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Workshop Objectives

▪ Learn about recent scientific developments

▪ Share information about new projects and initiatives

▪ Raise safety-related issues that need to be addressed

▪ Ask questions and participate in discussions

▪ Broad scope: 

– Health, safety and security in ammonia production, transport and use
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Outline of this talk

▪ Review discussions at last year’s health and safety workshop

▪ Provide an update on recent activities at HSE

▪ Discuss useful recent publications and ongoing research projects
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Outline of this talk

▪ Review discussions at last year’s health and safety workshop

▪ Provide an update on recent activities at HSE

▪ Discuss useful recent publications and ongoing research projects

▪ Think about a question you would like to put to the room

– HSE question: where do you seek information on ammonia safety,              

e.g., when designing a new facility or undertaking a new operation?
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Review of Health and Safety Workshop, 3 Sept 2022

▪ Ammonia has been produced, stored, transported and used generally 

safely for many years by the fertilizer industry

▪ In the coming years, to meet Net Zero ambitions, we are likely to see 

new entrants who may be unfamiliar with the risks

▪ Novel risks may also emerge due to the use of ammonia in new 

environments and/or for new applications 

▪ Important that research is undertaken to ensure that these novel risks 

are identified and appropriately managed

▪ Discussions focused on four areas:

– Production, storage, distribution and use of ammonia
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Review of Health and Safety Workshop, 3 Sept 2022

▪ Production

– Siting of new ammonia facilities near sources of renewable energy

– Decentralised production?

– Need for inherently safe designs

▪ Storage

– Cryogenic liquid ammonia: lack of experimental data on behaviour of spills

– Hazard profiles depend on liquid ammonia storage conditions

● Temperature-liquefied (<-33°C, <5 bar)

● Pressure-liquefied (20°C, >8 bar)

Smaller hazard?
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Review of Health and Safety Workshop, 3 Sept 2022

Pressure-liquefied (Houston, Texas,1976)

https://www.houstonchronicle.com

/news/houston-

texas/houston/article/In-1976-an-

ammonia-truck-disaster-claimed-

the-12906732.php

Temperature-liquefied (Blair, Nebraska, 1970)

From Batt (2021) “Review of dense-gas dispersion for industrial regulation and 

emergency preparedness and response” https://admlc.com/publications/

https://www.houstonchronicle.com/news/houston-texas/houston/article/In-1976-an-ammonia-truck-disaster-claimed-the-12906732.php
https://admlc.com/publications/
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Review of Health and Safety Workshop, 3 Sept 2022

▪ Production

– Are incidents more common for pressure-liquefied ammonia because of the 

frequency of operations, e.g., agricultural fertilizer applications in the USA?

– Often the source of the leak is failure of a transfer connection or hose

© PHMSA

Source: Hazardous Materials Investigation Report: HZIR-22/01 

www.ntsb.gov/investigations/AccidentReports/Reports/HZIR2201.pdf

© Beach Park Fire Department

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

ammonia-fog-zion-st-0131-20200130-bphoo3jltjffxnsed2u3ftbqqq-story.html

http://www.ntsb.gov/investigations/AccidentReports/Reports/HZIR2201.pdf
https://www.chicagotribune.com/suburbs/lake-county-news-sun/ct-lns-cdc-report-ammonia-fog-zion-st-0131-20200130-bphoo3jltjffxnsed2u3ftbqqq-story.html
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Review of Health and Safety Workshop, 3 Sept 2022

▪ Production

– Important considerations: level of training of operatives involved in filling 

operations

– Need for new system designs that completely reduce chances of leaks

– Standards and guidance: good examples from LPG and industrial gas sector

– Ammonia guidance often internal fertilizer company documents

– Useful for this guidance to be shared with new entrants to the ammonia market

– Efforts to be coordinated by the Energy Institute? The Ammonia Energy 

Association? AIChE? ASTI?

– For other toxic chemicals, such as chlorine, there are established groups that 

help to share safety-related information, e.g., the Chlorine Institute
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Review of Health and Safety Workshop, 3 Sept 2022

▪ Distribution and Utilization

– Ammonia is an important future clean transportation fuel, mainly in shipping

– Risk assessments followed by demonstration projects are needed

– Experience of ammonia in liquefied-gas carriers: useful source of guidance 

and statutory requirements

– Toxicity challenges are significant but manageable, adding complexity to ship 

designs

– Ammonia likely to be used for deep-sea cargo vessels, rather than passenger 

or inland-waterway craft

– Bunkering operations? Still some challenges and unknowns

– Ship designs: how to reduce risks to crew in case of a leak? 

– Design and layout needs high level of inherent safety: consideration of double-

containment, gas detection etc.
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Review of Health and Safety Workshop, 3 Sept 2022

▪ Distribution and Utilization

– Handling ammonia onboard ships will require new set of skills and safety 

procedures

– Need for new regulations, codes and rules development

– Technical issues to be solved in use of ammonia in combustion engines: 

● Use of pilot fuels 

● Co-firing with hydrogen for improved combustion

● Corrosion of engine components (seals, bearings etc.)

● Reactions between ammonia and lubricants producing toxic products

– Public perception of ammonia risks and benefits of switching from fuel oil
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Outline of this talk

▪ Review discussions at last year’s health and safety workshop

▪ Provide an update on recent activities at HSE

▪ Discuss useful recent publications and ongoing research projects
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Recent activities at HSE

▪ Jack Rabbit III https://www.uvu.edu/es/jack-rabbit/

– Completed (mostly) the model-intercomparison exercise on previous pressure-liquefied 

ammonia release experiments: Desert Tortoise and FLADIS

– Three groups still running dispersion models for the exercise:

● Dave Brown (Argonne National Lab) CASRAM model, also used for developing the PHMSA 

Emergency Response Guidebook dispersion distances

● Bob Bradley (Emergency Management Solutions) ALOHA

● Bjørn Lilleberg (DNV KFX) testing ammonia-specific version of KFX

– Aiming to write-up full account in September-November 2023 for journal publication

Desert Tortoise © LLNL FLADIS © Riso

https://www.uvu.edu/es/jack-rabbit/
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Participants in the JRIII Initial Modeling Exercise
# Organization Model Model Type Desert Tortoise FLADIS

Empirical nomogram/ 

Gaussian plume

Integral Gaussian Puff/ 

Lagrangian

CFD 1 2 4 9 16 24

1 Air Products, USA VentJet

2
BAM, Germany

AUSTAL

3 VDI

4
DGA, France

PHAST v8.6

5 Code-Saturne v6.0

6 DNV, UK PHAST v8.61

7 DSTL, UK HPAC v6.5

8 DTRA, ABQ, USA HPAC v6.7

9 DTRA, Fort Belvoir, USA HPAC

10 EDF/Ecole des Ponts, 

France

Code-Saturne v7.0

11 Crunch v3.1

12 Equinor, Norway PHAST v8.6

13 FFI, Norway ARGOS v9.10

14 FOI, Sweden PUMA

15 Gexcon, Netherlands EFFECTS v11.4

16 Gexcon, Norway FLACS

17 GT Science & Software DRIFT v3.7.19

18
Hanna Consultants, USA

Britter & McQuaid WB

19 Gaussian plume model

20
HSE, UK

DRIFT v3.7.12

21 PHAST v8.4

22 INERIS, France FDS v6.7

23 JRC, Italy ADAM v3.0

24 NSWC, USA RAILCAR-ALOHA

25 Shell, UK FRED 2022

26 Syngenta, UK PHAST v8.61
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All Model Results
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Recent activities at HSE

▪ Jack Rabbit III 

– How does humidity affect the dispersion behaviour of pressure-liquefied ammonia 

jet releases?

– Which release scenarios are most sensitive to humidity? 

– If you vary humidity from 0% to 100% RH, what are the differences in 

concentrations?

– Methodology: sensitivity analysis using DRIFT dispersion model that accounts for 

thermodynamics of ammonia-water reactions

– Slides from George Mason University (GMU) conference available on request
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Recent activities at HSE

▪ Jack Rabbit III 

– Simulations of 2-ton nurse tank releases and short pipeline releases to assist with 

planning for future JRIII trials

– Project leads at US Dept of Homeland Security and Dept of Defence are currently 

visiting USA and international test sites

– Current timeline: 

● 2026 for small/medium scale ammonia release experiments

● 2027 for large-scale ammonia release experiments
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French JIP on waterborne ammonia spills

▪ Initiated by Yara Clean Ammonia (contact: Laurent.ruhlmann@yara.com) 

▪ Led by INERIS (contact: olivier.gentilhomme@ineris.fr)

▪ Current partners: Yara, INERIS, CEDRE, ONERA, RBINS, HSE

▪ Aim: To improve confidence in the prediction of ammonia spills onto water

▪ Work packages to include:

– Scenario definition and risk analysis

– Sensor technologies for air and water

– Model development and validation

– Experiments and data analysis

▪ Timeline: aiming to conduct tests in 2024/2025

https://wwz.cedre.fr/Projets/2022/IRA-MAR-2022

mailto:Laurent.ruhlmann@yara.com
mailto:olivier.gentilhomme@ineris.fr
https://wwz.cedre.fr/Projets/2022/IRA-MAR-2022
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Energy Institute

▪ Workshop on “Energy storage network development for hydrogen and 

liquid derivatives”, Friday 7 July 2023

▪ Other initiatives on ammonia import/export and ports are ongoing at the 

Energy Institute

▪ https://www.energyinst.org/

▪ Contact: Mark Scanlon

https://www.energyinst.org/
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Outline of this talk

▪ Review discussions at last year’s health and safety workshop

▪ Provide an update on recent activities at HSE

▪ Discuss useful recent publications and ongoing research projects
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Recent Publications

▪ Risk studies on marine applications of ammonia:

– “Hydrogen and ammonia infrastructure: safety and risk information and guidance” by 

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

– “External safety study - bunkering of alternative marine fuel for seagoing vessels, Port of 

Amsterdam” 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

– “Safety and operational guidelines for piloting ammonia bunkering in Singapore”, DNV-led 

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

– “Ammonia as a marine fuel”, Maritime Energy & Sustainable Development (MESD) and 

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

– “Recommendations for design and operation of ammonia-fueled vessels based on multi-

disciplinary risk analysis” 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/

– ITOCHU Joint Study Framework on Ammonia as an Alternative Marine Fuel – 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://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.itochu.co.jp/en/news/news/2022/220406.html


© Crown Copyright HSE 2023

22

Recent Publications

▪ Air Products “Red Squirrel” trials at DNV Spadeadam

© Air Products/DNV
http://dx.doi.org/10.1002/prs.12454

http://dx.doi.org/10.1002/prs.12454
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Recent Publications

▪ Ammonia cryogenic storage tank design

© IChemE Hazards 32 Conference, October 2022
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▪ Norwegian research institute, SINTEF, project MaritimeNH3

Ongoing Research Projects

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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▪ Project SafeAm led by Marta Bucelli, SINTEF

▪ Small-scale experiments involving ammonia spills on water

▪ Model development and testing

▪ Awarded funding by the Research Council of Norway, June 2023

Ongoing Research Projects
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HSE question

▪ Where do you seek information on ammonia safety, e.g., when 

designing a new facility or undertaking a new operation?

– Lloyds Register, DNV and NTU reports cited earlier
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Safety-Related Information

▪ PHMSA Emergency Response Guidebook (ERG) for hazard distances
https://www.phmsa.dot.gov/training/hazmat/erg/emergency-response-guidebook-erg

https://www.phmsa.dot.gov/sites/phmsa.dot.gov/files/2021-01/ERG2020-WEB.pdf

https://www.phmsa.dot.gov/training/hazmat/erg/emergency-response-guidebook-erg
https://www.phmsa.dot.gov/sites/phmsa.dot.gov/files/2021-01/ERG2020-WEB.pdf
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Safety-Related Information

▪ Fertilizers Europe publications https://www.fertilizerseurope.com/

https://www.fertilizerseurope.com/
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Safety-Related Information

▪ Chemical Industries Association (CIA, UK) https://www.cia.org.uk/

▪ No current publications on ammonia, some historical reports

https://www.cia.org.uk/
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Safety-Related Information

▪ The Chlorine Institute https://www.chlorineinstitute.org/

▪ Do we need something like this for ammonia?

https://www.chlorineinstitute.org/
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▪ 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

▪ Contact information: simon.gant@hse.gov.uk

Thank you

mailto:simon.gant@hse.gov.uk

