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1. Introduction

Hydrogen offers great new opportunities as a well defined interface between energy all kind of primary energy sources and the end consumer and as an unique energy storage. However, hydrogen will never be an accepted energy carrier unless its use is at least as safe as compared to the public handling of other established fuels or energy carriers we are used to deal with. 
Consequentially every R&D project dealing with hydrogen and fuel cells has a safety subchapter. What was felt to be missing at the outset of the 6th R&D framework program of the European Community was some kind of project which dealt exclusively with this important topic and could serve as a central clearinghouse and dissemination centre for relevant information. The Network of Excellence (NoE) HySafe is aiming at filling in just this gap.

2. What is a Network of Excellence

The Network of Excellence (NoE) is a new tool introduced with the start of the 6th European Commission (EC) R&D framework program. It aims at bringing together the top partners from Europe which can contribute to a given theme, and at integrating them into some kind of partnership which is able to survive the end of the funding period which is in maximum five years usually. Thus integration is the main objective of any NoE and therefore the concept is quite different from a common research project which has a well defined technical objective, a pre-defined schedule, and financial plan from the very beginning to the end. A NoE starts with a topic, a composition, a rough structure, and a budget. What exactly the partners are doing, and who does what with how much effort, is decided by the partners themselves on a yearly basis considering what they see as important for their long term integration.
3. Aims and Scope of HySafe

The EC funded Network of Excellence HySafe contributes to the transition to a more sustainable development in Europe by facilitating the safe introduction of hydrogen energy technologies and applications.

The HySafe network brings together competencies and experience from various research and industrial fields (automotive, gas and oil, chemical and nuclear). Much effort has been concentrated on the hydrogen safety issues relevant to the nuclear industry during the past 20 years, including comprehensive safety studies and the development of innovative mitigation techniques. At the same time industry and research dealing with today's fossil energy carriers are now confronting issues associated with everyday use of the technology by the general public. 

Synthesis, integration, and harmonisation of these efforts is expected to break new ground in the field of hydrogen safety and contribute to the increase of public acceptability of hydrogen as an energy carrier. 

The objectives of the network include: 

· To contribute to common understanding and approaches for addressing hydrogen safety issues; 

· To integrate experience and knowledge on hydrogen safety in Europe; 

· To integrate and harmonise the fragmented research base; 

· To provide contributions to EU safety requirements, standards and codes of practice; 

· To contribute to an improved technical culture on handling hydrogen as an energy carrier; 

· To promote public acceptance of hydrogen technologies. 

HySafe is one of the first IPHE recognised projects and currently the only one dedicated to safety aspects.

The funding agreement between the network and the EC has a maximum duration of five years. The networking started in spring 2004.

4. Composition of HySafe

The consortium consists of 25 partners including 

· industry 

· research organizations, 

· universities, 

· governmental agencies, 

from 13 countries: 

· Denmark 

· France (3 partners)

· Germany (5 partners)

· Greece

· Italy

· Netherlands (2)

· Norway (3)

· Poland

· Russia

· Spain (2)

· Sweden

· UK (3) plus one partner from outside Europe, namely

· Canada. 

The consortium as a whole acts as partner of the European Union in the work on the general topic of the network. An independent Advisory Council includes a balanced representation of distinguished experts outside the network, and representatives from industry and authorities. Some 100 scientists are involved in the integration work of the network.

5. Objectives and Structuring of the Work

The objectives of the network are achieved by: 

· Developing, harmonising and validating methodologies for safety assessments; 

· Undertaking safety and risk studies; 

· Establishment of a hydrogen incident and accident database; 

· Creation of a set of specialised research facilities; 

· Identification of a set of specialised complimentary codes and models that can be used for safety studies; 

· Promoting fundamental research necessary to address hydrogen safety issues; 

· Extracting net outcomes from safety and risk assessment studies as input to EU-legal requirements, standards and codes of practice; 

· Organizing training and educational programmes on hydrogen safety, including on-line mode (e-Academy); 

· Disseminating the results through the HySafe website, an Biennial Report on Hydrogen Safety, and an Biennial International Symposium on Hydrogen Safety. 

The network is broken down into the 4 work package clusters “Basic Research”, “Risk Management”, “Dissemination”, and “Management”. In total 15 work packages are allocated in these clusters, each contributing its own work to its specific topic.
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Figure 1:  Work package cluster structure of the HySafe work
6. Current Activities

The current activities of the network are orientated according to the current research directions, the so-called headlines, which are still “releases in confined spaces” and “mitigation”. The list of these headlines has been extended by “risk management”.
Internal Project “InsHyde”
Within HySafe the InsHyde project launched as an internal project in order to investigate realistic indoor hydrogen leaks and associated hazards, and to provide recommendations for the safe use of indoor hydrogen systems including mitigation and detection means. It has the scope to analyse the appropriateness of current standards, best practices and regulations for venting, to experimentally assess the performance of gas detectors, to prepare their use in the context of dispersion experiments. The main result of this project is a guide of good practices for hydrogen use in a confined space.

The test program consists of the following steps:

· Dispersion tests in garage like test facilities to benchmark numerical simulation tools

· Integral tests to determine critical release inventories

· Laboratory scale tests to assess the performance of industrial detectors. 15 different European sensor manufacturers were contacted. Testing concerned verification of calibration and dynamic tests (response/recovery time) as well as cross-sensitivity. Test results will be anonymous.

· Inter-laboratory comparison on calibration-type tests for sensor elements.

· The collected information will be reviewed by all partners.

A new garage test facility was built, with instrumentation, injection device, and safety measures. First tests using helium as a model fluid were performed in March 2007. The results are used as input to the work of WG 13 (Hydrogen sensors) of ISO TC 197 (Hydrogen detectors). The integral tests were performed in 2006. Together with am consortium of insurance companies and some automotive industries a limit inventory which does not require any extra mitigation equipment is going to be derived.
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Figure 2: InsHyde integral tests with 10g hydrogen inventory; orifice diameter D=21mm; variation of release rates and ignition points
Internal project HyTunnel

The HySafe partners decided to inaugurate an internal project to contribute to the European and global activity to establish the nature of the hazard posed by hydrogen vehicles inside tunnels and its relative severity compared to that posed by traditionally powered (hydrocarbon internal combustion) vehicles.

The internal project HyTunnel has the following primary objectives:

· To review tunnel regulations, standards and practice in respect to the management of hazards and emergencies, e.g. vehicle fumes and smoke and heat in the event of fire.

· To identify appropriate accident scenarios for further investigation, in respect to the vehicles involved, the hydrogen release mechanism and the tunnel environment including conventional mitigation systems.

· To review previously published experimental and modelling work of relevance to hydrogen releases inside tunnels.

· To extend our understanding of hydrogen hazards inside tunnels by means of new physical experiments and/or numerical modelling activities.

· To document suggested guidelines for the safe introduction of hydrogen powered vehicles into tunnels.

The focus of HyTunnel is on road tunnels and the potential hazards associated with hydrogen passenger cars and commercial vehicles. The review of regulations, standards and current design and operational practice provides an overview of road tunnel design and operational/safety requirements both globally and within specific countries and regions. The focus is on issues directly relevant to the tunnel risk management, e.g. ventilation, sprinklers and traffic management. 

A survey of actual accidents inside road tunnels is currently being conducted. Fires inside tunnels are generally caused by the vehicles due to overheating brakes, electrical defects, and other defects causing self-ignition of the vehicle. Fires due to collisions and maintenance works inside the tunnel occur, but are less frequent.
Basic experiments with semi-open premixed clouds, in principle similar with scenarios to be expected in tunnel experiments showed that a deflagration to detonation transition is possible in these tunnel-like geometries provided a certain layer thickness and a certain obstruction on the tunnel ceiling are present.
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Figure 3: HyTunnel experiments for semi-open premixed systems

Biennial Report on Hydrogen Safety (BRHS)

The first version of this “handbook” has been released. The report may be downloaded from the HySafe website www.hysafe.net/brhs. 
International Conference on Hydrogen Safety (ICHS)

While safety is one topic among many in most conferences on hydrogen or fuel technology there was no dedicated hydrogen safety conference until the First International Conference on Hydrogen Safety was held in Pisa in 2005. The success proved that a demand had been met. The second ICHS will be held from September 11 to 13, 2007, in San Sebastian (Spain).

[image: image3]
Figure 4: The 2nd International Conference on Hydrogen Safety organised by HySafe
Education and training

The e-Academy is organising the second European Summer School for Hydrogen Safety 30 July to 8 August 2007 in Belfast, UK. The curriculum has been iterated and the first post graduate course for hydrogen safety has been launched. Details are given on www.hysafe.net/pgc.
The HySafe network offers safety short courses in combination with major events like the World Hydrogen Energy Conference (2006 in Lyon, France) or the European Hydrogen Energy Conference (2007 in Maastricht, The Netherlands).

HySafe Safety Action Plan

HySafe offers support for all kind of projects with regard to the hydrogen safety aspects. The main deliverables of the EC projects HyApproval and HyPer, a handbook for the safe hydrogen refuelling station and the handbook for permitting (small) stationary hydrogen installations, have been peer reviewed by a group of HySafe experts. One workshop for the hydrogen high temperature production project HYTHEC was organised in autumn 2006, a second one will be organised in summer 2007. A guideline for the demonstration projects in the EC Joint Technology Initiative (JTI) is under preparation, the reporting system based on the same guideline and the HIAD incidence and accident database will a part of the safety action plan.
Standards and regulations

Since hydrogen energy and fuel cells are part of the response to a global problem it is only reasonable that the technical development happens on a global scale as well. Many players, like car makers or energy suppliers, are multinational by their very nature. The work on hydrogen and fuel cell standards correspondingly happens also in international committees like ISO TC 197 (hydrogen) and IEC TC 105 (fuel cells). While the input from North America and East Asia is much appreciated there is a general feeling that the point of view of Europe is somewhat underrepresented. Natural phenomena and physical laws are the same all over the world, but the approach to standards and rules differs considerably. HySafe experts are attempting to enhance the voice of Europe in the committees by establishing improved communication between the experts in the different countries and trying to let the European P members vote as uniform as possible.

7. Upcoming Activities

New Sub-task: HyFrac - Hydrogen induced cracks

Experience from space research and rocket engineering indicates that hydrogen of the purity class 5.0 or higher with less than 5 ppm O2 contamination (as required for PEM FC) under high pressure can induce accelerated material damage processes. HySafe considers a new activity in order to 

· collect and consolidate available data, knowledge

· investigate the effect of high purity hydrogen induced damage and fracture and to 

· make recommendations for the safety aspects of the use of high purity, high pressure hydrogen in fuel cell cars.
New Internal Project: HyNano - Solid storage in nano-scaled metal hydrides

The objective of this activity is to fundamentally understand the safety issues regarding solid-state hydrogen storage materials systems through: 

· development of more appropriate standard testing techniques to quantitatively evaluate the hazard of  both materials and systems, 

· understanding the fundamental mechanisms and of hydrides released into the environment and

· developing methods and systems to mitigate the risks to acceptable levels. 
New project proposal: Hydrogen cars in Garages

A necessity is felt to formulate and validate requirements under which hydrogen fuelled vehicles (private and commercial) will be permitted to be used inside vehicle support facilities (parking, maintenance shops) and to prepare recommendations, to be proposed for integration into associated EC and international regulation, codes and standards. This will improve our understanding and modeling capability of hydrogen behavior in confined spaces.
8. Putting the network on its own feet

One objective of the five year funding period is to find out whether the topic is interesting enough to convert the network into a structure which can survive on its own without public support. The HySafe network partners are convinced that hydrogen safety is important enough for many parties to make such a structure possible. How exactly it may look like and work is a matter now under consideration. Apart from the possible legal shapes it is important to set up a mission and a work program and to have a realistic idea on how much income can be expected from membership fees, conferences, publications, services and other sources.
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Figure 5: The European Institute “HySafe” with its networking environment
9. Summary

HySafe is a European Network of Excellence which is devoted to theoretical and experimental studies of problems related to the safe public use of hydrogen energy. The project aims at acting as a clearinghouse for information and services related to the topic. Details can be found on the HySafe website www.hysafe.net. The greater part of the network results is available for the public without charge. They are also introduced in international standardization and regulation. Some practical problems are dealt with in internal projects. The network partners aim at setting up an independent European Institute which will continue the main activities of the network and act as a focal point for all issues related to hydrogen safety at least in Europe. 
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