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1.2 Short description of project objective and results  

 

English: 

The projects objective is to participate in the IEA Hydrogen Implementation Agreement (IEA-

HIA) task 31 successor and named task 37 after IEA’s final approval. It is concerned about 

safety of hydrogen technologies and application of these in future infrastructures. Task 37 is 

a networking activity with the purpose of knowledge sharing of open access tools and models 

to conduct risk analysis for hydrogen technologies. The activities are organised into the fol-

lowing sub-tasks: 

A – Tool Kit for Hazards and Risk Assessment 

B – Accident Scenario Development 

C - Physical Effects 

D – Human Reliability Analysis 

E – Materials Compatibility 

 

 

Dansk: 

Formålet med projektet er deltagelse i IEA Hydrogen Implementation Agreement (IEA-HIA) i 

task 31 efterfølgeren, som er blevet til task 37 og omhandler sikkerhedsspørgsmål vedr. 

brint teknologier og deres implementering i fremtidige infrastrukturer. Task 37 er en net-

værksaktivitet med fokus på udveksling af fagkundskaben, etablering af open acces værktø-

jer og modeller til at kunne gennemføre risikoanalyser ifm. brint teknologier. Aktiviteterne er 

organiseret omkring flere underemner: 

 



 

 

A – Tool Kit for Hazards and Risk Assessment 

B – Accident Scenario Development 

C - Physical Effects 

D – Human Reliability Analysis 

E – Materials Compatibility 

 

 

1.3 Executive summary 

The IEA HIA task 37 project is an international network project on the topic hydrogen safety. 

It is the latest task continuing the development of hydrogen safety from task 19 and task 37. 

It is concerned about safety of hydrogen technologies and to facilitate application of these in 

future infrastructures. The purpose is knowledge sharing about open access tools and models 

to conduct risk analysis for hydrogen technologies. Hydrogen safety scenarios are discussed 

and assessed using the HyRAM tool as well as other internet-based toolboxes for conse-

quence and reliability assessments of these technologies. An IEA Hydrogen safety journal is 

in the upstart phase providing free access scientific information on hydrogen safety issues. 

The development of the models and the achieved knowledge is widely disseminated on work-

shops and as journal papers in various international journals. Main channels for dissemina-

tion has been the International Conference on Hydrogen Safety and the International Journal 

of Hydrogen Energy. The results on this pre-normative safety research are intended to influ-

ence the development of improved standards in the field. The gained knowledge enable the 

project partners to develop further projects and to better service the industrial development 

of hydrogen infrastructures. 

 

The task 37 was originally planned to end in 2018, but has been prolonged to end of 2021.  

 

 

1.4 Project objectives 

The objective of the network project IEA HIA task 37 is to facilitate the safe implementation of hy-

drogen infrastructures. Task 37 intents to reach the objective by a coordinated international collabo-

ration and dissemination of the state of the art hydrogen safety knowledge. The network project is 

an activity of the Hydrogen Implementation Agreement (HIA) being part of the International Energy 

Agency (IEA). The present task 37 (2015 – 2021)1 continuous the work of the former hydrogen safe-

ty tasks 31 (2010 – 2013) and 19 (2004 – 2010). 

 

Originally, the task 37 was planned for the period 2015 to 2017, but was extended during spring 

2018. The final report is therefore a status on the activities up to 2018. Further results will be 

achieved up to 2021. 

 

The coordinated international collaboration is concerned with the development of integrated tools to 

predict hydrogen safety risks, on one side. The integrated tools have to be user-friendly to facilitate 

system analysis and to enable development of risk metrics. On the other side, the development of 

risk management strategies is regarded to ensure overall safety while implementing hydrogen tech-

nology infrastructures. Hereunder, risk management strategies will benefit from knowledge on the 

reliability of the systems, sub systems and, down to, the component level needed for quantitative 

risk analysis (QRA). This knowledge comprises not only technical issues, but also human error data. 

 

Such a coordinated collaboration provide an excellent framework enabling a systematic approach to 

determine gaps in current basic and applied research and around which collaborative research pro-

grammes can be conducted. 

 

 

1 http://ieahydrogen.org/Activities/Task-37-Hydrogen-Safety-Task.aspx; task 37 er identisk med projektansøgningen’s 

task 31 efetrfølgeren 

http://ieahydrogen.org/Activities/Task-37-Hydrogen-Safety-Task.aspx


 

 

 

Figure 1 Organizational structure of the Hydrogen Safety task. The solid lines show the or-

ganizational structure and the dashed lines signify the information exchange among 

the five subtasks. 

 

 

Task 37 is the successor of task 31 and is structured into five subtasks: 

 

Subtask A: Integrated Hazards and Risk Assessment tool kit   

 

Output: QRA methods and tools to support HyRAM development. An alpha-

tested integrated hazards and risk assessment tool kit. 

 

Subtask B: Accident Scenario Development & Analysis  

 

Output: Identification of generic H2-based systems and accident sequences to 

be used for alpha testing and validation of the predictive models used in the 

tool kit in sub-task A. 

 

Subtask C: Physical Effects and phenomena 

 

Output: Physics based predictive models and experimental data from sub-scale 

or full-scale tests. This comprises e.g. phenomena like flame propagation, def-

lagration and detonations, heat release rates, jet and flash fires. 

 

Subtask D: Human Reliability Analysis (HRA) 

 

Output: Identify and quantify human influence on operational safety of hydro-

gen infrastructure. Approaches for implementing human influences and recov-

ery actions within QRA models. 

 

Subtask E: Materials Compatibility 



 

 

Output: Theoretical models , experimental data, and empirical correlations to 

enable better understanding of hydrogen effects on materials. E.g. enhance 

understanding of hydrogen effects on material properties and mechanical 

strength by developing physics of failure (PoF) models. 

 

 

Organization Country 

United Technologies Research Center (UTRC) USA 

National Renewable Energy Laboratory (NREL) USA 

Department of Energy (DOE) USA 

Sandia National Laboratories (SNL) USA 

HySafe Belgium 

Karlsruhe Institute of Technology (KIT) Germany 

Federal Institute or Materials Research and Testing, BAM Germany 

University of Ulster UK 

Health & Safety Laboratory (HSL) UK 

University of Warwick UK 

Kyushu University Japan 

Air Liquide France 

INERIS France 

Technical University of Denmark (DTU) Denmark 

University of Pisa (UniPi) Italy 

Tecnalia Spain 

EC Joint Research Center European Commission (EC) 

GexCon Norway 

University College of South East Norway Norway 

Hefei University of Technology China 

 

 

1.5 Project results and dissemination of results 

The main goal of the task 37 is to facilitate the safe implementation of hydrogen technologies 

and infrastructures. Results have been achieved on the development of a Quantitative Risk 

Assessment (QRA) integration tool kit (HyRAM platform, https://h2tools.org/hyram) and the 

collection of reliability information of structures, systems and components (SSC) to enable 

QRA. Different risk management strategies to ensure the safe implementation of hydrogen 

infrastructures are identified, as e.g. concept of separation or hazardous distances used in 

the US and Europe, respectively. The task 37 provided risk-informed insights to guide the 

development of new and improved science-based hydrogen safety codes and standards as 

NFPA-2 and ISO. These insights are established using both probabilistic and deterministic 

methods, such as science based models, engineering calculations and CFD. 

 

Each partner has dissiminated their results on international conferences and various interna-

tional journals. The tools are made available online as e.g https://h2tools.org/ or as part of 

the project NET tools ( Novel Education and Training Tools based on digital Applications re-

lated to Hydrogen and Fuel Cell Technology) https://hydrogeneurope.eu/project/net-tools 

 

To improve dissemination an IEA Hydrogen Safety Journal is setup being consistent with the 

ExCO’s goals. The journal is planned to be published semi-annually and will be featured on 

the IEA H2 homepage to ensure public access.  

 

The following forward looking opportunities to enhance hydrogen safety are proposed. Focus 

should include the entire H2 supply chain , thus expanding the main focus on HRS. An im-

portant area needing more safety research is the physical protection (safety) of hydrogen 

infrastructures, the Hydrogen supply chain risk management, Life cycle assessment and im-

https://h2tools.org/hyram
https://h2tools.org/
https://hydrogeneurope.eu/project/net-tools


 

 

pact assessment, Performe comparative risk assessments, Quantify associated first party , 

second party and third party risks as part of the comparative assessment, On-board H2 stor-

age technologies 

 

The in task 37 achieved specific results are described in the following. 

 

Subtask A:  

The HyRAM platform version 1.1 is released and available at http://hyram.sandia.gov. Vali-

dated models for H2 flame behaviour as well as to conduct hydrogen specific QRA are im-

plemented in order to guide industries development of codes and standards. Hereunder, 

NFPA-2 to establish separation distances for gaseous hydrogen releases as well as to develop 

models for calculation of liquid hydrogen separation distances. Within ISO CD-19880-1 to 

develop of a generalized risk mitigation approach, e.g. safety distances. Failure probability 

data are provided to enable quantification of QRA models. The HyRAM software has been 

applied to support risk informed comparisons of reference hydrogen refuelling stations and 

on-site hydrogen storages. Examples for this are the H2FIRST project where HyRAM was 

used to calculate the baseline risk for a 300 kg/day refuelling station 

 

Subtask B: 

General hydrogen based systems and accident sequences are provided as alpha test input for 

validation of the HyRAM models. Insides and updates are provided on the 3D risk manage-

ment framework (HyDRM) and the HySEA projects conducted by Gexcon (www.hysea.eu). 

Other insides and updates on hydrogen safety projects in Japan are given e.g. leak scenari-

os) 

 

Subtask C: 

The research activities related to the physical effects and phenomena are insights on the 

effect of heat release rates on the outcome of Bonfire tests (related to Global Technical 

Regulation 2013) and the SUSANA project (Support to safety analysis of hydrogen and fuel 

cell technologies). The hazard distances are analyzed due to the radiative heat caused by 

blast waves and fireballs. The SUSANA project is related to a hydrogen safety CFD models 

evaluation protocol and to best practices. Other activities have been flow velocity measure-

ments in H2-air explosions, jet release experiments of gaseous hydrogen. In addition, the 

modelling of deflagration to detonation transition in hydrogen air mixtures with concentration 

gradients and the physical effects of blast waves and localized deflagration are to mention. 

New H2 safety engineering tools are nomograms for blast waves to guide first responders 

and storage tank blowdown time.  

 

Subtask D: 

The activities were concerned with risk assessment methodologies related to human and 

organizational factors. Hereunder modelling of human errors as accident initiating events and 

modelling of human recovery actions during accident progression 

 

Subtask E: 

The activities are concerned with question of embrittlement of quenched and tempered 

steels. The influence of different hydrogen charging conditions in fatigue tests for high 

strength quenched and tempered steels were activities hereunder. 

 

The IEA HIA task 37 has provided many valuable results as indicated before. Some examples 

on the work topics are also given in the attached selected presentations from the consortium 

meetings. The American partners have developed a tool box HyRAM that is available online 

for free usage. 

 

The network activity task 37 is not designed to generate a turnover, but will influence the 

development of improved standards in the field of hydrogen safety. It influenced also the 

strategic outlook for the continuing activities for the IEA activities (see mentioned safety 

http://hyram.sandia.gov/
http://www.hysea.eu/


 

 

aspects in The Future of Hydrogen – Seizing today’s opportunities; Report prepared by the 

IEA for the G20 , Japan; June 2019). 

 

The task 37 has been prolonged beyond 2018 until 2021 and more results are expected. 

 

Each partner disseminated its own results on international and national workshops and con-

ferences. Hereunder, a number of papers have been presented and published in the frame-

work of the biannual International conferences on hydrogen safety (ICHS), the international 

Journal of Hydrogen Energy, IEA Hamburg workshop on hydrogen safety (2018) and for DTU 

on the Danske Brint og brændselscelle dage 2016 & 2018 (see posters attached). An IEA 

based journal is started and expected to launch various open access papers on the subject. 

Another Danish national event was the arrangement “Resultater fra IEA og FCH2-

programmet om brint og brændselsceller”. (Eigtveds pakhus 18.03.2016). 

 

 

1.6 Utilization of project results 

The results are widely disseminated and therefor public available to all interested stakehold-

ers. By this, the network activity is likely to have a substantial impact on the safe develop-

ment of hydrogen infrastructures to be built. The project partner uses the outcome and their 

achieved expertise to generate new proposals for research and technological development. 

This knowledge is also part of the pre-normative research that influences the standardisation 

processes in this field. The approach to hydrogen safety is mainly experimental and theoreti-

cal and most activities are not subject to patenting. One partner is using the gained 

knowledge and detected potential hazards to develop a new type of pressure vessels in the 

context of another project. 

 

 

1.7 Project conclusion and perspective 

The tools and scenarios discussed in this task 37 are useful for the further safe development 

of hydrogen infrastructures. They are designed to facilitate the implementation of technolo-

gies within the field and facilitate the establishing and permission processes of these tech-

nologies. The application of these tools combining consequence and reliability as well as de-

terministic and probabilistic methods are found very useful to predict the overall safety risks 

of hydrogen installations. 

 

The following forward looking opportunities to enhance hydrogen safety are proposed.  

Focus should include the entire H2 supply chain , thus expanding the main focus on HRS 

An important area needing more safety research is the physical protection (safety) of hydro-

gen infrastructures 

Hydrogen supply chain risk management 

Life cycle assessment and impact assessment  

Performe comparative risk assessments 

Quantify associated first party, second party and third party risks as part of the comparative 

assessment 

On-board H2 storage technologies 

 



 

 

Annex 

 

Homepage: http://ieahydrogen.org/Activities/Task-37-Hydrogen-Safety-Task.aspx 

 

Bilag 1:  

Meeting agenda’s 

Task 37: Hydrogen Safety 

 

Kick-off Meeting  

20th-22nd April 2015 

23rd April 2015 

 

Place: Karlsruhe Institute of Technology – Campus North; Building 419 (IKET), Room 104 

 

Monday, April 20, 2015 – 1.0 Opening Session and Task Definitions 
1230 – 

1300 

1.0 Arrival and snacks  

1300 – 

1315 

1.1    Welcome and Introductions Head of KIT & 

John Khalil 

1315 - 

1330 

1.2 Administrative and logistical information -KIT Mike Kuz-

netsov 

1330 - 

1345 

1.3 Recognition of Task 31 Subtasks Leaders de Valladares 

1345 - 

1400 

1.4 Review of agenda, meeting scope, and priority ob-

jectives 

John Khalil 

1400 - 

1415 

1.2    Report on the IEA HIA February Meeting Andrei 

Tchouvelev 

1415 - 

1500 

1.3    Review of Task Definition John Khalil 

  Work Plan, Deliverables, Further steps for setting up 

the task 

John Khalil 

1500 – 

1530 

Break   

1530 – 

1630 

1.4    Ulster’s progress in physical effects: blast waves, 

localized deflagration, thermodynamics, DDT model-

ing, HRR, and deterministic separation distance. 

Vladimir Mol-

kov 

1630 - 

1700 

1.5 (Discussion of Priorities and Participation) Subtask Lead-

ers 

1700 1.6 Adjourn  All 

1900 – 

open 

 Come together at the Badisch Brauhaus 

(just in the backyard of Hotel Kübler)  

at own ex-

penses 

    
Tuesday, April 21, 2015 – 2.0 Technical Presentations / 3.0 Information Exchange 

0830 Bus to 

KIT 

  

0900 – 

0910 

2.0 Introduction, Day 2 activities John Khalil 

0910 - 

0930 

2.1 DOE Hydrogen Safety, Codes, and Standards Will James 

0930 - 

0945 

2.2 Update on ISO/TC197 activities Andrei 

Tchouvelev 

   Subtask A Presentations: 

Integrated Tool Kit for Hazards and Risk As-

sessment 

 

0945 - 

1030 

2.3 HyRAM demo/walkthrough, requirements for an 

integrated toolkit 

Katrina Groth 

1030 - 

1100 

Break   

    

http://ieahydrogen.org/Activities/Task-37-Hydrogen-Safety-Task.aspx


 

 

   Subtask B Presentations:  

Accident Scenario Development 

 

1100 - 

1200 

2.4 Discussion on ISO TC 197, WG 24 - - risk assess-

ment workshop in Munich 

Katrina Groth 

 2.5   

 2.6   

 2.7   

1200 – 

1300 

Lunch 

Break 

  

  Subtask C Presentations:  

Physical Effects 

 

1300 - 

1315 

2.8 Wall attached jets, preparations for fire tests of 

pressure tanks, flame acceleration in free semi-

sphere 

Thomas Jor-

dan 

1315 - 

1330 

2.9 Cyber Laboratory / SAGE work  Thomas Jor-

dan 

1330 - 

1345 

2.10 Temperature development during tank filling and 

emptying 

Pietro Moretto 

1345 - 

1400 

2.11 Modeling related to mining project Andrei 

Tchouvelev 

1400 - 

1415 

2.12 Wall attached jets, Gas turbine project Stuart 

Hawksworth 

1415 - 

1430 

2.13 Updates on Hy3DRM and HySEA Trygve Skjold 

1430 - 

1445 

2.14 Towards determining design fires and HRR curve for 

onboard hydrogen storage systems through coupled 

CFD/FE analysis 

Jennifer Wen 

1445 - 

1500 

2.15 Ongoing international efforts between Warwick, 

Kingston, Technische Universität München and Hefei 

University of Technology on modelling hydrogen 

explosions and DDT in mixtures with concentration 

gradients. 

Jennifer Wen 

1500 - 

1515 

 Hydrogen leakage incident Knut Vag-

sather 

1515 - 

1545 

Break   

  Subtask D Presentations:  

Human Reliability Analysis (HRA) 

 

1545 - 

1600 

2.16 Technical risk assessment related to human and 

organizational factors 

Frank Markert 

  Subtask E Presentations:  

Materials Compatibility 
 

1600 - 

1615 

2.17 Update from Japan Matsunaga 

1615 - 

1630 

2.18 An overview of hydrogen safety project in Japan Tadahiro 

Shibutani 

1630 - 

1645 

2.19 Update from Spain Iñaki Azkarate 

1645 - 

1700 

2.20  Discussion of Day 2, actions items, next Task 37 

meeting in Japan, instructions for Day 3 Tour 

John Khalil, 

Thomas Jor-

dan &  All par-

ticipants 

1700  Adjourn    

1815   Group Transport to Dinner starting in front of Hotel 

Kübler 

 

1900 – 

open 

 KIT Invited Dinner 

(place to be determined) 

 

    
Wednesday, April 22, 2015 – Lab Tour / 5.0 IPHE RCS Group Meeting 
0830 Bus to   



 

 

KIT 

0900 – 

1200 

4.1 KIT Technical Tour 

 

Thomas Jor-

dan  

& All  

1200 – 

1300 

Lunch 

Break 

  

1300 - 

1700 

5.0 IPHE RCS Meeting IPHE Group 

members and 

guests 

1700 Bus to 

hotel 

  

 

Kawasaki, Tokyo, Japan  

Friday, October 23, 2015 9:00 am – 5:30 pm 

Host organization: Kawasaki Heavy Industries, Ltd. 

 
 



 

 

 

 

Meeting Location: IEA HIA, Bethesda, MD 

Host: Mary-Rose Valladares, IEA HIA Manager 

 

Monday November 28, 2016 

 

(1:00 pm – 5:00 pm) 

Speaker Time Topic 

 12:00 – 1:00 pm Lunch 

Mary-Rose Valladares 

(Host) 

1:00 – 1:10 pm Welcome and meeting logistics 

Mary-Rose Valladares 1:10 – 1:30 pm IEA HIA Update 

John Khalil 1:30 – 2:30 pm Presentation title will be added 

Katrina Groth 2:30 – 3:30 pm HyRAM current status & future applications 

Tadahiro Shibutani 3:30 – 4:00 pm Leakage-type-based analysis and lesson 

learns of accidents involving hydrogen fuel-

ing stations 

All 4:00 – 5:00 pm Planning for end of Task 31 workshop 

Tuesday November 29, 2016 

 

(9:00 am – 5:00 pm) 

Speaker Time Topic 

 9: 00 – 9:30 am Coffee & Continental Breakfast 

Mary-Rose Valladares 

& John Khalil 

9:30 – 9:40 am Logistics and review of meeting agenda 

Stuart Hawksworth 
 

9:40 – 10:20 am Update on Activities at HSL and the UK 

More Widely 

Vladimir Molkov 10:20 – 10:50 am Simulations of blast wave and fireball after 

tank rupture in a fire using real gas EOS 

Vladimir Molkov 10:50 – 11:20 am Simulation of cryogenic jet fires 

 

Tuesday November 29, 2016 

 

(9:00 am – 5:00 pm) 

Speaker Time Topic 

Frank Markert 11:20 – 12 pm Risk modelling of H2 supply chains includ-

ing human aspects 

 12:00 – 1:00 pm Lunch 

William Buttner 1:00 – 1:30 pm NREL and JRC Sensor Testing Laboratory 

Programs 

H2 Safety Sensor Gap Analysis and  

Support of Safety Codes and Standards 

Pascal Tessier 1:30 – 2:00 pm TBD 

Knut Vaagsaether 2:00 – 2:30 pm Image processing of high speed movies of 

jet release of hydrogen 

 2:30 pm – 3:00 pm Coffee Break 

Djurre Siccama 3:00 – 3:20 pm 1. Update on the Hy3DRM and HySEA pro-

jects 

Djurre Siccama 3:20 – 3:40 pm 2. Blind-prediction study for hydrogen fill-

ing station 

John Khalil / All 3:00 – 4:00 pm New action items & final remarks 

Adjourn 4:00 pm  

 

 



 

 

Hosted by Health & Safety Executive (HSE) 

Buxton, UK 

July 3 – 4, 2017 

 

12:30 – 2:00  pm Lunch at HSL 

2:00 – 2:15  pm Welcome and meeting logistics Stuart Hawksworth 

HSE 

2:15 - 2:30 pm Introduction & planning John Khalil, UTRC 

  Stuart Hawksworth 

2:30 – 3:00 

pm 

KIT current work related to hydrogen safety and code 

development. 

Thomas Jordan 

3:00 – 3:30   

3:30 – 4:00 pm Update on the Hy3DRM and HySEA projects. Needs 20 min Trygve Skjold 

4:00 0 4:10 pm   The future of IEA-HIA Task 37 on Hydrogen Safety needs 10 min Trygve Skjold 

Tuesday July 4, 2017 

9:00 – 9:30 am CFD and engineering models for vented hydrogen defla-

grations 

Jennifer Wen 

Warwick U. 

9:30 – 10:00 am  Tadahiro Shibu-

tani 

 10:00 – 10:30 

am 

DTU- Current work related to hydrogen safety in infrastructures (20 min) 

Brief introduction to DTU Civil Engineering (10 min) 

Frank Markert 

10:30 – 11:00 

am 

Defalagration-to-detonation transition  and detonation in hydrogen-air 

mixture with concentration gradients 

Changjian Wang  

Hefei Univeristy of 

Technology 

Coffee break: 11:00 – 11:20 am 

11:20 – 11:50     

   

Lunch 12:00 – 1:00 pm 

1:00 – 3:00 pm HSE Facility Tour 

3:00 – 4:00 pm Discussion & plan for Task 31 End of Task Workshop John Khalil & All 

4:00 pm Adjourn 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 
 Hosted by  

Air Liquide Centre de Recherche Paris-Saclay  

October 19, 2018 

Meeting Agenda Time  Presentation Topic  Speaker  

9:00 – 9:10  Welcome and meeting logis-

tics  

Simon Jallais, AL  

9:10 – 9:20  Introduction & planning  John Khalil, UTRC, USA  

9:20 – 9:45  Update on KIT work on H2 

safety issues.  

Thomas Jordan, KIT, Karls-

ruhe, Germany 

9:45 – 10:10  PRESLHY project.  Thomas Jordan, KIT Karls-

ruhe, Germany 

10:10 – 10:25  Coffee break  

10:25 – 11:00  DTU new research related to 

hydrogen car fires in enclo-

sures.  

Frank Markert, DTU Den-

mark Technology University, 

Denmark 

11:00 – 11:30  Research activities on com-

prehensive social risk assess-

ment for hydrogen refueling 

station.  

Tadahiro Shibutani, YNU, 

Yokohama, Japan  

11:30 – 12:00  Update on the HySEA project 

and brief introduction to the 

SH2IFT project  

Trygve Skjold, Gexcon  

12:00 – 1:00 pm  Lunch  

1:00 – 2:00 pm  Tour at the Hydrogen Station Facility@ Air 

Liquide R&D 
 

 



 

 

Bilag 2:  

 

Poster på Den danske brint- og brændselscelledag 2016 & 2018 

 



 

 

 



 

 

Den danske brint- og brændselscelledag 2018

Scenarious Results Conclusion and 
perspective

Category

Partner

Background

Project description/objective/goals

Sustainable Cars & Car Park Fire Spread

Application of hydrogen in car parks, complex infra-
structures and buildings

DTU master thesis at DTU Civil Engineering – Building Design 
and processes, Fire Group

Real fires proved faster and wider fire spread than the design rules 
indicate. The determine parameters are:
• Distance between cars 
• Layout of parking spot
• Thermal feedback from ceiling

New sustainable car may contribute more to fire spread scenarious:
• New lightweight cars contain more combustible plastic 
• New fuels as hydrogen, larger batteries, etc. are used

Research questions:
• How will the new sustainable fuels affect such scenarios?
• Is there a difference in fire spread from HFV?
• Is there a need for specific design rules for HFV?

Master thesis: Denice Kirstine Søgård

Supervisors: associate professors  Frank Markert & Luisa Guilliani

Contact: Frank Markert (fram@byg.dtu.dk) 

1. Scenario: REFERENCE - one car in a simple room.
Fire starts in the back right tire and spreads to the whole car.
Used to calibrate the car model against experimental HRR curve.

2. Scenario: FIRE SPREAD BY MODELED CAR
Two cars parked in the semi-open car park
Fire starts in the back right tire of the left car
Used to compare with fire spread from HFC

3. Scenario: FIRE SPREAD BY HFV CAR
As scenario 2, but the left car is a HFV

Modelling hydrogen safety valve activation:

• Hydrogen is modelled as a burner under the car

• Mass flow rate curve assígned

• Activation of the TPRD at 100 C

• TPRD modelled as a thermocouple on the burner

Ignition of HFC car: Activation of TPRD hydrogen at 72 s
Fire spread to 2nd car: Ignition of car 2 at 130 s

There has been reported a large number of car-park fires. The 
latest happend in Liverpool where 1400 cars burned in a fire. The 
start of the fire was immediatly recognized by cark-park visitors
and the fire brigade arrived in short time thereafter. Still the fire 
load of the SUV ignited the naboring cars and the fire spread to 
the whole 7-stories car park in very short time. The loss is 
monetarian and no people have been injured or died.
Nevertheless, the loss had been very substancial and also
resulted in a destroyed car park building. 

Such a fire scenario involving future cars fueled by e.g. hydrogen, 
batteries need to be investigated more deeply. The objective will
be to find the best car-park designs implementing the best
prevention and mitigation startegies.

Fire spread in car-parks are not the only scenarios of interest. The 
usability and resilient use of new hydrogen based technologies
have to be investigated more widely. Scenarious and calculations
as well as fire tests have to be made for e.g.:
• Tunnels 
• Ferries
• Closed / underground car-parks 

Part of such investigations will be made in the forthcomming
Horizon 2020 JTI-FCH project starting early 2019:

Pre-normative research for safety of hydrogen driven vehicles 
and transport through tunnels and similar confined spaces 
(HyTunnel-CS)

The scope related to confined traffic infrastructures, e.g. tunnels, 
according to the implementation of EU directive 2004/54/EC and 
the effectiveness and interaction of conventional and innovative 
safety measures in case of accidents with hydrogen-powered 
vehicles or hydrogen transport in tunnels. To providing guidance 
and suitable performance-based requirements to regulatory 
bodies, technology suppliers and operators.

Consortium composition
The HyTunnel-CS consortium includes 13 partners from 11 EU and 
non-EU countries. They are recognized global leaders in 
hydrogen safety and tunnel safety.

• Fasanvænget Kokkedal, DK (2001 Sept.) - 30 cars burned in 
open car park

• Odense Parking Garage, DK (2014 Apr.) – 10 cars involved
• Schipol Airport Fire, NL (2002 Oct.) – 52 cars burned in open 

car park
• Brøndby Øster sheltered car park (2016 March) – 19 cars 

involved in the fire
• Von Lingens Väg Malmö, SW (2017 Apr.) - 30 cars burned in a 

closed car park
• Stansted Airport (2010 Aug.) – 24 cars involved in the fire
• Edinburgh Parking Facility (2014 Apr.) – 21 cars involved in the 

fire
• Liverpool Echo Arena (2018 Jan.) - 1400 cars burned in open 

car park

Materials chosen:
1. Rubber
2. Polyurethane foam (PU)
3. Polyvinyl chloride (PVC)
4. Polypropylene (PP)
5. Polycarbonate (PC)

Liverpool car park fire – New Year’s Eve 2018

• 7-story car park
• one Land Rover bursted in

flame
• 1400 cars engulfed in the

fire
• no casulaties!

Fires in Dk and EU

Schipol Airport Fire Oct 2002

• open car park
• 52 cars burned in the fire
• no casulaties!

The car model implemented in the Fire Dynamic Simulator

Car model chosen:
Comparable with Toyota Avensis, 
Toyota Mirai, …
Car dimensions: 
Length: 4,8m Width: 1,8m Height: 1,6m

Scenario 3: Fire spread by HFV car - FDS model set-up

- HFV does affect the fire spread in the car park design
- High sensitivity to activation time of TPRD
- Fast fire spread to car 2

Further work:
• Effect of ceiling – radiation model
• Firespread to several cars
• Improved hydrogen release modelling 
• Modelling of additional fuels
• Development of more detailed car model 
• Two new master of Fire engineering students are 

currently working on a more advanced model

Tunnel training facility in Balsthal
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Hydrogen Safety Journal (H2SJ) – A publication by the International Energy Agency (IEA) 

DESCRIPTION 

The Hydrogen Safety Journal aims to provide a leading platform for publishing high-

quality interdisciplinary papers on research and practice related to safety of hydrogen tech-

nologies and applications. Types of article published by this journal include original research, 

applied research, perspectives, short communications, and review papers. All papers should 

include some elements of product safety thinking and should clearly demonstrate that they 

are addressing topics related to hydrogen technologies risk assessment, risk management, 

and codes & standards.  

The areas and topics covered by the journal include but are not limited to: 

 Fundamental research (experimental and theoretical) & Applied research 

 Solid-state hydrogen storage materials dust cloud explosions and combustion char-

acterization 

 Hydrogen storage materials’ reactivity and safety 

 Accident sequence development and quantification (e.g., hydrogen leak scenarios 

leading to fires and explosions, etc.). 

 Consequence analysis of hydrogen fires and explosions (e.g., property damage, inju-

ries, etc.). 

 Safety analysis of hydrogen vehicles and infrastructure & Hydrogen safety best 

practices, training, and communications 

 Safety of hydrogen production, transportation, and distribution 

 Hydrogen supply chain risk management 

 Quantitative risk assessment and qualitative risk assessment methods 

 Safety of hydrogen storage tanks 

 Hydrogen products safety (e.g., PEM fuel cells, portable hydrogen generators) 

 Unmanned aerial vehicles power by hydrogen 

 All-electric aircraft powered by hydrogen and fuel cells. 

 Safety of hydrogen-based mobile and portable applications (e.g., forklifts, genera-

tors, etc.) 

 Hydrogen safety codes and standards 

 

EDITORIAL BOARD 

Editor-in-Chief Dr. Y. F. Khalil, United Technologies Research Center (UTRC), East 
Hartford, CT 06108 USA. Operating Agent for the Hydrogen Safety Task, 
IEA HIA, and Fellow of the University of Oxford, UK. 
E-mails: khalilyf@utrc.utc.com; khalilyf@ieahia.org; kha-
lil@alum.mit.edu; ykhalil@alumni.stanford.edu;ykhalil@fas.harvard.edu; 

Yehia.khalil@yale.edu 

  
Board Members Dr. Stuart Hawksworth, Director, Health & Safety Laboratory (HSL), 

Buxton, UK;  E-mail: stuart.hawsworth@hsl.gsi.gov.uk 
 
 Ms. Mary-Rose Valladares, Manager, IEA HIA, Bethesda, MD 20814 

USA;  E-mail: mvalladares@ieahia.org 

 
 Prof. Frank Markert, Technical University of Denmark (DTU), Denmark 
 E-mail: fram@byg.dtu.org 
 
 Prof. Tadahiro Shibutani, Yokohama National University (YNU), Japan 
 E-mail: shibu@ynu.ac.jp 
 

 Prof. Changjian Wang, Hefei University of Technology, Hefei, Anhui, 
China 

 E-mail: chjwang@hfut.edu.cn 

mailto:khalilyf@utrc.utc.com
mailto:khalilyf@ieahia.org
mailto:khalil@alum.mit.edu
mailto:khalil@alum.mit.edu
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mailto:stuart.hawsworth@hsl.gsi.gov.uk
mailto:mvalladares@ieahia.org
mailto:fram@byg.dtu.org
mailto:shibu@ynu.ac.jp
mailto:chjwang@hfut.edu.cn
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IEA H2 EUROPEAN WORKSHOP 
Hydrogen Safety: Prospects for Hydrogen Technologies & Applications 

Hamburg, Germany, 14 September 2017 

 

PRESENTATIONS 

 IEA H2 IEA H2 Safety Workshop Overview (Mary-Rose de Valadares replacing Jan 
Jensen) 

 IEA Task 37 Overview (John Khalil) 

 Safety of Hydrogen in the Energy System (Stuart Hawksworth) 

 Recent advances in hydrogen safety research at Ulster – Part I (Vladamir Molkov) 

 The new version of the Hydrogen Incident Accident Database - HIAD (Daniele Melideo) 

 DTU- Current work related to hydrogen safety in infrastructures (Frank Markert, see be-
low) 

 Numerical modelling of vented lean hydrogen–air deflagrations using HyFOAM (Vendra 
C Madhav Rao) 

 Evaluation of engineering models for vented lean hydrogen deflagrations (Anubhav 
Sinha) 

 Flame propagation (deflagration, DDT, and detonation) in hydrogen-air (Knut Vagsae-
ther) 

 Prospects for improved consequence modelling and risk management for hydrogen ap-
plications (Trygve Skjold) 

 What are the main challenges to mass adoption of hydrogen-based technologies and 
how do we address them? (Panel Discussion) 

 

Presentations attached below are Presentation John Khalil- “IEA Task 37 Overview”  

and DTU “Current work related to hydrogen safety in infrastructures” 

https://ieahydrogen.org/pdfs/IEA-H2-IEA-H2-Safety-Workshop-Overview.aspx
https://ieahydrogen.org/pdfs/IEA-H2-European-Workshop-(Hamburg,-J-Khalil-Pr-(1).aspx
https://ieahydrogen.org/pdfs/IEA-H2-European-Workshop-(Hamburg,-J-Khalil-Presen.aspx
https://ieahydrogen.org/pdfs/Hamburg-ws14092017-b.aspx
https://ieahydrogen.org/pdfs/14092017_Task37_DM_6_short.aspx
https://ieahydrogen.org/pdfs/Anubhav_EM_6Sep.aspx
https://ieahydrogen.org/pdfs/14_09_2017_FlamePropagation_Vaagsaether.aspx
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