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Introduction 1.1 Context of the study

Alternative fuels like hydrogen have several environmental benefits; anyway they have to prove their economic interest and technical maturity while the regulatory framework is still missing in many countries and is still far away to be harmonized.

Research and technological developments have led to successful demonstrations of alternative fuel solutions for all transport modes. In relation to this topic, INERIS, performed a comparative study of regulations, professional guides and applicable standards in other countries [START_REF]fr%2Fcentredoc%2 Fdra-71[END_REF] . The objective was to highlight the practices in other countries in the field of prevention or limitation of major accidents in hydrogen fuelling station.

The aim was to answer the following questions:

-What are the regulations and best practices regarding the design, setting up and operating of hydrogen fuelling stations? In particular:

 Which safety barriers are required or recommended for hydrogen fuelling stations to prevent or reduce the effects of fires or explosions?

 What are the safety distances of the hydrogen fuelling stations from other installations?

-Are there different processes for obtaining a license to operate a hydrogen fuelling station? Which governmental organization or private agency is responsible for the enforcement of the regulations?

Studied countries

The benchmark was targeted on countries that have already hydrogen fuelling stations and associated regulations: the USA (California), the United Kingdom, Germany, Italy, Canada, Sweden, Norway, Denmark and Spain. France was not targeted, as far as the study was realized for the French administration previewing to establish a regulatory frame in the future. Asia could not be included due to a lack of information. 

Purpose of this study

Hydrogen is a universal energy carrier and can be produced from primary energy sources as well as from renewable energies. As transport fuel it could integrate renewable energies in the transport sector, reduce CO2 emissions and micro particles.

In order to establish a regulatory framework for the distribution of hydrogen, the purpose of the study were to:

-enhance safety hydrogen knowledge on fuelling station technologies, -identify the key legislations, -highlight main safety barriers.

The report will be used by French competent authorities. It will also be made available to the public to inform stakeholders and increase public confidence.

Scope of the study

The study covers the delivery of hydrogen, its storage in the station until the distribution zone.

Figure 2: The different types of configurations of hydrogen fuelling stations

The onsite production of hydrogen, storage in hydride form and the delivery by pipeline or trucks are excluded. Here it should be noted that there is a clear difference between "hydrogen storage" previewed for long and midterm storage almost limited to 300 bar and "buffer storage" used for high pressure storage up to 1100 bar in particular covered by the committee draft ISO CD 19884 5 actually in preparation.

Methodology

In order to identify the key legislation, INERIS conducted in a first part a bibliographic search to identify regulatory documents, standards and professional guides.

To complete the information, a questionnaire was sent to around 60 contacts:

Figure 3 : Percentage of contacts by activities

The questionnaire, detailed in Table 1, was focused on:

-the identification of main regulations and best practices in each country related to hydrogen fuelling stations; -reviewing the safety barriers required for fuelling stations; -lessons learned on the technology in terms of safety. 

Main conclusions of the survey

The following main conclusions were drawn from the analysis of the twelve received questionnaires:

-Apart from the case of Italy, no national regulation specific to hydrogen fuelling stations was mention by the respondents. In Italy, a decree 7 published in 2006; specifies the requirements for fire prevention of such facilities. -Some countries have no specific regulation but have their own technical guidelines. This is the case of Canada and Germany with the Canadian Hydrogen Installation Code (CHIC) [START_REF]Canadian Hydrogen Installation Code : Code to establish the installation requirements for hydrogen generating equipment, hydrogen utilization equipment, hydrogen dispensing equipment, hydrogen storage containers, hydrogen piping systems and their related accessories[END_REF] or the German Requirement for Hydrogen fuelling stations 22 ; -Such as technical specifications like ISO/TS 20100 9 (see chapter 4.2 for additional comments) or international standards like ISO 17268 10 are considered as references and applied in almost all countries. The U.S. based Society of Automotive Engineers (SAE International) also developed widely accepted standards that feed the ISO Standards and are mainly focused on the distribution devices and the interface with the vehicle; -The authorities in charge of controlling or permitting the hydrogen fuelling stations are very diverse and, depending on the country, may be a state authority or a private agency. For example, in Germany TÜV, which is a private organization, is responsible to control the installation before its operation; -Several of reference documents recommend safety distances such as EIGA 11 , CHIC, Italian decree but the most cited are the technical specification ISO/TS20100 and/or NFPA 55 12 standards; -Safety barriers to prevent fire, explosion and overpressure or protect against their effects are mainly inspired from best practices in industrial activities where handling hydrogen is usual. Specific safety barriers were developed for the distribution activity and the associated equipment such as hydrogen dispenser, its nozzle and the interface with the car. -The 2014/94/UE directive on the deployment of alternative fuels infrastructure specifically mentions ISO/TS 20100, ISO 14687-2 and ISO 17268 as references for fuelling stations. The future fuelling stations should comply with their requirements.

The next chapters present a synthesis of the framework regulations and standards that were most frequently mentioned as references and of the main safety measures they promote.

Regulatory and Legal Context

Several regulations are applicable to fuelling stations without being specific to them. The European directives, such as ATEX, and those relative to pressurized equipment or standards relative to cryogenic tanks can be cited. These texts were identified, but were not in the scope of this study.

The study has been focused on specific regulation, codes and standards that deal with hydrogen fuelling stations in their whole or for certain components of them. Its particular context is a directive adopted by the European Parliament and the council on September 29 th in 2014.

European Directive

The directive 2014/94/UE was adopted for the development of an infrastructure for alternative fuels for member states of the European Union.

This directive:

-requires Member States to develop national policy frameworks for the market development of alternative fuels and their infrastructure; -foresees the use or common technical specifications for recharging and fuelling stations; -paves the way for setting up appropriate consumer information on alternative fuels, including a clear and sound price comparison methodology.

The European directive is an ambitious package of measures to ensure the build-up of alternative fuel stations across Europe with common standards for their design and use.

Content of directive 1/ The directive imposes an appropriate number of hydrogen refuelling points, to ensure the circulation of hydrogen-powered vehicles.

2/ The directive refers to the following ISO standards and technical specifications while waiting for the publication of ad hoc EN standards:

-ISO/TS 20100 for the conformity of fuelling points and dispensing equipments; -ISO 14687-2 for quality characteristics of hydrogen fuel; -ISO 17268 for the conformity of vehicle refuelling connection devices.

_ These three standards are mentioned in annex II of the Directive, Annex II can be modified through a delegated act process issued by the European Commission.

The European Community gave to CEN TC 268 WG 5 "specific hydrogen technologies applications" the mandate to prepare EN standards supporting this directive. The extension of CEN 268 was enacted during the meeting on June 16 th 2014. This mandate concerns the adaptation of the above three standards. The deadline given in the mandate between EC and CEN to elaborate these standards, initially foreseen for the end of 2014, was postponed to December 31 st 2016.

3/ In addition, the directive requires clear information for consumers about the fuels that can be used by a vehicle, using standardized labelling of vehicles, at dealerships and on the recharging and refuelling points. It also aims at providing clear information to users to compare alternative fuel prices with conventional fuel prices. Moreover, Member States must ensure that information about the geographical location of publicly accessible recharging and refuelling points is made available in an open and non-discriminatory manner.

Comments of European commission

"Alternative fuels are a key to improving the security of energy supply, reducing the impact of transport on the environment and boosting EU competitiveness", said Commission Vice-President Siim Kallas, commissioner for transport. "With these new rules, the EU provides long-awaited legal certainty for companies to start investing, and the possibility for economies of scale. EU Member States requested flexibility in deploying the infrastructure. It is now up to them to develop the right national policy frameworks." 13 Up to now, clean fuels have been held back by three main barriers: the high cost of vehicles, a low level of consumer acceptance, and the lack of recharging and refuelling stations. This is a vicious circle. With the new "directive for the deployment of the alternative fuels infrastructure", Member States will have to provide a minimum infrastructure for alternative fuels such as hydrogen, as well as common EU-wide standards for equipment needed and user information.

Overview of others texts

Beyond this cited directive and standards, the benchmark allowed the identification of other relevant texts.

Figure 5 positions on a chronological axis the 13 identified texts applicable to hydrogen fuelling stations. It allows us to have a global vision of the evolution of the regulatory and normative context. We have included in this panorama guides conceived in the context of research projects that have served in the elaboration of references. 

International Standards/technical recommendations

ISO/TS 20100

Even if the directive foresees to include the technical specifications of ISO/ TS 20100 on the refuelling aspect, this standard specifies the characteristics for complete installation of a fuelling station public or not.

In 2011, the final version of the standard remained as a draft proposal as no consensus was obtained to pass it as international standard mainly due to a disagreement on the proposed safety distances in this draft. At the last plenary meeting of ISO 197 in December 2015 the ISO TS 20100 has been withdrawn and is revised by ISO TS 19880-1.

Due to the aforementioned disagreements, a new text, ISO 19880, is currently under progress in the TC197 WG24. Table 1 identifies the different working groups on ISO/AWI 19880. The TS 19880-1 will be soon published and an international standard IS 19880-1 is planned to be achieved before the end of 2016 and publish in early 2017. 

Standard

National Regulations

There are few mandatory regulatory texts specific to hydrogen fuelling stations. The only text that imposes a regulation is an Italian decree written in 2004. It was an innovative text when it was published and has become difficult to apply with the current evolution of fuelling stations, particularly because it limits distribution pressure to 350 bar, whereas the standard for light vehicles is now 700 bar. Besides these identified texts new regulations are in preparation in France according to the Hydrogen indoor refuelling for forklifts and getting in obligation in 2016 14 . And also in Canada the Canadian Hydrogen Installation Code (CHIC) will get mandatory in future for hydrogen fuelling stations [START_REF] Communication With Dr | Tchouvelev leader of the Canadian Hydrogen Safety Program and Chair of ISO/TC 197 Hydrogen technologies[END_REF] .

Synthesis of applicable texts

The figure below outlines the covering regulations, codes and standards in relation to the different parts of the installation and specifies the status of texts according to the legend below.

Obligatory (regulations)

Obligatory but not regulatory (imposed by insurers, a sector of activity…)

Obligatory in the future years (texts included in the European directive)

Guides or standards whose application is optional or informative 

Presentation of Risk Control Measures

Description of analysis

Safety measures were gathered in a benchmark (available on INERIS website [START_REF]fr%2Fcentredoc%2 Fdra-71[END_REF] ) issued from 12 documents, which also indicate what aspects they consider.

In the report, the prescriptions about different items were identified and compared. It is described here how the instructions are presented and the analysis realized. The measures are divided into three categories:

-Prescriptions relating to fuelling stations in general and equipment outside of the dispensing zone; -Safety distances; -Specific prescription for dispensing area.

In each chapter, the risk control measures are identified.

Figure 7: Example of numeration

The whole of the measures are then gathered together in a table allowing to make the link between the standards and the guides they come from. The sources are presented in their field of application: international, European, American, and national.

Table 3: Example of a table

A synthesis summarises the key points, identifying the measures taken up in several standards and highlighting the barriers included in the ISO standards.

Figure 8: Except of a synthesis

Regarding unloading, storage, compression, cooling, the recommendations in the studied references are related to safety measures usually adopted for industrial sites handling hydrogen.

The goal is specifically to control the risks of hydrogen leaks and inflammation as well as overpressure. They often refer to the regulatory and standards framework associated with ATEX directives, pressurised equipment … Certain recommendations are more specifically linked to the properties of hydrogen. Thus is treated the risk of embrittlement or the necessity of avoiding confinement.

Finally, the refuelling zone is the object of particular attention that leads to a development of innovative and specifically adapted risk control measures for hydrogen distribution. For example, the fuelling nozzle is equipped with an anti-tear-off device, an emergency stop in case of a collision…

The distribution protocol is defined in a very precise manner with monitoring of key parameters (temperature, pressure…) and relies on a communication interface between the vehicle (specific 700 bar) and the distribution pump. The loading of the tank, the temperature, and the pressure are communicated and verified constantly by a regulation system that optimises the flow and automatically interrupts fuelling.

Figure 9: Synthesis of safety function for each part of fuelling station

Safety distances

Safety distances definition

Several guidelines introduce internal and external safety distances regarding hydrogen fuelling station. But there is still a lack of consensus amongst the different countries on which safety distances to apply and on how to determine them. This lack of consensus prevented the adoption of the technical specification ISO/TS 20100 as a full standard. The disagreement was primarily between the United States and Europe. Europe validated the standard whereas the United States promoted larger distances such as described in NFPA standards.

Comparison of NFPA and ISO Approaches for Evaluating Safety Distances

The differences between safety distances proposed by ISO TS 20100 (International Standardization Organisation) and the NFPA 55 (National Fire Protection Association) were highlighted in the following two papers:

-comparison of NFPA and ISO approaches for evaluating separation distances by Jeffrey LaChance-Sandia National Laboratories-July 26, 2010 24 -safety distances: comparison of the methodologies for their determination by M.Vanuzzo, M. Carcassi -Department of Mechanical, Nuclear and of Production Engineering, University of Pisa, Via Diotisalvi 2, Pisa 56126, Italy. 25 Both organisations make a quantitative risk assessment:

-effect distances are based on the selection of hydrogen leak sizes; -leak probability is evaluated according to different methods by integrating inflammation probability.

The safety distances between equipment and potential internal and external targets exposed to dangerous phenomena are thus based on risk acceptability thresholds. These thresholds are defined for these different targets (persons in the exterior, etc.).

A major difference between the NFPA and ISO is the choice of leak dimension. The NFPA always considers a release hole equal to 3% of the flow section. ISO uses smaller dimensions that vary according to the considered system type and that reach at the maximum 1.81% of the flow section. The NFPA also considers Flash Fire / VCE, unlike ISO.

Safety distances remain a subject on which different countries have not yet come to a consensus. The subject of safety distances is the object of the ISO draft standard 19880, which is in the process of being elaborated and which is projected to be finalised in the coming years. The standard will be certainly specific for Europe without consensus.

Conclusion

This comparative study had the objective of identifying main regulations and best practices in various countries related to hydrogen fuelling stations, reviewing the safety barriers required for fuelling stations and identifying lessons learned on the technology in terms of safety.

So far, only Italy has adopted a national specific regulation on hydrogen fuelling stations. The other countries widely rely on existing international standards. The standardization framework is rapidly evolving in Europe pushed by the adoption of the 2014/94/UE directive on the deployment of alternative fuels infrastructure.

Some new regulations are in preparation like in France where a decree for indoor fuelling stations will get mandatory in 2016 or in Canada where the Canadian Hydrogen Installation Code will get mandatory for hydrogen fuelling stations in the future.

Based on this set of reference documents, among which, in particular, ISO/TS 20100, a series of risk control measures specific to fuelling stations were identified. Whereas safety of unloading, storage, compression and cooling is mostly achieved with safety barriers directly inspired from industrial best practices, specific safety measures apply to the distribution activity and devices.

Finally, safety distances are still the object of a disagreement between Europe and United states. They will be addressed in future standards with probably a limited regional application.

The whole study is published in a report available on INERIS website.
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Main questions In your country, what are the existing regulations regarding hydrogen fuelling stations? Are there specific standards or best practices used for hydrogen fuelling stations regarding technical aspects or the qualification of employees…? Which government department or private agency is responsible for the enforcement of the regulations? Are there any known safety distances for the localization of the hydrogen fuelling stations (distances to: other hazardous installations, hospitals/schools, neighbourhood…)? Which safety barriers are required or recommended for hydrogen fuelling stations to prevent or reduce the effects of fires or explosions? Does the legislation give technical requirements (e.g. use of cryogenic instead of compressed gases or inverse, underground storage, type of compressors, maximum design pressure, material requirements e.g. 316 stainless steel etc…)? Supplementary questions In your country, are there regulations in progress regarding hydrogen fuelling stations? Which regulation is required for the hydrogen fuelling stations? Labour regulation? Environment Code? Town planning code? Are there different processes for obtaining a license to implement hydrogen fuelling stations (e.g. just notification, authorization, demonstration that risk is acceptable…)? Does it depend on quantity stored or mass flow of hydrogen? Are there specific regulations or requirements regarding hydrogen fuelling stations without service personnel? Are there different regulations or requirements regarding hydrogen fuelling stations for buses and cars? In your country do you record accidents regarding hydrogen fuelling stations? If yes, do you identify the root causes? Which measures have been taken following accidents? Are these incidents/accidents documented into any database and if possible could you forward us these information's if they are public? Table 1 : Content of the questionnaire

  

	Energy	
	Reseacher	
	8%	
	Competent authorities in different countries 19%	Operating Industrials/ Associations/ Suppliers of fueling
		stations
		44%
	Hydrogen Safety	
	Experts	
	29%	

In total we received 12 answers.

Table 2 : The current topics at ISO 197 level in relationship to the hydrogen fuelling station

 2 

Canada CAN/BNQ-1784-000 X X X X X X X X Italy FPTCGHRS X X X X X United Kingdom RR 715 23 X X X X X X
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Synthesis of Risk Control Measures and Safety distances

Risk Control Measures

It is impossible to do an exhaustive summary of the identified risk control measures in this paper. We can nevertheless highlight the main aspects covered by the consulted documents and some of the principal orientations for the various components of a hydrogen fuelling station.