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                        Risoe National Laboratory

HYSAFE – State of the Art – WP7

 Risø National Laboratory

 Questionnaire about ’State of the Art’ on Hydrogen Safety.

Work-package 7 is designed to map priorities and assess the network progress based on the input from the other WPs. For the first phase of HySafe, the work concentrates on:

7.1 Review of data for SBEP (Standard Benchmarks Exercise Problems), which will be provided by:

· WP 8: Hydrogen release, mixing and distribution

· WP 9: Hydrogen ignition and jet fires

· WP 10: Hydrogen explosions

· WP 11: Mitigation

7.2  Review of proposals for tests and other activities. This activity will be subdivided into two:

· A review / state of the art description of proposals for tests and other activities. (risk assessment methodologies).

· A prospective analysis of research and applications needs (this is in the WP description referred to as ‘other work packages (integration and spreading of excellence) will report visions of future development. The review will address needs both for research (specific gaps of knowledge) and applications (open issues)’.  

In State of the Art the following topics have to be enlightened:

· Existing Codes, standards and regulations

· Which projects have been performed? and

· What are the activities at the moment?

The aim of this questionnaire is to get information from the Hysafe project partners about their knowledge concerning projects and ongoing activities.

	Question
	Explanation

	Which projects do you know concerning  hydrogen use and safety? 

Former and ongoing projects.


	Following information is required:

Project numbers

Titles of the projects 

The overall purpose of the projects. (Summary)

Status of the projects.

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


	HYSAFE Partner
	Number
	Contact person

	
	
	


	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?
	


Where in the following matrix belongs the project (e.g. as V1-H2)
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The  result of  State of the Art
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 this appendix 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.

	
	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  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

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. The Figure shows a filled-out matrix, where the colour and the number indicate how many projects that treat the specific topic.

An overview of the different projects and their position in the matrix is collected in a scheme in the end of this appendix

	HYSAFE Partner
	Number
	Contact person

	INERIS
	13
	Lionel PERRETTE


	Which projects do you know concerning hydrogen use and safety? 

Former and ongoing projects.

	Project number


	EU funded project 5th PCRD

	Title of the project 


	FEBUSS / Air Liquide

Fuel cell energy systems standardised for large transport, buses and stationary applications.

	The overall purpose of the project.

Abstract    (~200 words)


	Development of a standard fuel cell power module (100 KW) for use either in a mobile or stationary application.

	Status of the project.

Start and stop of the project and present results
	Start time: 01/01/2002

Duration : 60 months
Present result : PRA

	Are your company involved in the project and which safety aspect does the project include
	INERIS is in charge of conducting the safety analysis of the power module. Ultimately, CE marking is sought

	Which legislation concerning use of Hydrogen have you used or missed?
	EC directives : ATEX, Machine, Electromagnetic compatibility


Where in the following matrix belongs the project (e.g. as V1-H2) : V4-H4/H6
	Which projects do you know concerning hydrogen use and safety? 

Former and ongoing projects.

	Project number


	EU funded project 5th PCRD

	Title of the project 


	Citycell / Irisbus

	The overall purpose of the project.

Abstract    (~200 words)


	Overall purpose of the project is to demonstrate the use of FC bus for public transport in 3 european cities : Milano, Paris & Madrid

	Status of the project.

Start and stop of the project and present results
	Risk assessment completed.

Stack not available so far.

Bus due to run by 2006-7.

	Are your company involved in the project and which safety aspect does the project include
	INERIS is involved as a subcontractor. INERIS has been in charge of conducting the risk assessment required to run the bus on french roads (Vehicle approval).

In a close future, we should be in charge of conducting the safety study for the GH2 filling station in Paris.

	Which legislation concerning use of Hydrogen have you used or missed?
	None


Where in the following matrix belongs the project (e.g. as V1-H2) : H4/H2-V4
	Which projects do you know concerning hydrogen use and safety? 

Former and ongoing projects.

	Project number


	French National project funded by the minister of industry

	Title of the project 


	PLUSPAC / Dalkia

Local production and use of hydrogen in an optimised energy system

	The overall purpose of the project.

Abstract    (~200 words)


	Use of a fuel cell system coupled with hydride storage and electrolysis to power a research centre.

	Status of the project.

Start and stop of the project and present results
	On going since 2002. Partners have withdrawn and scope has changed.

	Are your company involved in the project and which safety aspect does the project include
	Initially INERIS was expected to carry the overall risk assessment.

Finally, INERIS is in charge of conducting safety evaluation (tests) of hydrides. 

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

Major hazard regulation


Where in the following matrix belongs the project (e.g. as V1-H2) : H3-V4
	Which projects do you know concerning hydrogen use and safety? 

Former and ongoing projects.

	Project number


	EU funded project 5th PCRD

	Title of the project 


	MECHEX

	The overall purpose of the project.

Abstract    (~200 words)


	Study of mechanical ignition of explosive atmosphere

	Status of the project.

Start and stop of the project and present results
	On going

	Are your company involved in the project and which safety aspect does the project include
	Evaluation of mechanical ignition potential (impact temperature, energy release by impact,…) 

	Which legislation concerning use of Hydrogen have you used or missed?
	None


Where in the following matrix belongs the project (e.g. as V1-H2) : V2

	Which projects do you know concerning hydrogen use and safety? 

Former and ongoing projects.

	Project number


	French funded project

ADEME 00 74 065

	Title of the project 


	SEREPAC

State of the art and trends relating to fuel cell systems safety, regulation and standard

	The overall purpose of the project.

Abstract    (~200 words)


	Review hazards associated with H2 and fuel cell and review existing / under construction regulations and standards

	Status of the project.

Start and stop of the project and present results
	Terminated December 2002

	Are your company involved in the project and which safety aspect does the project include
	INERIS lead this work

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


Where in the following matrix belongs the project (e.g. as V1-H2) : V5

	Which projects do you know concerning hydrogen use and safety? 

Former and ongoing projects.

	Project number


	Contract n°13461-97-11 F1ED ISP F

	Title of the project 


	Security of highly pressurised tanks equipping GH2 fuelled road vehicles

	The overall purpose of the project.

Abstract    (~200 words)


	Carry out tests on 700 bars GH2 storage (bondfire test, bullet test, crash test,…) to evaluate adequacy of current safety features

	Status of the project.

Start and stop of the project and present results
	Completed in 2000

	Are your company involved in the project and which safety aspect does the project include
	INERIS carried out some of the tests. 

	Which legislation concerning use of Hydrogen have you used or missed?
	None


Where in the following matrix belongs the project (e.g. as V1-H2) : H3-V4 / V5

I have also heard of a project called EQHHPP (Euro-quebec…) . I use to have the final report of this EU funded project but I can not find it any more. INERIS did not take part to this project : H1/H2/H3-V4

There have been also MERGE and EMERGE EU projects dedicated respectively to free and impinged release of either hydrogen and methane (various pressure and pipe diameter). If necessary, I can give a description of these projects : V1-V2

	Which projects do you know concerning hydrogen use and safety? 

Former and ongoing projects.

	Project number


	JS2003346

	Title of the project 


	Evaluation of CEBAM onshore

	The overall purpose of the project.

Abstract    (~200 words)


	To evaluate the modelling of H2 gas explosions at the Hornchurch refuelling facility and in particular looking at the following issues:

· Overpressure calculations – sensitivity to choice of flame speeds

· Influence of shaft height on calculated overpressures

· External explosion

· Computational cell size

· Likelihood of DDT or detonation.

	Status of the project.

Start and stop of the project and present results
	Completed.

Project started: February 2003

Project completed: May 2003

	Are your company involved in the project and which safety aspect does the project include
	HSL carried out this work on behalf of HSE

The project was concerned with the risk associated with H2 gas explosions

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

	Where in the following matrix belongs the project (e.g. as V1-H2)
	V2-H2


Where in the following matrix belongs the project (e.g. as V1-H2)

	HYSAFE Partner
	Number
	Contact person

	HSL.HSE
	
	Dr S Hawksworth


	Which projects do you know concerning hydrogen use and safety? 

Former and ongoing projects.

	Project number


	JC04.00091

	Title of the project 


	HYDROGEN SAFETY RESEARCH


	The overall purpose of the project.

Abstract    (~200 words)


	If hydrogen is to be stored and used as a high-pressure gas, the consequences of jet releases from leaks must be considered. A jet release in an open area will result in a flammable cloud that will rapidly disperse. If the jet reaches a source of ignition the hazard is a jet fire burning from the leak until the supply is controlled or exhausted.

Hydrogen jet release experiments have been carried out using small leaks (circular holes ranging from 1mm to 12mm diameter) at system pressures up to 150bar. Concentration measurements were made in the unignited horizontal free jets to verify the extent of the flammable cloud generated. Ignited jets were observed both in the visible and infrared to verify the flame length.

	Status of the project.

Start and stop of the project and present results
	Completed

Start date: January 2002

End date: September 2002

	Are your company involved in the project and which safety aspect does the project include
	HSL contracted to undertake tests for Shell Global Solutions

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


Where in the following matrix belongs the project (e.g. as V1-H2). V1-V3, H1-H3 

	HYSAFE Partner
	Number
	Contact person

	HSL
	
	Dr S Hawksworth


	Which projects do you know concerning hydrogen use and safety? 

Former and ongoing projects.

	Project number


	HSL report EC_04_07

	Title of the project 


	HYDROGEN DETONATION TRIALS UP TO 20m3

	The overall purpose of the project.

Abstract    (~200 words)


	This short programme of tests was carried out to demonstrate detonation of stoichiometric hydrogen/air clouds of volumes up to 20 m3 in unconfined and semi-confined configurations  Its aim was also to test the validity of the estimated TNT equivalence for detonation of stoichiometric hydrogen/air. The explosive mixtures were initiated using varying amounts of high explosive. 

	Status of the project.

Start and stop of the project and present results
	Completed

Start date: July 2003

End date: September 2003

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

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


Where in the following matrix belongs the project (e.g. as V1-H2). V1-V3, H1-H6 

	HYSAFE Partner
	Number
	Contact person

	Norsk Hydro
	17
	Sandra Nilsen


	Which projects do you know concerning hydrogen use and safety? 

Former and ongoing projects.

	Project number


	

	Title of the project 


	European Integrated Hydrogen Project 2 (EIHP II)

	The overall purpose of the project.

Abstract    (~200 words)


	EIHP2, the 3 year follow-up to EIHP, provides inputs for regulatory and standardization activities on a European and global level facilitating the safe development, introduction and daily operation of hydrogen fuelled vehicles on public roads and their associated refilling stations. 

EU project within FP5. Coordinated by LBST Germany.  
6 work packages: WP1 – Overall coordination, WP2 Refilling station, WP3 – Refilling Interface, WP4 – Vehicles, WP5 Safety, WP6 – Links EU-USA + other “cluster Activities”.   See also http://www.eihp.org


	Status of the project.

Start and stop of the project and present results
	The project was started in 2001 and was finished in 2004.

Present results (deliverables):

WP2:

· Survey of existing codes and standards relevant for refueling infrastructure

· Overview of Safety Distances recommended for hydrogen dispensing in existing standards and codes
· Input to risk assessment studies, risk reducing measures and recommendations of aspects to be addressed in future development of regulations and standards
· Main result was a draft document  “Gaseous Hydrogen Vehicle Refuelling Stations” that includes guidelines for design, installation, operation and maintenance. This draft has been submitted to ISO TC 197 WG11 “Gaseous Hydrogen. Service Stations” to be evaluated as a basis for development of an international standard. 
· Generic risk based maintenance and inspection protocol for hydrogen refuelling stations 
WP3:

Optimum on-board storage pressure 
· Gaseous refuelling: Testing of refuelling, comparison with calculations
· Liquid refuelling interface: Testing and comparison with calculations, approved LH2 connector (German TUV), Recommendations of requirements for LH2 interface 
WP4

· Work on the draft ECE regulations has progressed to the most advanced state possible. Both the LH2 draft and the CGH2 draft have now reached the status of official documents at GRPE
· Communication to outside groups/organisations to promote the results of EIHPII and to prevent duplicated work (Workshop with US authorities,Meeting with ISO TC 197, etc.)

· Not agreement within GRPE regarding development of a ECE regulation or a GTR.  Consensus for the parallel approach GTR + ECE’s has to be achieved and submitted at next GRPE  regarding finalising development of regulations for hydrogen vehicles

· A draft amending for the directive 96/96/EC covering periodic inspection created and prepared for forwarding to ACEA /OICA to start for approval process



	Are your company involved in the project and which safety aspect does the project include
	Norsk Hydro was work package leader of WP 2 “refuelling infrastructure”, had a strong participation in WP5 “Safety” and also participated in WP3 “Refuelling Interface”. Key words related to safety:  Development of standards for hydrogen vehicles and infrastructure, safety risk assessment, refuelling station layout requirements, hydrogen combustion experiments and modelling, hydrogen dispersion modelling.  

	Which legislation concerning use of Hydrogen have you used or missed?
	There are several general regulations relevant for hydrogen infrastructure, national regulations and EU regulations.  However, how to build e.g. a safe refuelling station in practice is not straightforward.  The reason is probably that there is very limited, if any, experience with public use of hydrogen, and also that the authorities may have limited experience with such installations. 




Where in the following matrix belongs the project (e.g. as V1-H2): (H1-V1, V2, V3, V4, V5)

(H2 - V1, V2, V3, V4, V5),  (H4-V1, V2, V4, V5)

	Which projects do you know concerning hydrogen use and safety? 

Former and ongoing projects.

	Project number


	

	Title of the project 


	Clean Urban Transport for Europe (CUTE)

	The overall purpose of the project.

Abstract    (~200 words)


	The aim of the project is to demonstrate the feasibility of an innovative, high energy efficient, clean urban public transport system. The demonstration encompasses the operation of 27 purpose designed fuel cell powered, low-noise buses in 9 European cities. Regional appropriate hydrogen (H2) production and refueling infrastructures has been established. This public transport system will contribute to the reduction of overall CO2 emissions.

More than 20 partners. A EU project within FP5. 

	Status of the project.

Start and stop of the project and present results
	Started in 2001 and will be finished in 2006 (Phase 1 from 2001-2003, phase 2 from 2004-2006).

My knowledge about this project is mainly related to safety and quality as a member of Hydro’s CUTE team.  The results from the project are experience and new knowledge to act as basis for recommendations for future hydrogen refuelling stations 
Very valuable information have been collected related to establishment and operation of refuelling stations and operation of the buses.   



	Are your company involved in the project and which safety aspect does the project include
	Hydro is the leader of WP7 ”Safety and Quality” in this project.  Hydro has also delivered the refuelling station to the Hamburg CUTE installation.

Safety aspects covered:

· establishment of refuelling stations, including the authority approval process 

· operation of refuelling station

A monitoring program is established in all of the CUTE cities, to continuously monitor a set of specific safety and quality parameters.  An incident and accident reporting system has also been established.

	Which legislation concerning use of Hydrogen have you used or missed?
	There are several general regulations relevant for hydrogen infrastructure, national regulations and EU regulations.  However, how to build e.g. a safe refuelling station in practice is not straightforward.  The reason is probably that there is very limited, if any, experience with public use of hydrogen, and also that the authorities may have limited experience with such installations. 




Where in the following matrix belongs the project (e.g. as V1-H2): Same as for EIHPII (H1-V1, V2, V3, V4, V5)

(H2 - V1, V2, V3, V4, V5),  (H4-V1, V2, V4, V5)

	Which projects do you know concerning hydrogen use and safety? 

Former and ongoing projects.

	Project number


	

	Title of the project 


	Hynet Thematic network

	The overall purpose of the project.

Abstract    (~200 words)


	In December 2000 a group of HyNet participants met in Oslo, and decided to initiate a proposal to establish HyNet as a Thematic Network for submission to the EC under the 5th FP About 75 industrial and research organisations. 
The network is supported by the European Commission.

Hynet objectives:

· To establish a platform for industrial networking, integrating the know how and innovation potential of all players in Europe 
· To provide a coherent industry voice in public and political arenas 
· To support the EC establishing a suitable European R&TD Strategy 
· To promote further co-operative R&TD in relation to all aspects of the hydrogen supply chain and hydrogen applications 
· To establish an organisation for the advancement of hydrogen energy to create competitiveness of the European hydrogen industry at world scale 
· To collect, analyse, and disseminate information on the hydrogen socio-economic and environmental effects 
· To create instruments for the dissemination of hydrogen related information to experts and the public 
· To participate in the development of safety and regulatory discussions 

Work has been focused in 5 different thematic working groups:

TWG1: Hydroegn production, storage and infrastructure, TWG2: Applications, TWG3: Safety, main focus on rgualtory issues, TWG4: Scio-economic issues, TWG5:Dissemination, Public outreach

	Status of the project.

Start and stop of the project and present results
	Started in 2000 

Main result: Development of a European Hydrogen Roadmap  

	Are your company involved in the project and which safety aspect does the project include
	Yes,Hydro had a strong participation in TWG4 and coordinated TWG3 “Safety” in Hynet.  Focus in 2003 in TWG3  was regulations and standards; input to Hynet roadmap on these aspects.  Some results from TWG3:

· Report “Regulations and Standards; status gaps and needs” delivered to Hynet, available at Hynet website  
· Summary report delivered to Hynet Roadmap Executive Summary

· Hydro presentation at “The International German Hydrogen Energy Congress” 2004


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


Where in the following matrix belongs the project : (H1, H2, H3, H4, H5, H6 – V5)
	Which projects do you know concerning hydrogen use and safety? 

Former and ongoing projects.

	Project number


	

	Title of the project 


	Full title: Harmonization of Standards and Regulations for a 

sustainable Hydrogen and Fuel Cell technology (Project acronym: HarmonHy)

	The overall purpose of the project.

Abstract    (~200 words)


	HarmonHy aims first to make an assessment of the activities on hydrogen and fuel cell related regulations and standards on a worldwide level.  Gaps will be identified and propositions to solve fragmentation will be made.  Potential conflicts between codes, standards and regulations will also be investigated and propositions to solve the conflicts will be made.

Particular attention to identify the needs for standards as perceived by the industry will be paid as well as action to ensure concordance between standards and regulations 

The final goal of all the process is to render European collaboration in the field as effective as possible and to increase its contribution at the worldwide level, rendering it more effective and homogeneous as well as corresponding to its major interests.  

Five work packages:

WP1: State of the art of regulations and standards

WP2: State of the art of pre-normative research

WP3: Interaction with outside bodies

WP4: Analysis of industrial and societal needs

WP5 Action plan and roadmap

	Status of the project.

Start and stop of the project and present results
	Will  probably be formally started autumn 2001, duration 1 year

	Are your company involved in the project and which safety aspect does the project include
	Yes, Hydro has a relatively small contribution in this project with main focus on WP4 

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


	HYSAFE Partner
	Number
	Contact person

	UU
	23
	Prof. Vladimir Molkov


	Which projects do you know concerning hydrogen use and safety? 

Former and ongoing projects.

	Project number


	N/A

	Title of the project 


	Mitigation of hydrogen-air explosions by application of inertial vent covers

	The overall purpose of the project.

Abstract    (~200 words)


	External explosion during venting of deflagrations is one of the reasons of high peak overpressures inside and outside enclosures. It is known as well that sudden venting can induce onset of detonation. There are could be different ways to mitigate these adverse effect. The overall purpose of the project is a development of a model and a tool for hydrogen safety engineering to mitigate explosions by application of inertial vent covers. The Ulster LES model validated against large-scale deflagrations in closed, vented enclosures and open atmosphere will be developed further for such kind of applications.

	Status of the project.

Start and stop of the project and present results
	FireSERT of UU just finished EPSRC funded study on vented deflagrations with inertial vent covers with respect to hydrocarbon-air mixtures. It is demonstrated in particular that venting generated turbulence can be reduced by application of inertial vent covers. The internally funded by UU project will start in October 2004 when preliminary current results will be generalised. It is planned that after one year of the project the application for external funding will be prepared in collaboration with other HySafe members.

	Are your company involved in the project and which safety aspect does the project include
	It is internal UU project.

The project includes following safety aspects:

- mitigation of confined explosions, particularly external explosions and DDT at large scales;

- development of tools for hydrogen safety engineering.

	Which legislation concerning use of Hydrogen have you used or missed?
	This research connected with matters dealt in parts of the draft of European Standard CEN/TC305 “Gas Explosion Protective Systems”


Where in the following matrix belongs the project (e.g. as V1-H2).

The research project results will affect in different extent V2 to V5 and can be applied to each of H1-H6 rows when confined explosions could occur.

	HYSAFE Partner
	Number
	Contact person

	UU
	23
	Prof. Vladimir Molkov


	Which projects do you know concerning hydrogen use and safety? 

Former and ongoing projects.

	Project number


	N/A

	Title of the project 


	Development and validation of LES model of hydrogen release, mixing and distribution

	The overall purpose of the project.

Abstract    (~200 words)


	The purpose of the project is the development and validation of the large eddy simulation LES model as a predictive tool for hydrogen release, mixing and distribution at large scales. In particular, the project aims to predict distribution of hydrogen-air mixture before ignition in closed space. The LES model and simulations will be validated against published data: hydrogen was injected vertically upward at 4.5 litres/sec rate during 60 seconds into 20 m3 closed vessel (5.5 m length, 2.2 m diameter) through 10mm diameter tube located 1.4 m below a top of the vessel. Hydrogen concentrations at different heights were measured after 20, 50, 100 and 250 min since the beginning of the release. One of the particular aims of the project is the assessment of the practically acceptable resolution, which allows to obtain realistic results in large-scale equipment during long time periods.

	Status of the project.

Start and stop of the project and present results
	Project started in June 2004 for half year. At the moment “insufficient” resolution of the mixing process at the release stage is found to accelerate the rate of hydrogen concentration distribution in time. 

	Are your company involved in the project and which safety aspect does the project include
	It is an internal UU project.

The project includes following safety aspect: development and validation of an advanced tool for hydrogen release, mixing and distribution before ignition.

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


Where in the following matrix belongs the project (e.g. as V1-H2).

The research project results are directly related to column V1, will be used to make realistic assessments of explosion and fire effects in V2, could be useful to develop more sound R&D of mitigation techniques in V3 and risk analysis in V4 in the matrix. Results can be applied to each of H1-H6 rows, where incident starts from hydrogen release without immediate ignition.

	HYSAFE Partner
	Number
	Contact person

	UU
	23
	Prof. Vladimir Molkov


	Which projects do you know concerning hydrogen use and safety? 

Former and ongoing projects.

	Project number


	N/A

	Title of the project 


	Simulations of large-scale hydrogen-air deflagration in open atmosphere

	The overall purpose of the project. Abstract (~200 words)


	The purpose of the project is the further development and validation of the Ulster LES model for large-scale hydrogen-air deflagrations. In this project the Ulster LES model will be validated against experiments of another member of HySafe on stoichiometric hydrogen-air deflagration in 20-m radius hemisphere. The study will answer on the question which subgrid scale (SGS) models can be used to predict reasonably such large-scale combustion, including flame front propagation and pressure dynamics. The influence of dilution of initial flammable cloud by surrounding air will be studied as well. Other experimental data on hydrogen-air deflagrations in open atmosphere will be studied through application of the LES model.

	Status of the project.

Start and stop of the project and present results
	Project started in March 2004 and to continue until July 2005. Currently simulation results demonstrate reasonable agreement with experimental data for flame front radius, pressure dynamics at different locations and flame front shape with incorporation of turbulence generated by flame front itself into SGS model of premixed turbulent combustion. The project results contribute to on-going validation of the Ulster LES model as a predictive engineering tool. Results of the project are to be presented at International Technical Congress “Computational Simulation Models in Fire Engineering and Research”, 21 October 2004, Santander, Spain.

	Are your company involved in the project and which safety aspect does the project include
	It is an internal UU project.

The project includes following safety aspects:

development and validation of engineering CFD tool for assessment of hydrogen explosions in atmosphere.

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


Where in the following matrix belongs the project (e.g. as V1-H2).

The research project results are be related to columns from V2 and V4 in the matrix and can be applied to each of H1-H6 rows, where hydrogen deflagration in open atmosphere is a concern.

	HYSAFE Partner
	Number
	Contact person

	UU
	23
	Prof. Vladimir Molkov


	Which projects do you know concerning hydrogen use and safety? 

Former and ongoing projects.

	Project number


	N/A

	Title of the project 


	LES of hydrogen-air deflagration dynamics in closed large-scale enclosures

	The overall purpose of the project.

Abstract    (~200 words)


	Large eddy simulations (LES) of deflagration propagation through initially quiescent stoichiometric hydrogen-air mixture inside a large-scale 2.3-m diameter spherical vessel have been performed. The Ulster LES model of premixed combustion was developed and validated for the first time against experimental pressure dynamics in experimental conditions. The purpose of the project was the development of LES model for simulation of large-scale deflagrations in closed space when propagation of wrinkled flame is the reason of high pressure build up.

	Status of the project.

Start and stop of the project and present results
	Project has been undertaken during 2002-2003. Simulation results showed favourable agreement with experimental data. The Ulster LES model was verified against results of the lumped parameter model. The project results contribute to validation of the Ulster LES model. For the first time the cellular structure of wrinkled flame front was reproduced in large eddy simulations. Results of the project were published in refereed journals and presented at international conferences.

	Are your company involved in the project and which safety aspect does the project include
	It is an internal UU project.

The project includes following safety aspects:

- development and validation of engineering CFD tools for hydrogen safety engineering, in particular deflagration dynamics in closed spaces.

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


Where in the following matrix belongs the project (e.g. as V1-H2).

The research project results are directly related to column V2 and will be useful for V3-V4 in the matrix. They can be applied to each of H1-H6 rows, where hydrogen deflagration in confined enclosures can be a concern.

	HYSAFE Partner
	Number
	Contact person

	UU
	23
	Prof. Vladimir Molkov


	Which projects do you know concerning hydrogen use and safety? 

Former and ongoing projects.

	Project number


	N/A

	Title of the project 


	Ignition of hydrogen release by hot surface

	The overall purpose of the project.

Abstract    (~200 words)


	The purpose of the project is a development of contemporary tool for simulation of ignition of hydrogen-air mixtures after accidental releases by hot surfaces.

It is well known that autoignition temperature depends of size of the volume, e.g. flask size in test for determination of “standard” autoignition temperature. However, requirements of standards like IEC 79-4-75 require considering safety measures for standard value of autoignition temperature at specified conditions. This can exaggerate requirements to safety, e.g. for large-scale hot pipes when convective flow  of hot gases affect the contact-time with hot surface and can increase the level of temperature at which ignition is possible.

The Ulster large eddy simulation (LES) model of reactive flows will be developed further to tackle this problem.

	Status of the project.

Start and stop of the project and present results
	Project will start in October 2004 and continues until July 2005.

	Are your company involved in the project and which safety aspect does the project include
	It is internally funded UU project.

The project includes following safety aspects:

- mitigation of confined explosions, particularly external explosions and DDT at large scales;

- development of a tool for hydrogen safety engineering concerning prediction of possibility of ignition of hydrogen releases at different conditions and for different applications.

	Which legislation concerning use of Hydrogen have you used or missed?
	This research connected with matters dealt in International Standard IEC 79-4-75.


Where in the following matrix belongs the project (e.g. as V1-H2).

The research project results are directly related to V2, and related to V3-V5 and can be applied to each of H1-H6 rows when ignition by hot surfaces is a concern.
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	HYSAFE Partner
	Number
	Contact person

	FZK
	1
	Jordan


	Which projects do you know concerning hydrogen use and safety? 

Former and ongoing projects.

	Project number


	1

	Title of the project 


	EIHP-2

	The overall purpose of the project.

Abstract    (~200 words)


	EIHP2 will also develop a refuelling station layout requirement, analyse and quantify health, environment and safety risks associated with onsite hydrogen equipment and assess the requirements for maintenance and periodic inspection of all related components and systems. Finally EIHP2 will identify the requirements necessary to harmonise standards, codes of practice and filling procedures applicable to refuelling station sub-systems and components on a European and global level. For the first time this will also include the refuelling interface (nozzle-receptacle) between the filling station and the vehicle also taking into ac-count the necessary refuelling procedures for fast filling. The outcome shall be approved re-fuelling connectors.

EIHP2 will undertake comparative risk and safety analyses with respect to the release of hydrogen in confined and semi-confined environments, such as tunnels, inner-city streets and garages. These experimental data shall provide sufficient input to enable the partnership to define the required inputs for hydrogen related standards and regulations.

EIHP2 in its attempt for global harmonisation will try to coordinate such activities between the EU and the USA. Also first contacts to Japan will be established. Interested experts and tar-get groups shall be informed in workshops on the results achieved in EIHP2.

	Status of the project.

Start and stop of the project and present results
	Finished

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

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


Where in the following matrix belongs the project (e.g. as V1-H2)
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	Which projects do you know concerning hydrogen use and safety? 

Former and ongoing projects.

	Project number


	2

	Title of the project 


	HYCOM

	The overall purpose of the project.

Abstract    (~200 words)


	The HYCOM project included the following main objectives:

Studies of premixed hydrogen flames in non-uniform mixtures and multi-compartment geometry under conditions and scales representative for severe nuclear accidents

Evaluation of effects of scale and mixture properties on hydrogen combustion behaviour

Test and refinement of criteria for effective flame acceleration

Extension of the experimental data base on hydrogen combustion that is necessary to benchmark containment analysis methods, criteria, and codes

Validation of models and codes on experimental data and identification of ranges of applicability of modelling approaches, e.g. lumped parameter and CFD techniques

Demonstration of code capabilities by full scale plant analysis

(FP5)

	Status of the project.

Start and stop of the project and present results
	Finished

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

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


Where in the following matrix belongs the project (e.g. as V1-H2)
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	Which projects do you know concerning hydrogen use and safety? 

Former and ongoing projects.

	Project number


	3

	Title of the project 


	H2-DDT

	The overall purpose of the project.

Abstract    (~200 words)


	Advancing the assessment capabilities for DDT events. Detailed DDT mechanisms were studied experimentally and theoretically. Numerical techniques for 3D field simulation were developed and existing field codes tested on nuclear reactor relevant problems. PSA type DDT assessment methods have been proposed.

Mitigation strategies for nuclear reactors have been advanced.

(FP4)

	Status of the project.

Start and stop of the project and present results
	Finished

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

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


Where in the following matrix belongs the project (e.g. as V1-H2)
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	Which projects do you know concerning hydrogen use and safety? 

Former and ongoing projects.

	Project number


	4

	Title of the project 


	HDC

	The overall purpose of the project.

Abstract    (~200 words)


	Further and verify the physical models and numerical algorithms for the prediction of spatial distribution and various modes of hydrogen combustion in severe nuclear accidents

Comparison of codes: TONUS, COM3D, REACFLOW, CFX4.2

(FP4)

	Status of the project.

Start and stop of the project and present results
	Finished

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

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


Where in the following matrix belongs the project (e.g. as V1-H2)
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	Which projects do you know concerning hydrogen use and safety? 

Former and ongoing projects.

	Project number


	5

	Title of the project 


	HGF Strategy Fund Project 98/07

	The overall purpose of the project.

Abstract    (~200 words)


	Development of new deterministic methods for describing the distribution and combustion processes as a consequence of core melt down accidents in PWRs.

With the newly developed mitigation techniques the remaining risk shall be minimised.

Optimisation of the reco placement and construction, transfer of the knowledge to conventional applications.



	Status of the project.

Start and stop of the project and present results
	Finished

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

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


Where in the following matrix belongs the project (e.g. as V1-H2)
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	Which projects do you know concerning hydrogen use and safety? 

Former and ongoing projects.

	Project number


	6

	Title of the project 


	DN15 Tube Tests

	The overall purpose of the project.

Abstract    (~200 words)


	Experiments with in tube detonations with initial pressure of 70 bar of radiolysis gas, hydrogen.

Prove that for such detonations without reflections tubes with a diameter of 15 mm typically used for some messurement applications in BWR withstand these loads.

These analysis were initiated by two accidents in 2001 (Brunsbüttel, Hamoaka-1) and financed by VGB



	Status of the project.

Start and stop of the project and present results
	Finished

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

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


Where in the following matrix belongs the project (e.g. as V1-H2)
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	Which projects do you know concerning hydrogen use and safety? 

Former and ongoing projects.

	Project number


	7

	Title of the project 


	Tube Rupture Tests

	The overall purpose of the project.

Abstract    (~200 words)


	Experiments with similar tubes as used for the DN15 tube tests but performed iteratively with increasing initial pressure up to structural failure.

Thus the safety margin in these tubes will be examined

Japanese contractor

	Status of the project.

Start and stop of the project and present results
	In preparation

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

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


Where in the following matrix belongs the project (e.g. as V1-H2)
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	Which projects do you know concerning hydrogen use and safety? 

Former and ongoing projects.

	Project number


	8

	Title of the project 


	MODEL DEVELOPMENT

	The overall purpose of the project.

Abstract    (~200 words)


	GASFLOW: spray, sump model improvement, ISP47 contribution

COM3D: PDF, heat transfer

DET3D dust model

GD, FP, H2CELL

Financed by the German Ministry for Education and Research (BMBF)

	Status of the project.

Start and stop of the project and present results
	Running

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

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


Where in the following matrix belongs the project (e.g. as V1-H2)
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	Which projects do you know concerning hydrogen use and safety? 

Former and ongoing projects.

	Project number


	9

	Title of the project 


	SFB 606

	The overall purpose of the project.

Abstract    (~200 words)


	Further the modelling of turbulent flame behaviour. New methods for describing the combustion phenomena in transient and turbulent flames are developed and meaeurements in related experiments with new laser optic methods performed.

Financed by the German Research Foundation DFG

	Status of the project.

Start and stop of the project and present results
	Running

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

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


Where in the following matrix belongs the project (e.g. as V1-H2)
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	Which projects do you know concerning hydrogen use and safety? 

Former and ongoing projects.

	Project number


	10

	Title of the project 


	HSS Test Center

	The overall purpose of the project.

Abstract    (~200 words)


	Installation of the distribution-combustion test cell. Verification for the detonation limits of the cell.

Installation of the detonation tanks/ pressure vessels A1 (110m3, 100 bar)  and A2 (30 m3, 60 bar)

Opening ceremony on October 28th 2004

Financed by the German Ministry for Education and Research (BMBF)



	Status of the project.

Start and stop of the project and present results
	Running

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

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


Where in the following matrix belongs the project (e.g. as V1-H2)
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	Which projects do you know concerning hydrogen use and safety? 

Former and ongoing projects.

	Project number


	11

	Title of the project 


	TW4-TSS-SEA 5.x

	The overall purpose of the project.

Abstract    (~200 words)


	Experimental studies and development of numerical methods related to the examination of combined hydrogen and dust explosions in the fusion reactor ITER.

Detailed analysis of air ingress in vacuum pump boxes or the vacuum chamber. Deuterium and tritium involved.

Funding by EFDA



	Status of the project.

Start and stop of the project and present results
	Running

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

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


Where in the following matrix belongs the project (e.g. as V1-H2)
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	Which projects do you know concerning hydrogen use and safety? 

Former and ongoing projects.

	Project number


	12

	Title of the project 


	HyTunnelSafety

	The overall purpose of the project.

Abstract    (~200 words)


	The theme of hydrogen must be transferred to the safety concepts of today’s tunnel projects. The recent years in Europe have been marked by horrendous tunnel accidents and have highlighted once more that despite a hundred years of development of road traffic the safety in tunnels can in some cases still be dramatically improved. To promote hydrogen as the fuel of the future the faults, that had happened with conventionally powered vehicles must definitely be avoided. 

New requirements from the Hydrogen vehicle development process have to be transferred into the conception of tunnel systems to arm these systems for the future. In this connection following questions have to be answered: 

•
What are the worst case scenarios?

•
Under which circumstances is the use of existing tunnel systems possible? 

•
Which limits become apparent? 

•
Which arrangements should be apprehended? 

•
How should the new regulations be implemented?

•
How could the requirements be internationally harmonized at an early date, so to avoid depreciatory investments? 

 A third aspect to consider is the application of driver assistance systems Dramatic crash scenarios could be avoided by using intelligent traffic regulation and information systems. Moreover the use of such systems seams to be closer to a series implementation in tunnels than anywhere else. This is because constant conditions are required for the optimal functioning of the systems, with hardly no illumination fluctuating and less environmental influences like animals or adverse weather.

	Status of the project.

Start and stop of the project and present results
	In preparation

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

	Which legislation concerning use of Hydrogen have you used or missed?
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Where in the following matrix belongs the project (e.g. as V1-H2)
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	Which projects do you know concerning hydrogen use and safety? 

Former and ongoing projects.

	Project number


	13

	Title of the project 


	StorHySafe

	The overall purpose of the project.

Abstract    (~200 words)


	Performing a concerted research program related to the safety of hydrogen storage devices. Especially for the application and testing of LH2 cryo-tanks a  need for some concerted project work has been identified.

Magna-Stayr indicated the need for some research work with their prototypes of the BMW tanks.

Topics

•
Testing of vents

•
Shaker test of filled tank

•
Low temperature behaviour and degradation of applied materials

	Status of the project.

Start and stop of the project and present results
	In preparation

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

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



Where in the following matrix belongs the project (e.g. as V1-H2)
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	Which projects do you know concerning hydrogen use and safety? 

Former and ongoing projects.

	Project number


	14

	Title of the project 


	Safety Analysis of the Luxotherm Reactor

	The overall purpose of the project.

Abstract    (~200 words)


	The Euro-Innovation company wants to market a patented reactor for reforming liquid organic waste (e.g. oil) to hydrogen and methane.

The surveillance company has proven the reactor operating at high T (more than 700 degree C) and at atmospheric pressure.

Despite the formal approval the company wants to have a more profound safety analysis and an increased safety level for the operation of their prototype.

The related development has been qualified as class A research project within the CRAFT EC framework

	Status of the project.

Start and stop of the project and present results
	In preparation

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

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



Where in the following matrix belongs the project (e.g. as V1-H2)
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	HYSAFE Partner
	Number
	Contact person

	CEA
	6
	Henri PAILLERE

Alain GAUTHIER


	Which projects do you know concerning hydrogen use and safety? 

Former and ongoing projects.

	Project number


	6th FP : SES6-CT-2004-502661 (IP)

	Title of the project 


	NATURALHY

	The overall purpose of the project.

Abstract    (~200 words)


	The use of hydrogen as an important energy carrier is an essential element for global sustainable development. However, there are many significant challenges for implementing all the components of a complete energy system based on hydrogen. Despite these challenges, there is global interest in hydrogen as an energy carrier with commercial competition emerging for the European Union (EU) from Japan and the US. Urgent progress towards the development of a full hydrogen system requires a practical strategy within the context of an existing, extensive natural gas system which has resulted from substantial capital investment over a long period of time. 

The aims of NATURALHY are to test all the critical components of a hydrogen system by adding hydrogen to natural gas in existing networks. This transitional approach will provide further experience with the transmission of mixtures of hydrogen and natural gas and, by means of innovative separation technologies, the hydrogen utilisation in stationary end use applications. 

NATURALHY will achieve these aims by means of coherent and complementary objectives. The economic, social and environmental costs and benefits of hydrogen systems including production technologies will be evaluated and compared with existing systems. Issues of safety, durability and pipeline integrity will be investigated. In cooperation with NoE HYSAFE, awareness of the prominent attractions of hydrogen will be raised amongst all stakeholders.



	Status of the project.

Start and stop of the project and present results
	Project kicked-off on 6th – 7th May 2004.

WP Safety kick-off meeting on June 15th 2004. (WP Safety leader G. Hankinson, Loughborough U.)

	Are your company involved in the project and which safety aspect does the project include
	CEA involved in several WP, including WP Safety.
Safety aspects: comparison risks of NG-H2 mixtures compared to 100% NG or 100% H2. Experiments (dispersion, explosion) for mixtures going from 0% H2 (pure NG) to about 50% H2 vol.

	Which legislation concerning use of Hydrogen have you used or missed?
	Legislation related to NG ?


Where in the following matrix belongs the project (e.g. as V1-H2) : 

H2 – V1, V2, V4, V5
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	HYSAFE Partner
	Number
	Contact person

	CEA
	6
	Henri PAILLERE


	Which projects do you know concerning hydrogen use and safety? 

Former and ongoing projects.

	Project number


	6th FP : FI60-CT-2004-509065 (NoE)

	Title of the project 


	SARNET  

	The overall purpose of the project.

Abstract    (~200 words)


	Resolution of unresolved safety issues regarding 3rd generation Nuclear Reactors, including H2 risk issue for reactor containment.

	Status of the project.

Start and stop of the project and present results
	Kick-off End of April 2004.

SOAR on existing experiments regarding H2 distribution in confined geometries + H2 combustion experiments + computational tools and models.

	Are your company involved in the project and which safety aspect does the project include
	CEA involved in almost every WP, including WP on H2 risk.

	Which legislation concerning use of Hydrogen have you used or missed?
	Nuclear Safety standards.


Where in the following matrix belongs the project (e.g. as V1-H2) : 

H7 (H2 risk for nuclear reactors, not covered in HYSAFE) : V1, V2, V3, V4

HYSAFE – State of the Art – WP7

Questionnaire about ’State of the Art’ on Hydrogen Safety.

	HYSAFE Partner
	Number
	Contact person

	Volvo
	24
	P Adams


	Which projects do you know concerning hydrogen use and safety? 

Former and ongoing projects.

	Project number


	EC No.:

ENK6-CT2000-00442



	Title of the project 


	European Integrated Hydrogen Project – Phase 2 (EIHP2)

	The overall purpose of the project.

Abstract    (~200 words)


	See below

	Status of the project.

Start and stop of the project and present results
	Complete

2/01 – 1/04

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

CFD modelling, consequence analysis, experimental releases, etc

	Where in the following matrix belongs the project (e.g. as V1-H2)?
	V1, V2, V4, V5 – H2, H3, H4, H5


EIHP2, the 3 year follow-up project to EIHP, provided inputs to regulatory and standardisation activities at a European and global level to facilitate the safe development, introduction and operation of hydrogen fuelled vehicles on public roads and their associated refilling stations.
EIHP2 was organised into six Work Packages as indicated in Figure 1, each of which was sub-divided into a number of Sub-tasks, each of which was further divided into various sub-tasks or projects.
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HYSAFE – State of the Art – WP7

Questionnaire about ’State of the Art’ on Hydrogen Safety.

	HYSAFE Partner
	Number
	Contact person

	Volvo
	24
	P Adams


	Which projects do you know concerning hydrogen use and safety? 

Former and ongoing projects.

	Project number


	EC No.: JOE3-CT97-0088



	Title of the project 


	European Integrated Hydrogen Project (EIHP)

	The overall purpose of the project.

Abstract    (~200 words)


	See below

	Status of the project.

Start and stop of the project and present results
	Complete

2/98 – 4/00

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

Various safety studies & vehicle regulations

	Where in the following matrix belongs the project (e.g. as V1-H2)?
	V4, V5 - H3, H4, H5


Implementation of hydrogen vehicle and infrastructure technology can only succeed if the coordination of European R&D activities are intensified and technical progress is not hindered by differing regulations and licensing procedures within the EU member states. This project, which aimed at creating the basis for harmonisation of necessary legislation in Europe, was undertaken in close cooperation with licensing authorities in several EU member states (Belgium, France, Germany, Spain, Sweden).

The main objectives of this project were to: identify deficiencies impeding the harmonisation of guidelines, regulations etc., coordinate harmonisation in the approaches to standardisation; prepare a well-defined basis for discussion with relevant authorities; integrate the practical experience with hydrogen vehicles in the draft regulations; integrate existing ECE frameworks; and develop concepts for standardised vehicle components and infrastructure. 

The particular objectives of the EIHP were:

1. To create a pan-European database of existing regulations and codes of practice applicable to the use of hydrogen in vehicles

2. To contact other pertinent authorities outside Europe (Japan, USA)

3. To identify weak spots in today’s technology

4. To define the areas requiring regulation

5. To analyse, identify and propose safety concepts

6. To integrate ECE guidelines and create a basis of ECE regulation of hydrogen vehicles and the necessary infrastructure (replacing national legislation/ regulations)

As a result, proposals for further investigations and improved safety concepts were compiled, together with concepts for standardised vehicle components, infrastructure components and draft harmonised regulations.

HYSAFE – State of the Art – WP7

Questionnaire about ’State of the Art’ on Hydrogen Safety.

	HYSAFE Partner
	Number
	Contact person

	Volvo
	24
	P Adams


	Which projects do you know concerning hydrogen use and safety? 

Former and ongoing projects.

	Project number


	EC No.:

?



	Title of the project 


	Euro-Quebec Hydro Hydrogen Pilot Project

	The overall purpose of the project.

Abstract    (~200 words)


	Contact R Wurtser (LBST)

	Status of the project.

Start and stop of the project and present results
	Complete



	Are your company involved in the project and which safety aspect does the project include
	No

Various safety studies for LH2 bulk transportation

	Where in the following matrix belongs the project (e.g. as V1-H2)?
	V4, V5 – H1, H2, H3


	HYSAFE Partner
	Number
	Contact person

	INASMET
	12
	Iñaki Azkarate


	Which projects do you know concerning hydrogen use and safety? 

Former and ongoing projects.

	Project number


	1

	Title of the project 


	Development of cost effective PEMFC for automotive applications (OPTIMERECELL)

	The overall purpose of the project.

Abstract    (~200 words)


	The main objective of the project is to use developed and optimised fuel cell technologies for the realisation of a 10kW PMFC stack designed and manufactured with special attention on the cost reduction and working with H2 containing up to 200 ppm CO. Particular attention will be paid to the reduction of weight and the volume occupancy. 

	Status of the project.

Start and stop of the project and present results
	Start: 2003

End: 2005

	Are your company involved in the project and which safety aspect does the project include
	INASMET is participating in the project together with the following partners: CEA, NEDSTACK, DLR, RÜCKER, CRF, GENCOA, IKARUS and SOLVAY

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


Where in the following matrix belongs the project (e.g. as V1-H2)

V1-H1-H4

	HYSAFE Partner
	Number
	Contact person

	INASMET
	12
	Iñaki Azkarate


	Which projects do you know concerning hydrogen use and safety? 

Former and ongoing projects.

	Project number


	2

	Title of the project 


	Development of cost effective and high quality planar solid oxide fuel cells by using advanced thermal spray techniques. (CEXICELL)

	The overall purpose of the project.

Abstract    (~200 words)


	The main objective of the project is to develop SOFC stacks by using advanced spray techniques never used so far to develop SOFC cell elements. HVOF, HFPD, SPS and Triplex APS will be used to manufacture several elements.

	Status of the project.

Start and stop of the project and present results
	Start: 2003

End: 2005

	Are your company involved in the project and which safety aspect does the project include
	INASMET is participating in the project together with the following partners: JÜLICH, SULZER, ELECNOR and GDF

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


Where in the following matrix belongs the project (e.g. as V1-H2)

V1-H1-H6

	HYSAFE Partner
	Number
	Contact person

	INASMET
	12
	Iñaki Azkarate


	Which projects do you know concerning hydrogen use and safety? 

Former and ongoing projects.

	Project number


	3

	Title of the project 


	Hydrogen technologies in combination with renewable energy sources (HYDROTEC)

	The overall purpose of the project.

Abstract    (~200 words)


	The main objective of the project is to demonstrate the viability of hydrogen as energy source in combination with other renewable energy sources, mainly wind and solar.

	Status of the project.

Start and stop of the project and present results
	Start: 2004

End: 2006

	Are your company involved in the project and which safety aspect does the project include
	INASMET is participating in the project together with the following partners: ROBOTIKER and LABEIN

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


Where in the following matrix belongs the project (e.g. as V1-H2)

V1-H1-H2-H3-H4-H6

V4-H1-H2-H3-H4-H5-H6

	HYSAFE Partner
	Number
	Contact person

	INASMET
	12
	Iñaki Azkarate


	Which projects do you know concerning hydrogen use and safety? 

Former and ongoing projects.

	Project number


	4

	Title of the project 


	Microsystems for distributed energy supply (GENEDYS)

	The overall purpose of the project.

Abstract    (~200 words)


	The main objectives of the project concentrate on the development and optimisation of fuel cell elements and the integration of distributed energy resources. 

	Status of the project.

Start and stop of the project and present results
	Start: 2003

End: 2005

	Are your company involved in the project and which safety aspect does the project include
	INASMET is participating in the project together with the following partners: ROBOTIKER, LABEIN, IKERLAN, MGEP-MU, CIDETEC and CIDAE.

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


Where in the following matrix belongs the project (e.g. as V1-H2)

V1-H6

V4-H1-H2-H3

	HYSAFE Partner
	Number
	Contact person

	FZJ
	9
	Ernie Reinecke


	Which projects do you know concerning hydrogen use and safety? 

Former and ongoing projects.

	Project number


	FIKS-CT1999-00006

	Title of the project 


	THINCAT – Hydrogen removal from LWR containments by catalytic coated thermal insulation elements



	The overall purpose of the project.

Abstract    (~200 words)


	In the THINCAT project, an alternative concept for hydrogen mitigation in a LWR containment has been developed and investigated. Based on catalytic coated thermal insulation elements of the main coolant loop components, it could be considered either as an alternative to backfitting passive autocatalytic recombiner devices, or as a reinforcement of their preventive effect. 

Potential advantages of catalytic thermal insulation studied in the project are 

- reduced risk of unintended ignition,

- improved start-up behaviour of recombination reaction,

- no work space obstruction in the containment,

- no need for seismic qualification of additional equipment.

The work programme to develop the innovative concept included

- development of suitable materials and procedures to manufacture catalytic coated surfaces for thermal insulation elements,

- experimental qualification of the coatings with respect to recombination efficiency,

- experimental qualification of coated insulation elements under containment-typical conditions, including natural convection conditions,

- numerical prediction of hydrogen concentration transients in the containment for selected scenarios,

- analysis of cost/benefit ratio and safety for the innovative concept, comparison with conventional recombiner concept.

Efforts to develop a suitable catalytic layer resulted in the identification of a coating procedure that ensures high chemical reactivity and mechanical stability. Test samples for use in experiments with this coating were produced. Models to predict the catalytic rates were developed, validated and applied in a safety analysis study.



	Status of the project.

Start and stop of the project and present results
	Starting Date:
January 2000

Finishing Date:
June 2002

Results show that an overall hydrogen concentration reduction can be achieved which is comparable to the reduction obtained using conventional recombiners. Existing experimental information supports the argument of a reduced ignition risk.

Depending on the construction of the insulation system, the installation of the new concept in an existing plant may become time consuming and costly as conventional mattress systems require considerable work time for mounting. Recent cassette type insulation systems are equipped with quick release fasteners and thus more suitable for the THINCAT concept as installation times are significantly lower.

After the bankruptcy of a project key partner, the project could not achieve all initial objectives and was terminated untimely. As a consequence, the large scale experiments and some of the small scale tests had to be skipped which were intended to demonstrate the performance of the new concept under relevant conditions. 



	Are your company involved in the project and which safety aspect does the project include
	FZJ performed catalyst qualification tests and small-scale recombination experiments. After withdrawal of the co-ordinator, FZJ took over the final project co-ordination.

Safety aspect: hydrogen mitigation in large closed areas

	Which legislation concerning use of Hydrogen have you used or missed?
	none


Where in the following matrix belongs the project (e.g. as V1-H2)

V3-H5

HYSAFE – State of the Art – WP7

Questionnaire about ’State of the Art’ on Hydrogen Safety.

	HYSAFE Partner
	Number
	Contact person

	Volvo
	24
	P Adams


	Which projects do you know concerning hydrogen use and safety? 

Former and ongoing projects.

	Project number


	EC No.:

SES6-CT-2004-502630



	Title of the project 


	StorHy – Hydrogen storage systems for automotive applications

	The overall purpose of the project.

Abstract    (~200 words)


	See below

	Status of the project.

Start and stop of the project and present results
	Ongoing

3/04 – 2/09

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

Development of hydrogen storage

	Where in the following matrix belongs the project (e.g. as V1-H2)?
	V4, V5 – H3, H4


Sy is a European initiative on automotive hydrogen storage driven by major European vehicle manufacturers. On-board storage is a key enabling technology for the extensive use of hydrogen as an energy carrier in automotive applications. StorHy is an Integrated Project within the EC 6th Framework Programme which will undertake research and development work covering the whole spectrum of hydrogen sage technologies (compressed gas, cryogenic liquid and solid materials) with a focus on automotive applications. The project is divided into six sub-projects.

Users: Representing the automotive partners as potential end users, SP Users will steer the different S&T approaches according to the needs and requirements for vehicle applications and ensure an effective dissemination of the achieved results within the industry.

Pressure Vessel: The aim of SP Pressure Vessel is to achieve the fabrication of 700 bar CGH2 vessels within 3 years, which meet draft legal requirements and performance specifications given by vehicle manufacturers in terms of operating conditions, energy density or fractional mass of H2, compatibility with filling processes, safety and on-board monitoring, and eventually recycling.

Cryogenic Storage: 
The aim is to develop technologies which enable lightweight liquid hydrogen tanks to be manufactured from composite materials, which meet requirements regarding environmental conditions and vehicle safety and at the same time take into account the cost-efficiency aspect for subsequent series production. Furthermore, if fibre composite materials with an appropriate orientation of the winding/fibre are used, greater strength can be achieved than with stainless steel, which would enable manufacturing of new tank geometries other than cylindrical.

Solid Storage: 

Research will be focussed on alanates as they are the most promising solid materials for hydrogen storage with reference to their high weight content of hydrogen and relatively low dissociation temperatures. Specific targets for the alanate material to be developed are:

· Reversible hydrogen content of the order of 6 wt% or greater.

· Hydrogen exchange should be feasible at temperatures of about 100 °C.

· Refuelling time comparable to that of gasoline.

Other promising candidates such as carbon and complex hydrides will also be considered during the first 24 months of the project. 

SAR: 

The objective of SP SAR comprises all safety relevant issues regarding the different storage technologies including:

· Critical input data will be collected from the literature, from special tests performed by the SAR partners and from the findings of other partners of the IP.

· A theoretical model will be developed devoted to the prediction of the long-term performance and reliability of the storage system, including the sensors and the pressure-relief devices.

· Finite element tools will be used to analyse the crash behaviour of the tanks in a full-vehicle crash. Two most typical vehicle types, based on the designs issued from the other subprojects, will be analysed.

· Experimental testing of prototype storage systems designed by the other subprojects will be assessed in regard to their resistance to pressure and temperature-related fatigue effects. This will involve a benchmarking exercise with a total of at least 15 tests of full-sized receptacles under real-life conditions.

· A novel quality and safety procedure for the manufacturing of fail-safe sensors and surveillance electronics will be elaborated. The application of hydrogen sensors connected with storage systems will be assessed to detect hydrogen releases during use and filling procedure. 

· All information gained from the above-mentioned activities and the use of a risk-based approach will be combined to evaluate the overall safety level of the new hydrogen storage technologies. Thus, a tool for the identification of unsafe situations in future storage systems will be delivered.

Evaluation: 
The objective of the SP Evaluation is to assess the different technologies obtained at the end of StorHy in a harmonized way using common tools and assessment strategies that could be useful for decision makers and stakeholders in the hydrogen field. 

	HYSAFE Partner
	Number
	Contact person

	UPM
	22
	Miguel A Jimenez


	Which projects do you know concerning hydrogen use and safety? 

Former and ongoing projects.

	Project number
	FI3S-CT92-003

	Title of the project 


	EU-III FWP-Hydrogen

Hydrogen mixing phenomena, recombining and inerting techniques in nuclear reactor containments

	The overall purpose of the project.

Abstract    (~200 words)


	Analysis of the different concepts which might be used to reduce the amount of hydrogen in the atmosphere of nuclear containments.

Assessment of hydrogen distribution/mixing within nuclear reactor containments.

Improvement of the understanding of:

Mixing and distribution processes, recombination of hydrogen/oxygen by catalytic recombiners and containment atmosphere dilution by injection of non-flammable gases.

	Status of the project.

Start and stop of the project and present results
	Finished (Dic 1992-Jul 1995)

Results:

Code analysis of the ISP-29 and ISP-35 tests.

Simplified modelling of passive autocatalytic recombiners validated against small and medium scale experiments.

Analysis of post-inerting by use of either N2 or CO2.

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

Validation and development of simulations models for hydrogen mixing/distribution

Analysis of mitigation strategies (recombiners, inerting)

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


Where in the following matrix belongs the project (e.g. as V1-H2): V1, V3, V4
	HYSAFE Partner
	Number
	Contact person

	UPM
	22
	Miguel A Jimenez


	Which projects do you know concerning hydrogen use and safety? 

Former and ongoing projects.

	Project number
	FI4S-CT95-0012

	Title of the project 


	EU-IV FWP-BE-EJTs: Assessment Criteria for Benchmark Exercise on Expert Judgement Techniques in PSA Level 2

	The overall purpose of the project.

Abstract    (~200 words)


	Documentation of different methods and techniques for handling expert judgement actually adopted amongst European PSA practitioners.

Comparison of effectiveness of different ascertained expert judgement approaches in terms of the PSA needs of consistency, traceability, reproducibility and credibility.

Evaluation of the level of effort implied by the different methodologies by means of an analysis of the required resources.

	Status of the project.

Start and stop of the project and present results
	Finished (Jun 1996-Jul 1998)

Documentation of a number of structured expert judgement approaches, methodology principles and their application in a practical case.

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

Safety assessment methodologies based on expert judgement techniques and methods.

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


Where in the following matrix belongs the project (e.g. as V1-H2): V4
	HYSAFE Partner
	Number
	Contact person

	UPM
	22
	Miguel A Jimenez


	Which projects do you know concerning hydrogen use and safety? 

Former and ongoing projects.

	Project number
	FI4S-CT96-0017

	Title of the project 


	UE-IV FWP-HYMI

Improved Modelling of Turbulent Hydrogen Combustion and Catalytical Recombination for Hydrogen Mitigation

	The overall purpose of the project.

Abstract    (~200 words)


	Experimental and numerical investigation of combustion phenomena within lean hydrogen mixtures.

Exploration of hydrogen-air flame acceleration and quenching at high turbulence intensity.

	Status of the project.

Start and stop of the project and present results
	Finished (May 1996-May 1999)

Comparison of existing combustion models within system codes.

Expressions for turbulent flame acceleration and flame quenching within lean hydrogen-air mixtures at high turbulence levels.

Experiments of passive autocatalytic recombiner performance.

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

Comprehension and modelling of turbulent combustion phenomena

Mitigation by catalytic recombiners

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


Where in the following matrix belongs the project (e.g. as V1-H2): V2, V3 columns

	HYSAFE Partner
	Number
	Contact person

	UPM
	22
	Miguel A Jimenez


	Which projects do you know concerning hydrogen use and safety? 

Former and ongoing projects.

	Project number
	FI4S-CT96-0022

	Title of the project 


	EU-IV FWP-VOASM

Validation of a Simulation Methodology for Hydrogen Mixing, Catalytic Recombination and Deliberate Combustion

	The overall purpose of the project.

Abstract    (~200 words)


	Identification of a simulation procedure able to qualify and verify results from simplified containment codes with the use of a CFD code solver.

Extension of the database for validating the recombiner model derived.

	Status of the project.

Start and stop of the project and present results
	Finished (Jan 1997-Jul 1999)

Code validation methodology by accurate transfer of information between codes.

Experiments of passive autocatalytic recombiner performance.

Application of the simulation methodology to selected experimental conditions.

	Are your company involved in the project and 

which safety aspect does the project include
	YES.

Code assessment and methodology development.

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


Where in the following matrix belongs the project (e.g. as V1-H2): V1, V3, V4

	HYSAFE Partner
	Number
	Contact person

	UPM
	22
	Miguel A Jimenez


	Which projects do you know concerning hydrogen use and safety? 

Former and ongoing projects.

	Project number
	

	Title of the project 


	Spanish Nuclear Safety Council (CSN)-UPM:

Development and Application of Expert Judgement Techniques to the Estimation of Need and Location of PARs within Spanish PWR Containments.

	The overall purpose of the project.

Abstract    (~200 words)


	Application of demonstrated Expert Judgement techniques to the concept of an optimised PAR-based system to be implemented within a Spanish KWU-PWR containment for minimising hydrogen risk of containment integrity failure.

	Status of the project.

Start and stop of the project and present results
	Finished (Jan 1999-Jun 2000)

Expert Judgement techniques and procedures have been followed to evaluate the need and location of hydrogen Passive Autocatalytic Recombiners as a mitigation measure within Spanish nuclear KWU-PWR plant containments.

Three experts have participated in the evaluations providing their recommendations for PAR installation concerning their capacity and optimised distribution within the enclosure in order to reduce the hydrogen explosion risks during postulated accident scenarios.

	Are your company involved in the project and 

which safety aspect does the project include
	YES.

Mitigation strategy assessment methodologies based on expert judgement techniques and methods.

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


Where in the following matrix belongs the project (e.g. as V1-H2): V3, V4

	HYSAFE Partner
	Number
	Contact person

	UPM
	22
	Miguel A Jimenez


	Which projects do you know concerning hydrogen use and safety? 

Former and ongoing projects.

	Project number
	

	Title of the project 


	Spanish Nuclear Safety Council (CSN)-UPM:

Development and Application of a Methodology for the Assessment of a Nuclear Power Containment Failure caused by Hydrogen Explosion

	The overall purpose of the project.

Abstract    (~200 words)


	Development of a Safety Assessment methodology for the analysis of Hydrogen- explosion induced failure of nuclear containment during a postulated severe accident.

This methodology, based on the hybrid application of integral and detailed CFD codes, is proposed as a support to PSA-2 analyses.

	Status of the project.

Start and stop of the project and present results
	Finished (Mar 2000-May 2001)

Demonstration and application of the methodology to a third-generation Spanish PWR containment.

	Are your company involved in the project and 

which safety aspect does the project include
	YES.

Safety assessment methodologies

Code application

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


Where in the following matrix belongs the project (e.g. as V1-H2): V1, V4

	HYSAFE Partner
	Number
	Contact person


	UPM
	22
	Miguel A Jimenez


	Which projects do you know concerning hydrogen use and safety? 

Former and ongoing projects.

	Project number
	EVG1-CT-2001-00042

	Title of the project 


	EU-V FWP-EXPRO: (http://batchelor.uc3m.es/expro/expro.html)

Experimental and numerical study of reactive flows in complex geometries with relevance to industrial safety for explosion protection.

	The overall purpose of the project.

Abstract    (~200 words)


	The project aims at progressing in the area of explosion safety by a combination of analytical, experimental and numerical tools. Specific objectives include:
1.Increased understanding of combustion initiation processes and DDT phenomena.
2.Generation of reliable experimental measurements of explosion related phenomena for both modelling and code validation. These data are to be compiled in an extended database accessible via internet.
3.Development of advanced turbulence modelling techniques, with appropriate sub-grid models for multi-phase flow and combustion. These techniques are to be implemented into existing CFD codes, and then further improved and optimised to allow massive parallel-processing calculations.
4.Testing the viability of numerical simulations of explosions in complex geometries for risk assessment in realistic industrial facilities.
5.Development of improved risk-assessment methodologies. Evaluation of different mitigation, prevention, and protection measures currently in use in nuclear power plants and assessment of their applicability in industrial facilities.

	Status of the project.

Start and stop of the project and present results
	Finished (Nov 2001–Apr 2004)

Main outcomes of the project:

- Academic and commercial CFD codes incorporating LES and VLES.

- EXPRO database accessible via internet

- Safety methodologies

- Review of Mitigation strategies

- Increased computer resources. 

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

Safety Indices, code/model development and validation, safety methodologies, mitigation strategies.

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


Where in the following matrix belongs the project (e.g. as V1-H2): V1, V2, V3, V4
	HYSAFE Partner
	Number
	Contact person

	UPM
	22
	Miguel A Jimenez


	Which projects do you know concerning hydrogen use and safety? 

Former and ongoing projects.

	Project number
	FIKS-CT-1999-20002

	Title of the project 


	EU-V FWP-PARSOAR: Hydrogen Hazard Passive Autocatalytic Recombiners

State-Of-the-Art

	The overall purpose of the project.

Abstract    (~200 words)


	This thematic network consists of performing the state-of-the-art of passive autocatalytic recombiners, which represent the best solution in mitigating hydrogen hazard. The main purposes of this work are: 1) to expand knowledge about PARs among the main users; 2) to built up a large synthesis on such devices; 3) to assess PAR applications in different fields such as small fission reactors, nuclear and conventional fields. This work will be carried out by an EU work group including the main players in this area like recombiner manufacturers, safety authorities, research experts, nuclear power plant designers and utilities. Five reports will be written by the co-ordinator and approved by partners (preliminary report, intermediary report, yearly progress report, final public report, final report for partners). 

	Status of the project.

Start and stop of the project and present results
	Finished (Feb 2000-Jan 2002)

The expected results of this thematic network are:

- to perform a synthesis on PARs, which may become an aid tool for nuclear reactor utilities,

- to define qualification tests which would be necessary, for being in accordance with SAC,

- to determine the main numerical model needs in order to improve numerical codes,

- to underline on attractive industrial PAR applications in nuclear and conventional fields.

	Are your company involved in the project and which safety aspect does the project include
	NO

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


Where in the following matrix belongs the project (e.g. as V1-H2): V3, V4

	HYSAFE Partner
	Number
	Contact person

	UPM
	22
	Miguel A Jimenez


	Which projects do you know concerning hydrogen use and safety? 

Former and ongoing projects.

	Project number
	

	Title of the project 


	Spanish Nuclear Safety Council (CSN)-UPM:

Methodology, Computing Tools and Phenomenology concerning their Application to Level-2 PSA

	The overall purpose of the project.

Abstract    (~200 words)
	Analysis of PSA-2 methodology for quantification of the impact on risk reduction from the implementation of hydrogen mitigation measures during a severe accident.

Review of applicable experimental results.

Assessment of methods supporting the quantification of APET entries and probability assignments.

	Status of the project.

Start and stop of the project and present results
	In Progress (Dec 2003-Dec 2004)



	Are your company involved in the project and 

which safety aspect does the project include
	YES.

Quantification of Accident Progression Event Trees (APET).

Application of computational tools for evaluations of concern to PSA-2

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


Where in the following matrix belongs the project (e.g. as V1-H2): V1, V2, V3, V4

HYSAFE – State of the Art – WP7

	HYSAFE Partner
	Number
	Contact person

	BMW
	
	Klaus Pehr


	Which projects do you know concerning hydrogen use and safety? 

Former and ongoing projects.

	Project number


	

	Title of the project 
	Wasserstoffprojekt Flughafen München

Hydrogen Project Munich Airport

	The overall purpose of the project.

Abstract    (~200 words)


	The hydrogen project at Munich Airport has reached its second project phase. In the time that has elapsed so far, the partner companies, with the support of the Bavarian Ministry for Economic Affairs, Transport and Technology, have tested hydrogen technology in its first customer-based pilot application.

So far, gaseous hydrogen has been generated on the spot using the pressure electrolysis process, which splits water into hydrogen and oxygen using electrical energy. After purification, interim storage and corresponding compression, the hydrogen is made available in pressurized containers for use in vehicles. After a five-year operating phase, the buses transporting passengers around the apron of Munich Airport for 16 hours a day have driven more than 330,000 kilometers performing more than 8,000 problem-free refueling operations. 

Concurrent with the generation of gaseous hydrogen and bus operation, liquid hydrogen has been provided for use by passenger cars with hydrogen-powered combustion engines. The liquid hydrogen is delivered in special tanker-trailers at a temperature of -253°C and kept in a storage tank suitable for low temperature storage. At the world's first public hydrogen filling station, it is now possible for anyone to have their tank filled by robot. The cars have driven more than 170,000 kilometers during that period.

	Status of the project.

Start and stop of the project and present results
	The results achieved since the opening date on May 5th, 1999, have strengthened the intent to continue the project and to expand the technological basis of the project with the following elements: Hydrogen generation from natural gas (steam reformer), one passenger bus operated by fuel cell and electric motor, a forklift truck operated by fuel cell and electric motor, hydrogen storage at higher pressures. For this, the project partners BP (ARAL), BAYERNGAS, BMW, E.ON, FMG, GHW, GRIMM, LINDE, MAN Nutzfahrzeuge, PROTON MOTOR, SIEMENS and TÜV Süd once again supported by the Bavarian Ministry for Economic Affairs, Transport and Technology will continue to further the project.



	Are your company involved in the project and which safety aspect does the project include
	Safety Concept for the whole facility (H2 Production, distribution, storage, Refuelling, H2 vehicles)

Safety concept for a fully automated LH2 refuelling station (Robot)



	Which legislation concerning use of Hydrogen have you used or missed?
	Used: Druckbehälterverordnung,

TRG 400ff., TRG 404, Pressure Equipment Directive, Atex, Maschinenrichtlinie




	Which projects do you know concerning hydrogen use and safety? 

Former and ongoing projects.

	Project number


	

	Title of the project 


	Clean Energy Partnership Berlin

	The overall purpose of the project.

Abstract    (~200 words)


	Demonstration of Hydrogen vehicles and infrastructure in an operational environment

	Status of the project.

Start and stop of the project and present results
	The Clean Energy Partnership (CEP) is a consortium comprising the corporate partners Aral, the BMW Group, Berliner Verkehrsbetriebe (BVG), DaimlerChrysler, Ford, GM/Opel, Hydro/GHW, Linde, Vattenfall Europe. In late 2004 CEP will start a project to demonstrate the reliability of hydrogen in everyday motor vehicle operation. The CEP will test various methods of hydrogen production as well as develop the hydrogen technologies for vehicles to mass production capability.

	Are your company involved in the project and which safety aspect does the project include
	Safety concept for the whole facility (H2 production, distribution, storage, Refuelling, H2 vehicles, H2 vehicle shop)



	Which legislation concerning use of Hydrogen have you used or missed?
	Used: Druckbehälterverordnung,

TRG 400ff., TRG 404, Pressure Equipment Directive, Atex, Maschinenrichtlinie



	
	


	Which projects do you know concerning hydrogen use and safety? 

Former and ongoing projects.

	Project number


	

	Title of the project 


	Development of a LH2 passenger car powered by a H2 combustion engine for serial production

	The overall purpose of the project.

Abstract    (~200 words)


	BMW Group is developing on the basis of the current 7 series the sixth generation of hydrogen vehicle. Objectives of this projects are:

· First H2-vehicle in the serial development process, which will be handed over to customer

· Developing of a safety management concept

· Introducing a Functional Safety Process

· Industrialisation of the LH2-storage system

· Increasing the energy density of the H2 combustion engine

· Standardization of H2-components (e.g. Lh2-coupling)

· Supporting H2-infrastructure projects worldwide

· H2 specific training of engineers and maintenance/service people

· Implementing H2 specific test facilities (test benches, workshops, mobile refuelling devices, …)

	Status of the project.

Start and stop of the project and present results
	In progress; 

The vehicles will be placed in market in the lifetime of the current 7 series.

	Are your company involved in the project and which safety aspect does the project include
	Worst case investigation in LH2 tanks for passenger cars (publication)

The Safe Introduction of Hydrogen in Vehicles (publication, Safety concept, Functional Safety Process)

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

Missed: Safe Handling of Hydrogen in confined areas (Garages, Tunnels)

	
	


Where in the following matrix belongs the project (e.g. as V1-H2)
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	HYSAFE Partner
	Number
	Contact person

	UNIPI
	21
	A. Marangon (a.marangon@ing.unipi.it)

M.N. Carcassi (carcassi@ing.unipi.it)

N. Grasso (n.grasso@ing.unipi.it)


	Which projects do you know concerning hydrogen use and safety? 

Former and ongoing projects.

	Project number
	

	Title of the project 
	Hydrogen Table (Tavolo Idrogeno)

	The overall purpose of the project.

Abstract    (~200 words)


	The Framework Program Agreement signed by Regione Lombardia, the Italian Ministry of Environmental Protection (“Ministero dell’Ambiente e della Tutela del Territorio”) and the Italian Ministry of Economy (“Ministero dell’Economia”) provides (“hydrogen action plan”, art. 21 of the Integrative Act) for the opening of an Hydrogen Table (“Tavolo dell’idrogeno”) aimed at:

· promoting the hydrogen use in public transport vehicles and creating the related indispensable infrastructures

· applying demonstrative co-generative hydrogen systems in public buildings

· promoting the applied research


	Status of the project.

Start and stop of the project and present results
	Ready to start.

The special technical protocol aimed at carrying out the “hydrogen action plan” (art. 21 of the Integrative Act) has not still signed.



	Are your company involved in the project and which safety aspect does the project include
	The Italian  Ministry of Environmental Protection (“Ministero dell’Ambiente e della Tutela del Territorio”) asked our company to monitor and analyse the progress of this project.

Safety aspects:

· hydrogen infrastructure (also refueling station)
· hydrogen use on public vehicles (buses)

· hydrogen use for co-generation systems



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


Where in the following matrix belongs the project
· V4-H1

· V4-H2

· V4-H3

· V4-H4

· V4-H6

	HYSAFE Partner
	Number
	Contact person

	UNIPI
	21
	A. Marangon (a.marangon@ing.unipi.it)

M.N. Carcassi (carcassi@ing.unipi.it)

N. Grasso (n.grasso@ing.unipi.it)


	Which projects do you know concerning hydrogen use and safety? 

Former and ongoing projects.

	Project number
	

	Title of the project 
	 “Progetto per Arezzo”

	The overall purpose of the project.

Abstract    (~200 words)


	This project is based on the possibility of join hydrogen industrial use in jeweller’s art with the use of cogenerative fuel cell systems.

This project foresees to carry out an hydrogen pipeline that will serve goldsmiths, who will receive further hydrogen (at competitive prize) aimed at allowing  CHP fuel cell systems (production of electricity and heat) to accumulate work experience.

This project will be developed in three subsequent phases:

1) carrying out a pipeline for hydrogen distribution; it will connect a central storage, located inside the goldsmith’s industrial area, to the different consumers involved in this testing and to small CHP cogenerative units based on PEM (Proton Exchange Membrane) fuel cell operation

2) placing pipes for the connection of all consumers and designing of an hydrogen production plant still to be selected. This process will take into account all the energy and environmental characteristics of the area

3) raising power of the CHP units. The scope it’s the achievement of electricity and heat production independence for that industrial area 

	Status of the project.

Start and stop of the project and present results
	Ongoing.

Actually no financing has been received for this project.

Results:

· it has been signed the agreement between the Tuscany Region and  the Arezzo province and municipality

· the building site for the hydrogen storage area has been selected

· the project to be signed by the local fire prevention authorities it is under completion 

	Are your company involved in the project and which safety aspect does the project include
	Our company is not involved in this project.

Safety aspects:

· hydrogen transport and storage

· hydrogen use in industrial field (jeweller’s art)

· hydrogen use for co-generation systems 

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


Where in the following matrix belongs the project
· V4-H2

· V4-H3

· V4-H6

	HYSAFE Partner
	Number
	Contact person

	UNIPI
	21
	A. Marangon (a.marangon@ing.unipi.it)

M.N. Carcassi (carcassi@ing.unipi.it)

N. Grasso (n.grasso@ing.unipi.it)


	Which projects do you know concerning hydrogen use and safety? 

Former and ongoing projects.

	Project number
	

	Title of the project 
	HBUS project - Florence

	The overall purpose of the project.

Abstract    (~200 words)


	This project’s target is the development of a small hydrogen/fuel cell bus (about 7-8 metres), suited for historical centres as the one in Florence and characterized by higher performances than the actual showed by the electrical buses that run in that area.

A secondary target is the development of a small hydrogen production unit and supply station.

Actual electric bus are very small, have few seats (20) and have a limited range (60 km). But the most important limit is that they need the battery package substitution during the day service. 

The HBUS should have (clearly) zero emission,  an improved range (150 km, that is the target requested from public companies to complete the daily tour), more seats (about 35) and minor management costs (the bus must not come back to change the batteries package). Of course, this vehicle remains suitable for old town centres, being only about 7-8 metres long.

The bus is an hybrid type, where fuel cell is the range extender for the batteries packages; therefore the fuel cell works at a regime almost stationary, limiting her stresses and curbing her power.

The project is focused on this main activities:

1) the development of the fuel cell bus; this phase is subdivided in two actions:

· the development of the traction system and the laboratory fuel cell testing

· the development of the bus prototype on the basis of the previous testing

2) the development of the bus refuelling line

3) the achievement of the vehicle approval

The Project is supported by Tuscany Region, Florence and Bologna Municipalities.



	Status of the project.

Start and stop of the project and present results
	Ongoing – Standby.

Duration: 3 years

Status: 20 %

Results:

· A 16kW fuel cells stack is supplied and tested, the power train at test bench will  be realized in the next months

· Recently the company charged of the bus construction got bankrupt, so they are evaluating the feasibility of a 2nd project’s phase.



	Are your company involved in the project and which safety aspect does the project include
	Our company is not involved in this project.

Safety aspects:

· hydrogen use on vehicles



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


Where in the following matrix belongs the project
· V4-H2

· V4-H4

· V5-H4

	HYSAFE Partner
	Number
	Contact person

	UNIPI
	21
	A. Marangon (a.marangon@ing.unipi.it)

M.N. Carcassi (carcassi@ing.unipi.it)

N. Grasso (n.grasso@ing.unipi.it)


	Which projects do you know concerning hydrogen use and safety? 

Former and ongoing projects.

	Project number
	

	Title of the project 
	“Zero Regio” Integrated Project

	The overall purpose of the project.

Abstract    (~200 words)


	This experimental project, financed (21 million of Euros) under the VI EU Framework Program, foresees to carry out a multifuel refuelling station (H2, CH4, biofuel, GPL and desulphurised diesel) and to put in service a fleet of alternative-fueled cars in Mantova. 

With an overall objective of developing low-emission transport systems for European cities, the specific objectives of the Zero Regio project are:
· hydrogen utilization as an alternative motor fuel, produced as primary or waste stream in a chemical plant or alternatively through small “on-site” production facilities
· development of infrastructure systems for hydrogen consisting of hydrogen production, compression, storage and distribution equipment and integration of these in conventional refuelling stations
· adaptation and demonstration of 700 bar refuelling technology for hydrogen
· demonstration of hydrogen as an alternative fuel via automobile-fleet field tests at two different urban locations in the EU, Rhine-Main, Germany, and Lombardia, Italy
· showing ways and prospects for faster penetration of hydrogen as a zero-emission alternative motor fuel in the transportation market at short and medium term
Regione Lombardia is the project promoter; collaboration and specific competence from all the partners involved are focused on carrying out a technologically innovative project. 

Hydrogen will be produced through a technology developed by EniTecnologie and called Short Contact Time - Catalytic Partial Oxidation (SCT-CPO). It consists of a premixed stream of air and methane (or other hydrocarbon) sent to a catalytic reactor (dimension: 200 m2).

The infrastructure for fuel transport from the source to the station will be also realized in the project; hydrogen produced will refuel three FIAT cars (Opel in Rhine-Main, Germany), that will be used by traffic policemen in the urban context of Mantova.

The station site is located at Valdaro resort (near Mantova), by suggestion of Regione Lombardia, and the station will be developed on about 16000 m2 area. 



	Status of the project.

Start and stop of the project and present results
	Ready to start.

Negotiating is finished. The Consortium Agreement should be soon signed (seems September). The project will last 3 years.



	Are your company involved in the project and which safety aspect does the project include
	The Italian  Ministry of Environmental Protection (“Ministero dell’Ambiente e della Tutela del Territorio”) asked UNIPI to monitor and analyse the progress of this project.

The main safety aspects involved in this project are related to:

· hydrogen refuelling station
· hydrogen use on vehicles



	Which legislation concerning use of Hydrogen have you used or missed?
	Concerning the filling station: in Italy has been carried out a reference document specific for hydrogen filling station 


Where in the following matrix belongs the project
· V4-H1

· V4-H2

· V4-H4

	HYSAFE Partner
	Number
	Contact person

	UNIPI
	21
	A. Marangon (a.marangon@ing.unipi.it)

M.N. Carcassi (carcassi@ing.unipi.it)

N. Grasso (n.grasso@ing.unipi.it)


	Which projects do you know concerning hydrogen use and safety? 

Former and ongoing projects.

	Project number
	

	Title of the project 
	 Daily Project_Micro-Vett

	The overall purpose of the project.

Abstract    (~200 words)


	The Daily Project aims at the realization of an hydrogen vehicles fleet (Daily Iveco car models) for the transport of people and goods.

Within the project they are evaluating also the construction of an hydrogen filling station, both with an on-site production plant (maybe electrolyser unit) and external supply.

Project’s partners are:

· Micro-Vett S.p.A. is responsible for the vehicles design and realization, and for the on-board integration of the fuel cell and storage systems.

· Gruppo Sapio Srl: is responsible for the hydrogen storage and distribution systems design and realization.

· Arcotronics Fuel Cell Srl: is responsible for the fuel cell system design and realization (comprehensive of the interfaces).

· HYSY_LAB: is responsible for the test’s conduction on the fuel cell system, the storage system and the complete vehicle.

The vehicle is derived from an IVECO DAILY 6.5 tons model, already approved and produced in the electric version. It has been chosen for its extreme versatility and for its widespread use in Italy. 

In the FCV version, the vehicle is equipped with a fuel cell stack that is big enough to double the EV’s range. Hydrogen is contained in on-board composite cylinders in the form of compressed gas.
All the EV components, together with hydrogen cylinders, are located inside the vehicle’s chassis, while the fuel cell stack and its auxiliaries are located into the ICE compartment. This solution let the outfit zone, over the chassis, to be completely free, and so the vehicle can be equipped with all the outfits provided for the traditional ICE version, with no limitations.
The weights distribution is also optimised, to let the vehicle to be perfectly balanced.
All sub-systems (trction, batteries, fuel cell, cylinders) have their control unit, that communicate with a central control unit via CAN bus, to coordinate the operation of all sub-systems.



	Status of the project.

Start and stop of the project and present results
	Ongoing.

	Are your company involved in the project and which safety aspect does the project include
	Our company is not involved in this project.

Safety aspects:

· hydrogen use on vehicles

· fuel cell system for automotive applications



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


Where in the following matrix belongs the project
· V4-H4

· V4-H6

· V5-H4

	HYSAFE Partner
	Number
	Contact person

	UNIPI
	21
	A. Marangon (a.marangon@ing.unipi.it)

M.N. Carcassi (carcassi@ing.unipi.it)

N. Grasso (n.grasso@ing.unipi.it)


	Which projects do you know concerning hydrogen use and safety? 

Former and ongoing projects.

	Project number
	

	Title of the project 
	Bicocca Project (“Progetto Bicocca”)

	The overall purpose of the project.

Abstract    (~200 words)


	The Bicocca Project is aimed at the demonstration of integrated hydrogen-related technologies in connection with transport and stationary applications.

The experimental area is located at Milano Bicocca taking advantage of an existing natural gas reforming facility called “PRODE” and owned by Zincar/AEM. This facility has been the heart of an experimental campaign which took place in the past 90’s (during such campaign the facility has been equipped with phosphoric acid fuel cells (PAFC) for 1,3 MWe power).

The new “Bicocca Project” foresees to revamp and expand existing plant facilities according to the following integrated development lines:

a)
revamping of PRODE reformer plant, whose nominal data are:

· up to 1200 Nm3/h of syngas production

· up to 1000 Nm3/h of hydrogen production

b)
replacement of the existing (and out of order) phosphoric acid fuel cells with two molten carbonate fuel cell modules (MCFC) realized by Ansaldo FC for a whole nominal power of 500 kW; a portion of the syngas stream coming from the reformer (~ 600 Nm3/h ) will be directed to MCFC’s.

c)
installation of on-site units processing the second syngas stream coming from reformer for:

· separation and recovery of the CO2 contained in the syngas stream for its reutilization in industrial processes

· hydrogen separation from the CO2 purified stream (through PSA technology)

· hydrogen distribution through local pipeline to different end users (50 kW PEM fuel cell for stationary use, enrichment of inlet stream of a gas turbine cogeneration plant)

d) installation of an hydrogen refuelling station (in both compressed gaseous and liquid form) to feed an experimental fleet of hydrogen-fuelled vehicles, composed by new BMW model series 750hL (hydrogen internal combustion engine) for what concerns vehicles running on liquid hydrogen, and of a couple of city vans for what concerns vehicles running on gaseous hydrogen (again with hydrogen internal combustion engine).

	Status of the project.

Start and stop of the project and present results
	Ongoing.

The Bicocca project was fully operative for a short period in 2003; now it seems in a standby phase. Activities are expected to require 36 months for overall project completion.

Results:

· the filling station design has been completed

· actually the reformer revamping  is under evaluation 

· it has been forwarded the financing demand to FISR for the two MCFC

	Are your company involved in the project and which safety aspect does the project include
	The Italian  Ministry of Environmental Protection (“Ministero dell’Ambiente e della Tutela del Territorio”) asked our company to monitor and analyse the progress of this project.

The main safety aspects involved in this project are related to:

· hydrogen production

· hydrogen transport and distribution (fuelling station)

· hydrogen use on vehicles

· hydrogen use for electricity production in a stationary fuel cell system and in a gas turbine

	Which legislation concerning use of Hydrogen have you used or missed?
	Concerning the filling station: in Italy has been carried out a reference document specific for hydrogen filling station fire prevention 


Where in the following matrix belongs the project
· V4-H1

· V4-H2

· V4-H3

· V4-H4

· V4-H6

	HYSAFE Partner
	Number
	Contact person

	UNIPI
	21
	A. Marangon (a.marangon@ing.unipi.it)

M.N. Carcassi (carcassi@ing.unipi.it)

N. Grasso (n.grasso@ing.unipi.it)


	Which projects do you know concerning hydrogen use and safety? 

Former and ongoing projects.

	Project number
	

	Title of the project 
	 “Museo della Scienza e della Tecnica di Milano”  

	The overall purpose of the project.

Abstract    (~200 words)


	The Museum of Science and Technique of Milan has installed a demonstrative 200 kW fuel cell system (PC 25) produced in U.S.A. by International Fuel Cell, commercialized by ONSI and distributed in Italy by Ansaldo Ricerche. 

The fuel cell system is a PAFC type (Phosphoric Acid Fuel Cell) and  works at about 200 °C. It is fuelled with gases coming from hydrocarbons reforming processes. 

Part of the heat produced and recovered by the fuel cell stack is delivered to some radiating panels able to warm up to 5000 m2 of building’s rooms; the remaining recovered heat is used to feed equipment already existing, with a further reduction of boiler’s loads. The electricity produced is used for the general museum consumptions.

The Museum, located in the centre of Milan, is housed in an historical building (16th century), therefore the fuel cell technology has been chosen because it is not very intrusive and it can drastically reduce the emissions produced by conventional building heating systems.

Actually it is under evaluation the possibility to use the heat recovered for refreshing some buildings; this will be achieved by the installation of a condensation equipment working at low temperature.

	Status of the project.

Start and stop of the project and present results
	Ongoing - Standby.

The project was made official the 18th October 1999, but actually is blocked. It has been sponsored by the Italian Ministry of Ambient.

	Are your company involved in the project and which safety aspect does the project include
	Our company is not involved in this project.

Safety aspects:

· utilization of a stationary co-generative fuel cell system

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


Where in the following matrix belongs the project
· V1-H6

· V2-H6

· V5-H6

· V4-H6

	HYSAFE Partner
	Number
	Contact person

	UNIPI
	21
	A. Marangon (a.marangon@ing.unipi.it)

M.N. Carcassi (carcassi@ing.unipi.it)

N. Grasso (n.grasso@ing.unipi.it)


	Which projects do you know concerning hydrogen use and safety? 

Former and ongoing projects.

	Project number
	

	Title of the project
	Blu Car Project

	The overall purpose of the project.

Abstract    (~200 words)


	This project foresees to carry out, together with an electric vehicle with ecological batteries, a small sized vehicle (a city car with fuel cell system) that will be precursor of a small fleet of cars to be used in old town centres, where today a lot of types of vehicles can’t no longer go in. 

Here are some technical data of this city car:

· Range: 45-50 km

· Maximum speed: 45 km/h

· Power: 7 kW

· Weight: 650 kg

Moreover this project aims at approving hydrogen semi-composite cylinders (internal pressure: 350 bar) in order to reduce onboard storage system’s weight.

Actual effort are addressed towards the development of storage systems provided with more pressure (so range will increase) and contemporary less weight.

This will be the first car sharing service in Italy and will be managed by Atcm, the Modena city’s transport agency. 



	Status of the project.

Start and stop of the project and present results
	Ongoing.

Cars have been bought by Modena city. 

	Are your company involved in the project and which safety aspect does the project include
	Our company is not involved in this project.

Safety aspects:

· hydrogen use on vehicles (city cars)

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


Where in the following matrix belongs the project
· V4-H3

· V4-H4

	HYSAFE Partner
	Number
	Contact person

	UNIPI
	21
	A. Marangon (a.marangon@ing.unipi.it)

M.N. Carcassi (carcassi@ing.unipi.it)

N. Grasso (n.grasso@ing.unipi.it)


	Which projects do you know concerning hydrogen use and safety? 

Former and ongoing projects.

	Project number
	

	Title of the project 
	Hydrogen Park.

	The overall purpose of the project.

Abstract    (~200 words)


	The goal of the Hydrogen Park Project is to turn Porto Marghera (Venice) into one of the most important world centres for the production and use of hydrogen, and for the promotion of studies and projects aimed at the development of this precious new energy source.

The program agreement is aimed at reducing greenhouse gases emissions related with electricity and thermal energy production, and at developing hydrogen technologies in a pilot plant addressed to energy optimization in the industrial area of Porto Marghera. Moreover the project aims at the utilization of hydrogen in public transports (with special attention to the lagoon transport).
Porto Marghera is one of the few industrial areas in the world with existing and substantial hydrogen production. The current amount of hydrogen production is about 4500 - 5000 tons per year, to which the production of a future coal plant can be added; this is enough to power all of Venice’s urban and suburban public transport, or to fuel 15000 cars travelling 10000 km each per year, or an industrial power plant.
The hydrogen utilised in the project will be a by-product from a soda electrolytic plant.

These are the Hydrogen Park project main objectives:

a) create an “excellence institute” for hydrogen technologies research, study and testing

b) carry out an hydrogen transport and storage network and a refuelling station of hydrogen, methane and other non conventional fuels

c) install facilities aimed at using hydrogen (or hydrogen/methane blends) for electricity production and for heating and refreshing both residential buildings and office premises (installation of 200 kW PAFC systems and MCFC joint with turbo-gas systems)

d) carry out a boat for passengers transport, with her own refuelling station

	Status of the project.

Start and stop of the project and present results
	Ready to start.

The pre-feasibility study has been concluded, but they are waiting for the Veneto region and Italian Ministry of Ambient agreement’s sign.

	Are your company involved in the project and which safety aspect does the project include
	The Italian  Ministry of Environmental Protection (“Ministero dell’Ambiente e della Tutela del Territorio”) asked our company to monitor and analyse the progress of this project

Safety aspects:

· hydrogen transport and storage

· hydrogen use for electricity production, for heating and for refreshing

· hydrogen use on a boat

-
hydrogen filling station for boats

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


Where in the following matrix belongs the project
· V4-H1

· V4-H2

· V4-H3

· V4-H4

· V4-H6

	HYSAFE Partner
	Number
	Contact person

	UNIPI
	21
	A. Marangon (a.marangon@ing.unipi.it)

M.N. Carcassi (carcassi@ing.unipi.it)

N. Grasso (n.grasso@ing.unipi.it)


	Which projects do you know concerning hydrogen use and safety? 

Former and ongoing projects.

	Project number
	

	Title of the project 


	“Utilizzo energetico dell’Idrogeno e delle Fonti Rinnovabili nello sviluppo del Polo Turistico Integrato di Roma-Valmontone”

	The overall purpose of the project.

Abstract    (~200 words)


	This project is the result of  an agreement protocol (“Protocollo d’Intesa”) between the Municipality of Valmontone and the University La Sapienza of Rome, through CIRPS (“Centro Interuniversitario di Ricerca per lo Sviluppo Sostenibile”) that has his seat in Valmontone.

The project  aims at the utilization of hydrogen and renewable energy (sun, water, wind and biomass) trough the construction of a demonstrative centre in which all this technologies will be kept in practise. This demonstrative town will be located in Valmontone (Rome), along the motorway A-1 Rome-Naples.

Here, the first hydrogen filling station of the middle-south of Italy will come also in operation.

Municipality will place a two hectares area at project’s disposal where the hydrogen storage units, the hydrogen production units from renewable sources and also the hydrogen distribution units will be carried out.

CIRPS will collaborate in carrying out all the three project’s phases:

(1) storage units, distribution unit and production plants (from renewable sources) design, construction and installation

(2) hydrogen utilization and renewable sources operation inside Polo Turistico buildings (administrative initiatives aimed at supporting renewable sources integration)

(3) zero emission mobility program inside the Polo Turistico and also extended to the area of Valmontone (CIRPS should prepare a feasibility study)

	Status of the project.

Start and stop of the project and present results
	Ready to start.

Still in the pre-feasibility phase. It’s seem it will be discussed on mid September.

	Are your company involved in the project and which safety aspect does the project include
	Our company is not involved in this project.

Safety aspects:

· hydrogen production

· hydrogen storage and distribution (fuelling station)

· hydrogen on vehicles

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


Where in the following matrix belongs the project
· V4-H1

· V4-H2

· V4-H3

· V4-H4

	HYSAFE Partner
	Number
	Contact person

	UNIPI
	21
	A. Marangon (a.marangon@ing.unipi.it)

M.N. Carcassi (carcassi@ing.unipi.it)

N. Grasso (n.grasso@ing.unipi.it)


	Which projects do you know concerning hydrogen use and safety? 

Former and ongoing projects.

	Project number
	

	Title of the project 
	“Progetto Primo Settimo”

	The overall purpose of the project.

Abstract    (~200 words)


	The “Progetto Primo Settimo” foresees to make the ASM (multi-utility located in Settimo Torinese) new offices  independent from the energetic point of view. 

The energy requirements are satisfied with a photovoltaic plant (100 kW) and a microturbine (80 kW) feeded with natural gas.

Part of the solar energy is converted into hydrogen, that is compressed, stored and used in two 5 kW PEM (Proton Exchange Membrane) fuel cell in order to produce electricity for the office’s night requirements. It has been also foreseen to build an hydrogen refuelling station.

Moreover, part of the structure is devoted to educational purposes. This a fundamental  part of the project since people are not familiar with hydrogen technologies and their associated risks.

	Status of the project.

Start and stop of the project and present results
	Ongoing. 

The photovoltaic plant is under construction. 

The hydrogen related technologies will be part of the future building actions.

	Are your company involved in the project and which safety aspect does the project include
	Our company is not involved in this project.

Safety aspects:

· hydrogen production and storage

· utilization of a stationary fuel cell system 

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


Where in the following matrix belongs the project
· V4-H1

· V4-H3

· V4-H6

	HYSAFE Partner
	Number
	Contact person

	UNIPI
	21
	A. Marangon (a.marangon@ing.unipi.it)

M.N. Carcassi (carcassi@ing.unipi.it)

N. Grasso (n.grasso@ing.unipi.it)


	Which projects do you know concerning hydrogen use and safety? 

Former and ongoing projects.

	Project number
	

	Title of the project 
	City Cell Project - Torino 

	The overall purpose of the project.

Abstract    (~200 words)


	This project is part of the overall project that demonstrates 5 fuel cell (FC) hybrid vehicles applied in the inner-city environments of Torino, Berlin, Madrid and Paris. The vehicles for Berlin will be developed within the overall project, the other vehicles have been developed under national programs. The project is aimed at demonstrating viable “zero emission energy efficient vehicles” in response to the needs of operators, EU objectives and Commission policies such as the Green Paper on Energy and the White Paper on Transport. This project is characterized by a “well to wheel” approach for a process which assures absence of CO2 production and emission in every step.
The Italian project’s task is organized in: 

1) 1st phase:

· development of one standard 12m hybrid hydrogen-fuelled fuel cell bus: the bus has been presented one year after the start of project. The 200 bar compressed hydrogen is stored on-board in nine semi-composite tanks that  feed a PEM (Proton Exchange Membrane) fuel cell (net power: 60 kWe). 
The hybrid system applied will considerably reduce peak energy demand and thus the FC capacity required. This leads to a reduction of related investment costs. The bus has been carried out by a joint venture between Gruppo Sapio, Irisbus-Iveco, ATM of Torino (now GTT), Ansaldo Ricerche, ENEA, and Compagnia Valdostana delle Acque (CVA). Here are some thecnical data:

The Torino bus will be similar to the Madrid vehicle except for the hydrogen storage system which is at 200 bar in 9 cylinders developed by SAPIO, instead of at 350 bar..

· design and construction of an hydrogen refuelling station able to produce gaseous hydrogen at the purity required by the bus fuel cell system. Hydrogen is produced via water electrolysis supplied with hydroelectric energy from the stations controlled by CVA in the Valle d’Aosta Region 

2) 2nd phase: will be devoted to a thorough monitoring of all operational parameters of the bus (both from energy and environmental point of view) during its normal operation in civic public transport. 



	Status of the project.

Start and stop of the project and present results
	Ongoing.

The project started in spring 2003 and has a duration of 48 months.
Results:

· the tests requested by the Italian  Ministry of Infrastructure for the bus public road running have been concluded

· recently it’s arrived the bus numberplate and the bus can run on public road without passengers onboard for a test period of six months

· the refuelling station design has obtained the Italian Fire Brigade’s approval and now it’s in construction phase


	Are your company involved in the project and which safety aspect does the project include
	The Italian  Ministry of Environmental Protection (“Ministero dell’Ambiente e della Tutela del Territorio”) asked UNIPI to monitor and analyse the progress of this project.

The main safety aspects involved in this project are:

· hydrogen fuelling station’s design, construction and safe operation

· vehicle and component manufacture, safety, regulation, certification
· vehicle test, maintenance and commissioning

	Which legislation concerning use of Hydrogen have you used or missed?
	Concerning the filling station: in Italy has been carried out a reference document specific for hydrogen filling station fire prevention.

Concerning the bus: in the lack of suitable regulations, all the main Italian Departments have worked together to drew up an agreement aimed at the definition of a testing protocol for the achievement of the bus public transport passenger licence.


Where in the following matrix belongs the project

· V4-H2

· V4-H4

· V5-H2

· V5-H4

	HYSAFE Partner
	Number
	Contact person

	UNIPI
	21
	A. Marangon (a.marangon@ing.unipi.it)

M.N. Carcassi (carcassi@ing.unipi.it)

N. Grasso (n.grasso@ing.unipi.it)


	Which projects do you know concerning hydrogen use and safety? 

Former and ongoing projects.

	Project number
	

	Title of the project 
	HySy_LAB (HYdrogen SYstem LABoratory)

	The overall purpose of the project.

Abstract    (~200 words)


	The project is a result of a joined initiative between Environment Park, Gruppo Sapio, Politecnico di Torino, GTT (Gruppo Torinese Trasporti) and Provincia di Torino, with the aid of Regione Piemonte and Provincia di Torino.

HySyLAB is a laboratory completely devoted to research and testing of new formalities to exploit hydrogen produced from different sources of energy. The activities sweep through the entire hydrogen technology: from production in combination with the renewable or not renewable sources of energy, to compressed hydrogen storage, to the study of all the applications aimed at producing electricity from hydrogen.

Transversely to the main research currents, a section has been carried out for system analysis and safety. The main objective are making energy analyses, reliability analyses, safety and life cycle analyses (LCA) with the scope of testing and developing advanced models for incidental phenomena simulation (releases, fires, explosions).

	Status of the project.

Start and stop of the project and present results
	Ongoing.

The project started on April 2002 and now it has been integrated in several VI FP projects and in FISR ban.

Recently it received other two proposals financed by Lombardia region and actually under the UE approvals:

· FC units supplied with methane

· APU units for big yachts

	Are your company involved in the project and which safety aspect does the project include
	Our company is not involved in this project.

Safety aspects:

· hydrogen production

· hydrogen storage

· utilization of stationary fuel cell systems

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


Where in the following matrix belongs the project
· V1-H1

· V1-H3

· V1-H6

· V4-H1

· V4-H3

· V4-H6

	HYSAFE Partner
	Number
	Contact person

	UNIPI
	21
	A. Marangon (a.marangon@ing.unipi.it)

M.N. Carcassi (carcassi@ing.unipi.it)

N. Grasso (n.grasso@ing.unipi.it)


	Which projects do you know concerning hydrogen use and safety? 

Former and ongoing projects.

	Project number
	

	Title of the project
	Hydrogen Filling Stations 



	The overall purpose of the project.

Abstract    (~200 words)


	This project is carried out by UNIPI’s DIMNP (Department of Mechanical, Nuclear and Production Engineering) and it is funded by the Italian Ministry of Environmental Protection (“Ministero dell’Ambiente e della Tutela del Territorio”).

The Hydrogen Filling Station project is articulated into four subtasks:

1)  Creation of a complete hydrogen activity database:

a. an hydrogen filling station’s database: this activity is focused on the monitoring of world wide hydrogen filling stations with emphasis to their technical characteristics (i.e. pressure, storage systems, hydrogen production and hydrogen dispensing systems) and safety measures. 

b. a fuel cell vehicle’s database: this activity is focused on the monitoring of world wide fuel cell vehicles with emphasis to their technical characteristics and safety measures. 

c. an hydrogen stationary systems and pipeline database: this activity is focused on the monitoring of world wide stationary systems and pipeline with emphasis to their technical characteristics and safety measures.

2)  Creation of a database concerning hydrogen international and national standards: this task is focused on the monitoring of world wide hydrogen standardization activities for hydrogen filling stations, for fuel cell vehicles, for hydrogen stationary systems and pipelines.

3)  Studying of vented hydrogen explosion both in uniform and non uniform conditions: this activity is carried out in an experimental facility (CVE: Chambre View Explosions )owned by DIMNP-UNIPI with emphasis to the study of the vent area’s effects on hydrogen explosion’s pressure building-up.

4)  Monitoring of the Italian Hydrogen projects status: this activity is focused on those projects funded by the Italian Ministry of Environmental Protection (“Ministero dell’Ambiente e della Tutela del Territorio”).

All the projects activities aim at making stronger the Italian Ministry of Ambient and of Environmental Protection’s knowledge about hydrogen safety and normative issues as well as technical ones.



	Status of the project.

Start and stop of the project and present results
	Ongoing.

The project started on March 2003 and will finish on March 2005. 

Results:

· Creation of all databases: hydrogen filling stations, fuel cell vehicles, hydrogen stationary systems, pipelines and standards.

· Completion of first series of hydrogen vented explosions, both in uniform and non-uniform conditions. 



	Are your company involved in the project and which safety aspect does the project include
	DIMNP-UNIPI is carrying out this project funded by the Italian  Ministry of Ambient and of Environmental Protection.

Safety aspects:

· Hydrogen filling stations 

· Fuel cell vehicles

· Hydrogen stationary systems and pipelines

· Standards



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


Where in the following matrix belongs the project
· V3-H3

· V3-H6

· V4-H2

· V4-H4

· V4-H6

· V5-H1

· V5-H2

· V5-H3

· V5-H4

· V5-H6

Overview of the described projects and their position in the matrix

	 
	 
	 
	 
	 HYSAFE   State of the Art Analysis
	 
	 

	 
	 
	 
	 
	 
	 
	 

	State of the Art     HYSAFE
	 
	#projects
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 

	Partner no.
	Name
	 
	 
	Projects
	 
	 

	 
	 
	 
	 
	 
	 
	 

	1
	FZK
	14
	 
	Fuelling stations and risks in tunnels, workshops and city roads.
Eksplosions, combustion detonations and mitigation problems. Primary  nucleare.
Tunnel equipment and traffic control in tunnels.
Storage tanks for cars.
Production af H2.  material- safety analysis
	V1-V5
V2,V3

V3
V1-V4
V4
	H2


H5
H6 og H2
H1

	2
	 
	 
	 
	 
	 
	 

	3
	 
	 
	 
	 
	 
	 

	4
	BMW
	3
	 
	On spot production of H2 for pressurizing and use in busses in an airport. Refuelling by robots. LH2 for use in cars
A demo project to demonstrate the reliability of a everyday motor vehicles operation
Development  of a LH2 passenger car with H2 combustion
	V4
	H1-H6

	5
	 
	 
	 
	 
	 
	 

	6
	CEA
	2
	 
	H2 risk  issue for reactor containment
Test of critical components by adding H2 to natural gas
	V1-V4
V1,V2,V4,V5
	H7
H2

	7
	 
	 
	 
	 
	 
	 

	8
	Fraunhofer
	0
	 
	 
	 
	 

	9
	FZJ
	1
	 
	Hydrogen removal from LWR containment by catalytic coated thermal isolation elements
	V3
	H5

	10
	 
	 
	 
	 
	 
	 

	11
	HSL
	3
	 
	Jet releases from H2 storage tanks
Hydrogen detonation trials up to 20m3
Evaluation of modelling of H2 gas explosions at Hornchurch refuelling facility
	V1-V3

V2
	H1-H3
H1-H6
H2

	12
	INASMET
	4
	 
	Production of a PMFC stack on 10 kW
Development of cost effective fuel cells using thermal spray technics
Hydrogen technologies in combination of renewable energy sources

Development and optimization of fuel cell elements and the integration in of distributed energy sources
	V1

V1
V4
V1
V4
	H4
H1-H4,
 H1-H4, H6
H1-H6
H6
H1-H3

	13
	INERIS
	6
	 
	Development of a standard fuel cell for use either in a mobile or stationary application
Demonstrate the use of FC bus for public transport
Local production and use of H2 in an optimized energy system
Study of mechanical ignition of explosive atmosphere
Rewiev hazards associated with with H2 and fuel cells (terminated in 2002)
Security of highly pressurized tanks equipping GH2 fuelled road vehicles

Euro-Quebec
Merge and Emerge(free and impinged relaese of either H2 and Methane
	V4
V4
V4
V4
V2
V5
V4, V5

V4
V1, V2
	H4 , H6

H4 ,H2
H3


H3

H1-H3

	14
	 
	 
	 
	 
	 
	 

	15
	 
	 
	 
	 
	 
	 

	16
	 
	 
	 
	 
	 
	 

	17
	HYDRO
	4
	 
	EIHP II ( see FZK) Daily operation of hydrogen fuelled vehicles and refilling stations ( samme koord as next project)
Demonstrate daily use of 27 cell buses- H2 production and filling stations are establiched (9 european cities)

Hynet Thematic network (Developed a road map)
Harmonisations of standards and regulations for a sustainable H2 and Fc technology
	

V1-V5
V1-V5
V1,V2,V4, V5
V5
V5
	

H1
H2
H4
H5

	18
	 
	 
	 
	 
	 
	 

	19
	 
	 
	 
	 
	 
	 

	20
	 
	 
	 
	 
	 
	 

	21
	UNIPI
	14
	 
	Tavolo Idrogeno-H2 infrastructure, H2 use in public vehicles, H2 use for co-genration systems
Progretto per Arezzo (Goldsmiths) H2 pipeline, storage, use in CHP FC system for heat and electricity
HBUS project Florece-Development of a small H2 FC bus 

Zero regio- refulling stations and H2 vehicles
Daily Project-H2 vehicle fleet for transport of people and goods.

Bicocca project- based on existing nat. gas plant-produce H2- filling station-vehicles
Museo .....Milano  Fc for heating and el production without emmision - Demo on co-generation
Blu car project-city car with H2-FC system
H2 park-Venice-transport(lagoon)-H2 production(existing)-heating+el
Polo turistico-use of H2 and renewable energy in a demo center. Storage, distr.(fuelling stations), prod. utilization
Progetto Primo.....solar to H2 for PEM for night office use. 
City cell Torino-5 FC hybrid vehicles for inner cities-zero emmision 

HySy-Lab. research and test of different methods for H2 production, storage and use for el. prod.
Hydrogen filling stations-Databaser på state of the art(+ FC vehicles+pipelines-technic and safety measures)vented H2 explosions experiments
	V4

V4

V4
V5
V4
V4
V5
V4

V1-V4

V4
V4
V4

V4
V4
V5
V1,V4

V3
V4
V5
	H1,2,3,4,6

H2,3,6

H2,4
H4
H1,2,4
H4,6
H4
H1,2,3,4,6

H6

H3,4
H1,2,3,4,6
H1,2,3,4

H1,3,6
H2,4
H2,4
H1,3,6

H3,6
H2,4,6
H1,2,3,4,6

	22
	UPM

Nuclear problems
Mixing explosions detonation flow 
	9
	 
	Hydrogen mixing phenomena, recombining and inerting techniques in nuclear reactor containments
: Assessment Criteria for Benchmark Exercise on Expert Judgement Techniques in PSA Level 2
Improved Modelling of Turbulent Hydrogen Combustion and Catalytical Recombination for Hydrogen Mitigation
Validation of a Simulation Methodology for Hydrogen Mixing, Catalytic Recombination and Deliberate Combustion
Development and Application of Expert Judgement Techniques to the Estimation of Need and Location of PARs within Spanish PWR Containments.
Development and Application of a Methodology for the Assessment of a Nuclear Power Containment Failure caused by Hydrogen Explosion
Experimental and numerical study of reactive flows in complex geometries with relevance to industrial safety for explosion protection.
Passive Autocatalytic RecombinersState-Of-the-Art
Methodology, Computing Tools and Phenomenology concerning their Application to Level-2 PSA
	V1,3,4

V4

V2,3

V1,3,4

V3,4


V1,4

V1,2,3,4

V3,V4
V1,2,3,4
	 

	23
	UU

Models and experiments
	5
	 
	Ignition of H2 release by hot surface-sim.models
Development and validation of LES model of hydrogen release, mixing and distribution
Simulations of large-scale hydrogen-air deflagration in open atmosphere
LES of hydrogen-air deflagration dynamics in closed large-scale enclosures
Mitigation of hydrogen-air explosions by application of inertial vent covers
	V2
V1

V2,V4
V2
V2 (V5)
	 

	24
	VOLVO

Development of facilities
	4
	 
	Euro quebec (various studies for LH2 bulk transportation
StorHydro-Storage for automotive applications -also diff storage methods
EIHP2-regulatory and standardisation-vehicles, filling stations operation on public roads
EIHP- Egentlig HYSAFE's formål     er afsluttet bør læses
	V4,V5
V4, V5
V1,2,4,5

V4 V5
	H1,2,3
H3,H4
H2,3,4,5

H3,4,5

	 
	 
	69
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