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CHAPTER 1  
TASK 37 Goal and Objectives 

 

Background - After Task 31 (Hydrogen Safety) ended, the Executive Committee (ExCo) of 

the International Energy Agency (IEA) Hydrogen Implementing Agreement (HIA) 

approved the launch of Task 37 on hydrogen safety under Dr. Y. F. Khalil’s technical 

leadership who managed this new task for two consecutive terms (six years) ending in 

December 2021. Before his appointment to lead Task 37, Dr. Khalil was a subtask leader 

under Task 31 as well as its predecessor Task 19. 

Chapter 1 of this technical report describes the overarching goal (in Section 1.1) and key 

enabling objectives (in Section 1.2) of Task 37 on hydrogen safety. 

 

1.1 Task Goal 

The overarching goal of the Hydrogen Safety Task was to support the acceleration of 

safe implementation of hydrogen-based technologies and their infrastructures through 

coordinated international collaboration and hydrogen safety knowledge dissemination.   

 

1.2 Task Objectives 

To achieve the aforementioned overarching goal, Task 37 had four key objectives as 

follows: 

i) Support development of the quantitative risk assessment (QRA) integration tool 

kit (viz., the HyRam platform). 

ii) Identify risk management strategies (e.g., separation distances) to ensure safe 

implementation of hydrogen-based infrastructures while maintaining public 

safety.  

Note that the published literature on hydrogen safety may use interchangeably 

other names of the separation distances such as safety distances and setback 

distances. 
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iii) Compile equipment reliability data [in the form of field failure rate data (lambda), 

mean time between failure (MTBF), and mean time to failure (MTTF)] of 

structures, systems, and components (SSC).  

Note that equipment reliability data is needed to enable the conduct of 

quantitative risk assessment (QRA) using probabilistic tools such fault tree 

analysis (FTA) and event tree analysis (ETA). 

iv) Generate risk-informed insights to guide development of new and/or revised 

hydrogen safety codes & standards (C&S) such NFPA-2 and ISO standards. 

Note: Risk-informed (RI) insights are generated via a blend of deterministic 

methods (such as engineering calculations, simulations using computational fluid 

dynamics (CFD) & other computational tools, and experimentation) and 

probabilistic risk assessment (PRA) methods and tools. 

It should be noted that safety and risk management cuts across all hydrogen-based 

applications and value-chain including hydrogen production, distribution, storage, 

transport, PEM fuel cells vehicles, refueling stations, use of H2 in aviation and maritime, 

domestic use of hydrogen and blends of hydrogen /methane, etc. Accordingly, Task 37 

maintained the following core strategies: 

❑ Collaboration with other IEA H2 Tasks. 

❑ Collaboration with members of H2 TCP and other IEA TCPs (e.g., Bioenergy TCP, 

Industrial TCP, etc.). 
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CHAPTER 2  
Task 37 Member Countries and 

Organizational Structure  

Chapter 2 of this technical report presents the member countries who participated in this 

task (Section 2.1) and describes Task 37 organizational structure (Section 2.2).  

  

2.1 Task member countries 

Task 37 member countries and their associated organizations are as follows: 

United Kingdom: Three organizations: Health & Safety Executive (HSE), Ulster University, 

and University of Warwick. 

France: Air Liquide 

Germany: Karlsruhe Institute of Technology (KIT) 

Denmark: Technical University of Denmark (DTU) 

Norway: University of South-Eastern (USN) 

Spain: Tecnalia 

Italy: University of Pisa (UniPi) 

The Netherlands: European Commision (EC), Joint Research Center (JRC) 

United States of America: United Technologies Research Center (UTRC), U.S. Department 

of Energy (recently rejoined). 

Japan: NEDO and Yokoyama National University (YNU) 

China: Hefei University of Technology 

New Zealand: member organizations are TBD. 
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2.2 Task organizational structure 

Under Task 37, Dr. Khalil managed a portfolio of research activities conducted by 

teams of international hydrogen safety experts. To this end, he organized five subtasks 

under Task 37 as shown in Table 1A and Figure 1. Each subtask has an assigned subtask 

Leader(s). The hydrogen safety experts were able to participate in one or more the 

subtasks, depending on their research interest. 

TABLE 1A: TASK 37 ORGANIZATIONAL STRUCTURE. 

SUBTASK TITLE SUB-TASK LEADER & Affiliation 

A QRA Tool Kit Integration (HyRam) Prof. Katrina Groth 
University of Maryland, USA 

B Accident scenarios development 
& quantification 

Prof. Knut Vagsather 
University of South-Eastern (USN), 
Norway 
 
Dr. Julie Flynn 
Air Liquide, Paris, France 

C Physical effects / Phenomena 

 

Prof. Vladimir Molkov 
Ulster University, N. Ireland, UK 
 
Prof. Jennifer Wen 
Warwick University, UK 

D Human reliability analysis (HRA) Prof. Frank Markert 
Technical University of Denmark 
(DTU), Denmark 

E Materials compatibility with 
hydrogen 

 

Prof. Tadahiro Shibutani 
Yokohama National University (YNU) 
Yokohama, Japan 
 
Prof. Changjian Wang 
Hefei University of Technology, China 

 

 

Figure 1 shows Task 37 organizational structure and the titles of the five subtasks. 
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Figure 1. Task 37 (Hydrogen Safety) organizational structure. 

 

Table 1B provides the R&D activities and deliverables of each subtask under the 

Hydrogen Safety Task 37. 

Table 1B: Subtasks R&D activities and deliverables. 
Subtask Subtask Activities & Deliverables 

A: QRA toolkit Integration (HyRAM) 1) Validated models for H2 flame behavior and 
H2-specific QRA to guide industry C&S.  

Examples of current uses of HyRAM in C&S:  
1.1) NFPA 2:  
• Establishing gaseous hydrogen separation        

distances.  
• Developing models for calculating liquid     

hydrogen (LH2) separation distances.  
 

1.2) ISO CD-19880-1:  
Development of generalized risk mitigation     
approaches such as safety distances.  
 

2) Providing failure probability data to enable       
quantification o f Q RA models. 
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Subtask Subtask Activities & Deliverables 

3) HyRAM has been used for supporting risk-
informed comparisons among reference HRS   
and on-site storage (rooftop, underground, or 
at grade). Example: H2FIRST reference station 
design (project participants ANL, NREL, and 
SNL). HyRAM has been used for calculating       
baseline risk for a 300 kg/day reference HRS.  
 

4) Examples of future applications: NFPA and ISO 
codes revisions for enclosures’ designs by         
comparing safety impacts of different designs 
and identifying critical risks associated with     
components such as compressors and 
hydrogen storage tanks. 

B: Accident Scenarios      

Development & Analysis 

This subtask defines generic systems, scenarios,   

and mitigation strategies to be used for validating 

models’ predictions from subtask A. 

R&D activities and deliverables: 

1) Provide insights and updates on the 3D risk    
management framework (Hy3DRM) and HySEA 
(started 9/ 1/ 2015 and to be completed by 
2018).  

Source: www.hysea.eu  

2)  Provide insights and updates on hydrogen     

safety projects in Japan (HRS leak scenarios).  

3)  Provide general hydrogen-based systems and     

accident sequences to serve as alpha-tests to    

validate HyRAM models. 

C: Physical Effects / Phenome- 

na 

1) Effect of heat release rates (HRR) on results of 

Bonfire test in Globa l Technical Regulation GTR 

2013 (G TR# 13).  

2) Effect of radiative heat on hazard distances      

from blast wave and fire ball.  

3) Support to safety analysis of hydrogen and fuel 

cell technologies (SUSANA) project related to 

model valuation protocol using CFD analysis for 

H2 safety issues and best practices.   
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Subtask Subtask Activities & Deliverables 

4) Flow velocity measurments in H2-air explosions.   

5) Jet release of gaseous hydrogen.  

6) Modeling deflagration-to-detonation transition 

(DDT) in H2/ Air mixture s with concentration 

gradients.   

7) Physical effects research: Examples include blast 

waves, localized deflagration (Ulster University’ 

s research progress). 

8) KIT’s research on fire tests, flame acceleration in 

free semi-sphere, etc.   

9) Ongoing international efforts (between Warwick 

University, Kingston University, Technische 

Unive- rsität München, and Hefei University of 

Technology in China) on modeling hydrogen 

explosions and DDT in mixtures with 

concentration gradients.   

10)  Development of new H2 safety engineering     

tools: Examples include: 

- A nomogram for blast waves (to guide first          

responders).  

- A nomogram for blowdown time of 

pressurized hydrogen storage tanks.  

- Modeling H2 leakage incidents. 

D: Human Reliability Analysis 

(HRA) 

1) Risk assessment related to human and 
organizational factors. 
 

2) Modeling human errors as accident initiation 
events.  
 

3) Modeling human recovery actions during 
accident progression.  

E: Hydrogen-Materials 

Compatibility Issues  

1) Hydrogen embrittlement of quenched and 

tempered steels.  



 
 

        Task 37 Final Report, December 2021  9 

Subtask Subtask Activities & Deliverables 

2) Fatigue tests (under different hydrogen charging 

conditions) for high-strength quenched and    

tempered steels. 
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CHAPTER 3  
Task 37 Main Achievements, 

Deliverables, and Knowledge 

Dissemination  

Chapter 3 of this technical report summarizes Task 37 main achievements (Section 3.1) 

and showcases selected examples of hydrogen safety information dissemination to the 

hydrogen technical communities as well as the general public (Section 3.2).  

 

3.1 Task main achievements 

One of the main activities of Task 37 was supporting development and validation 
testing of the Hydrogen Risk Assessment Model (HyRam). This toolkit (Figure 2) 
incorporates numerous H2 phenomenological models into a user-friendly platform 
designed to address key barriers to deployment of H2 infrastructures including limited 
availability of data and lack of models describing H2 behavior.  

 
Other achievements of Task 37 included the development of qualitative and quantitative 
risk insights (both physics-based and probabilistic) to support development of new as well 
as revised H2 safety C&S (e.g., NFPA2 and ISO standards).  
 
Below are a few detailed examples of Task 37 achievements: 
 
Example 1: HyRam risk assessment toolkit 

HyRam is an integration QRA platform which can be used to support safety codes & 
standards (SCS) such as NFPA-2, ISO DTR-19880-1 (Development of regional safety 
distances and mitigations using region-specific criteria), and ISO TC197 WG24. 

 
Examples of HyRam support to NFPA-2 include: Chapter 5 (Enabling Performance-based 
compliance option), Chapter 7 (GH2 separation distances), and Chapter 10 (Calculated 
risk from indoor refueling). 
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HyRam can be used for comparing risks associated with different design options and for 
determining a given component drives the risk. HyRam can also be used for assessing the 
impact of risk mitigation options and for analysis of evacuation zones. Finally, HyRam can 
be used for training purposes. 
 
 

 
 
Figure 2. HyRam toolkit for quantitative risk assessment. 
 
 
Example 2: Risk quantification of hydrogen leakage in refueling stations 
 
Source: Khalil, Y.F. (2017). A probabilistic visual-flowcharting-based model for 
consequence assessment of fire and explosion events involving leaks of flammable gases. 
Journal of Loss Prevention in the Process Industries, 50, 190–204. 
  
Khalil (2017), employed probabilistic methods together with state-of-the-art visual 
flowcharting methodology to:  
 

i) Develop a simulation model for quantifying frequencies of risks associated with 
postulated accident scenarios where leaked flammable gases within enclosures 
could ignite under specific conditions.  

ii) Demonstrate functionality of the proposed model by a case study involving a 
postulated hydrogen leak scenario inside the com pressor's room in a HRS.  

iii) Use the HRS case study to: a) quantify occupational risks to station's personnel 
(i.e., first-party risks) in close proximity to the hazard source and b) draw useful 
safety in sights by comparing calculated occupational risks to first-party's risk 
acceptance criterion currently set at 1.0E-4/year (i.e., one chance per 10,000 
years).  
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iv) Use the HRS case study to perform scenario analysis and sensitivity cases. Accident 
scenarios' simulations should employ Monte Carlo (MC) sampling technique for 
uncertainty propagation through the proposed model. 

v) Establish a computational framework for calculating economic costs associated 
with the calculated occupational risks.  
 

The probabilistic risk assessment model in shown in Figure 3. 
 

 

 
Figure 3. A probabilistic visual-flowcharting-based model for consequence assessment of 
fire and explosion events involving H2 leak in a refueling station (Khalil, 2017). 
 
The results of Khalil (2017) study show that (given occurrence of an undetected gaseous 
leak in conjunction with presence of an ignition source, ventilation failure, and presence 
of personnel close to the hazard source) for the postulated scenarios, compressor's small 
H2 leaks (unlike medium and large leaks) pose intolerable occupational risk frequencies 
that exceed the acceptable risk level of 1.0E-4/year as well as NFPA's selected risk 
guideline of 2.0E-5/year which is driven by the comparative risk to gasoline stations. To 
mitigate predicted occupational risks to acceptable levels, safety control measures and 
best practices are recommended. The proposed model can be used as a training tool for 
first responders to fire and explosion events initiated by leaks of flammable gases. The 
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model allows user-specified ‘what-if’ scenarios with or without risk mitigation measures. 
In addition to HRS, the model can be applied to a broad range of industrial applications 
such as natural gas refueling stations, indoor chiller systems which employ flammable 
refrigerants, and warehouses equipped with hydrogen-powered forklifts. Risk insights 
from this model's simulations can also support safety codes & standards and root cause 
investigations of industrial fire and explosion events. 
 
Note that Khalil’s risk model calculates the frequencies of risks of H2 fire or explosion 
injuries, averaged over 106 Monte Carlo trials per simulation run. Key insights of Khalil’s 
study are provided in Figures 4 and 5. 
 

 
 
Figure 4. Annual risk vs. fire injuries and explosion injuries for base-case and worst-case 
scenarios (Khalil, 2017). 
 

 
 

Figure 5. Annual risk vs. fire injuries and explosion injuries for base-case and worst-case 
SL, ML, and LL scenarios (Khalil, 2017). 
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Example 3: Market readiness scorecard for the hydrogen-powered light-duty electric 
vehicles (LDEV) 

 
As the operating Agent and Manager of the Hydrogen Safety Task 37, Dr. Khalil 

presented at the 76th ExCo Meeting (held in February 2017 in Oslo, Norway) the market 
readiness scorecard (Figure 6) for the hydrogen-powered light-duty electric vehicles 
(LDEV). The scoring criteria in provided in Figure 7.  

 

 
 

Figure 6. LDEV market readiness assessment dimensions: Levels met vs. issues of 
concern  
 
The scoring dimensions where grouped into four broader categories, namely: 
Environmental Benefits, Economic, Community/User, and Regulator, RCS, Policy, and 
Law. As Figure 6 shows, some dimensions are met in all aspects (Green color-coded) while 
others remain to have some issues or uncertainties (Orange color-coded). 
 
As depicted in figure 7, the scoring dimensions included: Generic scale (GEN), 
Manufacturing Readiness Level (MAN), Sustainability (SUS), Economic Validation (ECV), 
Production Learning Potential (PLP), Market Acceptance Assessment (MAA), and 
Regulations, Codes, and Standards (RCS). Each dimension is scored from 1 (lowest) to 9 
(highest).  
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Figure 7. Scale definitions for the market readiness scoring of dimensions. 
 
 
Example 4: Safety consideration of the power-to-gas (P2G) process 
 

As part of the hydrogen safety knowledge dissemination effort, Dr. Y.F. Khalil 
delivered an invited presentation at the at the Hydrogen Production Workshop 
sponsored by Électricité de France (EDF) in Chatou, France. 
 
Source: Khalil, Y.F. (2019). Hydrogen safety considerations for the power-to-gas (P2G) 
conversion process. Invited Presentation, Hydrogen Production Workshop, Électricité de 
France (EDF), 78400 Chatou, France, (November 6-8, 2019). 
 
In his presentation, Dr. Khalil discussed the NaturalHy project, which is co-funded by the 
European Commission (EC) and led by: Loughborough University (UK); Leeds University 
(UK); Commissariats a’ d’énergie Atomique (France); Shell Hydrogen; the Health and 
Safety Executive (UK); and the National Grid (UK). The NaturalHy project investigated 
potential risks of H2 transport using the existing natural gas (NG) pipeline networks. The 
project team assessed the following three risks of blending H2 with NG:  a) H2/NG (up to 
50% H2) blend buildup in confined spaces (Insight: no gas separation was observed), b) 
Potential explosions in confined spaces w/ & w/o ventilation (Insight: explosion similar to 
NG for ≤ 20 vol% H2), and c) Risk associated with the transmission pipelines (Insight: 
fatality risk is dominated by catastrophic pipe rupture). 
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In his research on H2/CH4 blending for domestic use such as heating and cooking, Dr. 

Khalil performed thermodynamic calculations of the three combustion reactions: CH4, 

H2, and CH4/H2 blend, respectively (see Tables 2, 3, and 4). He concluded that: a) All 

three combustion reactions are thermodynamically feasible at room temperature and b) 

The exothermic heat per mole of CH4 > exothermic heat per mole H2/NG blend (50:50 

mole%) > exothermic heat per mole H2. 

Table 2: Calculated exothermic heat for methane combustion (Khalil, 2019). 

 

Table 3: Calculated exothermic heat for hydrogen combustion (Khalil, 2019). 

 

Table 4: Calculated exothermic heat for combustion of hydrogen / methane blend 

(Khalil, 2019). 

 

The thermodynamic calculations presented in Tables 2, 3, and 4 were performed using 
the HSC Chemistry software package (Revision 10). 
 
Figure 8 shows the calculated impact of blending CH4 with H2 on CH4 gas properties 
and safety considerations (Khalil, 2019). 
 
 
 



 
 

        Task 37 Final Report, December 2021  17 

 

Figure 8. Blending H2 with CH4: Impact on CH4 gas properties and safety considerations 
(Khalil, 2019). 
 
 

Example 5: Risk characterization of hydrogen storage in solid-state materials under 
postulated risk scenarios and conditions 
 

Source: Khalil, Y.F. (2018). Science-based framework for ensuring safe use of hydrogen 

as an energy carrier and an emission-free transportation fuel. Journal of Process Safety 

and Environmental Protection, 117, 326-340. 

Khalil (2018) examined the safety-related characteristics of candidate hydrogen 

storage materials being considered for use in light-duty fuel-cell vehicles (LD-FCV) under 

the U.S. Department of Energy (DOE) Hydrogen Program. His research provided useful 

meaning to the general DOE safety target by establishing a link between the safety-

related characteristics of candidate storage materials and satisfaction of DOE safety 

target. In his research, Khalil (2018) developed a science-based framework that consisted 

of standardized materials tests (based on internationally accepted ASTM and United 

Nations testing protocols), novel risk mitigation strategies, and subscale system 

demonstration. The examined storage materials include NaAlH4, AlH3, 2LiBH4 + MgH2, 

3Mg(NH2)2·8LiH, NH3BH3, and activated carbon (Maxsorb AX-21). The scope of safety 

tests covers conditions that the storage material may encounter during postulated 

accident scenarios such as dust cloud explosion, materials reactivity in air and other 

fluids, hot-surface contact, mechanical impact, and fast depressurization. The generated 

results uncovered potential fire and explosion risks under accidental conditions. The 
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generated insights can be useful for assigning realistic probability values needed for 

quantifying risk scenarios, characterizing material’s hazard class, and supporting current 

and new hydrogen safety codes and standards. For risk mitigation, this study showed that 

powder compaction could be effective in suppressing pyrophoricity of hydride powders 

such as NaAlH4. Also, the study has experimentally demonstrated that adding 

(NH4)H2PO4 as a flame retardant to the hydride powder before compaction could 

suppress sensitivity of hydrides like NaAlH4 to ignite due to mechanical impact. The 

results also revealed that Maxsorb AX-21 to be a safer hydrogen storage medium 

compared to the examined hydrides which exhibited potential safety concerns under 

certain accident conditions. 

Figure 9 shows an example of Khalil (2018) experimental findings. He found that NaAlH4 

ignites by mechanical impact and, hence, this solid-state material would cause a fire 

hazard if used for on-board hydrogen storage under a postulated vehicular collision.  

 

Figure 9. A 4-g NaAlH4 wafer ignited upon first impact (free fall height = 1 m). 
 
 
Example 6: Risk insights from solid-state hydrogen storage materials reactivity and safety 
 
Source: Khalil, Y.F. (2015). Safe use of hydrogen for on-board light-duty fuel cell vehicles 

(LD-FCV). Invited Presentation, Kawasaki Heavy Industries, Ltd, Tokyo, Japan (October, 

2015). 

As part of his effort to disseminate hydrogen safety knowledge, Dr. Y. F. Khalil presented 

highlights of his research on solid-state hydrogen storage materials reactivity and safety. 

Figure 10 outlines Dr. Khalil’s experimental and theoretical research program on 

hydrogen safety. 
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Figure 10. Framework of the hydrogen safety research program (Khalil, 2015). 

A few key highlights of Dr. Khalil’s research are provided below in Figures 11 and 12. 

More details can be found in the aforementioned reference (Khalil, 2015). Figure 11 

shows the fault tree (FT) model for Hydride dust cloud explosion. As can be seen from 

Figure 11, the FT model accounts for material’s key characteristics such as the mínimum 

ignition energy (MIE), pyrophoricity, mínimum ignition temperature (TC), and mínimum 

explosible concentration (MEC). 

 
Figure 11. Hydride dust cloud explosion fault tree model (Khalil, 2015). 
 
Dr. Khalil investigation the potential use of ammonia borane (NH3BH3) powder dissolved 
in an ionic liquid (IL) as a hydrogen storage medium for light-duty electric vehicles (LDEV). 
His experimental work showed that the ammonia borane will not dissolve in any of the 
proposed candidate ionic liquids and will undergo phase separation (Figure 12). The three 
candidate ionic liquids being investigated were: 
- 1-Butyl-3-methyl Imidazolium bis(trifluoro methyl sulfonyl) imide 
- 1-Ethyl-3-methyl Imidazolium ethyl sulfate 
- 1-Butyl-3-methyl Imidazolium chloride (bmimCl) 
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Figure 12. Solid AB in 1-Ethyl-3-Methyl Imidazolium Ethyl Sulfate at room temperature 

(Khalil, 2015). 

For IL (bmimCl) (which is a white powder at room temperature), as soon as power AB is 

added to IL powder, the mixture started to melt as shown in Figure 13. When the IL/AB 

mixture was then gradually heated. more melting occurred at the temperature increased 

to about 70oC. At temperature ≥ 70 oC, thermolysis reaction gases bubbled through the 

liquid mixture.  

 

Figure 13. Solid AB powder melted when added to the bmimCl ionic liquid (Khalil, 2015). 

At about 100 oC, the single-phase liquid mixture swelled as shown in Figure 14. From a 

life cycle analysis (LCA) perspective, it doesn’t seem that (bmimCl) IL can be easily 

separated and recycled after the AB dehydrogenation reaction is completed. 
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Figure 14. the single-phase liquid mixture of AB in bmimCl ionic liquid swelled at about 

100oC (Khalil, 2015). 

Based on the findings of his experimental research, Khalil (2015) concluded that ammonia 

borane (AB) in ionic liquids cannot be used as a hydrogen storage media for on-board 

LDEV. 

 

3.2 Selected examples of hydrogen safety 
knowledge dissemination 
 

In managing the R&D activities of Task 37, Dr. Y. F Khalil ensured that hydrogen 
safety knowledge dissemination was communicated to the international hydrogen 
communities as well as the general public via publications in peer-reviewed journals, 
presentations in national and international conferences such as U.S. DOE hydrogen 
and Fuel cells Annual Merit Review (AMR), industry forums, workshops, and 
academia.  

 
The following selected publications showcase Task 37 efforts to disseminate H2 safety 
information: 
 
1. Groth, K.M. (2016). Hydrogen behavior and quantitative risk assessment. DOE 

Hydrogen and Fuel Cells Annual Merit Review (AMR), Washington, DC, USA. 
 

2. Khalil, Y.F. (2019). Safe use of hydrogen as a promising energy carrier for light-duty 
vehicles. Invited Presentation, Center for Global Public Safety Industry Stakeholders' 
Forum, Worcester Polytechnic Institute (WPI) Worcester, MA. Source: PowerPoint 
Presentation (wpi.edu) 

 
3. Khalil, Y.F. (2019). Role of hydrogen in a low-carbon economy: Hydrogen safety 

considerations for the power-to-gas (P2G) conversion process. Invited Presentation, 
Workshop on Hydrogen Production with CCS, Sponsored by Électricité de France, 
Campus EDF Chatou, 6 Quai Watier, 78400 Chatou, France, November 4-8, 2019. 

https://www.wpi.edu/sites/default/files/John%20Khalil%20Slides%20-%20Industry%20Forum%20Presentation%20slides%20(WPI%203-27-2019)%20rev%201.pdf
https://www.wpi.edu/sites/default/files/John%20Khalil%20Slides%20-%20Industry%20Forum%20Presentation%20slides%20(WPI%203-27-2019)%20rev%201.pdf
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4. Khalil, Y.F. (2018). Science-based framework for ensuring safe use of hydrogen as an 

energy carrier and an emission-free transportation fuel. Journal of Process Safety and 
Environmental Protection, 117, 326-340. 

 
5. Khalil, Y.F. (2018). UK Research and Innovation Hydrogen Experts Meeting. 

Department of Engineering Science, University of Oxford, UK 
 

6. Khalil, Y.F. (2017). A probabilistic visual-flowcharting-based model for consequence 
assessment of fire and explosion events involving leaks of flammable gases. Journal of 
Loss Prevention in the Process Industries, 50, 190–204. 

7. Khalil, Y.F. (2016). Experimental determination of dust cloud combustion parameters 

of  -AlH3 powder in its charged and fully discharged states for H2 storage 
applications. Journal of Loss Prevention in the Process Industries, 44, 334-346 

 
8. Khalil, Y.F. (2016). Hydrogen Safety Task 37, Presentation to the Executive Committee 

(ExCo) of the International Energy Agency (IEA), Department of Economy, Industry and 
Employment, Government of Aragon, Zaragoza, Spain, June 16  

 
9. Khalil, Y.F. (2015). Risk quantification framework of hydride-based hydrogen storage 

systems for light-duty vehicles. Journal of Loss Prevention in the Process Industries, 38, 
187-198. 

 
10. Khalil, Y.F. (2015). Safe use of hydrogen for on-board light-duty fuel cell vehicles (LD-

FCV). Invited IEA HIA presentation, Kawasaki Heavy Industries, Ltd., Tokyo, Japan. 
 
11. Kodoth, M., Aoyama, S., Sakamoto, J., Kasai, N., Khalil, Y.F., Shibutani, T., Miyake, A. 

(2020). Leak frequency analysis for hydrogen-based technology using Bayesian and 
frequentist methods. Process Safety and Environmental Protection, 136, 148-156. 

 
12. Kodoth, M., Shibutani, T., Khalil, Y.F., and Miyake, A. (2019). Verification of 

appropriate life parameters in risk and reliability quantifications of process hazards. 
Process Safety and Environmental Protection, 127, 34-320. 

 

3.3 Hydrogen safety workshops 

organized by Task 37 

Part of Task 37 information dissemination and outreach activities included the conduct 
of two workshop in 2016 and 2017, respectively, as follows: 
 

3.3.1 North America Hydrogen Safety Workshop which was held in May 2016 at the IEA 

HIA Offices in Washington, DC, USA. The workshop was well-attended by the 

https://www.sciencedirect.com/journal/journal-of-loss-prevention-in-the-process-industries
https://www.sciencedirect.com/science/article/abs/pii/S0957582019316799?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S0957582019316799?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S0957582019316799?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S0957582019316799?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S0957582019316799?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S0957582019316799?via%3Dihub#!
https://www.sciencedirect.com/journal/process-safety-and-environmental-protection
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international hydrogen safety experts and the U.S. Department of Energy. Figure 

15 shows some of the participants in North America Hydrogen Safety Workshop. 

 

Figure 15. North America Hydrogen Safety Workshop (2016) organized by Task 37 in 
Washington, DC, USA  

 

3.3.2 European Hydrogen Safety Workshop which was held in Hamburg, Germany in 

September 2017 (Figure 16). The workshop was also well-attended by the 

hydrogen safety experts from the member countries and U.S. DOE. The 

workshop included presentations and a panel discussion facilitated by Dr. Y. F. 

Khalil. 

 

Figure 16. European Hydrogen Safety workshop (2017) organized by Task 37 in 
Hamburg, Germany. 
 

  



 
 

        Task 37 Final Report, December 2021  24 

CHAPTER 4  
Hydrogen Safety and the Path 

Forward 
 

Safety is relevant to each step of the hydrogen value chain (production both 

conventional and renewable, transport, distribution, storage, and at the point of use). 

Also, hydrogen safety goes beyond ensuring safe hydrogen infrastructure (stationery 

and mobile refueling stations) and PEM fuel-cell power light-duty vehicles (see Figure 17 

and Table 5). 

The following are a few examples of future applications of hydrogen: 

• Trucks and buses (heavy-duty vehicles) 

• Trains 

• Maritime 

• Aviation. Note that use of gaseous hydrogen as an aviation fuel would require 
significant future R&D due to its low energy density and the need for hydrogen 
cryogenic storage. 

• Aircraft auxiliary power units (APUs) that provide electricity during taxing when 
the jet engines are not running.  

• Unmanned aerial vehicles (UAVs). 

• Hydrogen as a fuel for heating in buildings (using CH4/H2 blends and ultimately 
100% H2). 

• Hydrogen for power generation and electricity storage. 
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Figure 17. Hydrogen production sources and key applications.  
Source: Khalil, Y.F. (May 2019). Presentation at the International Energy Agency (IEA) 
Meeting, University of Oxford, UK). 
 

Table 5. Hydrogen applications and potential long-term opportunities. 
Source: The Future of Hydrogen (hydrogenexpo.com) 

 

 

 

https://www.hydrogenexpo.com/media/9370/the_future_of_hydrogen_iea.pdf
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CHAPTER 5  
Task 37 Key Messages and 

Recommendations  

 

The following are key messages and recommendations for future hydrogen R&D 

activities: 

o Over its six-years duration, Task 37 provided key quantitative risk insights (both 
physics-based and probabilistic) to support the development of both new and revised 
hydrogen safety C&S (e.g., NFPA-2 and ISO standards). 
 

o Dr. Khalil emphasizes the importance of expanding the current scope of hydrogen 
safety beyond the hydrogen-powered light-duty electric vehicles (LDEV) application 
and H2 refueling stations. To this end, Dr. Khalil recommends expanding the scope of 
H2 safety to other applications such as maritime, commercial aviation (hybrid-electric 
& all-electric aircraft), power-to-gas (P2G), heavy-duty vehicles, trains, and H2 
transport in long road tunnels and other confined-spaces such as garages.  
Accordingly, additional R&D efforts are needed to ensure the safety of emerging 
hydrogen-based technologies and associated infrastructures. 
 

o Bulk storage of hydrogen (whether as compressed gas or liquified) would require 
investigation of novel tanks design, materials selection, more robust risk mitigation 
and control methods, and H2 leakage detection devices.   
 

o Comprehensive safety-related research efforts are needed to address materials-
compatibility issues associated with hydrogen. 
 

o Improved understanding of safety issues is needed with respect to separation 
distances (aka, setback distances or safety distances), underground and above-
ground hydrogen storage, leakage of hydrogen from transport pipelines, injecting 
hydrogen gas in existing natural gas networks, risks associated with blending 
hydrogen with natural gas for domestic heating, etc. 

 

o Hydrogen production, transport & distribution, supply chains safety risks, 
infrastructure physical security and vulnerability assessment, as well as safety codes 
& standards continue to be central issues for achieving the desired economies of scale 
and reliable adoption of hydrogen-based technologies. 
 

o There is a need for harmonizing hydrogen safety codes & standards to remove (or at 
least lower) unnecessary regulatory barriers and to establish common standards that 
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ensure safety in each stage of the hydrogen value chain. Achieving this goal will 
accelerate the deployment of at-scale hydrogen-based technologies. 
 

As a concluding remark on what Task 37 of the Hydrogen Technical Collaboration 

Program (H2 TCP) has accomplished over the past six years, Dr. Khalil emphasizes that: 

We must continue to seize all emerging opportunities to demonstrate, via science-based 

methods, the safety of hydrogen-based technologies. 
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Appendices 
 

Appendix (A) 
 

Task 37 Hydrogen Safety Website 
 

Upon his appointment as the Operating Agent and Manager of the Hydrogen Safety Task 
37, Dr. Y. F. Khalil established a dedicated website for the Task (Figure A) where the Task 
members (international hydrogen safety experts) can access the folders and subfolders 
under this website to download past and current presentations as well as meeting 
announcements and current events.  
 
Note: Task members need to have login user ID and password to access this website. 

 

 
Figure A. Task 37 (Hydrogen Safety) website. 
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Appendix (B) 

 
IEA Hydrogen Safety Journal 

 
In 2017, Dr. Y. F. Khalil established a Hydrogen Safety Journal (Figure B) as a formal 
communication tool to disseminate hydrogen safety knowledge and Task 37 research 
activities. An editorial board was formed with selected members of Task 37 serving as the 
board members. 
 
Formation of the IEA Hydrogen Safety Journal was consistent with IEA Executive 
Committee (ExCo) goal of improving hydrogen safety outreach and branding through 
increased publications.   
 

 
 

Figure B. IEA hydrogen safety journal. 
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Appendix (C) 
 

Examples of Task 37 annual meetings 
 

Throughout its six years duration, Task 37 organized two annual meetings for its member 
(one in Europe and one in the U.S.). Below are examples of Task 37 annual meetings 
hosted by different organizations. 
  

 
 
Figure C1. Task 37 meeting hosted by Kawasaki Heavy Industries, Ltd, Tokyo, Japan 

(October, 2015) 

 

 
 

Figure C2. Task 37 meeting hosted by Tecnalia Corporation, San Sebastian, Spain (June, 

2016). 

 
 

Figure C3. Task 37 meeting hosted by Karlsruhe Institute of Technology (KIT), Karlsruhe, 

Germany (November, 2016). 
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Figure C4. Task 37 meeting hosted by the Health & Safety Executive (HSE), Buxton, UK 

(July, 2017). 

 

 

Figure C5. Task 37 meeting hosted by Harris Manchester College (HMC), University of 

Oxford, UK (June, 2019). 

 

 

 


