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Further strengthening safety culture 
in the hydrogen ramp-up

1.	 INTRODUCTION

As a clean energy source, hydrogen has the potential to play a key role in the transformation towards 
a climate-friendly society. For this to succeed, hydrogen technologies must be developed and utilised 
efficiently and safely, taking into account all phases of the value chain. Responsible handling, given the 
specific properties of hydrogen, and compliance with safety measures are crucial.

The development and transfer of knowledge and skills as well as a strong safety culture among all those 
involved are necessary to ensure broad and safe use. Integrated safety management with training and 
systematic interaction between technology, knowledge and management can minimise risks, increase 
acceptance and support companies in fulfilling their sustainability reporting obligations. Hydrogen 
safety encompasses all measures, concepts and technologies which ensure that hydrogen can be safely 
produced, processed, transported, stored and utilised, including safety planning, plant design, equip-
ment, operation and maintenance.

Despite the particular properties of hydrogen, such as its high probability of ignition and tendency 
towards explosive combustion, proven safety concepts ensure its safe use. These concepts have been 
established over decades in the chemical industry, in refineries and in the transport sector and provide a 
solid basis for the safe handling of hydrogen.

2.	CHALLENGES AND SOLUTIONS

The ramp-up of the hydrogen economy poses various challenges, due to the large number of new play-
ers along the value chain, such as producers, operators, logistics companies, component suppliers and 
research institutes, that are working with hydrogen technologies. These new players often do not have 
the extensive safety expertise of the established industry.

Building a hydrogen safety culture requires targeted measures in training, knowledge transfer and risk 
management. Coordinated specifications, qualified experts and comprehensive training programmes 
are necessary to ensure the safe use of hydrogen in the long term. It is important that training courses 
cover both theoretical and practical aspects and are tailored to different target groups. The National 
Hydrogen Council (NWR) believes that institutions experienced in testing, certification and applied 
research should be supported in their efforts to establish such training programmes.
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A strong safety culture ensures that all players in the value chain – from researchers and engineers to 
plant operators and end users – develop an awareness of the specific risks associated with hydrogen 
and consistently apply suitable measures.

Risk transparency is a key element for safety when handling hydrogen. Open communication about 
hazards and the publication of safety studies and incidents promote learning from experience and the 
development of a safety culture. Continuous monitoring and evaluation of operating experience and 
verification of the reliability of hydrogen systems in real-life use are crucial for systematically recording, 
analysing and specifically minimising risks. The NWR therefore proposes and recommends that oper-
ating data should be collected and analysed centrally, along the lines of the American HyRAM+ (Hydro-
gen Risk Assessment Models) database, for German and European requirements and should be made 
available free of charge.1 Existing activities of industry organisations, e.g., API, ASME, EIGA, Gasversorger 
Deutschland, should also be utilised. The database should be maintained in the long term by an inde-
pendent organisation with experience in applied research and technology. This increases transparency, 
enables probabilistic risk analysis and improves safety standards by utilising real experience.

Scientifically sound standards and codes as well as close cooperation with regulatory authorities are cru-
cial for the safe ramp-up of the hydrogen economy. Uniform standards for the production, processing, 
storage, transport and utilisation of hydrogen must be developed or adapted. Publicly funded projects 
should be required to provide and publish research results and data, and hydrogen safety should be a 
mandatory component of government-funded projects.

Regulatory safety requires clear, science-based guidelines to minimise risk, including safe distances 
from hydrogen plants and guidelines to prevent leaks and explosion hazards. Standards for the hydro-
gen resistance of materials and test methods must be developed and adapted to new materials. Speci
fications for sensor technology and automated monitoring systems for early risk detection are also 
necessary, but should not disproportionately increase the bureaucratic requirements for companies.

The NWR suggests that research work and the guidelines and standards derived therefrom should be 
incorporated into international standardisation and cooperation. The NWR also believes that transna-
tional funding programmes with a focus on safety are also desirable in order to accelerate the establish-
ment of global standards for hydrogen technologies.

The different methodological approaches to risk assessment are a challenge for international coopera
tion and the exchange of experience. There is a qualitative approach based on expert assessments and 
scenario analysis, and a quantitative approach that uses mathematical models and statistical data. 
While the qualitative approach is flexible and less accurate, the quantitative approach offers more pre-
cise results.

Germany uses qualitative, and already in some cases, quantitative approaches to assess the risk of 
hydrogen projects, while countries such as the Netherlands and Belgium increasingly use quantitative 
methods. Quantitative approaches dominate worldwide. The NWR recommends harmonising the two 
approaches in order to create global standards for hydrogen safety, facilitate market access for German 
products and promote the German economy. Qualitative and quantitative analysis are valuable tools, 
but cannot replace sound engineering practice. A balanced assessment should always be adapted to 

1	 https://energy.sandia.gov/programs/sustainable-transportation/hydrogen/hydrogen-safety-codes-and-standards/hyram/.
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the specific type of system and its size, taking appropriate account of approaches such as approval by 
type class and existing standards. A distinction must be made between fixed installations and pipework 
systems where applicable. 

The special aspects associated with the practical handling of hydrogen are known, but there is a need 
for research to understand the sequences of events that can lead to safety incidents. The coupling of dif-
ferent technologies increases systemic interactions and complicates traditional safety concepts. Failures 
in one part of the system can trigger unexpected cascade effects. There are currently few standardised 
procedures for the risk assessment of integrated systems, which is why the NWR recommends a tar-
geted analysis of such scenarios.

The transition from pilot to large-scale systems can cause unexpected problems such as material 
fatigue or hydrogen embrittlement. As few materials and systems involved in water electrolysis have 
been tested under real conditions over several years to decades, potential failures and safety risks are 
difficult to predict. However, the basis and foundation for processing and evaluation should always be 
sufficiently good documentation.

To overcome the safety challenges in practice, the NWR recommends the promotion of simulation 
models and digital twins to analyse problems before upscaling, long-term research and test series under 
real conditions, and the establishment of networks between science and industry for the exchange of 
experience from pilot projects.

The integration of industry expertise is crucial for the rapid and effective development of safety stan
dards and technologies. Industry contributes significantly to the safety process through its practical 
expertise and the development of new technologies that emerge from research laboratories.

In contrast to this, however, the following challenges exist: First, companies are in competition with one 
another and therefore often only exchange business-critical technical details to a limited extent. Sec-
ond, small and medium-sized companies often do not have the capacity to participate fully in research 
networks on technical safety or in standardisation processes. In addition, coordination between indus-
try, science and regulatory authorities can be time-consuming and can slow down the standardisation 
process.

The NWR therefore recommends the promotion of public platforms for the secure exchange of informa-
tion between companies and science, taking into account competition law requirements. Furthermore, 
the corresponding provision of funding and resources is recommended in order to make it easier for 
SMEs in particular to participate in research projects concerning safety and to drive forward the develop-
ment of processes that enable the exchange of expertise on hydrogen safety without disclosing sensi-
tive information.

3.	SUMMARY

Dealing openly with risks is the key to creating trust in technology and driving innovation forward safely.

A systematic approach to identifying and minimising these risks is essential to ensure the safety of 
large-scale hydrogen applications and to encourage public acceptance of the expansion.



4

STATEMENT  |  The German National Hydrogen Council

Germany should use its expertise in qualitative analysis to enhance internationally established pro
cedures and at the same time rely more heavily on quantitative methods in order to align itself with the 
international standard procedure. A common global framework represents a major step towards a safe 
and sustainable hydrogen economy while promoting the German economy at the same time.

Accelerating safety measures in the hydrogen economy requires a strong alliance between all players. 
Initiatives such as the Hydrogen Research Network already provide a good basis. These need to be 
further expanded in order to involve all relevant stakeholders, overcome potential barriers and focus not 
only on research but also on implementation. The standardisation roadmap for hydrogen technologies, 
which should be continued in order to close standardisation gaps for hydrogen and its derivatives, is also 
to be welcomed. In the view of the NWR, a national industry-independent association of experts in the 
form of an alliance enables structured exchange between industry and science and thus contributes to 
clearly defined safety standards in order to promote regulatory safety and technological progress.

The integration of industry expertise in safety-related research projects is a key factor in ensuring the 
necessary speed and effectiveness in the development of safety standards and technologies for the 
hydrogen economy.

The NWR is expressly in favour of a coordinated approach by regulatory authorities, science and industry 
to develop and implement guidelines. Safety must be guaranteed not only for the operators, but also for 
the public and the environment.

The involvement of science in the design of regulations and the development of safety measures is key 
to minimising risks and creating trust in hydrogen technologies. The NWR therefore recommends sup-
porting these efforts through national and international research initiatives.

THE GERMAN NATIONAL HYDROGEN COUNCIL

On 10 June 2020, the German Federal Government adopted the National Hydrogen Strategy and ap-
pointed the German National Hydrogen Council. The Council consists of 26 high-ranking experts in the 
fields of economy, science and civil society. These experts are not part of public administration. The 
members of the National Hydrogen Council are experts in the fields of production, research and inno-
vation, industrial decarbonisation, transportation and buildings/heating, infrastructure, international 
partnerships as well as climate and sustainability. The National Hydrogen Council is chaired by former 
Parliamentary State Secretary Katherina Reiche.

The task of the National Hydrogen Council is to advise and support the State Secretary’s Committee for 
Hydrogen with proposals and recommendations for action in the implementation and further develop-
ment of Germany’s National Hydrogen Strategy.

Contact: info@leitstelle-nws.de, www.wasserstoffrat.de/en
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