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Executive Summary

The objective of D28 is to report the priorities of issues to pursuit for the next phase of the HySafe network. The selected topics will be the basis of a road map describing the upcoming steps in JPA. So, first the report introduces the idea of road-mapping. In order to provide a background for further work, a brief view of the state of the art concerning handling of hydrogen has been presented. With the intention of keeping a continuous line of the work within the network, the thematic matrix has been taken as the point of departure for specifying the tasks of the next phase. Therefore, a progressing survey has been performed aiming at prioritise the domains included in the thematic matrix concerning the applications and the corresponding hazards and risks, by stating the need of more experiments, better models, or development of standards within each domain. These results have been compared to the outcome from a work done in WP4, ‘Phenomena Identification and Ranking Table’ (PIRT). Finally, the report presents proposals for tests and other activities for the next phase suggested by members of the HySafe consortium.
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1   Introduction

Workpackage 7 is designed to map priorities and assess the network progress based on input from other workpackages.

The task is described in the DoW as follows:

1.1   WP 7: Mapping Priorities and Assessment

Objectives:

· Monitor of research activities from the point of view of applications and integration of research efforts along the vertical tracks of the thematic structure of the network into practical applications 
· Identify areas for initiation of horizontal projects (internal and external)

· Review and mapping priorities and prepare suggestions for future joint activities

This report will reflect work done in subtask 7.2 described in the DoW as follows:

1.2   Subtask 7.2. Review of proposals for tests and other activities

Partners will review proposals for tests and other activities provided by research/methodological work packages (WP8, WP9, WP10, WP11, WP12). Other work packages (integration and spreading of excellence) will report their vision of future development. The review will address needs both for research (specific gaps of knowledge) and applications (open issues). A draft version of an updated DoW for the next period will be compiled and distributed to the members of the co-ordination committee. On a meeting the update will be discussed and a consensus version will be provided. This will be the basis for a final decision on a new JPA by the Governing Board.

The work has been structured as a review of the state of the art being the starting point from which the prospective of the future, concerning safety aspects related to the use of hydrogen as an energy carrier, will be derived.  

2   Introduction to Road-mapping

The task of this work package is to create the basis for a roadmap for the future progress of the HySafe project for the month past the first 18 months.

In order to understand the idea of a roadmap let’s consider a normal map as the one shown in Figure 1.
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Figure 1, Map indicating the initial position

The value of the map is related to the knowledge of original position, and the position of the destination as shown in Figure 2.
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Figure 2, Indication of the destination

Now the map may support in finding the best way to move from the original position to the destination. However, the best way may not be the route of shortest distance as presented in Figure 3; it may, e.g., be the road of best pavement, or the fastest route as presented in Figure 4, depending of specific presumptions. 
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Figure 3, Route of shortest distance
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Figure 4, Route of swiftest travel time

Likewise, for creating a roadmap for the future progress of the HySafe project, the following premises are needed: 

· The original location, which is the state of the art, i.e. the present knowledge and ongoing projects;

· The location of destination, which is the vision of future development including priorities; and 

· The constraints, which is the needs for research and applications.

3   State of the Art – Safety issues by handling of Hydrogen 

The state of the art is revealed by the input from other work packages as indicated in Figure 5, showing the interconnection between activities and work packages. This activity has been dealt with by the ‘State of the Art’ questionnaire distributed by Risoe 1. July 2004, and responded to by the HySafe consortium. The input has been analysed, and the result exposes previous and present work related to the safety of hydrogen as an energy carrier, and the relations to the thematic structure presented in the DoW and repeated in Figure 6.

So, structuring the results will indicate where previous and present work are covering partly or in complete the nodes in the structure in Figure 6, and for which nodes the efforts are lacking. The latter could be due to low priority for research inside the domain in question, or it could indicate a real lack of knowledge in the area with a real need for dense research. 

This analysis will be the basis for creating a questionnaire for revealing the vision of future development in relation to the next phase of HySafe including the priorities of divulged wishes.
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Figure 5, Interconnection between activities and workpackages.
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Figure 6, Thematic structure of activities in NoE Safety of Hydrogen as an energy carrier

A questionnaire was sent to the participants of the NoE HYSAFE with the following questions

	Which projects do you know concerning hydrogen use and safety? 

Former and ongoing projects.

	Project number


	

	Title of the project 

	

	The overall purpose of the project.

Abstract    (~200 words)


	

	Status of the project.

Start and stop of the project and present results
	

	Are your company involved in the project and which safety aspect does the project include
	

	Which legislation concerning use of Hydrogen have you used or missed?
	


Furthermore, the questionnaire was including wishes for indication of where in the matrix in Figure 6 the projects belong.

3.1   The purpose of the study 

The purpose of the study was to find the nodes, which are sparse in knowledge from finished, ongoing and planned project.

The positions H1-H6 of the matrix describe areas for handling of Hydrogen and the positions V1-V5 describes hazards and risk of these handlings.

V1-V3 concerns experiments and model development and verifications. V4 concerns Safety assessment and risk analysis. V6 concerns standardisation, and legal requirements. Making a risk analysis require knowledge of hazards and consequences of these hazards. This knowledge is developed or will be developed during experiments V1-V3. Constraint for the use of Hydrogen is in V5, getting the input also from experiments V1-V3. Constraints are e.g. safety distance from filling stations, maximum size of tanks for storing Hydrogen etc.

3.2   Result
A description of 69 projects was received and the content of the project themes were placed on the matrix. Results of the analysis are that quite many projects are demo project concerning production and use of vehicles using fuel cells, filling stations and storage of Hydrogen. These projects are mainly located in column V4, safety and risk analysis. These projects do not describe specific tests of hazards. Some projects concern specific tests such as jet releases from Hydrogen tanks, experiments with explosions, detonation and ignition problems. Mitigation issues are also treated such as Hydrogen removal (especially for nuclear projects).

One of the outcomes is that problems concerning safety in tunnels are just treated in very few projects. One project concerns equipment for tunnels and traffic control, another experiments with H2 detonation. The result is a counting of how many projects touch the different nodes, but not the ‘weight’ of the project in the specific nodes. The number of many demo projects in Italy dominates the V4 column. 

All the answers are presented in appendix A for a further study.

Input from the ‘state of the art’ survey regarding legislations concerning use of hydrogen seems to be sparse for all utilisation of hydrogen.

This analysis covers 69 European projects and cannot claim to cover all projects going on, but it seems to point to some lacks in standards and legislations for all handlings of Hydrogen. There are some, but not many project, concerning tunnels and experiments related to tunnel safety. Below is a filled out matrix, where the colour and the number indicate how many projects that treat the specific topic.

	
	V1
Hydrogen release,
Mixing and distribution
	V2
Thermal and 
pressure effects
 from H2 fires
 and H2-air 
explosions,
 missiles
	V3
development
 and validation
 of hydrogen
 mitigation
 techniques
	V4
Safety assessment,
 Risk analysis and
 comparative risk
	V5
Standardisation
 and legal
 requirements
	Total

	H1
Production
	6
	6
	2
	13
	4
	25

	H2
Transport and distribution, refuelling
stations
	9
	12
	5
	20
	9
	55

	H3
Storing H2
(LH2, CGH2)
	4
	6
	2
	16
	7
	35

	H4
Vehicles powered
 with H2
	4
	6
	0
	16
	10
	36

	H5
Tunnels, parking
garage
	1
	4
	2
	3
	5
	15

	H6
Utilisation, portable
and stationary H2
applications
	4
	3
	2
	13
	3
	25

	H7
Nuclear 
applications
	6
	5
	9
	9
	0
	29

	Total
	28
	42
	22
	90
	38
	220


Figure 7, The thematic structure with an indication of past or present activities. The darkness of the green colour is indicating the number of projects in which the specific topic is either finished, going on or planned. The light green colour indicates that very few projects treat the specific topic

4   The progression survey

The survey has been based on the opinion of a batch of experts selected inside the HySafe consortium and by a number of ‘hydrogen experts’ outside the consortium, but proposed by members of the consortium.

4.1   How and where to identify relevant experts

The nomination of experts is the task of each partner. The selection and identification of qualified experts is crucial to the results of the Future Goals survey as this is basically a question of identifying an appropriate mass of expertise to be consulted.

Important selection criteria are:

· Diversity of expertise comprising the whole value chain of hydrogen energy. 

· Diversity of experience ranging from scientists and engineers to social science researcher, from regulators to marketing and business people, from hydrogen producers to plausible hydrogen users etc. 

· Diversity of interests refers to the balance of power and conflicting interests – e.g. transport/ stationary applications, etc.

Experts may be directly nominated by the partners as well as nominated by the experts previously nominated. This procedure is known as the co-nomination process (based on social theory) where experts nominate other outstanding experts within the field in a sort of snowball rolling procedure (for further details see Georghiou, L, Loveridge D, and Nevada, M. “Co-nomination in Foresight”, Office of Science and Technology, December 1994).

4.2   Design of the questionnaire

The prospective analysis will be performed as a Future Goals survey. The Future Goals survey is meant to unveil ideas for compiling a list of new, surprising and plausible problem fields as well as options for safe transition to a more sustainable development in Europe, and to stimulate a future oriented decision-making among HySafe partners. 

So, the objectives of the survey are to indicate the needs and wishes for future research and applications in relation to safety aspects in using hydrogen as an energy carrier. The survey will include the implications of various hazards and risk situations this may introduce for various applications as related to the (V1 – V5) / (H1- H6) matrix indicated in the thematic structure, see Figure 6.

For each node the questionnaire will ask for the opinion of the experts concerning the importance of further research for this area, and the time schedule for which this research is needed.

In order to increase the selectivity in the survey some of the nodes may be split into sub-groups. H2, the transport, distribution, and refuelling stations, e.g. will be split into each of these groups in the questionnaire. 

The state of the art survey indicates, however, that the thematic matrix (V1-V3)/(H1-H6) describes experiments useful for identifying safety assessment and risk analysis methods, and specifying in the end standards and legal requirements.  So, the questions in the questionnaire for surveying the future needs will be restricted to the nodes (V1-V3)/(H1-H6). 

Examples of questions related to the H2-V1 node could be:

· Do you agree that the existing knowledge related to transport of hydrogen in tanks on trucks is sufficient concerning hydrogen release and mixing?

· Do you agree that the existing knowledge related to transport of hydrogen in tanks on trains is sufficient concerning hydrogen release and mixing?

· Do you agree that the existing knowledge related to distribution in a network of tubes is sufficient concerning hydrogen release and mixing?

· Do you agree that the existing knowledge related to refuelling stations is sufficient concerning hydrogen release and mixing?

· ….

Each question may be answered by indications in the template shown below (one indication for each row).

	
	Totally agree
	Partially agree
	Neither agree nor disagree
	Partially disagree
	Totally disagree

	Need of more experiments
	
	
	
	
	

	Need of improved modelling 
	
	
	
	
	

	Need of standards
	
	
	
	
	


Furthermore, each question may be followed by the statement concerning the specific domain expertise of the expert for this specific issue (one indication).

	Your level of expertise for this specific topic
	Own field of expertise
	knowledgeable
	No knowledge

	
	
	
	


And, if the statement is totally or partially agreed, the question may be followed by questioning the expected time schedule for the specific topic (one indication).

	Time schedule for the statement
	Before 2010
	2011-2020
	2021-2030
	2031-2040
	After 2040

	
	
	
	
	
	

	Examples of specific needs for the topic discussed (free text):




These types of question are closed format ones (except for the last ‘free text’ slot giving the possibility to specify specific ideas related to each question). The closed format questions comprise more specific questions to be answered – as indicated - by a multi-choice response covering the full range of answers divided in a number of possible answers per question. The advantage of closed format questions is the restriction of answers that makes it easy to calculate percentages and other hard statistical data over the whole group or over any subgroup of participants. The disadvantage of closed format questions is the risk of excluding important issues due to the restrictions associated with specific questions.

The questionnaire involved open format questions as well. The open-format questions aim at stimulating the brainstorming character, e.g. name five developments of major importance to the safe hydrogen transition to a more sustainable development in Europe. Likewise an open question should invite respondents to comment on risk assessment methodologies etc. For the open-format questions there are no predetermined set of responses, and the participant is free to answer however he/she chooses. The open-format type of questions are especially beneficial for expressing visions for the future where the range of responses - by nature – are not tightly defined. The disadvantage of open-format questions is lack of automatically tabulation and statistical analysis of the response due to the need of individual interpretation of the answers.

Examples of open format questions:

· Specify at least three future goals for the use of hydrogen as an energy carrier for specific applications. Indicate for each item the related application, H1 – H6 in Figure 6.

· Specify for each goal the constraints and risks related to the specific application, V1 – V5 in Figure 6.

In addition, the questionnaire must include demographic data on the participants in order to correlate response sets between different groups of people.

Therefore, a minimum of information is needed for each nominated expert (* indicates that this info is mandatory): 

· Full name*

· Position*

· Company* 

· Postal address

· Country*

· Phone/fax

· E-mail* 

· Indication of expertise according to the following types: technology, market, regulation, or other. 

· Indication of institutional affiliation according to the following types: R&D consultancy, public authority/agency, industry, or other.

Please notice that we request information on position and company to get a rough idea of the expertise and experience of the expert. If possible, we would also appreciate further information on expertise and institutional affiliation to qualify position and company, but we do not make this information mandatory. 

4.3   Management of the progression survey

The survey has been fulfilled by the use of the software tool ‘Inquisite’, which is a Web-based survey tool. 

The survey was managed by Risoe by publishing the questionnaire on the Internet and inviting the selected experts by e-mails stating for each individual experts a personalised link to the questionnaire. Each link could be used for one expert only. The response to the questionnaire could be suspended and continued at a later time if so wished, however, when pressing ‘Finish’ at the end of the questionnaire, the response was submitted and could not be access any more. 

The Inquisite system was capable of keeping track of the progress of responding, and a reminder could be forwarded at a given time to participants having not yet responded. 

4.4   Analysis of the survey

The aim of the questionnaire was to prioritise the nodes in the thematic matrix in order to point out the most important issues to deal with for the next period of HySafe. Furthermore, the questionnaire should point out new aspects of interest to avoid that issues not included in the first phase of HySafe should automatically be neglected also for the next period. 

The responses have been analysed 

· partly from a frequency distribution point of view indicating how often and how strongly the participants of the survey have agreed or disagreed to the statement of need of more research within each node of the thematic matrix, i.e. each area of use of hydrogen as an energy carrier, and

· partly based on comments provided by the participants for the individual topics, and concerning wishes for the future.

4.5   Results of the survey

106 experts were invited to respond to the questionnaire. 27 of these were members of the HySafe consortium, and the remaining 79 were external experts. The overall number of respondents is 38 giving a responding percentage of 35,8. The number of respondents from inside the consortium is 15 corresponding to a percentage of 55,6. The number from outside the consortium is 23, corresponding to a percentage of 29,1.

At the end of the questionnaire the respondent were asked about their personal expertise as related to the types: ‘R&D and consultancy’, ‘public authority/agency’, ‘industry’, and ‘other’. The distribution of respondents turned out to be 22, 5, 6, and 3, respectively, plus 2 of no reply to this question.

 In order to calculate the average of the responses, the statements from ‘Totally agree’ to ‘Totally disagree’ were weighted by odd figures from nine to one as indicated in Figure 8.

The result of the overall statements concerning priority of the topics is presented in Figure 9. For each topic (node in the matrix) the result of the query is stated based on the point of view of need of more experiments, need of improved modelling, and need of standards. The result of the frequency distribution analysis is presented in Appendix B, showing also average calculation, and examples of standard deviation. From the standard deviation it is clear that the variations are not statistically significant and should be taken only as qualitative indications.

	Totally agree
	Partially agree
	Neither agree nor disagree
	Partially disagree
	Totally disagree

	9
	7
	5
	3
	1

	9-7,5
	7,4-5,9
	5,8-4,3
	4,2-2,7
	2,6-1


Figure 8, Weight of statements for calculation of average values, 

and the interval of each statement
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Figure 9, Priorities of topics in the thematic matrix

Even though – and not surprising – all aspects were seen as important, and therefore the response is varying in the order of ‘partially agree’ and ‘totally agree’, the result indicates that some aspects are seen as more important than others. Especially, parts of the applications ‘Vehicles powered with H2’ (H4 in the matrix) and ‘Tunnels, parking and garage’ (H5 in the matrix) are indicated as very important applications.

For each topic the respondents were asked to indicate their expertise for the specific topic as ‘own field of expertise’, knowledgeable’, and ‘no knowledge’. Figure 10 presents the overall result with only those respondents included having declared themselves as ‘real’ experts. Asking experts about the importance of work in which they are personally involved will surely reflect the opinion that this work is of very high importance. Therefore, as indicated in Figure 10, the result is blurred a bit with increase of importance of all topics as related to the results in Figure 9. However, the specific importance of work related to ‘Vehicles powered with H2’, and – even more – to ‘Tunnels, parking and garage’ is still prevailing, and furthermore, the importance of improved modelling for fire and explosions related to transport, distribution and refuelling stations (H2/V2) as well as for mitigation techniques related to portable and stationary H2 applications (H6/V3) have been evident.

For ‘real’ experts as well as for the complete batch of experts is indicated a higher need of more experiments than models and standards for ‘hydrogen production’ (H1) and for ‘vehicles powered with H2‘ (H4).
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Figure 10, Priorities by ‘real’ experts of topics in the thematic matrix

For a few of the applications we have been more detailed than specified in the thematic matrix. This goes for ‘Transport and distribution, refuelling stations’ and for ‘Tunnels, parking and garage’. For the first, we have split up in various types of transport of hydrogen: transport in tanks on trucks, in tanks on trains, or by a pipeline system, and separately we have included risks related to refuelling stations. For the latter, we have split into ‘tunnels’ and ‘parking and garage’.

Figure 11 presents the relative priority concerning transport of hydrogen by various means: on trucks, on trains, or by pipeline systems; and problems related to refuelling stations. Even though respondents related to ‘Production of hydrogen powered vehicles’ are very scarcely represented, it is quite obvious that problems related to refuelling stations on all levels: experiments, modelling, and standards, are highly prioritised as compared with transport and distribution. For the latter it seems that problems related to hydrogen fires and explosions are prioritised higher than problems related to hydrogen release and mixing and mitigation techniques.
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Figure 11, Priorities related to transport means and refuelling stations

In Figure 12 it is seen that including the ‘real’ experts only, will smear out the result as experts – as mentioned above – often will find topics of own interest very important. 
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Figure 12, Priorities by ‘real’ experts related to transport means and refuelling stations

In Figure 13 the difference of importance concerning problems related to tunnels and in parking and garage have been presented. For this analysis - contradicting the previous results – more structure is seen from the ‘real’ experts, see Figure 14, as compared with the complete batch of experts. For the former a vague indication of more importance for parking and garage as related to tunnels is seen for hydrogen release, whereas the opposite seems to be valid for mitigation techniques.  
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Figure 13, Priorities related to tunnel and parking/garage
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Figure 14, Priorities by experts related to tunnel and parking/garage

4.6   Comments from free text

A few brief comments related to the specific topics and for the future are presented in the following:

Node H1-V1:

Page 2:
Do you agree that more knowledge is needed related to hydrogen production concerning hydrogen release and mixing?

Why does anyone care about hydrogen release into the atmosphere?  It is done all the time at chemical production facilities.

Comprehensive stipulations and methodologies for safety assessment are needed.

Problem of leaks into confined or unconfined areas needs improvement.

Basic knowledge needed concerning 

                           a) hydrogen mixture 4 - 8% and risks when ignited

                           b) amount of hydrogen released without risks in 2005

Industrial scale hydrogen production has taken place over many years and is not considered to be a critical activity.

Proper evaluation of size of explosive volume in congested area.

Cloud turbulence induced by area congestion.

Predictive ability of hydrogen distribution inside Electrolysers.

Particular need for case studies on real cases (e.g. related to demonstration projects) and to use such experience in development of standards.

Small-scale, continuous accidental H2 release.

Node H1-V2:

Page 3:

Do you agree that more knowledge is needed related to hydrogen production concerning thermal and pressure effects from hydrogen fires and hydrogen-air explosions?

Effects from hydrogen is not much different than those of natural gas - one should avoid air-hydrogen mixtures that could ignite.  If one has a mixture and it ignites, then exactly the extent of the damage will depend on surrounding circumstances.

Experiments on Natural Convection ventilation of Hydrogen in order not to reach the low inflammable limit.

Industrial scale hydrogen production has taken place over many years and is not considered to be a critical activity.

Yield of explosion is usually overestimated thus leading to overestimate safety distances.

Criteria for transition from deflagration to detonation are useful to know as effects heavily depend on combustion regime, like likelihood of ignition.

Predictive ability of deflagration and DDT (Deflagration to Detonation Transition) inside Electrolysers

Node H1-V3:

Page 4:

Do you agree that more knowledge is needed related to hydrogen production concerning development and validation of hydrogen mitigation techniques?

Mitigation techniques have to be taken into account during the design process.

Improvement is needed in the modelling aspect.

Catalytic oxidation of hydrogen.

Industrial scale hydrogen production has taken place over many years and is not considered to be a critical activity.

Optimum sensors positions, ventilation rates and structural design for

Electrolysers

Experiments specific devoted to the safety measure (sensors, opening position,

etc.).

Regarding the time scale - as a general statement we need to act now to ensure a

safe introduction of hydrogen as energy carrier.

Node H2-V1:

Page 5:

Do you agree that more knowledge is needed related to transport of hydrogen in tanks on trucks concerning hydrogen release and mixing?

Page 6:

Do you agree that more knowledge is needed related to transport of hydrogen in tanks on trains concerning hydrogen release and mixing?

Page 7:

Do you agree that more knowledge is needed related to distribution of hydrogen by a pipeline system concerning hydrogen release and mixing?

Page 8:

Do you agree that more knowledge is needed related to refuelling stations concerning hydrogen release and mixing?

Avoid releases.

Need to demonstrate that leakage from pipelines does not constitute safety or environmental hazard in non-urban areas.

Need to demonstrate hydrogen is no different than natural gas and should have the same clearance distances.

Ignition, explosions, fires in tunnels, in crowded areas, during parking, sabotage, on

ferries etc.

Effect of high storage pressure, jet impingement, effect of enclosures and fences.

In semi confined areas (tunnels).

I don't know how the problem is specific for tanks on trains compared to tanks on trucks (crash ? regulation ? ...)

Characterisation of the release, formation of the combustible gas cloud.

More technical information is needed on accidents in cryogenic storages and tanks.

Public use of a highly flammable gas has to be properly evaluated and standardised.

Safety requirements for filling stations, i.e. vehicle couplers (tightness of the coupler, test break away systems...), 2006.

Industrial transport of hydrogen has taken place over many years and is not considered to be a critical activity.

Catastrophic rupture of LH2 road tank / leak : hydrogen dispersion in free air as well as in congested area (street) or semi confined space (tunnel).

Combustion / explosion caused by the mixing of LH2 and solid air.

Study of inherently safe structure to facilitate hydrogen dispersion and prevent re-circulation.

Predictive ability of hydrogen distribution from high momentum jets (CGH2) and two-phase releases (LH2).

Predictive ability of CGH2-CNG mixture releases and LH2 releases

Could the existing natural gas pipeline system be used?

Predictive ability of CGH2 and LH2 releases: Safety distances, dangerous zones.

Is important also for mixed mixtures.

Multi-fuel stations have to be studied.

Modelling of H2 release/distribution/explosion following accidents (also in tunnels).

Uniform standards (based on results of experiments/modelling) are required

a.s.a.p. in this field.

Location of H2 'pump' relative to other fuel pumps.

Standards for uniform (European/international) tank connections.

Emphasis on two-phase releases and thermal interactions with the ground.

Two-phase release and thermal interaction with the ground.

Full understanding of the related phenomena and consequences.

We need to gain more knowledge at real situations including building effects and conditions of release.

Although some work has been done here, the availability of realistic case studies have until recently been poor. With bigger projects as CUTE/ECTOS etc, the experience and understanding of the most realistic problems and challenges should be increasing.

Node H2-V2:

Page 9:

Do you agree that more knowledge is needed related to transport of hydrogen in tanks on trucks concerning thermal and pressure effects from hydrogen fires and hydrogen-air explosions?

Page 10:

Do you agree that more knowledge is needed related to transport of hydrogen in tanks on trains concerning thermal and pressure effects from hydrogen fires and hydrogen-air explosions?

Page 11:

Do you agree that more knowledge is needed related to distribution of hydrogen by a pipeline system concerning thermal and pressure effects from hydrogen fires and hydrogen-air explosions?

Page 12:

Do you agree that more knowledge is needed related to refueling stations concerning thermal and pressure effects from hydrogen fires and hydrogen-air explosions?

Avoid releases.

To demonstrate that leakage from pipelines does not constitute an explosion hazard in

non-urban areas.

Need to demonstrate that the ignition of a hydrogen release does not constitute an explosion hazard with limited clearance distances.

Ignition, explosions, fires in tunnels, in crowded areas, during parking, sabotage, on ferries etc.

Modelling of jet fire has to be improved.

If an accident similar to the one that happened in Belgium recently with CNG would happen with hydrogen pipelines, would we be able to assess its consequences accurately?

Petrol filling stations are due to be installed in cities. It is crucial to be able to assess pressure and thermal effects appropriately.

Predictive ability for deflagration and DDT.

Relevance depends on development on concrete plans for building such pipeline systems and where they will be built.

Node H2-V3:

Page 13:

Do you agree that more knowledge is needed related to transport of hydrogen in tanks on trucks concerning development and validation of hydrogen mitigation techniques?

Page 14:

Do you agree that more knowledge is needed related to transport of hydrogen in tanks on trains concerning development and validation of hydrogen mitigation techniques?

Page 15:

Do you agree that more knowledge is needed related to distribution of hydrogen by a pipeline system concerning development and validation of hydrogen mitigation techniques?

Page 16:

Do you agree that more knowledge is needed related to refuelling stations concerning development and validation of hydrogen mitigation techniques?

A general comment coupled to mitigation is that more effort should be focused on measures related to prevention of incidents instead of reduction of consequences.

I don' t know exactly what could be mitigation techniques for this problem. From my point of view, this could be more design of trucks or design of building or tunnels to withstand crash or hydrogen explosions.

Mitigation techniques refer first of all to the size of the tank as well as to its ability to withstand severe roast damage without leaking.

If LH2 is to be more and more used in the future, it seems to be more appropriate to transport it across countries by rail rather than by road. Therefore, safe conditions of transport rules should be edicted.

Systems should be in place to detect catastrophic leak and shut them down.

Regarding domestic distribution, maximum tolerable leak should be evaluated and

shut of systems be put in place accordingly.

Once more, if filling stations will be put within cities, it requires safety distances to be kept to a minimum. To do so, highly efficient mitigation techniques will have to be implemented. Tolerable maximum leaking flow should be assessed.

Prediction of mitigation using water sprays.

There is not enough experience on re-fuelling stations. All aspects need to be studied.

Node H3-V1:

Page 17:

Do you agree that more knowledge is needed related to storing of hydrogen concerning hydrogen release and mixing?

Storage at gaseous H2 refuelling stations will mean very high storage pressure, and challenges related to storage materials (including also associated equipment such as valves and fittings).

Goal 1: Hydrogen to be used safely as fuel in commercially competitive vehicles; related applications: H1 - H5.

Goal 2: Safe hydrogen refuelling stations; related applications: H1/H2/H3.

Goal 3: Public acceptance of the use of hydrogen as an energy carrier.

Well-defined experiments are needed to improve computer modelling in confined and semi-confined areas (especially CFD models).

Permeation rates for CGH2 storage. Boil-off rates for LH2 storage.

Dynamic testing of LH2 storage.

The necessity depends on the capacity and sizes of storage tanks. Only for very large storage tanks from our point of view experiments etc. are necessary.

Release of H2 from on-board storage tanks in enclosed areas (garages, parking

Lots, etc.).

This question really depend on which type(s) of storage that is selected - gas - liquid -  hydride - etc. and the setting i.e. usage. I would say that general HAZIDs / risk assessments would be more useful than experiments at this stage.

Node H3-V2:

Page 18:

Do you agree that more knowledge is needed related to storing of hydrogen concerning thermal and pressure effects from hydrogen fires and hydrogen-air explosions?

Already be covered under filling station design

Node H3-V3:

Page 19:

Do you agree that more knowledge is needed related to storing of hydrogen concerning development and validation of hydrogen mitigation techniques?

Effects of sprinkler systems,

Reliability of safety devices,

Tolerable release rate (pressure release device, thermal fuse,...)

Advantage of underground storage?

PRD release strategy for CGH2 storage.

Boil-off management for LH2.

Mitigation of H2 released from on-board storage tanks in enclosed areas (garages, parking lots, etc.).

Node H4-V1:

Page 20:

Do you agree that more knowledge is needed related to vehicles powered with hydrogen concerning hydrogen release and mixing?

Real explosive volume that can be generated by leak on both HP and LP lines.

Effect of congestion on explosive volume size and turbulence

Hydrogen release (different leakages, pressures) in motor compartment!

Before H2 vehicles become available to public knowledge and prediction of their behaviour in accident scenarios is essential (for emergency services e.g. fire service).

Slow release of H2 into vehicle passenger compartment (permeation/escape from

tank).

Now - and get some independent work as well - not just the car manufacturers.

Node H4-V2:

Page 21:

Do you agree that more knowledge is needed related to vehicles powered with hydrogen concerning thermal and pressure effects from hydrogen fires and hydrogen-air explosions?

Safety distances needed for HP and LP H2 flame should be evaluated.

Node H4-V3:

Page 22:

Do you agree that more knowledge is needed related to vehicles powered with hydrogen concerning development and validation of hydrogen mitigation techniques?

Swain's test showing a thermal fuse spiting a large flame of hydrogen does not look very safe at all.

Acceptable leaking rate to be assessed.

Single large storage versus multi small size storage to be studied for compressed H2 adequate fire and mechanic.

Development/use of H2 sensing devices.

Node H5-V1:

Page 23:

Do you agree that more knowledge is needed related to hydrogen powered vehicles in tunnels concerning hydrogen release and mixing?

Page 26:

Do you agree that more knowledge is needed related to hydrogen powered vehicles in parking and garage areas concerning hydrogen release and mixing?

Minimum ventilation in tunnels to be proposed (flow velocity).

Possible stratification to be evaluated versus homogeneous distribution of gas.

May H2 cars be parked in enclosed garages, how can H2 leaks be detected (best location for detection devices).

Although work has been done already especially in modelling, experimental work is needed for model validation and overall accident assessment.

There is a need for further modelling and experimental studies including main public garages as well as private ones. A series of scenarios need to be studied.

In these types of scenarios there may be the possibility of DDT. The probability of occurrence of DDT may be low, but if it will occur the consequences will be disastrous. I think that the criteria for the occurrence of DDT are not yet completely known.

The most relevant tunnel scenarios should be selected based on structured hazard identification and risk assessments. A reason that this need work now is that this is one of the more popular scare the audience scenarios.

Another issue of public interest - particularly regarding the actual consequences of the release and mixing.....

Need to determine if it is a danger or a risk.

Needed to reassure authorities.

Improved modelling is needed.

Minimum ventilation in tunnels to be proposed (flow velocity)

Possible stratification to be evaluated versus homogeneous distribution of gas.

May H2 cars be parked in enclosed garages, how can H2 leaks be detected (best location for detection devices).

Although work has been done already especially in modelling, experimental work is needed for model validation and overall accident assessment.

There is a need for further modelling and experimental studies including main public garages as well as private ones. A series of scenarios need to be studied.

In these types of scenarios there may be the possibility of DDT. The probability of occurrence of DDT may be low, but if it will occur the consequences will be disastrous. I think that the criteria for the occurrence of DDT are not yet completely known.

The most relevant tunnel scenarios should be selected based on structured hazard identification and risk assessments. A reason that this need work now is that this is one of the more popular scare the audience scenarios.

Another issue of public interest - particularly regarding the actual consequences of the release and mixing.....

Node H5-V2:

Page 24:

Do you agree that more knowledge is needed related to hydrogen powered vehicles in tunnels concerning thermal and pressure effects from hydrogen fires and hydrogen-air explosions?

Page 27:

Do you agree that more knowledge is needed related to hydrogen powered vehicles in parking and garage areas concerning thermal and pressure effects from hydrogen fires and hydrogen-air explosions?

Avoid leaks - if one has the magnitude of the explosion (if it occurs) will be a factor of release rate, and constraints specific to garage facility - it is the same as saying one must not have releases from CNG vehicles.

Fist thing is to be capable of evaluating possible explosive volume and prevent it to be dangerous.

In these types of scenarios there may be the possibility of DDT. The probability of occurrence of DDT may be low, but if it will occur the consequences will be disastrous. I think that the criteria for the occurrence of DDT are not yet completely known.

As previous response; - release -mixing - thermal effects etc. - it all fits together - but of course here - the consequences are of most interest to the public.

Node H5-V3:

Page 25:

Do you agree that more knowledge is needed related to hydrogen powered vehicles powered in tunnels concerning development and validation of hydrogen mitigation techniques?

Page 28:

Do you agree that more knowledge is needed related to hydrogen powered vehicles in parking and garage areas concerning development and validation of hydrogen mitigation techniques?

This issue of gas in tunnels does not concerned H2 powered vehicles but also CNG vehicles for instance.

Ventilation techniques:

Study of natural ventilation of buildings / garage is required.

Structure of garage (public or private) to be revised in the light of being "hydrogen proof": enhance dispersion of hydrogen / resistant to explosion.

Minimum ventilation requirements.

Re-combiners for tunnel venting systems need to be developed and tested

Re-combiners for garages and connected venting systems need to be developed and tested

H2 detection and mitigation is crucial in parking environments.

2011- because I assume more understanding of the actual scenarios is needed first.

It is necessary to develop the understanding of the mechanisms of release/explosion before diving too far into the details of experiments on mitigating techniques.

Therefore, suggest that hydrogen mitigation techniques WPs first concentrate on these topics.

Node H6-V1:

Page 29:

Do you agree that more knowledge is needed related to portable hydrogen applications concerning hydrogen release and mixing?

Page 32:

Do you agree that more knowledge is needed related to stationary hydrogen applications concerning hydrogen release and mixing?

Portable means handled by public and possibly indoors, so there may be a need for understanding limitations/safety requirements that may be required.

Should be covered under station design issues

The difference is only on the quantity of possible hydrogen release?

Hydrogen releases in portable applications and confined structures (baggage etc.) and effects to users.

Fuel cells in containers, cellars.

I assume that much of the knowledge that will result from the other work will be applicable here without doing a lot of experiments...

Node H6-V2:

Page 30:

Do you agree that more knowledge is needed related to portable hydrogen applications concerning thermal and pressure effects from hydrogen fires and hydrogen-air explosions?

Page 33:

Do you agree that more knowledge is needed related to stationary hydrogen applications concerning thermal and pressure effects from hydrogen fires and hydrogen-air explosions?

Should be covered under station design issues.

As before - what type of portable is referred to?

I assume that much of the knowledge that will result from the other work will be applicable here without doing a lot of specific experiments and modelling...

Some stationary applications might of course require assessment.

Node H6-V3:

Page 31:

Do you agree that more knowledge is needed related to portable hydrogen applications concerning development and validation of hydrogen mitigation techniques?

Page 34:

Do you agree that more knowledge is needed related to stationary hydrogen applications concerning development and validation of hydrogen mitigation techniques?

I assume that much of the knowledge that will result from the other work will be applicable here.

Future goals:

Develop heating systems for household use as well for industrial appliances.

Vehicles, which are available for the consumer for a reasonable price.

Vehicles (H4, V1-V5), 5 years.

Emergency autonomous power stations (H6, V1-V5), 10 years.

Storage of other power sources "excess", e.g. nuclear power (H1, V1-V5), 15 years.

Energy autonomy for remote areas with strict linkage with renewables (H1, H3, H4,

H6)(V1, V2, V3, V5). Close to the maturity, economically competitive with existing situation. Necessity to have code and standards for civil application.

1. Use of renewable energy systems for hydrogen production

2. Development of a large-scale infrastructure for hydrogen distribution and storage

3. Long-term replacement of fossil fuels for cars and stationary use for firming of intermittent power sources.

- Ships and boats

- H2-ICE in Busses and cars

- H2-ICE GenSets and CoGens (stationary)

Low cost high-pressure composite materials (type IV) storage container for passenger cars including suitable instrumentation.

New safe design concepts are needed (new carbon fibre manufacturing, new concepts of filament winding).

Goal 1: Hydrogen to be used safely as fuel in commercially competitive vehicles

Related applications: H1 - H5

Goal 2: Safe hydrogen refuelling stations

Related applications: H1/H2/H3

Goal 3: Public acceptance of the use of hydrogen as an energy carrier.

Commercial vehicle (bus for example) powered by hydrogen operating in cities:

H4

V1: car crash in open or semi-confined areas (tunnels) - analysis of maintenance workshop

V2: effect on buildings and/or on tunnels (design)

V3: protection of components.

1. Refuelling stations H2 and risk assessment V4

2. Ground storage H3 and standardisation V5

3. Vehicles H4 and (global) regulations V5

Automobile transportation, H2 H4 H5 V1 V2

Fuel cells for electric distributed generation, H1 H3 H6 V1 V5

Thermal production of hydrogen, H1 V1 V2

Specify at least three future goals for the use of hydrogen as an energy carrier for specific applications.

1) Uninterrupted Power Supply.

2) Renewable Energy Sources upgrading.

3) Marine applications.

Basis knowledge to define requirements and for risk analysis, 2006

1. Basic knowledge concerning risks with hydrogen mixtures 4- 8%, 2005

2. Basic knowledge concerning risks with defined unique amount of hydrogen released, 2005

3. Rules (requirements) to design a safe hydrogen vehicle, 2006.

1. Commercial vehicles: 

H3, 4 & 5 also H2, V1-V5

Limited market by 2010, e.g. city buses?

Large market by 2025?

2. Passenger cars:

H3, 4 & 5 also H2, V1-V5

Limited market by 2010?

Large market by 2025?

3. Other transport, e.g. trains, ships etc.

Prevent formation of explosive volume in confined area (low and medium leaking rate). (transport and stationary applications).

Gain better knowledge in the field of impinged jets (all applications).

1. hydrogen driven cars:

   H2, H4, H5, V1 - V5

1) Ensure public Safety

   All hydrogen applications. Before 2010

2) Develop Regulations and Standards

   All hydrogen applications. Before 2010

3) Maximize the use of renewable energy sources,

   H2 Production. After 2010

Hydrogen for

- stationary,

- mobile and

- portable

applications must be as safe as conventional fuels resp. energy supply technologies.

There should be no restrictions in the use of the hydrogen applications for the normal user.

1. Establishment of safe and highly efficient conversion processes from other

energy resources to hydrogen

2. Establishment of safe systems for transportation and storage of hydrogen

3. Determination of conditions for the selection of facilities to use.

Stationary use plant demonstration

Mixture utilization

automotive utilisation

1) Reliable detection of released H2 (in all applications H1-H6) as an early warning system - before 2010, industrial H2 detection devices exist however devices for use in vehicles (small, wide range of operating conditions, resistant to smoke).

The whole field needs further studies in terms of modelling and modelling validation.

Concerning release and mixing, the two-phase releases and the near range effects including aerosol transport, air humidity interactions and air/ground interactions are important.

Sorry but this is a big question... and would take quite a while to answer

properly....

Possible goals could be:

Hydrogen generally available to the general public at public refuelling stations.

Hydrogen fleet vehicles (e.g. buses, company cars, taxis)

Your first sentence appears somewhat fuzzy to me.

What you mean by "future goal"?

Are you asking for the reasons why we want to use H2 in future as energy carrier, like because to save our climate by reducing CO2 emissions?

Or are you asking for what

- Safe use of H2 to power public transport systems (buses) in open spaces

- Safe use of H2 to power fleet cars in open spaces

- Safe use of H2 vehicles in car parks and tunnels

For fixed energy production systems, the safety of storages:

-majors leaks (size of clouds)

-unconfined explosions effects

-large scale turbulent combustion

outcome in safety indices

For mobile applications

-handling of refuelling (ignition sources)

5 Phenomena Identification and Ranking Table, PIRT

In the framework of the HYSAFE project, a PIRT (Phenomena Identification and Ranking Table) exercise is being conducted with the objective of identifying R&D needs in the area of H2 safety, and to prioritise them.

The PIRT exercise consists of two steps. The first step, which deals with the identification and ranking of accidental events (safety-oriented vote) for the different applications, has been conducted over the period August – December 2004. Its main results are included in the deliverable D12, and summarized here. The second step, which will focus on the phenomena associated with the most important accidental events (phenomena-oriented vote), will be conducted over the period January – May 2005.

Conclusions for H1 (PRODUCTION) votes:

Events associated with small or large leaks of H2 from electrolysis systems into confined volumes have been ranked as the most important safety issues.

Conclusions for H2 (TRANSPORT AND DISTRIBUTION) votes:

Events 2.4.2 (crash of GH2 tanker in tunnel) and 2.5.5 (crash of LH2 tanker in tunnel) scored the highest averages (resp. 2.96 and 3.0) of all events – over all applications, underlying the importance of addressing tunnel safety issues (this is done under H4 for commercial vehicles and passenger cars), especially with vehicles transporting large quantities of H2 such as tankers (probably those vehicles would not be allowed in tunnels anyway). More generally, high votes were awarded for accidental issues involving accidental discharges via ruptures of line or dispenser hose, or even tank rupture situations for road tankers involved in traffic accidents. 

Issues related to pipeline transport generally scored less, expressing perhaps that this is an industrial practice with high safety records, or that these pipelines are situated in less populated areas than those through which H2 tankers would circulate. There is one exception, namely instantaneous release of H2 from pipeline, which score 2.19 in for GH2 pipelines (Group 2) and which had a bimodal distribution with an average of 2.0 for LH2 pipeline (Group B). These issues need to be investigated further.

Conclusions for H3 (LARGE SCALE STORAGE, REFUELLING STATIONS AND STATIONARY APPLICATIONS) votes:

Events concerning accidental releases (small or large scale release rates) from LH2 or GH2 storage tanks (through faulty or leaking connections, or, in the case of refuelling stations, at the level of the dispenser hose) into confined or partially confined atmospheres have received a high priority vote. The accidental release from an APU inside a building due to a leak or the opening of a safety valve has also been considered a very important safety issue (confinement aspect). A number of safety issues specific to refuelling stations have either received a high priority or bimodal votes – (overfilling, car drives away, fire), so that these issues need to be looked at closely.

Conclusions for H4 (COMMERCIAL VEHICLES AND PASSENGER CARS) votes:

The H4 votes (Group 1 but also Group B) illustrate a number of safety concerns related to:

· safety of H2 vehicles in confined environments such as tunnels, public or private car parks, maintenance workshops. Damage to systems or components including the tank (because of accidents or external causes such as fire) could lead to releases of H2 and the formation of confined potentially explosive clouds. For private cars with smaller quantities of H2 involved, small release rates have not been ranked in the first category, but high release rate issues have.

· the performance and reliability of systems and components, including tanks: in some case (PRD), even nominal behaviour (ie the device is functioning as intended) can have dangerous consequences, if for example the release happens in a confined environment.

· the performance of the H2 tanks under mechanical or thermal loads

failure to follow “good practices” (for car mechanics in maintenance activities (purging of systems), or for emergency crews on scenes of accidents).

6   Detailed future work specified by other work-packages

Research/methodological work packages have been requested to forward proposals for tests and other activities concerning their vision of future development. The proposals will address needs both for research (specific gaps of knowledge) and applications (open issues), and they will be the basis for an updated DoW for the next period of time for the HySafe network. The proposals received have been presented in Appendix C. Draft proposals under preparation are presented in Appendix D.

7   Conclusion

The conclusions should highlight the necessity for a clear and commonly agreed definition of the results aimed at within the HySafe network.

A broad interest is seen in all domains presented in the thematic matrix. However, preliminary results of the state of the art analysis indicate that quite many projects are demo projects concerning production and use of vehicles using fuel cells, of filling stations, and of storage of hydrogen. On the other hand problems concerning safety in tunnels are just mentioned in very few projects. Furthermore, it seems to point to some lacks in standards and legislations for all handling of hydrogen and experiments concerning tunnel safety.

The interest in vehicles fuelled by hydrogen and the lack in standards and legislations concerning tunnel safety is in harmony with the results of the progression survey, which point to needs of experiments, improved modelling, and standards related to applications dealing with safety of vehicles powered with hydrogen, with re-fuelling problems, and related to tunnels and parking areas.

Similar conclusions were the result of the PIRT exercise especially pointing to release of hydrogen in confined areas. The two methodologies, the progression survey and the PIRT exercise, are aiming at the same goal in this perspective, to define and prioritise future needs as related to safety of hydrogen as an energy carrier. The difference is mainly that the PIRT methodology may be very detailed in the suggestions being discussed, whereas the progression survey has been dealing with the topics at a higher level. Furthermore, for the survey the opinion stated is final, whereas the PIRT methodology is much in line with a Delphi methodology allowing the respondents to reassess their replies in light of a summarised feedback of the replies from the other experts. In addition, it should be kept in mind that the PIRT exercise has not yet been completed, and that phenomena not presented and voted for in the PIRT exercise are not necessarily unimportant from a safety aspect’s point of view.
The free comments given for the different topics additionally point to topics that go beyond simple experimental and modelling activities to understand the basic phenomena. They also deal with issues on accident prevention and methods to mitigate eventual consequences. These topics may be headed under keywords as reliability, maintenance, human factors and land use planning aspects, which are also important to development of the legislation in the area of hydrogen applications.  

Finally, important issues for the next phase of HySafe are related to education and training of operators dealing with handling of hydrogen. In relation to that, the education and training of rescue personal dealing with accident and emergency situations is necessary.

In the discussion with the consortium and in agreement with the above findings HySafe will establish the concept of "headlines" (an alternative wording would be "priorities"), which symbolise intermediate checks for the travel according to the mapping idea. These headlines, in maximum 3 coexisting, help to orientate the network, help to check whether the network complies with any external mapping, e.g. this of the H2FC Technology Platform, and ease to communicate current working topics of the network. 

Two headlines have been identified for the next 2-3 years. The first is "Confined and Semi-Confined Spaces", the second is "Mitigation". The latter refers to prevention of accidents and the reduction of consequences. It also includes the qualification of sensors, with respect to reliability, sensitivity and response time, at least. These headlines include the most important activity fields, like cars in garages and tunnels and refuelling stations, but are more flexible.  Furthermore, they allow reshaping the drafted proposals for the JPA for a converging common work share of all involved institutions, and support the identification of partner's projects, internal as well as external, which should be influenced at their initial definition phase. 
Appendix A, State of the art basics

Please, find Appendix A under separate cover

Appendix B, Example of count & percent for the prospective survey

Please, find Appendix B under separate cover

Appendix C, Proposals for tests and other activities as basis for an updated DoW for the next period of time for the HySafe network

Please, find Appendix C under separate cover

Appendix D, Draft proposals under preparation

Please, find Appendix D under separate cover
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