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Water electrolysis research and devel-
opment requirements: Securing the
competitiveness of German industry

BACKGROUND

The aim of the National Hydrogen Strategy (NWS) is to achieve an accelerated market ramp-up for
hydrogen and its derivatives in order to establish applications in all sectors. This is the only way Germany
can secure a strong market position for hydrogen technologies along the entire value chain. The key
process in the provision of green hydrogen is the electrolysis of water.

The German government is providing large-scale interdepartmental funding for hydrogen research. The
three flagship hydrogen projects H2Giga, H2Mare and TransHyDE by the Federal Ministry of Education
and Research (BMBF) are an example of research in this area. Since 2021, they have played a key role in
implementing the research aspects of the National Hydrogen Strategy. The aim of the H2Giga flagship
project is to realise the transition away from the cost-intensive manufacture of electrolysers to auto-
mated series production and scaling. An open-technology approach is being pursued in order to further
develop all electrolysis technologies, together with their associated advantages and fields of application,
and to make them competitive for implementation on the market. As part of the H2Giga project, which
is ending in 2025, research and development requirements have been determined on the basis of sys-
tematic analysis coordinated by Dechema e. V., which will be published in the form of a roadmap. This
analysis has shown that, on the one hand, there is a need for further overarching research and, on the
other, that technology-specific solutions must be developed in order to maintain the competitiveness of
German industry in the face of rapidly growing international competition.

RESEARCH AND DEVELOPMENT REQUIREMENTS

The National Hydrogen Council (NWR) strongly supports the continuation of hydrogen research and
development, such as basic hydrogen research and hydrogen flagship projects, and sees the following
need for action in particular within the framework of H2Giga:

The NWR recommends an open-technology approach in order to further develop all electrolysis pro-
cesses, as they each have specific advantages and offer customised solutions for the provision of green
hydrogen in different fields of application. In the foreseeable future, the focus will be on the following
four technologies.
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Alkaline electrolysis (AEL) is the electrolysis technology from which we have gained the longest oper-
ational experience in the commercial sphere. It is not necessarily dependent on precious metals and
expensive membranes. The manufacturer-specific focus of this technology is on digital system moni-
toring and design optimisation. Furthermore, the NWR recommends focusing on research projects to
optimise electrode materials, especially the anode. This is particularly important against the background
of extending the operating times of the individual electrodes in the stack. In addition, the dynamic
behaviour must also be characterised.

Polymer electrolyte membrane (PEM) electrolysis is distinguished by high power densities and support
for dynamic operation. The aim is to gather operating experience on an industrial scale in order to avoid
failure mechanisms on an application-oriented scale. Another key challenge in PEM electrolysis tech-
nology is reducing the PGM load (platinum group metals) while maintaining the long service life of the
cells. In addition, quality control methods need to be developed. Manufacturer-specific automation for
assembling and disassembling must also be advanced.

High-temperature electrolysis (HTEL) works with water vapour at very high efficiencies and is particu-
larly attractive when coupled with processes that generate waste heat (ammonia synthesis). In addition
to thermal management, the most important research topics are improving robustness against pres-
sure fluctuations, the further development of cells, particularly with regard to large cell surfaces, and
design for recycling.

Alkaline membrane (AEM) electrolysis is the latest water electrolysis technology. In the future, it could
combine the advantages of AEL (low-cost, iridium-free) with the efficiency and dynamics of PEM elec-
trolysis. The focus here is on long-term validation, improving catalysts, developing membranes and
coating processes, and technologies for automating production and scaling up membrane electrode
units and stacks.

Particularly time-critical due to the ongoing regulatory process is overarching validated consideration
of the fully safe operation of electrolysis with regard to PFAS. This applies in particular to the current
technical generation of PEMs due to the fluoropolymers used in the membrane and ionomer. How-
ever, materials containing PFAS (e.g., seals) are also required for AEL. The NWR has already indicated
in its Statement of 15 September 2023 that special PFAS materials are essential for the emergence and

ramp-up of a hydrogen economy.

The NWR also recommends focusing in particular on reducing the costs of electrolysers. In China and
India, numerous new suppliers, particularly of AEL electrolysers, have entered the market in recent
years, putting German companies under considerable pressure. Cooperation in this area could lead to
synergies. Some aspects of the supply of raw materials lie outside the R&D area, but nevertheless have a
major influence on pricing. In the case of funding programmes for market launch, consideration should
also be given to whether the resilience clause currently introduced by the EHB should also be intro-
duced for German funding programmes. Lowering costs requires automated production of electrolys-
ers, reducing the amount of materials used and increasing the service life.


https://www.wasserstoffrat.de/fileadmin/wasserstoffrat/media/Dokumente/EN/2023/2023-09-15_NWR-Statement_Approach-to-PFAS.pdf
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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 Commmittee for
Hydrogen with proposals and recommendations for action in the implementation and further develop-

ment of Germany’s National Hydrogen Strategy.
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