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Reaching a 55% reduction in greenhouse gas (GHG) emissions by 2030 and achieving climate

neutrality by 2050 are the European climate ambitions for the coming years and decades. To meet

these targets, the EU has several challenges ahead, such as fostering the integration of renewable

energies in the energy mix and offering new technological options for high-polluting sectors of the

economy. One contributing solution at hand to face these challenges is the use of hydrogen. Within

a few years, hydrogen has become a decisive tool available to reach climate neutrality and

decarbonise the economy while developing a new European industry. As such, hydrogen has

entered the political agenda at European, national and regional levels. Dedicated programmes and

strategies have been developed to ensure that the necessary financial and regulatory supports are

granted for the development of a strong hydrogen ecosystem, whilst maintaining a general

coherence among these elements and governance levels.

The options offered by hydrogen to decarbonise the economy are manifold. Hydrogen can be used

as a clean energy carrier to foster the integration of renewable and low-carbon energies in the

energy system; it can provide energy storage possibilities; it can be a solution for end-use

applications in industrial sectors, in mobility, or for buildings. At the moment, the EU has put a clear

emphasis on introducing hydrogen into the so called hard-to-abate sectors, such as heavy industry

and heavy-duty mobility. Research and Innovation (R&I) are strongly needed on these segments to

enhance the performances, durability and upscaling of the technologies, as well as to reduce the

cost of hydrogen in the market. In the next decade, R&I will remain a key element in order to

deliver great progress on these objectives. These aspects are mainly covered in several EU

programmes and partnerships, the most relevant being the Clean Hydrogen Partnership under

Horizon Europe. 

DEVELOPING A SUPPORTIVE REGULATORY FRAMEWORK

FOR NEXT GENERATION HYDROGEN TECHNOLOGIES   
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Beyond the hard-to-abate sectors, the integration of hydrogen in the future carbon neutral

European energy system is facing other challenges. By working on the next generation of

technologies and developing novel solutions at low Technological Readiness Level (TRL), research

can give a determining support to address these challenges. Whilst the Clean Hydrogen Partnership

will be a welcomed and determining funding instrument for the next years, it cannot cover the

entirety of research areas that must be tackled to meet the full potential of hydrogen. To this end,

Hydrogen Europe Research has drafted this technical paper to underline the key research areas

not in the scope of the Clean Hydrogen Partnership or that would require further funding to

secure relevant results in terms of technology development.

Furthermore, for R&I efforts to be efficiently taken up on the market, a favourable legal framework

must be developed, in concertation with research and industry. By providing an overview of the

research areas and possible future applications, Hydrogen Europe Research wishes to give a hint on

the disruptive changes coming ahead which might deserve specific attention in the near future.
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The Fuel Cells and Hydrogen Joint Undertakings I and II, through Hydrogen Europe Research,

Hydrogen Europe and the European Commission, have created a strong collaboration between

research and industry at European level. Today, the European industry is one of the leaders on

hydrogen technologies at a global scale, supported by the growth of an internal energy ecosystem

based on hydrogen. 

Current results must however not be interpreted as an achieved and secured status but should

rather incentivise to improve the technologies available and to develop the next generations of

products.

The European hydrogen sector faces major challenges: its growth on the one hand, and

consequently the obstacles for the wide scale production and deployment of hydrogen

technologies; and, on the other hand, the maintenance of its industrial leadership. To overcome

these challenges, research and industry must work in close collaboration with one another. In this

context, Hydrogen Europe Research has two key messages to address to hydrogen stakeholders 

Firstly, Hydrogen Europe Research is available to support the industrial sector to improve

present technologies and reach economic viability for hydrogen-based solutions in the market.

European research can provide support to remove barriers and to solve issues at the level of

performances and costs of hydrogen technologies. Together, research and industry can co-design

and co-engineer solutions and systems as well as accelerate their validation and market uptake.

With this process, the European industrial leadership on a global scale can be maintained and

enhanced.

ENSURING A STRONG EUROPEAN INDUSTRIAL

LEADERSHIP THROUGH RESEARCH AND INDUSTRY

COLLABORATION
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Secondly, Hydrogen Europe Research wishes to shed light on research areas and promising options

still at low Technology Readiness Level (TRL) which will be at the core of the development of next

generation hydrogen technologies. These aspects must be brought to the industry’s attention as

there will be breakthroughs in the next 10 to 20 years, mainly thanks to research on novel materials

and processes. Looking ahead, it is essential to focus on tomorrow’s technologies to strengthen the

European position on the international stage and reduce the dependence on foreign resources. 

With more than 100 members, covering a wide range of competences and infrastructures, Hydrogen

Europe Research actively promotes scientific excellence, intellectual property development and

technology transfer in Europe. Together with industry, Hydrogen Europe Research can push new

ideas, new technologies and pre-normative research regulating the sector.

Collaboration between research and industry in Europe is now strong, and opportunities to

collaborate are numerous. For example, joint infrastructures, where research and industry can work

in proximity with each other, can accelerate the penetration and upscaling of hydrogen technologies

into the market in the short term. Whilst research guides the breakthroughs, industry ensures

development and market innovation. Hydrogen Europe Research hopes to continue having a

common understanding of the priorities for the sector and to maintain this collaboration effectively

throughout the energy transition to new and sustainable resources and with European, national and

regional public authorities.



Renewable and low-carbon hydrogen is expected to play a key role in the energy transition

pathway to reach climate neutrality in Europe by 2050. European initiatives such as the European

Green Deal and the European Hydrogen Strategy have laid the foundations for a coordinated

European approach. The Fuel Cells and Hydrogen Joint Undertakings I and II have also been key

instruments to gather stakeholders from the sector and promote common European research and

innovation priorities. The Clean Hydrogen Partnership will continue to do so until 2027. 

The role of the Clean Hydrogen Partnership to identify priorities and fund projects for the

development of a strong hydrogen ecosystem in Europe must be done in complementarity with

other Institutionalised European Partnerships (IEP) and co-programmed partnerships. As part of

the elaboration of its Strategic Research and Innovation Agenda (SRIA), the Clean Hydrogen

Partnership has already identified synergies with other partnerships such as Processes for Planet,

Clean Steel, the European Partnership on Metrology, 2ZERO, Zero Emission Waterborne Transport,

Europe’s Rail and Clean Aviation. These synergies will enable the optimisation of resources

allocation and ensure that there are no gaps in terms of funding in the landscape of European

partnerships.

Beyond this European approach, increasing the maturity of hydrogen technologies requires

strong support at national and regional levels. The commitment of Member States is crucial to

foster the penetration of hydrogen technologies across sectors of the economy. Hydrogen Europe

Research welcomes the European Research Area (ERA) initiative on the Hydrogen pilot. Many

countries and regions have adopted or are in the process of adopting their hydrogen strategy.

These roadmaps provide determining support to stakeholders on their territory, both politically and

financially. 

FOSTERING SYNERGIES FOR HYDROGEN DEVELOPMENT

BETWEEN EUROPEAN, NATIONAL AND LOCAL LEVELS
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The tailoring of the hydrogen strategy to take into account local specificities such as the resources

available or the energy plans are important elements for the ecosystem. 

With the strong political and financial commitments taken at European, national and regional

levels to support the development of hydrogen and fuel cells technologies, one of the challenges

for the sector is to allocate these resources efficiently. In line with this objective, this paper aims at

highlighting key research areas and priorities that could not be covered or explored in depth by

any single programme of the EC, including the Clean Hydrogen Partnership. These areas would

therefore benefit from funding from other funding agencies or entities. As the research member of

the Partnership, Hydrogen Europe Research wishes to shed light on areas of research at low TRL

and key topics on which depend the development of the next generations of hydrogen

technologies. We hope that this work will be useful and welcome discussions with other

stakeholders that wish to work on further alignment with our association. Hydrogen Europe

Research also remains open to international scientific cooperation beyond the EU to contribute to

the development of global hydrogen economy.
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Market development 

In parallel to supporting the acceleration, development and deployment of technologies, research

contributes to the development of current and new markets, in particular through pre-normative

research and the identification and validation of criteria for new reference standards. In this

context, research and studies on the removal of technological, economic, legal and social barriers

for the adoption of hydrogen technologies in the various end uses are crucial.

Scientific excellence 

Maintaining Europe at the forefront of the global scientific excellence by covering the entire value

chain from hydrogen production to its final uses, including transport, storage and distribution

sectors, while ensuring the education of students and the training and re/upskilling of the

European workforce. This is ensured by acting as a virtual common European laboratory and by

collaborating in international networks and securing relevant intellectual property (IP) through

dedicated funding of research in breakthrough technology frontiers at low TRL.
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RESEARCH CHALLENGES

Four key objectives are driving the European Union’s answers to research challenges for the

hydrogen ecosystem:

Industrial leadership

Supporting the industrial sector through European and national programmes. A part of the

available funding schemes should be dedicated to next generation technologies and another part

should focus on upscaling developed technologies with relevant pilot lines and technology

platforms. This will help keeping a lively industrial environment in which not only medium-large

enterprises participate, but newcomers and start-ups can emerge.

Territorial impact

Research provides an important contribution to the definition, development and implementation

of pilot projects with "FoaK – First of a Kind" technologies. This is done by supporting techno-

economic analyses, developing business cases, monitoring and validating of districts and

"Hydrogen valleys". This will allow to identify the best technologies and integration schemes to be

implemented, supporting the involved industry to improve or develop new systems for territorial

implementation.
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RESEARCH PRIORITIES

The scope of the paper is to provide research priorities for Fuel Cell and Hydrogen (FCH) technologies.

These priorities are not covered in the Clean Hydrogen Partnership or would benefit from further

support at European, national or regional levels to reach the needed level of technological readiness.

This paper was elaborated based on the inputs of Hydrogen Europe Research’s members and Technical

Committee Leaders. The content is developed following the main pillars of the hydrogen value chain:

production, logistics and usages. Transverse activities are described in a fourth section to tackle aspects

not linked to a specific section of the value chain. Readers should note that research on materials and

on safety are mentioned throughout the paper. Both topics are central in research on FCH and are

tackled in the entire value chain. 

PRODUCTION
Advanced materials and novel cell designs for electrolysis

Novel processes to produce hydrogen via photo-induced processes

Hydrogen from conversion processes 

LOGISTICS
Novel cost-competitive liquid hydrogen carrier solutions for massive hydrogen

transportation  

Advanced materials and technologies for the future gas grid infrastructure 

Novel materials and concepts for efficient and cost-competitive hydrogen storage 

HYDROGEN END-USES
Advanced materials for on-board hydrogen conversion in vehicles

New hydrogen end-uses

Microgeneration applications

Hydrogen refuelling protocols for transport end-uses

1

2

3

TRANSVERSAL ACTIVITIES
Modelling and characterisation of materials behaviour 

Comprehensive models and scenario analysis tool

Common scientific methodology to calculate GHG emissions

Education, reskilling and upskilling of the workforce

Defining regulations, codes and standards through further pre-normative research

and accelerated testing protocols

Research and Technology Infrastructures 
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For a cost-competitive and efficient low-carbon hydrogen production with

minimal use of critical raw materials

Research efforts on the development of next generation technologies can contribute significantly to

consolidating the European global leadership in the hydrogen production sector. Whilst supporting

the incremental improvements of present technologies to reach short-term goals, the research

community is also aiming at developing breakthrough innovations and next generation

technologies. Such technologies should limit the use of Critical (Raw) Materials (CRMs), operate

using new materials and processes for improved performances whilst reducing overall costs or

providing novel solutions for competitive alternatives to electrolysis in net zero carbon hydrogen

generation. Electrolytic hydrogen is at the forefront of the development objectives ensuring the

hydrogen energy cycle “from water to water”. 

Other production means should also be part of the research focus, considering the overall need of

renewable hydrogen from several low-carbon and clean sources. Indeed, diversification of hydrogen

resources as well as production technologies will improve the resilience of the clean hydrogen

supply chain. Hydrogen is also an important building block for the (co)synthesis of chemicals and

fuels such as ammonia and methanol.

Specific research priorities

        1. Advanced materials and novel cell designs for electrolysis

Advanced materials and novel cell designs for electrolysis, such as catalysts, membranes and

functional layers, to improve electrochemical behaviour, cell durability and efficiency, whilst

reducing use of CRMs and overall costs, in particular for emerging technologies such as Proton

Conductive Ceramic (PCC) and Anion Exchange Membrane (AEM) electrolysis are a priority. These

novel materials and cell designs would allow for a cost reduction of technologies, an

improvement of performances and could add new functions to the electrolysis process. These new

functions could be the production of clean dry and compressed hydrogen, the extraction of

hydrogen from different gas mixtures, including blends with natural gas, and the coupling with

chemical and electrochemical reactors. 

13

 HYDROGEN PRODUCTION1.
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Second, non-conventional manufacturing technologies that may improve performance of

either traditional materials or help in exploring the use of new ones should be examined.

Among others, 3D printing, physical vapour deposition and atomic layer deposition can

guarantee good structural and electrical properties thus improving performance. New

technology production techniques may easily be extended to all cell components even for

end-use applications (e.g., fuel cells).

Third, the Balance of Plant (BoP) needs to be considered and optimised to improve

electrolysis performance. In this regard, it is worth mentioning that depending on the type of

electrolysers, different challenges need to be faced for the design of high-power electronics

and of the BoP components (high-water purity, and/or need to operate at high temperature). 

In parallel, novel solutions can include co-electrolysis processes directly embedded in hybrid

technologies (e.g., hydrogen in redox flow batteries). Reversible cells are further research

priorities to improve the European knowledge and subsequently the European competitiveness

at global scale. Several solutions presented here could lead to introducing a hydrogen carrier

during the hydrogen production step. The carrier would then be able to transport hydrogen

more easily from production to utilisation. Hydrogen carriers are presented in the “Logistics”

chapter.

First, the cell and stack design will be crucial to improve the system durability and reliability.

Research activities to scale up the production process will lead to the development of

advanced industrialised supply chains making it possible to reduce electrolysers costs, whilst

developing advanced materials and novel cell design (e.g. without a membrane, with redox

mediators decoupling the reaction at the anode and cathode).

Besides novel materials, three other aspects should be considered in research priorities:

        2.  Novel processes to produce hydrogen via photo-induced processes

These objectives are already part of some EU programmes or partnerships and focus on

including breakthrough solutions with elevated risks, but potentially high gain. Among the

promising directions, artificial photosynthesis and research on photocatalytic hydrogen

production, or specifically on novel photo-electrodes, are among the most promising ones.

These technologies combined with the capacity to use seawater or greywater for hydrogen

production could enable further upscale of the sector in regions where renewables are

abundant while water is scarce.      
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        3. Hydrogen from conversion processes as a direct carrier or as a cross link

between renewable energy sources and sustainable fuels

This includes all biological, physical and chemical conversion processes including thermo-catalytic

production of hydrogen from biogas/wastes, reduction catalysts and novel hybrid processes.

Among these, Residual Biomass and Waste (RBW) gasification and its combination with CCS/CCUS

to achieve higher conversion efficiencies can enable zero or negative CO₂ emissions. This solution

has several advantages: 

The decrease in operating temperatures (650°C) obtaining a syngas rich in hydrogen

(>95%); 

 Avoiding the melting of the ashes; 

The possible use of poor-quality biomass and potential reduction of harmful by-products. 
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 2. HYDROGEN LOGISTICS

For a massive and cost-competitive hydrogen distribution, transport and storage 

Research in the field of hydrogen distribution, transport and storage is crucial for creating a cost-

competitive infrastructure for transporting hydrogen from low-cost hydrogen producing regions to

hydrogen demanding regions, as well as for dispensing hydrogen through Hydrogen Refueling

Stations (HRS) for mobility applications.

There are different options for hydrogen distribution, transport and storage (compressed gas

through pipelines, (liquid) hydrogen carriers, underground storage, etc.). Depending on the

distance and on the amount of hydrogen transported or stored, different methods are envisaged [. 

The main challenges identified for the logistics of hydrogen are: 

 In addition, safety aspects should be considered in the entire hydrogen infrastructure.

The Clean Hydrogen Partnership supports research to overcome the challenges mentioned above.

However, some specific research priorities highlighted hereafter should receive additional support

from other EU and national programmes in order for Europe to become a front-runner on hydrogen

logistics, including related technologies.

Develop cost-competitive (liquid) carrier solutions for massive hydrogen transportation

including the whole carrier chain (in particular, considering innovative hydrogenation and

dehydrogenation technologies);

Adapt and/or retrofit the existing gas pipelines for transporting and distributing hydrogen;

Develop cost-competitive storage solutions (liquid hydrogen and compressed hydrogen) for

onshore storage and shipping storage;

Develop innovative multipurpose HRS systems for supplying the hydrogen to different

types of vehicles. 
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Mitigation technologies (e.g., inhibitors, coatings for pipelines, etc.) for retrofitting and/or

repurposing of actual gas grids;

Development of new cost-competitive materials for pipelines;

Specific research priorities

    1. Novel cost-competitive liquid hydrogen carrier solutions for massive

hydrogen transportation  including the whole carrier chain

The needed energy and safety requirements during the transport of liquid carriers justify for more

research on this topic. In this sense, the efficient conversion from renewable and low-carbon

hydrogen to liquid hydrogen carriers and back to hydrogen needs to be developed. In particular,

the focus should be on the development of advanced technologies (including materials) for

hydrogenation and dehydrogenation of liquid hydrogen carriers (ammonia, Liquid Organic

Hydrogen Carriers (LOHC), etc.). Moreover, research on novel liquid hydrogen carriers that are

environmental-friendly, with high hydrogen update, and low degradation is required for improving

the features of existing hydrogen carriers.

      2. Development of advanced materials and technologies for creating the

future gas grid infrastructure

The approach that the gas grid community follows is to retrofit and repurpose the existing natural

gas grid infrastructure for transporting and distributing hydrogen as much as possible (initially

blended with natural gas and finally up to 100% hydrogen). It is foreseen that a relevant part

(around 70-75%) of the current natural gas grid can be repurposed for hydrogen transport, and for

the rest new pipelines will be required [1]. The injection of hydrogen to the existing natural gas grid

can cause integrity problems due to hydrogen embrittlement of pipelines and grid components

that may cause crack and fracture, depending on the operating conditions (e.g., pressure, hydrogen

content). Components like valves, flow meters and compression units along the distribution

pipelines may need revamping or retrofitting to accept increased hydrogen rates in the gas

mixture. On the other hand, since hydrogen is a smaller molecule than natural gas (mainly

methane) the possible leakage should be properly monitored. Considering all this, research on

several aspects is required, namely on: 

1. Extending the European Hydrogen Backbone. A European Hydrogen Infrastructure Vision covering 21 countries. April 2021.
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Advanced sensors for leak detection; 

Gas quality measurement tools;

Hydrogen injection technologies; 

Separation of hydrogen from natural gas-hydrogen blends at low cost and high flow; 

Pre-normative research on the adaptation of gas grids to hydrogen; 

Modelling and experimental validation for understanding the flow dynamics of hydrogen (or

hydrogen-natural gas blends) through pipelines. 

     3. Development of novel materials and concepts for efficient and cost-

competitive hydrogen storage

There are several options for hydrogen storage that can be classified in aboveground hydrogen

storage (compressed hydrogen, liquid hydrogen, hydrogen carriers) and underground hydrogen

storage (salt caverns, depleted gas fields, aquifers).

 

Research on most of these hydrogen storage means is well supported in the Clean Hydrogen

Partnership, but there are some specific aspects that require additional support. Research on

material behaviour in contact with hydrogen is needed for suitable materials and concepts

required for both underground and aboveground hydrogen storage. This includes cost-competitive

materials for vessels that ensure hydrogen storage integrity, and the use of other materials such as

solid hydrogen carriers. Other advanced hydrogen storage systems are of interest, e.g., hybrid redox

flow batteries. 

In the case of underground storage, the hydrogen gas stream coming out of the reservoir may

contain impurities that should be removed for the final end-uses of hydrogen. For this, research on

hydrogen purification technologies is required. In addition, physical, chemical and microbial

effects should be investigated on large scale storage. For example, understanding the phenomena

surrounding microbiologically influenced contamination of hydrogen in underground cavities

(reducing the hydrogen purity) and whether contaminations via metabolic products are possible is

of importance in order to find out how to prevent the impact of micro-organisms in a cost-efficient

and environmentally friendly way.
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Moreover, breakthrough safety technologies (beyond the current approach based on the use of

Temperature & Pressure Relief Devices (TPRD)) need to be considered for excluding any type of

storage tank rupture in any fire to eliminate hazards of a devastating blast wave, fireball and

projectiles, especially in confined spaces like tunnels. There is also a need for studies assessing

potential risks of underground hydrogen storage and best practices to manage and mitigate risks.

Hydrogen monitoring technologies and tools are critical for safe and effective operations of

hydrogen storage technologies. 



For efficient and cost-competitive hydrogen building blocks in end-use sectors 

Today, the transport and industrial sectors are the main GHG emitters in the world due to their

heavy reliance on fossil fuels. Whilst some transport applications can be electrified (with new

renewable or low-carbon power generation capacity), long-distance transport and industrial

applications require higher levels of energy input making them less adaptable to electric

technologies. The integration of hydrogen into these hard-to-abate applications is therefore of

paramount importance for the European Union to achieve its carbon neutrality target by 2050. 

The Clean Hydrogen Partnership will primarily undertake research activities on building blocks for

transport end-uses and technologies used in the industrial sector (industrial processes and heat &

power). The aim of these activities will be to reduce costs and increase the performance (efficiency,

energy & power density, durability, etc.) of fuel cells under actual operating conditions and

improve the on-board or on-site storage capacity and density of hydrogen. The development and

demonstration of these technologies will in turn provide for enhanced competitiveness towards

incumbent technologies, leading to market deployment and significant emission reductions. 

As for electrolysers, the above-mentioned end-use activities will aim to increase the energy output,

reduce the use of critical and toxic materials and promote the principle of circularity. 

Under the prevailing climate ambitions, recently supplemented by the Fit for 55 targets, end-use of

hydrogen is seen as pivotal for multiple segments of transport, industry and buildings. Hence, an

important aspect to take into consideration is the integration of hydrogen building blocks in the

different applications (light-duty vehicles, heavy-duty vehicles, ships, planes, trains, furnaces,

burners, turbines, engines, etc.). The specific requirements in these various end-use application

areas differ significantly, and this does not only lead to multiple additional technological

challenges to be solved, but also has major implications on the funding needed to reach the

prevailing targets. Bridges need to be built and joint funding schemes developed between the

Clean Hydrogen Partnership and other European Partnerships as well as regional funds (Member

States and Associated Countries), with the aim of demonstrating, at large scale, the viability of

zero-emission hydrogen cars, trucks, ships, trains, planes, etc. 

20

 3. HYDROGEN END-USES

The development of renewable energies and low-carbon technologies mostly rely on an

increasingly massive need for rare earth metals, critical raw materials and precious metals.
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Unfortunately, these materials are not homogeneously distributed on the globe but concentrated

in some regions inducing strategic dependence endangering the European energy sovereignty. 

Nevertheless, research activities should not limit themselves to the points mentioned above.

Second generation technologies should be developed for Europe to consolidate its leading role and

further strengthen its competitiveness. Last, but not least, new end-uses for these technologies

should be explored. 

Specific research priorities

       1. Advanced materials for onboard hydrogen conversion in vehicles

The actual fuel cell for light and heavy-duty vehicles, trains and ships are fed by pure hydrogen. The

compression, liquefaction and storage steps represent a relevant part of the whole hydrogen chain

costs. Moreover, due to the low volumetric density of compressed and liquified hydrogen, an

increase of the hydrogen energy density of storage is required in order to increase the range,

reduce the weight and reduce the cost. In order to reduce these costs, on-board hydrogen

generation is a promising alternative where liquid fuels (e.g., ammonia, e-fuels, etc.) would be fed

to the vehicles, trains and ships, stored at low pressure using cheap tanks and converted on-board

to hydrogen. This hydrogen can then be used in a fuel cell (or even in an internal combustion

engine), adapted to the application. The conversion of alternative fuels to pure hydrogen may

involve a reaction and a purification step. Currently, this type of conversion is performed onsite,

and there are few examples performing this conversion on-board. Due to possible restrictions

(weight, space) for on-board implementation, research on advanced materials and processes

should be performed targeting in particular heavy-duty vehicles (such as trucks, ships, etc.).

       2. New hydrogen end-uses 

New hydrogen end-uses which could benefit from the use of hydrogen technologies should also be

explored. Such end-uses could be, but are not limited to, Unmanned Aerial Vehicles (UAVs),

defence, security & spatial applications and portable solutions.

If we look at aerospace for example, the sector demands technologies with high technical

performances and strict safety and reliability requirements in order to operate in space. These

criteria are stricter than for terrestrial applications. In the meantime, the sector is less subject to

budget constraints to develop the appropriate technologies. Starting from the aerospace sector,

innovative hydrogen technologies could be developed and then transferred for terrestrial

applications once their cost-efficiency has been improved. 
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For example, innovative reversible fuel cells could operate in a closed water cycle, in conjunction

with solar panels, in spacecrafts. In the future, these spacecrafts could be used in applications such

as space mining or exploration, whilst the developed technology could also find an application on

Earth.

      3. Microgeneration applications

The role of micro-cogeneration in the transition energy scenario is well known. The increasing

trend of decentralisation of electricity and heat production calls for an increased use of

microgeneration and micro-cogeneration. This is a clear opportunity for hydrogen to contribute to

transitioning to renewable energy. The flexibility offered by both solutions enhances the features of

smart energy grids and can compensate for renewable energy sources fluctuations, which is key for

the energy transition. In that scenario, fuel cell-based microgeneration and micro-cogeneration can

act as a virtual power plant. Low and high temperature Proton Exchange Membrane (PEM) fuel

cells have excellent flexibility features that could further increase the beneficial impact on

distributed energy ecosystems. Then, the high utilisation factor (up to 90%) of the primary energy

source is a central advantage of this technology. Finally, the blending of hydrogen in the natural

gas grid could be easily managed with micro-Combined Heat and Power (CHP) fuel cells. 

Many possibilities are becoming available with microgeneration and micro-cogeneration, but an

improvement of both plant and core technologies is needed to enhance its positive impact on the

energy ecosystem. The FCH JUs I & II have successfully supported the development of solid oxide

fuel cell-based micro-CHP that reached market maturity in the last ten years. However, their

deployment is still limited due to their high costs, but this should be reduced with the market

growth. PEM fuel cell micro-cogeneration is in development and will make the decarbonisation of

the heat and power sector possible. Further investigation should be done to decrease the cost and

increase the performances of PEM fuel cells for micro-CHP applications. 

      4. Development of hydrogen refuelling protocols for transport end-uses

 

This should cover road, maritime and aviation systems. Whereas general rules are under

development in some projects, the protocol and understanding of underlying physical phenomena

would benefit from further basic and pre-normative research. In addition, more basic and pre-

normative research on heat and mass transfer during fuelling is needed. This should be tackled in

transport end-uses partnerships (2Zero, Zero Emission Waterborne Transport, Europe's Rail and and

Clean Aviation) as well as through other European Initiatives.
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 4. TRANSVERSAL ACTIVITIES

Transversal activities include sections that are of horizontal importance for the three pillars

described above. They comprise research activities on materials, modelling, education & skills,

regulations codes & standards, as well as research and technology infrastructures.

     1. Modelling and characterisation of materials behaviour when processed into

electrodes, membranes and cells in terms of performance and lifetime and

taking into account the operating conditions

Through a complex and multidisciplinary work between several fields of investigation (including

electrochemistry, nanoscale microstructural & physical-chemical characterisation and prognostics

& control algorithms, amongst others), there is a big potential to add new learnings to the

accelerated exploitation of novel materials and solutions. Coupling validated multi-scale and

multi-physics modelling with experimental characterisation at various scales (cell, stack, system)

and advanced microstructural characterisation will allow to develop a "toolbox" to identify key

parameters responsible of good or bad performance and lifetime. With this, it will be possible to

understand and quantify their impact and to propose improvements for the next generations of

materials, electrodes and cells. This would lead to a better understanding and prediction of how

materials, when processed into the specific components, behave in terms of performance and

lifetime, considering the operating conditions.

     2. Developing more comprehensive models and scenario analysis tools 

Developing more comprehensive models and scenario analysis tools is fundamental to grasp the

added value of hydrogen technologies deployment, as the technoeconomic optimisation models

currently used to support the policymaking process have some methodological limitations with

respect to some features which can be critical for the deployment of hydrogen.

First of all, most of the widely used TIMES models provide a representation of GHG emissions (CO₂,

CH₄, N₂O) whereas only some of these models provide an (approximate) representation of local air

pollutants (PM2.5, PM10, NOx, SO₂, NH₃, NMVOC, CO). Reducing GHG emissions will facilitate

reduction of air pollution, however, the different energy technology pathways available for the

energy transition have further health and environmental impacts that should be taken into

account in these models. 
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2.  https://www.ersnet.org/news-and-features/interstitial-lung-diseases/eeas-2019-eu-air-quality-report-finds-air-pollution-caused-
400000-premature-deaths-in-2016/ 
3.  https://www.science.org/doi/epdf/10.1126/science.1156401 

Whereas GHG emissions savings mostly depend on the energy sources used for hydrogen

production, its large-scale deployment as an energy carrier can impact other areas of

environmental sustainability. Among them, we can quote air quality (400 000 Europeans die

prematurely each year because of air pollution [2]), eutrophication (400 and more water systems

worldwide are considered dead zones [3]), loss of biodiversity and the loss of water availability. It

is therefore of primary importance to investigate the implications of alternative European low-

carbon pathways in terms of health, environmental impacts and resources depletion. The scope

of the scenario analysis tool must be broadened. 

Furthermore, the spatiotemporal resolution of long-term integrated energy system models poses

limitations to the capabilities of models to simulate the short-term operational characteristics of

the power system. This is especially the case for energy system models associated with the

increasing penetration of variable Renewable Energy Sources (vRES). Moreover, most energy

system models are disconnected from power grid and natural gas grid models. With stronger

links between energy system models, unit commitment and economic dispatch models, as well

as energy network models, it would be possible to better quantify the contribution of hydrogen

technologies to the penetration of non-dispatchable renewable energy technologies into the

energy systems (e.g. power to gas technologies). This would lead to a better understanding of the

possibilities and benefits of large-scale hydrogen technologies penetration. 

It is of great interest to develop TIMES-like models with alternative optimisation paradigms, other

than the minimum cost of the energy system constrained to a target level of GHG emissions. On

the one hand, these models should include the health outcomes related to the changes in

emissions of air pollutants, together with the environmental sustainability metrics detailed

above. On the other hand, an integrated modelling platform that would blend short-term

dispatch models and long-term reference energy and technology systems should be developed.

This would allow for more informative and accurate scenarios to foster an enlightened political

decision-making on the energy systems. 

    3. Develop a common methodology based on scientific and technical

approaches to calculate direct and indirect GHG emissions

To provide consumers a choice by disclosing the origin of the energy they are using, a European

or international standard must be developed together with a comprehensive classification and

certification framework. This standard must include information on sustainability as well as GHG

emissions across the whole life cycle. 
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This includes the production, the transportation mode, as well as the conversion and use of

hydrogen. To implement a comprehensive framework, the whole carbon footprint needs to be

taken into account and not only the CO₂ emissions. Whereas several international standards define

elements to consider for a life-cycle assessment and for the quantification of GHG emissions and

removals, they remain generic and need further specifications for hydrogen. In this context,

Hydrogen Europe Research strongly encourages the development of a methodology for hydrogen

footprint assessment. This assessment should be undertaken for each aspect of the hydrogen value

chain: production, conditioning and storage, as well as transport and usage.

    4. Education, reskilling and upskilling of the workforce to address the

challenges for the deployment the FCH sector                         

Education, reskilling and upskilling of the workforce are essential elements to address the

evolution of the energy sector and the steadily increasing demand for highly qualified personnel in

the hydrogen sector. This increasing demand affects industry, but also universities and research

institutions. The first necessary steps to support education and training have already been taken

through some projects in the Fuel Cells and Hydrogen Joint Undertakings I and II. They focused on

training engineers, doctors in science, technicians, operators. For the upcoming years, the Clean

Hydrogen Partnership will undertake activities which will build on the results achieved and

interconnect them. 

If the challenge to maximise the impact of terminated, ongoing or upcoming projects, will be

tackled specifically by the Clean Hydrogen Partnership, further actions and support from

stakeholders beyond this European partnership are still very much needed to answer to the need

for a wide-scale industry deployment across Europe.

A strategy for lifelong learning should be developed to address the needs of

industrial partners. 

Lifelong learning or continuous education is a key component of the energy transition. With

the current technological evolutions, the available workforce constantly needs to be upskilled

or reskilled to match the new demand of the market. Moreover, the acceleration of the

transition towards clean energy will decrease demand on some professions and increase

demand on others. The speed in this switch (reskilling and upskilling) will be conditional for

the EU industry to maintain its leadership in hydrogen technologies and develop its

competitiveness. A coordinated approach at European and national levels will have to solve

this “scissor effect”, with quick deskilling of a lot of workers in conjunction with a sharp

increase in demand of new jobs. 
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The format of teaching that is applied in universities cannot be reproduced in a work

environment, notably due to time constraints and to the primacy of practical knowledge in

many cases. Whilst both employees and employers are willing to engage in continuous

education, the level of resources made available doesn’t match the ambitions and

expectations in this field. To this end, further support should be provided at national level as

well as in a European sectoral approach. This would allow to better understand industries’

expectations and develop adapted tools that could reply to the market needs.

Tailor-made support should be provided to SMEs who generally do not have the

resources to invest in trainings. 

There is a lack of concertation between industry and training providers on the expected

contents for education and training which leads to some mismatches on the market of

trainings. Whereas in big organisations, trainings often take place internally and dedicated

departments ocus on trainings, this is not always a possibility for SMEs. Consequently, this

leads to an imbalance on the access to training opportunities in highly innovative sectors.

Relevant agencies at national or regional level should work on the best way to address this

difficulty, and Hydrogen Europe Research would be happy to act as a contact point for the

hydrogen sector.

     5. Defining Regulations, Codes and Standards through further pre-normative

research and accelerated testing protocols

The fuel cell and hydrogen sector has undergone a rapid development over the past decade.

However, in some cases, technological development has not necessarily translated to deployment

and non-technological bottlenecks need to be overcome. In order to support the current

momentum, ensuring that hydrogen technologies become widespread in relevant end-use

applications whilst simultaneously developing the next generation of technologies, a robust

policy and regulatory framework complemented with sound safety criteria need to be put in

place.

There is also a need for clear codes, technical regulations and standards along all segments of the

hydrogen value chain. In light of this, Hydrogen Europe Research stresses the importance of Pre-

Normative Research as an indispensable tool to inform, amend or create Regulations, Codes and

Standards (RCS). This will help avoid any delay in the deployment of mature technologies due to

regulatory gaps or the absence of common standards. In addition, RCS should be scientifically

based and harmonised across the jurisdictions of the European Union, as fragmentation is

currently hindering the development of certain technologies to marketable products.



27

Hydrogen Europe Research members are ready to support regulatory and standardisation bodies in

the elaboration of RCS sharing their knowledge and expertise. 

As fuel cell and hydrogen technologies are expected to last 10+ years, the validation of new

materials, concepts and solutions for such long durations is not compatible with the time needed

for the development of new technologies. To address this issue, Hydrogen Europe Research

stresses the importance of developing new and accelerated testing protocols, making sure they

are representative of a long lifetime, whilst ensuring that they do not affect nor modify the

materials and components behaviour (in particular their degradation mechanisms). While some

projects have started on this topic, there is a need to accelerate this trend and to work in a unified

way, which imply RCS activities beyond purely research activities.

     6. Research and Technology Infrastructures enabling technology transfer from

research to industry and the scaling up of technology manufacturing

The funding of research and technology infrastructures is an essential tool which can enable

research organisations and industries to innovate and allow for breakthrough technologies whilst

simultaneously mutualising costs. This is of particular importance when the industry is focused on

investing in massive production plants and looking to scale up its manufacturing ability. Co-

designing and co-developing solutions in common labs will help overcome the challenges of the

industrialisation of the hydrogen sector.

Due to the relevance of the question for the hydrogen ecosystem, Hydrogen Europe Research is

undertaking a mapping of these infrastructures relevant for the hydrogen value chain, starting

with the infrastructures of the association’s members. The analysis of this mapping will provide

factual evidence on where (geographically and/or along the value chain) European investments

should be directed. Bridging the identified gaps and linking research entities and companies

across Europe has the potential to create a fertile research environment, providing a rich soil on

which innovative technologies may grow and prosper. Furthermore, it should be possible to assess

the state of play of the sector at EU level, as well as the accessibility of these research and

technology infrastructures, including demonstration and Hydrogen Valleys.

It is intended for this mapping to be undertaken in collaboration with the European Commission

and the European Strategy Forum on Research Infrastructures (ESFRI), in a spirit of co-

construction, with the aim of increasing the knowledge of the European hydrogen landscape for

the research community, industrial actors as well as Member States.  
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In the meantime, discussions at European level around the concept of Open Innovation Testbeds

(OITB) have led to investigate in Hydrogen Europe Research’s membership what areas are in

demand of infrastructures. Based on exchange with stakeholders of the ecosystem and their role of

service providers, members were able to pre-identify 3 key areas of interest that would benefit

from financial support:

Development, validation and testing of materials and components of hydrogen distribution;

Testing of compressed and liquid hydrogen transport technologies. 

In this view, the development of research and technology infrastructures should be further

promoted through sufficient funding and monitoring. The main reasoning behind this are the high

costs for technology testing and validation that many industrial stakeholders, in particular SMEs,

simply cannot afford – thus hindering the development and diffusion of promising technologies as

well as industrial transformation. 

Hydrogen Europe Research believes that including both TRL and Manufacturing Readiness Level

(MRL) measures in the assessment of research and technology infrastructures in Europe would

help gaining a more coherent picture of the way the latter operate when developing, testing and

validating technologies in the field of hydrogen. 

Electrolysis technologies (including the different technologies at low and high temperature):

scalability of advanced materials, pilot lines for manufacturing of Membrane Electrode

Assemblies, stack design and assembly, technology performance assessment, techno-

economic and sustainability analysis and business models;



With this paper, Hydrogen Europe Research provided an overview of research activities that

would deserve further consideration and funding, beyond the Clean Hydrogen Partnership. Our

goal is to help in achieving synergies and ensuring a consistent alignment between European

initiatives, such as the ERA Pilot on renewable hydrogen, as well as national and regional

projects. The hydrogen research sector would strongly benefit from this alignment. No R&I gaps

should be identifiable if Europe wants to stay a front-runner on FCH technologies.

This objective is well captured and transcribed in the recently published European Commission

staff working document on Building a European Research Area for clean hydrogen [4]. The

document highlights the R&I efforts still needed for hydrogen to scale up and the tools available

to make hydrogen large scale deployment possible. Research and industry are working hand in

hand to make this scaling up a reality. In parallel, research goes beyond the scaling up and

explore options and solutions for tomorrow’s and after tomorrow's technologies to develop novel

generations of products that will come to the market in mid-long term. This aspect should not be

neglected. Current encouraging results must not be interpreted as an achieved and secured

status. "Leadership can only be maintained through increased research and innovation efforts at

both EU and national levels”. 
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CONCLUSIONS

4. COMMISSION STAFF WORKING DOCUMENT, Building a European Research Area for clean hydrogen – the role of EU research
and innovation investments to deliver on the EU’s Hydrogen Strategy, SWD(2022) 15 final, 20.1.2022


