
https://www.eiga.eu/uploads/documents/SI024.pdf
https://www.rivm.nl/sites/default/files/2018-11/20091002_Evaluation_toxicity_CO2.pdf
https://www.epa.gov/aegl/ammonia-results-aegl-program
https://www.osti.gov/biblio/7355338/
http://www.aiha.org/
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Is ammonia heavier or lighter than air?

21

Molecular mass indicates the buoyancy of the gas in air 
(assuming that they are at the same temperature and there are no aerosols) 

Buoyant gases rise

Heavier than air

CO2 gas sinks to 

the ground
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Molecular mass indicates the buoyancy of the gas in air 
(assuming that they are at the same temperature and there are no aerosols) 

Buoyant gases rise

Heavier than air

CO2 gas sinks to 

the ground
Buté

https://www.tradewindsnews.com/weekly/mol-outlines-

lessons-learned-from-lng-ship-cargo-release/1-1-769623 

Methane (liquefied natural gas)

Methane, hydrogen and ammonia can all behave as 

heavy gases if they are cold and aerosols are present

Hydrogen Ammonia

Liquid hydrogen release experiments at 

HSE for www.preslhy.eu 
© DHS S&T CSAC www.uvu.edu/es/jack-rabbit/ 

See Haddock & Williams (1978) https://admlc.com/safety-

and-reliability-directorate-srd-series-reports/ 

Is ammonia heavier or lighter than air?

https://www.tradewindsnews.com/weekly/mol-outlines-lessons-learned-from-lng-ship-cargo-release/1-1-769623
https://www.tradewindsnews.com/weekly/mol-outlines-lessons-learned-from-lng-ship-cargo-release/1-1-769623
http://www.preslhy.eu/
http://www.uvu.edu/es/jack-rabbit/
https://admlc.com/safety-and-reliability-directorate-srd-series-reports/
https://admlc.com/safety-and-reliability-directorate-srd-series-reports/
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Other properties
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Methane, CH4 Hydrogen, H2 Ammonia, NH3 Carbon Dioxide, CO2

Boiling pointÀa (°C) -161 -253 -33 -78

Dynamic viscosity*a (µPa.s) 11 8.7 9.7 14

Specific heat capacity at 

constant pressure*a (kJ/kg.K)

2.2 14 2.2 0.8

Burning velocityb (m/s) 0.37 3.2 ? ï 

Detonation cell sizec (mm) 250 ï 310 15 ? ï 

Autoignition temperaturebc (°C) 595 560 651 ï 

Minimum ignition energybc (mJ) 0.26 0.01 680 ï 

Minimum quenching distanceb 

(mm)

2.0 0.5 ? ï 

Maximum experimental safe 

gapd (MESG) (mm)

1.1 0.29 3.2 ï 

Minimum Igniting Currentd 

(MIC) ratio

1.0 0.25 6.9 ï 

Temperature Classd T1 T1 T1 ï 

Equipment Groupd IIA IIC IIA ï 

À Sublimation temperature for CO2

* Properties given at 15°C and ambient pressure

a https://encyclopedia.airliquide.com
b Drysdale (1998) 
c Babrauskas (2003)
d BS EN 60079-20-1:2010 (BSI, 2010)

 

  

https://encyclopedia.airliquide.com/
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Ammonia phase diagram

24

Stull D.R. (1947) Vapor Pressure of Pure Substances. Organic and Inorganic Compounds, Ind. Eng. 

Chem., 39, 4, 517-540, https://doi.org/10.1021/ie50448a022 

https://webbook.nist.gov/cgi/cbook.cgi?ID=C7664417&Mask=4#Thermo-Phase 

Liquid

VapourAt normal atmospheric 

pressure of 1.01 bar, 

the boiling point of 

ammonia is -33°C 

At a typical atmospheric 

temperature of say 15°C, 

a pressure of 7.2 bar will 

liquefy ammonia

(Conditions used for road, 

rail and pipeline transport)
(Conditions usually used 

for bulk storage and ship 

transport)

https://doi.org/10.1021/ie50448a022
https://webbook.nist.gov/cgi/cbook.cgi?ID=C7664417&Mask=4#Thermo-Phase
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Liquid ammonia pools: flammability

Á Experiments undertaken on ignited pools of 

cryogenic liquid ammonia in the 1960s

Á Found it difficult to sustain a pool fire

Á Water sprayed onto pool increased the ammonia 

evaporation rate and increased the fire intensity

Á Combustion was incomplete: toxic ammonia 

hazard persisted downwind from burning pool

25https://www.youtube.com/watch?v=TezJ82GuUuw 

https://www.youtube.com/watch?v=TezJ82GuUuw
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Effects of ammonia on materials

Á Stress Corrosion Cracking (SCC) sometimes experienced in ammonia transport 

and storage tanks

Á Depends on type of steel, ammonia impurities and stresses in the material

Á Mainly occurs in welds and heat-affected zones

Á Uncommon in cryogenic tanks operating at -33ÁC

Á Addition of 0.2% water to ammonia acts as corrosion inhibitor 

Á Water-inhibited tanks can still suffer SCC in vapor space

Á Primary cracking promoter is oxygen (just 0.5 ppm can lead to SCC)

Á Lunde & Nyborg (1987) found that maximum SCC rates occurred with 3-10 ppm 

oxygen and up to 100 ppm water

Á Zinc, copper and copper-based alloys are susceptible to SCC and should not be 

used with ammonia* (see ñseason crackingò)

26

L. Lunde and R. Nyborg (1987) Stress Corrosion Cracking of Different Steels in Liquid and Vaporous Ammonia, Corrosion 43 (11): 680ï686 https://doi.org/10.5006/1.3583849 

* HSG30 Storage of anhydrous ammonia under pressure in the United Kingdom, Health and Safety Executive (also CGA G-2.1-2023)

https://doi.org/10.5006/1.3583849
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Effects of ammonia on materials

Á Embrittlement at low operating temperature of -33ÁC

ï Need to use suitable grades of steel and/or heat treatment

Á Corrosion under insulation

ï Caused by water trapped underneath insulation in contact with steel pipework

ï For further details, see: https://www.hse.gov.uk/foi/internalops/hid_circs/technical_general/spc_tech_gen_18.htm 

Á Non-metallic materials: 

ï Nitrile and neoprene rubber parts are suitable within their temperature limitations

ï Butyl and ethylene propylene rubbers should only be used in ammonia vapour systems

ï PTFE, polypropylene, polyethylene and nylon are relatively unaffected by ammonia

ï Most other rubbers and plastics are unsuitable, fluoro-elastomers are badly affected

Á See guidance given in ammonia standards and guidance ï later slides

27

https://www.hse.gov.uk/foi/internalops/hid_circs/technical_general/spc_tech_gen_18.htm
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Ammonia is not Ammonium Nitrate

Á Beirut explosion was ammonium nitrate, 

not ammonia 

29

https://www.nytimes.com/video?src=vidm 

https://www.nytimes.com/video?src=vidm
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Incidents with pressure-liquefied ammonia

Ambient temperature, pressure > 7 bar

30
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Potchefstroom, South Africa (1973)

Á One of four 50 t storage tanks ruptured while being filled with pressure-

liquefied ammonia from a railroad car

Á Tank failed due to brittle fracture of a dished end of the vessel

Á Subsequent investigation found issues with material properties of steel tank

Á 30 tons of ammonia released from tank, plus 8 tons from the railcar

Á 65 people hospitalized and 18 deaths

31
Lonsdale, H. Ammonia tank failure-South Africa, Ammonia Plant Safety 17: 126-131, 1975, and analysis by Doug Sommerville for US Department of Homeland Security 
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Houston, Texas (1976)

Á Road tanker crashed through highway bridge rail at intersection

Á Vessel holding 19 t of pressure-liquefied ammonia ruptured on impact

Á Dense cloud of ammonia vapour covered an area of 300 m x 600 m

Á 100 people injured, 6 deaths

32

Photograph taken by Texas Air Control Board 

© Texas Commission Environmental Quality copyright 1976

https://www.houstonchronicle.com/news/houston-texas/houston/article/In-

1976-an-ammonia-truck-disaster-claimed-the-12906732.php 

https://www.houstonchronicle.com/news/houston-texas/houston/article/In-1976-an-ammonia-truck-disaster-claimed-the-12906732.php
https://www.houstonchronicle.com/news/houston-texas/houston/article/In-1976-an-ammonia-truck-disaster-claimed-the-12906732.php
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Houston, Texas (1983)

Á Leak from ammonia refrigeration equipment in basement of Bordenôs building

Á Vapour accumulated and found ignition source, producing a vapour cloud explosion

Á Fire fighters set to enter building in breathing apparatus at time of explosion 

Á Incident occurred on early Sunday morning, no serious injuries

Á Demonstrated that if ammonia vapour is confined, explosion can be severe

33

https://ashraehouston.org/downloads/Historian/borden_s_icecream_factory_explosion_1983.pdf#:~:text=T

his%20was%20disastrously%20indicated%20by%20the%20December%2011%2C,traffic%20to%20be%2

0exposed%20to%20the%20explosion%20results. 

https://ashraehouston.org/downloads/Historian/borden_s_icecream_factory_explosion_1983.pdf#:~:text=This%20was%20disastrously%20indicated%20by%20the%20December%2011%2C,traffic%20to%20be%20exposed%20to%20the%20explosion%20results
https://ashraehouston.org/downloads/Historian/borden_s_icecream_factory_explosion_1983.pdf#:~:text=This%20was%20disastrously%20indicated%20by%20the%20December%2011%2C,traffic%20to%20be%20exposed%20to%20the%20explosion%20results
https://ashraehouston.org/downloads/Historian/borden_s_icecream_factory_explosion_1983.pdf#:~:text=This%20was%20disastrously%20indicated%20by%20the%20December%2011%2C,traffic%20to%20be%20exposed%20to%20the%20explosion%20results
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Dakar, Senegal (1992)

Á Ammonia storage vessel with capacity of 17.7 t ruptured due to overfilling with 

more than 22 t of pressure-liquefied ammonia

Á Vessel had previously cracked and been repaired

Á Vessel fractured violently into two parts

Á Visible cloud reported to distances of around 250 m

Á 1,150 people injured, 129 deaths 

Á Later analysis using dispersion model indicated a potential for fatalities up to a 

distance of 1 km, and injuries up to 4 or 5 km downwind

34

https://www.aria.developpement-durable.gouv.fr/wp-content/files_mf/A3485_ips03485_002.pdf 

https://www.aiche.org/resources/publications/cep/2023/december/process-safety-beacon-learning-worst-ammonia-accident 

https://www.aiche.org/sites/default/files/cep/20230747.pdf 

https://www.aria.developpement-durable.gouv.fr/wp-content/files_mf/A3485_ips03485_002.pdf
https://www.aiche.org/resources/publications/cep/2023/december/process-safety-beacon-learning-worst-ammonia-accident
https://www.aiche.org/sites/default/files/cep/20230747.pdf
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Minot, North Dakota (2002)

Á Train derailment caused rupture of 5 ammonia tank cars and 350 t release

Á Ammonia cloud gradually expanded 5 miles downwind of the accident site and 

over a population of about 11,600 people

Á 322 people sustained minor injuries, 11 sustained serious injuries, 1 death

Á Cause: poor maintenance of joint bars in continuous welded rail and 

insufficient tank car crashworthiness

35https://www.ntsb.gov/investigations/AccidentReports/Reports/RAR0401.pdf 

https://www.ntsb.gov/investigations/AccidentReports/Reports/RAR0401.pdf
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Kingman, Kansas (2004)

Á 8-inch diameter Magellan pipeline ruptured and released 480 t of ammonia

Á Visible vapour cloud 0.5 miles wide and 1.5 miles long

Á Four families evacuated, no injuries

Á Analysis showed pipeline rupture was caused by damage from digging 

equipment, either during construction or later agricultural activities

36

https://www.ntsb.gov/investigations/AccidentReports/Reports/PAB0702.pdf 

https://www.ntsb.gov/investigations/AccidentReports/Reports/PAB0702.pdf
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Tampa Bay, Florida (2007)

Á Teenager took 2 days to drill through steel wall of 6-inch diameter ammonia 

pipeline using a cordless drill

Á Suffered burns from jetting ammonia, but fell or jumped into river and survived

Á Public evacuated from ¼ to ½ mile radius

Á Fortunately, pipeline was operating at half usual pressure due to maintenance

37
https://incidentnews.noaa.gov/incident/7711#! 

https://incidentnews.noaa.gov/incident/7711
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Swansea, South Carolina (2009)

Á Transfer hose ruptured between cargo tank truck and storage tank, releasing 

3.1 t of ammonia

Á Visible cloud drifted from parking lot of the facility across nearby highway

Á 14 people suffered minor injuries, 7 people hospitalized, 1 death

Á Investigation found that transfer hose was not compatible with ammonia 

service

38

https://www.ntsb.gov/investigations/AccidentReports/Reports/HZM1201S.pdf 

https://www.ntsb.gov/investigations/AccidentReports/Reports/HZM1201S.pdf
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Tekamah, Nebraska (2016)

Á 8-inch diameter Magellan pipeline ruptured and released 260 t of ammonia

Á 49 people evacuated, 1 death

Á Several previous leaks in West leg of Magellan pipeline needed repairs: one in 

1984, five between 1988 and 1990, three between 1993 and 1994

Á Cause of 2016 incident: corrosion fatigue cracking of pipeline steel

Á In 2019, Magellan announced they would decommission the 1,100-mile pipeline

39

https://www.ntsb.gov/investigations/AccidentReports/Reports/PAB2001.pdf 

https://www.ntsb.gov/investigations/AccidentReports/Reports/PAB2001.pdf
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Beach Park, Illinois (2019)

Á Release of 1.5 t of ammonia from faulty coupling on two 1,000-gallon nurse 

tanks being towed by a tractor in farming area

Á Vapour dispersed in dense cloud: 1 mile shelter-in-place order imposed

Á 83 people taken to hospital, 14 admitted, 8 in intensive care unit, no deaths
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https://www.ntsb.gov/investigations/AccidentReports/Reports/HZIR2201.pdf 

https://www.cbsnews.com/chicago/news/ammonia-spill-beach-park/ 

https://www.chicagotribune.com/suburbs/lake-county-news-sun/ct-lns-ammonia-

spill-no-charges-st-0626-20190625-ikztowsrhfhwhgym3lryjk4v2m-story.html 

https://www.ntsb.gov/investigations/AccidentReports/Reports/HZIR2201.pdf
https://www.cbsnews.com/chicago/news/ammonia-spill-beach-park/
https://www.chicagotribune.com/suburbs/lake-county-news-sun/ct-lns-ammonia-spill-no-charges-st-0626-20190625-ikztowsrhfhwhgym3lryjk4v2m-story.html
https://www.chicagotribune.com/suburbs/lake-county-news-sun/ct-lns-ammonia-spill-no-charges-st-0626-20190625-ikztowsrhfhwhgym3lryjk4v2m-story.html
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Teutopolis, Illinois (2023)

Á Road traffic accident involving ammonia road tanker colliding with parked trailer

Á Six-inch hole punched in tanker, which released 18 t of ammonia

Á 500 people within 1 mile radius evacuated

Á 5 people killed, 5 further people airlifted to hospital
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https://apnews.com/article/teutopolis-effingham-illinois-truck-accident-chemical-spill-4e86653cb60515022dea05c45046329d 

https://www.cbsnews.com/chicago/news/deadly-tanker-crash-chemical-spill-cause-illinois/?intcid=CNR-02-0623 

https://apnews.com/article/teutopolis-effingham-illinois-truck-accident-chemical-spill-4e86653cb60515022dea05c45046329d
https://www.cbsnews.com/chicago/news/deadly-tanker-crash-chemical-spill-cause-illinois/?intcid=CNR-02-0623
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Chennai, India (2023)

Á Release from 8-inch diameter flexible high-density-polyethylene ammonia 

pipeline running underwater from fertilizer plant at Ennore port, near Chennai

Á During pipeline pre-cooling process, pressure drop recorded in pipeline and 

gas bubbles observed 2 feet from shore

Á Release occurred at night and cloud passed through nearby fishing village

Á 52 people hospitalised

42

https://www.thehindu.com/news/cities/chennai/many-hospitalised-as-ammonia-

gas-leaks-out-at-an-industrial-unit-in-tamil-nadus-ennore/article67678852.ece 

https://www.thehindu.com/news/cities/chennai/many-hospitalised-as-ammonia-gas-leaks-out-at-an-industrial-unit-in-tamil-nadus-ennore/article67678852.ece
https://www.thehindu.com/news/cities/chennai/many-hospitalised-as-ammonia-gas-leaks-out-at-an-industrial-unit-in-tamil-nadus-ennore/article67678852.ece
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Incidents with temperature-liquefied ammonia

Pressures usually close to atmospheric pressure

Temperatures around -33ÁC

43
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Blair, Nebraska (1970)

Á Overflow of ammonia from 36,000 t refrigerated storage tank

Á Tank levels not carefully monitored, alarm and shut-down system failed to operate 

Á Overflow discharge valve failed to operate at the set pressure, so that the liquid level in 

the tank rose until it reached the roof, at which point the overflow valve did open

Á Discharge continued for 2.5 h, producing a dense vapour cloud that blanketed the 

surrounding area, 10 m thick and extending to a distance of 2.7 km

Á Cloud eventually dispersed and avoided populated areas, three people hospitalized

44

The Enterprise newspaper, 1 October 2004, www.blairnebraska.com  

Photos kindly provided by Steven Hanna (originally from Rex Britter)

See also: Lees Loss Prevention, ISBN: 978-0-12-397189-0

 

http://www.blairnebraska.com/
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Jonova, Lithuania (1989)

Á Release of 7,000 t of ammonia from 10,000 t refrigerated storage tank

Á Cause: 14 t of warm ammonia at 10ÁC transferred into tank

Á Warm ammonia liquid increased vaporization rate, vapour built up and over-

pressurized the vessel, causing tank to violently burst (a ñthermal overloadò)

Á Tank moved sideways from its base, smashed through the concrete wall, 

landing 40 m away

Á Pool of ammonia ignited. Fire affected nearby ammonium nitrate store 

Á Ammonia facility was 5 km from town of Jonova with 40,000 inhabitants

Á Cloud of ammonia and nitrous fumes spread 35 km downwind

Á 32,000 people evacuated, 57 injured, 7 deaths
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See Lees Loss Prevention, ISBN: 978-0-12-397189-0 and ñLong-range transport of ammonia released in a major chemical accident at Ionava, Lithuaniaò 

http://dx.doi.org/10.1007/978-1-4615-3720-5_59  

https://www.aiche.org/resources/publications/cep/2024/february/rollover-possible-ammonia-storage-tank 

http://dx.doi.org/10.1007/978-1-4615-3720-5_59
https://www.aiche.org/resources/publications/cep/2024/february/rollover-possible-ammonia-storage-tank
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Rostock, Germany (2005)

Á During commissioning of tank into service after repairs, violent reaction caused failure 

of tank and release of 100 t of ammonia

Á Aqueous ammonia had been added into base of tank

Á Ammonia was sprayed into top of tank to initiate cooling process

Á Thin layer of oil on pool surface in tank prevented mixing of ammonia droplets

Á Opening of drain valve broke oil layer, causing ammonia and aqueous ammonia to mix

Á Ammonia is water reactive and this mixing caused sudden pressure increase

Á Relief valves not sized for rapid pressure rise, causing rupture of tank

Á Two people injured, one later died

46

Source: K. Bakli, W. Versteele and B. Swensen (2006) Safe ammonia storage, 

Ammonia Technical manual, p117-124


