NoE HySafe

“Safety of Hydrogen as an Energy Carrier”


1. Project summary

The introduction and commercialisation of hydrogen as an energy carrier of the future makes great demands on all aspects of safety. Technologies and applications allowing the use of hydrogen should provide at least the same level of safety, reliability, and comfort as today’s fossil energy carriers.

The HySafe network will focus on safety issues relevant to improve and co-ordinate the knowledge and understanding of hydrogen safety and support the safe and efficient introduction and commercialisation of hydrogen as an energy carrier of the future, including the related hydrogen applications. The overall goal of HySafe is to contribute to the safe transition to a more sustainable development in Europe by facilitating the safe introduction of hydrogen technologies and applications. 

Hydrogen safety issues are subject to numerous research efforts. However, there are still a number of knowledge gaps with significant deficiencies in terms of safe technical solutions, including mitigation techniques, and in the availability and scope of widely accepted and harmonised standards and methodologies, together with associated regulatory issues. Development of a robust and reliable framework to assess the safety of hydrogen technologies and applications, and to harmonise testing procedures and Quality Assurance standards in the EU is therefore necessary. 

The main objective of the HySafe network will therefore be to strengthen, integrate and focus fragmented research efforts to provide a basis that will allow removal of safety-related barriers to implementation of hydrogen as an energy carrier. In this way the network will also contribute to promoting public awareness and trust in hydrogen technology within Europe by providing a basis for communicating the risks associated with hydrogen. 

The network intends to promote the development of an integrated, competitive scientific and industrial community in Europe capable of jointly addressing the challenges presented by the development of an excellent safety culture across Europe.

There is some existing co-operation in the field, but much of the existing research output is not necessarily easy to obtain. Substantial benefits can be expected from making it easy to identify and use existing information and from preventing duplication of work. 

There are certain historical differences in the methodologies and approaches for addressing safety issues. This concerns differences in probabilistic and deterministic approaches in safety studies and differences in the approaches of industry, research organisations, and public authorities. Development of a common understanding and common approaches will benefit all partners involved, as they gain access to improved methodologies based on the input and experience from others. This will also help to facilitate the safe introduction of hydrogen technologies and applications.

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.

These objectives are to be 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 a “HySafe” website, an Biennial Report on Hydrogen Safety, and an Biennial International Symposium on Hydrogen Safety.

The HySafe network addresses the medium and long-term objectives of the Priority 6.1 “Sustainable energy systems”. In particular, the HySafe NoE is directly relevant to the objectives of research area 6.1.3.2.2 concerning development of a robust and reliable framework for assessment of the safety of hydrogen technologies. 

2. Thematic structure 

The chemical and physical properties of hydrogen suggest a concentration of efforts on studies of fire and explosion safety of hydrogen mixed with air. The properties of hydrogen are considerably different from today’s conventional fuels. Hydrogen is expected to be less dangerous in terms of thermal and fire hazards, but it may be responsible for stronger pressure effects under certain conditions. A comparison of the specific and overall risks will be useful in highlighting the advantages of hydrogen fuel and in identifying those areas where additional accident management measures or regulations should be recommended. Hydrogen mitigation techniques and safety devices for detecting, dilution and removal of hydrogen still possess significant innovation potential with regard to reliability, efficiency and adaptation to specific applications. 

Accident scenarios, initial conditions, hazard potential, and risk depend on the particular application of hydrogen as an energy carrier. The following main areas of application can be identified: 

· H2 production

· Transport and distribution, pipelines, refuelling stations

· Storing hydrogen (LH2, CGH2) 

· Vehicles powered with H2 (passenger cars, trucks, repair shops) 

· Tunnels, public parking and private garage

· Utilisation, portable or stationary H2 based applications 

To evaluate hydrogen safety the following set of issues should be addressed for each of the applications: 

· Hydrogen release, mixing, and distribution 

· Ignition properties, thermal, pressure, and missile effects from H2 fires and H2-air explosions 

· Mitigation techniques (prevention of H2 release, detection, dilution, removal of hydrogen, and reduction of consequences from H2 fires and explosions) 

· Risk evaluation, both specific and in comparison with today’s fossil energy carriers 

· Standardisation and legal requirements

The thematic structure of the network should therefore be formed as shown in Fig. 1. The network should provide possibilities for effective sharing of resources, infrastructure and personnel between partners, while executing a joint research programme along the vertical lines of the network activities. An integration of teams working in different areas along the horizontal lines of the network activities should provide an effective framework for the chain of multi-disciplinary research in a pooled academia/industry environment. 

3. Instruments and activities 

The following instruments and activities are proposed in the NoE HySafe:

· HySafe - Biennial Report on Hydrogen Safety
· HySafe - Integration of Experimental Facilities

· HySafe - Standard Benchmark Exercise Problems

· HySafe - Scenario and Phenomena Ranking

· HySafe - Hydrogen Incident and Accident Database

· HySafe - CFD club

· HySafe - Website

· HySafe - International Conference on H2 safety

· HySafe - E-Academy

· HySafe Research 

· Hydrogen Release and Mixing 

· Fire and Explosions Hazards

· Mitigation Techniques

· Risk Evaluation


Fig. 1. Thematic Structure of Activities in NoE Safety of Hydrogen As an Energy Carrier 

4.  Integration of research efforts 

The HySafe network will bring 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.

· Currently total of 25 partners including 

· Research organizations, 

· Governmental agencies, 

· Universities, 

· Industry

· Countries: Germany (5 partners), France (3), Norway (3), UK (3), Netherlands (2), Spain (2), Canada, Denmark, Greece, Italy, Poland, Portugal, Sweden

· Advisory Council will include a balanced representation of partners, distinguished scientists outside the network, and representatives from industry and authorities 

· Integration of > 100 researches and doctoral students

· Project duration: 5 years
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