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[bookmark: _Toc104375668]TC1-01: Innovative electrolysis cells for low temperature hydrogen production

General Elements
	Expected EU contribution per project
	The JU estimates that an EU contribution of around EUR 3 million would allow these outcomes to be addressed appropriately. Nonetheless, this does not preclude submission and selection of a proposal requesting different amounts.

	Expected duration
	[3-4]

	Number of projects
	2

	Type of Action
	Research and Innovation Action

	Technology readiness level
	Activities are expected to start at TRL [2] and achieve TRL [4] by the end of the project

	Is this topic open to International Collaboration?
	n/a

	Does this topic need a reduced funding rate? if yes, which one?[footnoteRef:2] [2:  default funding rates are 100% for RIAs and CSA and 70% for IAs. For IAs non-profit organisation a fund rate of 100% applies also for IAs] 

	No

	Include any eligibility criteria you would like to consider in the topic?
	To be discussed during the meeting EC/CG/PO

	(Main) Pillar/Sub-pillar/s of the MAWP addressed by the topic
	☒Renewable Hydrogen production
☒Electrolysis ☐Other routes of renewable hydrogen production
☐ Hydrogen storage and distribution
☐Large scale storage ☐H2 in the natural gas grid ☐Liquid H2 Carriers ☐  Improving Existing Hydrogen Transport means ☐  Compression, Purification and Metering Solutions ☐ HRS
☐  Hydrogen End uses: Transport
☐Building blocks ☐Heavy duty vehicles ☐Waterborne ☐  Rail ☐  Aeronautic 
☐   Hydrogen End uses: Heat and Power
☐  Stationary Fuel Cells ☐  Turbines, boilers and burners
☐   Cross-cutting
☐  Sustainability, LCSA, recycling and eco-design ☐  Education and public Awareness ☐  Safety, Pre-Normative Research and Regulations, Codes and Standards
☐ H2-Valley
☐ Supply chain
☐ Strategic Research Challenge
☐ Low or free PGM catalysts and reducing critical raw materials in electrolysers and fuel cells
☐ Advanced materials for hydrogen storage
☐ Advanced understanding of the performance / durability mechanisms of electrolysers and fuel cells

	Choose the JU specific outcomes and KPIs to which this topic contributes and if necessary, explain how your topic will contribute to them in no more than few lines
	☒  Outcome-1 Limiting the environmental impact of hydrogen technology applications the cost-effectiveness of clean hydrogen solutions
☒   KPI-6 Carbon footprint of hydrogen technology applications
☒   KPI-7 Use of PGMs and CRMs in hydrogen technology applications
☒  Outcome-2 Improving the cost-effectiveness of clean hydrogen solutions
☒  KPI-8 Cost of electrolyser technologies used in hydrogen production
☐  KPI-9 Cost of Heavy-Duty Vehicles
☐  KPI-10 Cost of clean hydrogen distribution
☐  Outcome-3 Demonstrating clean hydrogen solutions across the different sectors
☐ KPI-11 MW of electrolysers deployed for hydrogen production funded by the JU
☐ KPI-12 Number of heavy-duty vehicles deployed within EU 27 funded by the JU
☐ KPI-13 Number of HRS deployed within EU 27 funded by the JU
☒  Outcome-4 Reinforcing the EU scientific and industrial ecosystem
☒ KPI-14 Number of patents generated by the projects funded by the JU
☒ KPI-15 Number of publications generated by the projects funded by the JU
☐ Outcome-5 Increasing public awareness and uptake of hydrogen technologies
☐ KPI-16 Public perception of hydrogen technologies




Expected Outcome
Low temperature water electrolysis for hydrogen production is a mature and well stablished technology with significant industrial deployments. However, the gigawatt storage of renewable energy via electrolysers is quickly transforming hydrogen into an industrial commodity, and significant barriers with regards to the use of electrolyser devices at such scale still remain. Green hydrogen is on average still more expensive than blue hydrogen. Henceforth, innovative actions will be required to i) remarkably improve the efficiency of water electrolysers (reduced OPEX) ii) dramatically reduce the cost of these devices (CAPEX) with the largest share for capital cost still occurring at the stack level, and iii) reach durability and robustness levels that are compatible with today’s stationary energy systems. 
Hence, the development of disruptive components and cell concepts for a dramatical change in efficiency, lifetime, and reducing the total cost of ownership of hydrogen in low-temperature (LT) electrolysis is the goal, transforming electrolysers into next-generation devices. To the most part, classic alkaline (AEL) and polymer electrolyte membrane (PEM) electrolysis are devices that still use materials and components that were developed in the last century. Thick inorganic diaphragms, electrodes and porous transport layer designs, PGM based protective layers, and membranes that still fail to avoid gas-crossover at differential pressure, can be significantly improved for next generation cells and devices. 
Innovative electrolysis cells can be only achieved by combing outstanding advances in materials science, nano-engineering, bio-hybrids and innovative manufacturing approaches. We envision the creation of materials, components, and innovative cell designs that can completely change the paradigm of hydrogen production using devices with improved levels of efficiency, cost, and durability.
The project’s expected outcomes are:
· Transform electrolysers into devices of next generation with a higher level of competitiveness vs. classic AEL and PEM electrolysers;
· Create materials that can be used and/or adapted into LT water electrolysers. These materials need to fabricated into components with high efficiency, stability, recyclability, non-CRMs based, ability to mass-production, and a high environmentally friendly circular character;
· Open new venues of electrolysers that can achieve performance levels close to its maximum theoretical value (HHV) in contrast to what is typically observed in cells and stacks for conventional AELs and PEMELs; and contribute to the achievement of the SRIA KPIs at the cell and short-stack level;
The projects will contribute to the objectives of the Clean Hydrogen JU included in the SRIA as indicated below: 
· Strongly reduce the use of critical raw materials in the fabrication of cell/stack components;
· Increase the conversion efficiency aiming values close to the maximal theoretical conversion efficiency –based on the HHV);
· Eliminate or dramatically reduce interface resistance values across cell components;
· Realize diaphragms or membranes with crossover in the 0.5-0.8% range and linked to pressurized operation (minimum 30 bar);

Scope
This topic aims at the development of new and disruptive cell concepts for improving efficiency, lifetime, and hydrogen production processes in the field of low temperature, while replacing costly materials on components of the cell and stack. The topic seeks the integration of recent advances in materials science and modern characterisation/fabrication tools, merged into innovative lab scale developments of components of LT electrolysis cells. The target is to realise at least single cells of TRL 4 and validate all innovative approaches using SRUs and short stacks with min 5 cells.
The project should explore one or more of the following innovations: ​
· Novel materials, additives, and electrode concepts for a different anode reaction other than the oxygen evolution, moving to a lower anode potential;
· Inclusion of redox mediators to separate anode and cathode reactions;
· Use of nano-engineering, bio-hybrid materials or integrated multi-functional components, involving catalysts with low overpotential and combined to low-cost elements (e.g., Fe, Ni, steel), bridging a gap to have stable and low cost production;
· Novel concepts of electrode triple-phase layers (catalyst-support-ionomer) with catalyst utilization close to 100% and improved thermos-mechanical stability;
· Create novel concepts of MEAs with integrated components (PTLs and PTEs) and simplified and environmentally friendly manufacturing methods;
· Novel cell design to enhance overall cell efficiency by integrating disruptive concepts (e.g., flow fields using novel fluid dynamic effects, nano engineering, novel concepts of micro-fluidic, self-assembly of interfaces, self-healing materials and components and thin layers).
· Long-term stable and efficient materials for high-current density operation according to the 2024’s KPIs in LT water electrolysis from SRIA
· Optimised thermal management, e.g. avoiding hot spots in the cells as major cause for catalyst and separator degradation
Consortia are expected to build on the expertise from the European research and industrial community to ensure broad impact by addressing several of the aforementioned items.
It is expected to have access to application based as well as manufacturability requirements (through direct participation of a manufacturing company and/or through an advisory board), to foresee a scaling up of the validated solution. 
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General Elements
	Expected EU contribution per project
	The JU estimates that an EU contribution of around EUR 3 million would allow these outcomes to be addressed appropriately. Nonetheless, this does not preclude submission and selection of a proposal requesting different amounts.

	Expected duration
	[3-4]

	Number of projects
	1

	Type of Action
	Research and Innovation Action

	Technology readiness level
	Activities are expected to start at TRL [2] and achieve TRL [4] by the end of the project

	Is this topic open to International Collaboration?
	n/a

	Does this topic need a reduced funding rate? if yes, which one?[footnoteRef:3] [3: 2 default funding rates are 100% for RIAs and CSA and 70% for IAs. For IAs non-profit organisation a fund rate of 100% applies also for IAs] 

	No

	Include any eligibility criteria you would like to consider in the topic?
	To be discussed during the meeting EC/CG/PO

	(Main) Pillar/Sub-pillar/s of the MAWP addressed by the topic
	☒Renewable Hydrogen production
☒Electrolysis ☐Other routes of renewable hydrogen production
☐ Hydrogen storage and distribution
☐Large scale storage ☐H2 in the natural gas grid ☐Liquid H2 Carriers ☐  Improving Existing Hydrogen Transport means ☐  Compression, Purification and Metering Solutions ☐ HRS
☐  Hydrogen End uses: Transport
☐Building blocks ☐Heavy duty vehicles ☐Waterborne ☐  Rail ☐  Aeronautic 
☐   Hydrogen End uses: Heat and Power
☐  Stationary Fuel Cells ☐  Turbines, boilers and burners
☐   Cross-cutting
☐  Sustainability, LCSA, recycling and eco-design ☐  Education and public Awareness ☐  Safety, Pre-Normative Research and Regulations, Codes and Standards
☐ H2-Valley
☐ Supply chain
☐ Strategic Research Challenge
☐ Low or free PGM catalysts and reducing critical raw materials in electrolysers and fuel cells
☐ Advanced materials for hydrogen storage
☐ Advanced understanding of the performance / durability mechanisms of electrolysers and fuel cells

	Choose the JU specific outcomes and KPIs to which this topic contributes and if necessary, explain how your topic will contribute to them in no more than few lines
	☒  Outcome-1 Limiting the environmental impact of hydrogen technology applications the cost-effectiveness of clean hydrogen solutions
☒   KPI6 Carbon footprint of hydrogen technology applications
☒   KPI-7 Use of PGMs and CRMs in hydrogen technology applications
☒  Outcome-2 Improving the cost-effectiveness of clean hydrogen solutions
☒  KPI-8 Cost of electrolyser technologies used in hydrogen production
☐  KPI-9 Cost of Heavy-Duty Vehicles
☐  KPI-10 Cost of clean hydrogen distribution
☐  Outcome-3 Demonstrating clean hydrogen solutions across the different sectors
☐ KPI-11 MW of electrolysers deployed for hydrogen production funded by the JU
☐ KPI-12 Number of heavy-duty vehicles deployed within EU 27 funded by the JU
☐ KPI-13 Number of HRS deployed within EU 27 funded by the JU
☒  Outcome-4 Reinforcing the EU scientific and industrial ecosystem
☒ KPI-14 Number of patents generated by the projects funded by the JU
☒ KPI-15 Number of publications generated by the projects funded by the JU
☐ Outcome-5 Increasing public awareness and uptake of hydrogen technologies
☐ KPI-16 Public perception of hydrogen technologies





Expected Outcome
To realise the potential of hydrogen as an energy vector in the decarbonised economy it needs to be produced sustainably on a mass scale. High temperature electrolysers based on solid oxide ion or proton ceramic electrolytes offer highest electrical efficiency among competing electrolyser technologies, but their CAPEX and degradation rates remain higher than alkaline and proton exchange membrane (PEM) electrolysers. In addition, their capability to operate under dynamic conditions of variable load and rapid start up, as required for direct coupling with renewable and intermittent energy sources, is more limited due to the brittleness and thermal inertia of ceramic components. 
The outcome of this topic will be an innovative low-cost and compact cell and stack concept that can be operated at intermediate temperatures (<650oC), enabling dynamic operations (=variable load and rapid start and stop) and longer lifetime for energy efficient hydrogen production contributing to the overall objectives of the Clean Hydrogen JU SRIA to reduce hydrogen production cost to 3 €/kg by 2030.
Project results are expected to contribute to all the following expected outcomes:
· Cells and stacks produced by scalable manufacturing techniques with potential for later integration and automation into a pilot line, 
· Cells and stacks designed for flexible operation at intermediate temperatures (below 650°C) and variable load and rapid start and stop (for coupling with renewable energy sources
· Renewable hydrogen production with direct coupling of renewable energy sources potentially benefiting from thermal integration and reducing CO2 footprint
· European leadership for renewable hydrogen production based on SOEL/PCCEL electrolysers 
· Strengthened European value chain on electrolyser components with decreased reliability of critical raw materials from outside Europe
Project results are expected to contribute by the end of the project to all of the following objectives of the JU as reflected in the Clean Hydrogen JU SRIA targets:
· Demonstrate successful start-up of the stack with a hot idle ramp time of 240s and cold start ramp time of 6 h 
· Increase current density of cells to 1.2 A/cm2 for SOEL and above 0.5 A/cm2 for PCCEL 
· Demonstrate a degradation rate of 0.5%/1000hr at thermoneutral voltage and operational temperature for both PCCEL/SOEL
· Establish a roadmap for defining technological pathways enabling to reach CAPEX of 1400 €/(kg/d) and OPEX of 80 €/(kg/d)/y



Scope
The topic focuses on the development of new cell and stack designs aiming at the replacement of costly ceramic-based components and reduction of critical raw materials (e.g. LREE and HREE) by use of lower cost steels. Improved thermal and load cycling capabilities (faster and higher number of thermal cycles) should be ensured by designing new cells and/or stacks based on e.g. metal supported cells/stacks, cells with integrated interconnect/current collector/electrode and/or metal-based monolith cells/stacks. The stack volume should be reduced compared to state-of-the-art stacks. This can be sought by nano-engineering and/or self-assembly of interfaces, integrating several functionalities in single components and/or by developing thinner layers to reduce ohmic losses.
The new sustainable-by-design electrolysers will operate at temperature below 650°C to minimize thermally induced degradation and facilitate direct coupling with renewable sources (heat and steam) from e.g., geothermal plants or solar power plants, with efficient thermal management.
The scope will include the following requirements:
· Designing new cells and/or stacks based on e.g. metal supported cells/stacks, cells with integrated interconnect/current collector/electrode and/or metal-based monolith cells/stacks containing min. 5 cells with an active area of min. 25 cm2 per cell.
· The short stack should be operated under representative conditions of the targeted application (s) to evaluate its performance and durability over min. 1000 h continuous testing and 2000 h of accumulated testing.
· Effect of rapid thermal cycling and load cycling on voltage degradation should be investigated. The testing should be as far as possible in line with protocols set by the JRC.
· Fluid dynamics and multi-physics modelling should be used to determine the optimal cell and stack architectures considering thermal management within the stack and optimizing its compactness. 
· Increased current density of the cells should be obtained by e.g., designing thinner electrolytes and/or new electrodes with improved materials
· Corrosion stability of the metal-based components should be validated in relevant operating conditions, in particular for the steam side of the electrolyser (relevant for both SOEL and PCCEL), and if needed, improved by development of protective coatings 
· Degradation mechanisms of the stack components should be identified with respect to temperature and load.
· The cell and stack manufacturing methods should be based on processes with potential for later upscaling, automatization and mass-manufacturing. 
· Techno-economic evaluation of the steam electrolyser integrated in given application(s) and considering economy of scale will provide the Levelised Cost of Hydrogen (LCOH) and will be used to provide insights into relevant business models. The CAPEX of the novel stack concept should be compared to state-of-the-art SOEC/PCCEL stack concepts based on ceramic materials as well as other electrolyser technologies such as PEM and alkaline. The analysis should be used to establish a technological roadmap towards achieving CAPEX < 1400 EUR/(kg/d) and OPEX of 80 €/(kg/d)/y
· Proposals are expected to address sustainability aspects by reducing the use of critical raw materials compared to state-of-art cells and/or stacks. 
The topic is open for concepts based on both Solid Oxide Electrolysis (SOEL) and Proton Conducting Ceramic Electrolysis (PCCEL) technologies. 
Consortia are expected to build on the expertise from the European research and industrial community to ensure broad impact by addressing several of the aforementioned items.
Proposals should demonstrate how they go beyond the ambition of METSAPP, METSOFC, METPROCELL and RAMSES European projects and be complementary to them.
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General Elements
	Expected EU contribution per project
	The JU estimates that an EU contribution of around EUR 4 million would allow these outcomes to be addressed appropriately. Nonetheless, this does not preclude submission and selection of a proposal requesting different amounts.

	Expected duration
	[3]

	Number of projects
	1

	Type of Action
	Research and Innovation Action

	Technology readiness level
	Activities are expected to start at TRL [3] and achieve TRL [4] by the end of the project

	Is this topic open to International Collaboration?
	n/a

	Does this topic need a reduced funding rate? if yes, which one?[footnoteRef:4] [4: 3 default funding rates are 100% for RIAs and CSA and 70% for IAs. For IAs non-profit organisation a fund rate of 100% applies also for IAs] 

	No

	Include any eligibility criteria you would like to consider in the topic?
	To be discussed during the meeting EC/CG/PO

	(Main) Pillar/Sub-pillar/s of the MAWP addressed by the topic
	☒Renewable Hydrogen production
☒Electrolysis ☐Other routes of renewable hydrogen production
☐ Hydrogen storage and distribution
☐Large scale storage ☐H2 in the natural gas grid ☐Liquid H2 Carriers ☐  Improving Existing Hydrogen Transport means ☐  Compression, Purification and Metering Solutions ☐ HRS
☐  Hydrogen End uses: Transport
☐Building blocks ☐Heavy duty vehicles ☐Waterborne ☐  Rail ☐  Aeronautic 
☐   Hydrogen End uses: Heat and Power
☐  Stationary Fuel Cells ☐  Turbines, boilers and burners
☐   Cross-cutting
☐  Sustainability, LCSA, recycling and eco-design ☐  Education and public Awareness ☐  Safety, Pre-Normative Research and Regulations, Codes and Standards
☐ H2-Valley
☐ Supply chain
☐ Strategic Research Challenge
☐ Low or free PGM catalysts and reducing critical raw materials in electrolysers and fuel cells
☐ Advanced materials for hydrogen storage
☐ Advanced understanding of the performance / durability mechanisms of electrolysers and fuel cells

	Choose the JU specific outcomes and KPIs to which this topic contributes and if necessary, explain how your topic will contribute to them in no more than few lines
	☒  Outcome-1 Limiting the environmental impact of hydrogen technology applications the cost-effectiveness of clean hydrogen solutions
☒   KPI6 Carbon footprint of hydrogen technology applications
☒   KPI-7 Use of PGMs and CRMs in hydrogen technology applications
☒  Outcome-2 Improving the cost-effectiveness of clean hydrogen solutions
☒  KPI-8 Cost of electrolyser technologies used in hydrogen production
☐  KPI-9 Cost of Heavy-Duty Vehicles
☐  KPI-10 Cost of clean hydrogen distribution
☐  Outcome-3 Demonstrating clean hydrogen solutions across the different sectors
☐ KPI-11 MW of electrolysers deployed for hydrogen production funded by the JU
☐ KPI-12 Number of heavy-duty vehicles deployed within EU 27 funded by the JU
☐ KPI-13 Number of HRS deployed within EU 27 funded by the JU
☒  Outcome-4 Reinforcing the EU scientific and industrial ecosystem
☒ KPI-14 Number of patents generated by the projects funded by the JU
☒ KPI-15 Number of publications generated by the projects funded by the JU
☐ Outcome-5 Increasing public awareness and uptake of hydrogen technologies
☐ KPI-16 Public perception of hydrogen technologies




Expected Outcome
Hydrogen can play a major role in decarbonising several usages, provided that it is produced in a sustainable way on a mass scale. Several electrolysis technologies can contribute, at different levels of maturity (alkaline (AEL), proton exchange membrane (PEMEL), solid oxide (SOEL), and more recent anion exchange membrane (AEMEL) and proton ceramic conducting (PCCEL)) when coupled with Renewable Energy Sources (RES), mainly wind and solar electricity. Those sources being intrinsically intermittent, this coupling implies the operation under dynamic conditions of variable load and rapid start up. 
The outcome of this topic will be the benchmark of different electrolysis technologies, considering at least two technologies among low Temperature (LT) and/or High Temperature (HT) technologies, in lab, with power modulations conditions representative of intermittent RES, at the scale of a stack or preferably a module including essential BoP components needed for its operation, at the size of about 10 kW or more.
Project results are expected to contribute to all the following outcomes:
· Define normalized testing protocols, representative of several intermittent RES coupling situations (i.e. solar, wind, for different climates) with power modulation and startup, stand-by and shutdown cycles, to allow a direct comparison of different electrolysis technologies; 
· Assess performance, durability, efficiency and gas quality for the different electrolysis technologies according to this protocol; 
· In case of module testing, evaluate Balance of Plant (BoP) components behavior and electrical consumption for the operating profiles considered;
· With the support of dynamic modelling, simulate the transient electrical and thermal behaviour to identify options and control strategies to mitigate the impact of intermittent operation and transients on BoP components and/or stacks, and to predict the annual performance of such systems;
· Identify the most suitable coupling schemes and/or best operating window for the electrolyser systems coupled with RES from a power and heat management perspective;
· Outline what are the critical components and functions in the stack/module which are the most affected when operated with intermittent RES, and identify ways forward to overcoming these challenges;
· Maintain European leadership for electrolysers manufacturing and green hydrogen production based on those electrolysers. 
For this benchmark study of different electrolysis technologies, no specific technological developments will be performed. Therefore, no improvements towards the Clean Hydrogen JU SRIA targets are expected. However, project results are expected to define and assess by the end of the project a list of relevant key performance indicators (KPIs), including but not limited to the following parameters, to be measured on State of the Art technologies according to the testing protocols defined in the project:
· Electricity consumption;
· Time response of the technology to RES source;
· Hot idle ramp time; 
· Cold start ramp time; 
· Durability;
· Gas quality;

Scope:
The topic focuses on the achievement of a normalised benchmark of LT and/or HT electrolysis technologies. 
According to the previous projects, there has never been a direct coupling between RES source and SOEL or PCCEL system. For AEL and PEMEL it has been done but not under the same conditions. Consequently, it is difficult to compare in a relevant way the potential of the different technologies in terms of RES coupling.
Therefore, the topic aims at developing standardised test protocols able to compare different electrolysis technologies and their behaviour when operated in conditions representative of intermittent RES coupling. 
The scope will include the following requirements:
· Taking advantage of JRC harmonised protocols for testing of LT water electrolysers and of previous projects (like Qualygrids, Haeolus, others), it will define standardised testing protocols representative of intermittent RES coupling. This would involve input of electric and thermal power through laboratory-based tests at standard conditions.
· Perform tests at stack or preferably module level (at the size of about 10 kW or more), in lab, with power and heat input modulations conditions representative of intermittent RES, in the range from 0% (hot idle) to 120%.
· Compare at least two electrolysis technologies among LT and/or HT electrolysis technologies, but is also open to a larger scope with more technologies compared. 
Consortia are expected to build on the expertise from the European research and industrial community to ensure broad impact by addressing the aforementioned items.
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General Elements
	Expected EU contribution per project
	The JU estimates that an EU contribution of around EUR 2.5 million would allow these outcomes to be addressed appropriately. Nonetheless, this does not preclude submission and selection of a proposal requesting different amounts.

	Expected duration
	[4]

	Number of projects
	1

	Type of Action
	Research and Innovation Action

	Technology readiness level
	Activities are expected to start at TRL [3] and achieve TRL [4] by the end of project.

	Is this open to International Collaboration?
	n/a

	Does this topic need a reduced funding rate? if yes, which one?[footnoteRef:5] [5: 5 default funding rates are 100% for RIAs and CSA and 70% for IAs. For IAs non-profit organisation a fund rate of 100% applies also for IAs] 

	No

	Include any eligibility criteria you would like to consider in the topic?
	To be discussed during the meeting EC/CG/PO

	(Main) Pillar/Sub-pillar/s of the MAWP addressed by the topic
	☒Renewable Hydrogen production
☒Electrolysis ☐Other routes of renewable hydrogen production
☐ Hydrogen storage and distribution
☐Large scale storage ☐H2 in the natural gas grid ☐Liquid H2 Carriers ☐  Improving Existing Hydrogen Transport means ☐  Compression, Purification and Metering Solutions ☐ HRS
☐  Hydrogen End uses: Transport
☐Building blocks ☐Heavy duty vehicles ☐Waterborne ☐  Rail ☐  Aeronautic 
☐   Hydrogen End uses: Heat and Power
☐  Stationary Fuel Cells ☐  Turbines, boilers and burners
☐   Cross-cutting
☐  Sustainability, LCSA, recycling and eco-design ☐  Education and public Awareness ☐  Safety, Pre-Normative Research and Regulations, Codes and Standards
☐ H2-Valley
☐ Supply chain
☐ Strategic Research Challenge
☐ Low or free PGM catalysts and reducing critical raw materials in electrolysers and fuel cells
☐ Advanced materials for hydrogen storage
☐ Advanced understanding of the performance / durability mechanisms of electrolysers and fuel cells

	Choose the JU specific outcomes and KPIs to which this topic contributes and if necessary, explain how your topic will contribute to them in no more than few lines
	☒  Outcome-1 Limiting the environmental impact of hydrogen technology applications the cost-effectiveness of clean hydrogen solutions
☒   KPI6 Carbon footprint of hydrogen technology applications
☒   KPI-7 Use of PGMs and CRMs in hydrogen technology applications
☒  Outcome-2 Improving the cost-effectiveness of clean hydrogen solutions
☒  KPI-8 Cost of electrolyser technologies used in hydrogen production
☐  KPI-9 Cost of Heavy-Duty Vehicles
☐  KPI-10 Cost of clean hydrogen distribution
☐  Outcome-3 Demonstrating clean hydrogen solutions across the different sectors
☐ KPI-11 MW of electrolysers deployed for hydrogen production funded by the JU
☐ KPI-12 Number of heavy-duty vehicles deployed within EU 27 funded by the JU
☐ KPI-13 Number of HRS deployed within EU 27 funded by the JU
☒  Outcome-4 Reinforcing the EU scientific and industrial ecosystem
☒ KPI-14 Number of patents generated by the projects funded by the JU
☒ KPI-15 Number of publications generated by the projects funded by the JU
☐ Outcome-5 Increasing public awareness and uptake of hydrogen technologies
☐ KPI-16 Public perception of hydrogen technologies




Expected Outcome
At present, Europe has an industrial leadership on electrolyser technologies, with about two third of main players globally. The industrial competitiveness and the quality of the technologies together with the background competences should be supported by a continuous development process looking to both incremental improvements and breakthrough innovations, trying to keep competitiveness in both available solutions in the market and next generation technologies. Alkaline electrolysers are, in this respect, a mature and consolidated technology, available in the market at large scale, looking to play the challenge of lighthouse project initiatives at the scale of hundreds of megawatts (MW) or even gigawatts (GW) of power capacity.
However, the alkaline electrolyser (AEL) technology still requires improvements in terms of performance and cost reduction from materials to improved balance-of-plants components, control strategies and systems. Novel research and innovation allowing solutions is therefore needed. 
This will serve as an outcome to sustain the improvement of the cells and stacks, of the manufacturing processes, of the supply chain support, and look forward for an impact on both technology CAPEX and OPEX, as well as the TCO. This will consist of a direct support to meet the targets of the SRIA in terms of technology performances but including the outreach of targets indicated by the European Hydrogen Strategy as the technology can provide better business cases and integrate better into the specific use cases.
Although the AEL is an industrially well-established technology, it presents some weaknesses when compared to PEM technology, such as the significantly lower flexibility which limits both the maximum current density (preventing the production of compact systems) and the minimum current density (narrowing the range of operability).  However, one of its strengths is the possibility of avoiding the use of expensive and scarce platinum group metals (PGM).
The project’s expected outcomes are as follows:
· Improve the competitiveness of the expected solutions versus the state of the art today in the market;
· Keep the European specific sector of AEL in the forefront of international competition;
· Realize the novel proposed AEL short stack at the scale of 10 kW, with a minimum cell area of 100 cm2 and at least 10 cells for the stack, validating in a laboratory environment the specific performances;
· Improve the electrolyser’s performances and contribute to the achievement of the SRIA KPIs at the level of system and stack (as per Annex 2 Table 2.1 State-of-the-art and future targets for hydrogen production from renewable electricity for energy storage and grid balancing using alkaline electrolysers);
· Reduce CAPEX for the stack down to 150 €/kW and OPEX to 35 €/(kg/d)/y.
The projects will contribute to the objectives of the Clean Hydrogen JU included in the SRIA as indicated below. At least one of the following KPIs should be improved while maintaining the other at the present SoA. 
· Increase the current density (minimum 1,2 A/cm2@2V);
· Improve the conversion efficiency (nominal electric consumption <48 kWh/kg);
· leverage the technology durability (degradation rate <0.1%/1000h) and the technology reliability.
It should be indeed relevant to consider the following other optional targets:
· Improve the dynamic behavior in cold ramp up and partial load;
· Improve operation range, especially at low power (crossover, safety, etc..) at the same performances of the best-in-class technology;
· Decrease the hydrogen and oxygen cross flow phenomena between the anode and cathode side.

Scope
This topic aims at advancing the Alkaline Electrolyser technology by improving performances and reducing costs.
The topic aims to facilitate the integration of innovative lab scale developments in the alkaline electrolysis technologies landscape into pilot industrial scale systems for their validation and further escalation into industrial MW scale systems. 
The project should explore one or more of the following innovations: ​
· New electrocatalysts and electrode materials for alkaline water electrolysis operating at high current density and high energy efficiency based on non-platinum group metals;
· Novel concepts of porous transport electrodes free of precious coating with integrated micro-porous-layer and electrocatalysts; 
· Explore new plating technologies for more efficient mass production (e.g. plasma spraying, physical vapor deposition), combined with development in electrocatalysis for alkaline water electrolysis;
· Improve the separators and /or (microporous) membranes, with comparable performance and durability to a PEM electrolyser (1,2 A/cm² at < 2 V)​;
· Investigate the potential to increase the temperature to a higher operating window. Develop new alkaline electrolysis systems operating at high temperature, validated at small scales, to improve the operational temperature and energy efficiency (e.g., over 95 degrees C and below 48 kWh/kg);
· Advanced thermal management for short starting time from warm stand-by, (e.g., by intelligent heat storage or insulation schemes);
· Reduce the use of noble metals and improving the life cycle assessment aspects;
· Moving a step forward with respect to testing procedures and standardized qualifying tests (e.g., considering results from Qualygrids project).
The funded proposal should be able to test and validate in a lab or a relevant environment the targeted innovative parts or components.
State-of-the-art test stations are expected to perform an in-depth screening of the proposed improvements and advances in alkaline technology.
Taking advantage of JRC EU harmonized protocols for testing of low temperature water electrolysis (like Qualygrids, Haeolus, others), it will define standardised testing protocols representative of validating the expected outcomes. This would involve laboratory-based testing of the different integrated improvements into cells and stacks.
Consortia are expected to build on the expertise from the European research and industrial community to ensure broad impact by addressing several of the aforementioned items.
It is expected to have at least one alkaline electrolysers’ manufacturer, to foresee a scaling up of the validated solution.


[bookmark: _Toc5][bookmark: _Toc104375672]TC1-05: Advanced anionic exchange membrane system

General Elements
	Expected EU contribution per project
	The JU estimates that an EU contribution of around EUR 5 million would allow these outcomes to be addressed appropriately. Nonetheless, this does not preclude submission and selection of a proposal requesting different amounts.

	Expected duration
	[4]

	Number of projects
	1

	Type of Action
	Research and Innovation Action (may evolve to Innovation Action)

	Technology readiness level
	Activities are expected to achieve TRL [6] by the end of the project

	Is this topic open to International Collaboration?
	n/a

	Does this topic need a reduced funding rate? if yes, which one?[footnoteRef:6] [6:  default funding rates are 100% for RIAs and CSA and 70% for IAs. For IAs non-profit organisation a fund rate of 100% applies also for IAs] 

	No

	Include any eligibility criteria you would like to consider in the topic?
	To be discussed during the meeting EC/CG/PO

	(Main) Pillar/Sub-pillar/s of the MAWP addressed by the topic
	☒Renewable Hydrogen production
☒Electrolysis ☐Other routes of renewable hydrogen production
☐ Hydrogen storage and distribution
☐Large scale storage ☐H2 in the natural gas grid ☐Liquid H2 Carriers ☐  Improving Existing Hydrogen Transport means ☐  Compression, Purification and Metering Solutions ☐ HRS
☐  Hydrogen End uses: Transport
☐Building blocks ☐Heavy duty vehicles ☐Waterborne ☐  Rail ☐  Aeronautic 
☐   Hydrogen End uses: Heat and Power
☐  Stationary Fuel Cells ☐  Turbines, boilers and burners
☐   Cross-cutting
☐  Sustainability, LCSA, recycling and eco-design ☐  Education and public Awareness ☐  Safety, Pre-Normative Research and Regulations, Codes and Standards
☐ H2-Valley
☐ Supply chain
☐ Strategic Research Challenge
☐ Low or free PGM catalysts and reducing critical raw materials in electrolysers and fuel cells
☐ Advanced materials for hydrogen storage
☐ Advanced understanding of the performance / durability mechanisms of electrolysers and fuel cells

	Choose the JU specific outcomes and KPIs to which this topic contributes and if necessary, explain how your topic will contribute to them in no more than few lines
	☒  Outcome-1 Limiting the environmental impact of hydrogen technology applications the cost-effectiveness of clean hydrogen solutions
☒   KPI6 Carbon footprint of hydrogen technology applications
☒   KPI-7 Use of PGMs and CRMs in hydrogen technology applications
☒  Outcome-2 Improving the cost-effectiveness of clean hydrogen solutions
☒  KPI-8 Cost of electrolyser technologies used in hydrogen production
☐  KPI-9 Cost of Heavy-Duty Vehicles
☐  KPI-10 Cost of clean hydrogen distribution
☐  Outcome-3 Demonstrating clean hydrogen solutions across the different sectors
☐ KPI-11 MW of electrolysers deployed for hydrogen production funded by the JU
☐ KPI-12 Number of heavy-duty vehicles deployed within EU 27 funded by the JU
☐ KPI-13 Number of HRS deployed within EU 27 funded by the JU
☒  Outcome-4 Reinforcing the EU scientific and industrial ecosystem
☒ KPI-14 Number of patents generated by the projects funded by the JU
☒ KPI-15 Number of publications generated by the projects funded by the JU
☐ Outcome-5 Increasing public awareness and uptake of hydrogen technologies
☐ KPI-16 Public perception of hydrogen technologies




Expected Outcome
[bookmark: _Hlk103873647]In recent years Anionic Exchange Membrane (AEM) materials were made available at a larger scale and have improved in stability and performance. Indeed, AEM-Water Electrolysis (AEM-WE) is a promising technology as it has the advantage of reducing hydrogen production costs and fulfilling the requirements of limited resources. In comparison to low temperature Proton Exchange Membrane Water Electrolysis (PEM-WE) there is no need for precious metal catalysts or acid-stable components. Although the application of alkaline solution results in limits for material selection, the production of stable materials and suitable catalysts can be ramped up to the demand easier than PEM-WE catalysts-materials. 
Currently, Europe is leading research and development for AEM. As such, it is of crucial importance to maintain this lead and develop new techniques for large stacks and pressurised hydrogen production. It can be expected to achieve 50 bars of hydrogen produced with future AEM-WE stacks at overall input current density of >1.5 A/cm², with reduced alkaline concentration of <1 mol/L. 
Project results are expected to contribute to all of the following expected outcomes:
· Contributing to strengthening the European leadership in Anionic Exchange Membrane Water Electrolyser (AEM-WE) development, manufacturing and deployment for pressurised hydrogen production;
· Contributions to new short-stack layouts for pressurised AEM-WE by 2027;
· Contribute to the development of next-generation AEM-WE materials (AEMs, catalyst, etc.)
Project results are expected to contribute to all of the following objectives of the Clean Hydrogen JU SRIA:
· Reducing electrolyser CAPEX and OPEX and thus the cost per kg H2 especially by applying platinum group metal (PGM)-free catalyst with lowest possible amount of critical raw materials (e.g. Co);
· Increasing current density and lifetime for AEM-WE and decreasing footprint;
· Proof of the technology with long test(s) (3.000 h)
· Business model for the scale-up and industrialisation

Scope
[bookmark: _Hlk103873673]The scope of this project is to develop the next generation of anion exchange membrane electrolyser stack layout delivering hydrogen at a pressure ready for industrial end-uses (steel production, injection into chemical industry or gas networks).
It is expected that highly active PGM free catalysts will be used to demonstrate operation at current densities of above 1.5 A/cm², with alkaline concentrations of <1 mol/l and an electricity consumption below 50 kWh/kg. The temperature at which the applied membrane material properly functions is expected to be lower than 120 °C. To achieve the targets, all components have to be optimized in terms of pressure, chemical and corrosion stability as well as their performance and lifetime behaviour. Especially new membrane and catalyst materials and PTL structures have to be developed.
Targeted prototype scale and cell size should be appropriate for targeted application and future scale up. The developed cell construction should be scalable for various demands with an active area of over 600 cm² per cell and designed for 50 bars operational pressure. For demonstration, a stack of minimum 20kW up to 50kW should be built. 
Continuous short stack operation at degradation rates of <0,125%/1.000 h should be demonstrated for a period of at least 3,000 h with the designed stack layout under the stated parameters. 
Studies on possible corrosion effects and on degradation of AEM, anode and cathode catalyst as well as PTLs should be conducted in single cells through accelerated tests in order to be able to further predict their total lifetime and identify degradation effects. 
The project should achieve the KPI values that exceed the targets specified for 2024 in the SRIA and aim for those stated for 2030.
Proposals are expected to address sustainability, circularity and recycling aspects when choosing AEM, catalysts, PTL and cell-materials. Full LCAs are not part of the scope. Usage of critical raw materials (CRMs) should be avoided as far as possible.
Proposals should demonstrate how the developed concepts will first be applied in a laboratory setting, then optimized considering the important design and operating parameters (TRL 5). Based on the gathered information, the learnings should be transferred into a demonstrator and tested in relevant environment (TRL 6).
All performed tests should adopt the published EU harmonised testing protocols for low temperature water electrolysis [European Commission, Joint Research Centre, Tsotridis, G., Pilenga, A., EU harmonized protocols for testing of low temperature water electrolysis, Publications Office, 2021, https://data.europa.eu/doi/10.2760/58880].


[bookmark: _Toc82801065][bookmark: _Toc104375673]TC1-06: Photo(electro)chemical production of hydrogen

General Elements
	Expected EU contribution per project
	The JU estimates that an EU contribution of around EUR 4 million would allow these outcomes to be addressed appropriately. Nonetheless, this does not preclude submission and selection of a proposal requesting different amounts.

	Expected duration
	[3-4]

	Number of projects
	1

	Type of Action
	Research and Innovation Action

	Technology readiness level
	Activities are expected to start at TRL [2-3] and achieve TRL [5] by the end of the project

	Is this topic open to International Collaboration?
	n/a

	Does this topic need a reduced funding rate? if yes, which one?[footnoteRef:7] [7:  default funding rates are 100% for RIAs and CSA and 70% for IAs. For IAs non-profit organisation a fund rate of 100% applies also for IAs] 

	No

	Include any eligibility criteria you would like to consider in the topic?
	To be discussed during the meeting EC/CG/PO

	(Main) Pillar/Sub-pillar/s of the MAWP addressed by the topic
	☒Renewable Hydrogen production
☐Electrolysis ☒Other routes of renewable hydrogen production
☐ Hydrogen storage and distribution
☐Large scale storage ☐H2 in the natural gas grid ☐Liquid H2 Carriers ☐  Improving Existing Hydrogen Transport means ☐  Compression, Purification and Metering Solutions ☐ HRS
☐  Hydrogen End uses: Transport
☐Building blocks ☐Heavy duty vehicles ☐Waterborne ☐  Rail ☐  Aeronautic 
☐   Hydrogen End uses: Heat and Power
☐  Stationary Fuel Cells ☐  Turbines, boilers and burners
☐   Cross-cutting
☐  Sustainability, LCSA, recycling and eco-design ☐  Education and public Awareness ☐  Safety, Pre-Normative Research and Regulations, Codes and Standards
☐ H2-Valley
☐ Supply chain
☐ Strategic Research Challenge
☐ Low or free PGM catalysts and reducing critical raw materials in electrolysers and fuel cells
☐ Advanced materials for hydrogen storage
☐ Advanced understanding of the performance / durability mechanisms of electrolysers and fuel cells

	Choose the JU specific outcomes and KPIs to which this topic contributes and if necessary, explain how your topic will contribute to them in no more than few lines
	☒  Outcome-1 Limiting the environmental impact of hydrogen technology applications the cost-effectiveness of clean hydrogen solutions
☒   KPI6 Carbon footprint of hydrogen technology applications
☐   KPI-7 Use of PGMs and CRMs in hydrogen technology applications
☐  Outcome-2 Improving the cost-effectiveness of clean hydrogen solutions
☐  KPI-8 Cost of electrolyser technologies used in hydrogen production
☐  KPI-9 Cost of Heavy-Duty Vehicles
☐  KPI-10 Cost of clean hydrogen distribution
☐  Outcome-3 Demonstrating clean hydrogen solutions across the different sectors
☐ KPI-11 MW of electrolysers deployed for hydrogen production funded by the JU
☐ KPI-12 Number of heavy-duty vehicles deployed within EU 27 funded by the JU
☐ KPI-13 Number of HRS deployed within EU 27 funded by the JU
☒  Outcome-4 Reinforcing the EU scientific and industrial ecosystem
☒ KPI-14 Number of patents generated by the projects funded by the JU
☒ KPI-15 Number of publications generated by the projects funded by the JU
☐ Outcome-5 Increasing public awareness and uptake of hydrogen technologies
☐ KPI-16 Public perception of hydrogen technologies





Expected Outcome
Photo(electro)chemical systems have been identified as one of the promising technologies to meet long-term hydrogen-production goals as they integrate the photovoltaic and electrolysis function in a single energy conversion step. Remarkably, the direct use of sunlight to bias the chemical reaction also decouples the hydrogen-production process from power price fluctuations. Together, these provide advantageous prospects for the reduction of both CapEx and OpEx, especially in geographies with large renewable potential. 
Project results are expected to contribute to all of the following expected outcomes:
· Development of breakthrough technologies able to harvest the renewable energy source potential in the EU regions and neighbourhoods
· Strengthening the solar-energy conversion technologies EU value-chain 
· Contribute to the demonstration of the first scalable photo(electro)chemical system by 2028
· Propose techno-economic analyses and/or technology-transfer scenarios for the simultaneous production of renewable hydrogen and value-added chemicals or biomass/waste reformate obtained from sunlight-driven process
Project results are expected to contribute to all of the following objectives of the JU as reflected in the MAWP:
· For the sub-Pillar “Other routes of renewable hydrogen production”, achieve low cost (around 3 €/kg including feedstock cost) hydrogen operating either at distributed or central facilities with capacities approaching MW of hydrogen production, with reduced land use
· For “Direct solar” hydrogen production technologies, develop and test novel architectures and system designs for collector/reactor integration, as well as new materials that improve solar energy conversion into hydrogen (and chemicals) production

In doing this the following KPIs should be addressed :
· For photo(electro)chemical (PEC) systems, a solar-to-hydrogen conversion efficiency higher than 15% as well as the build-up of a demonstration PEC cell with an active area of at least 1m2. Additionally, the Faraday efficiency should exceed 90 % and the cumulated operation time under natural sunlight should be higher than 1000 hours
· For photocatalytic (PC) systems, a solar-to-hydrogen conversion efficiency higher than 5% as well as the build-up of a demonstration PC reactor with an active area of at least 1m2. Additionally, the cumulated operation time under natural sunlight should be higher than 1000 hours

Scope
Photo(electro)chemical systems are expected to play a major role in renewable hydrogen production, aiming to compete on a medium- to long-term basis with commercial system comprising separated photovoltaic and electrolysis modules. These systems, despite the continuous improvements being achieved in the stack cost, still suffer from expensive Balance-of-Plant units – especially the electrical components – that typically amount to half the system cost. In addition to that, the Levelised Cost of Hydrogen is largely determined by price of electricity needed for the electrolysis process. Innovative technologies, complementing the CapEx and OpEx optimisation efforts infused to electrolysers R&D, are highly sought to accelerate the market competitiveness of renewable hydrogen.
Notably, solar-to-hydrogen (STH) conversion systems such as photovoltaic+electrolysis (PV+EC) have been widely investigated to tackle the aforementioned issues. In the PECDEMO project, for example, lab-scale hybrid PEC-PV specimens have reached STH efficiencies above 15% (also under concentrated irradiation), active areas greater than 50 cm2 and stability of 1000 hours, but not with the same device. Improvements to such figures-of-merit have been later demonstrated in the PECSYS project, where STH efficiencies soared higher that 20% on small active areas, while few m² devices operating with natural sunlight reported efficiencies of 10%. The rich academic literature witnessed up to 30% STH efficiencies for integrated PV+EC devices under concentrated irradiation, yet industrially relevant demonstration of pure PEC or PC is lagging behind with respect to PV+EC devices.. As a result, specific Research & Innovation areas are needed to be tackled to further progress PEC and PC before demonstration in an industrially relevant environment:
· Demonstration of a commercially viable PEC or PC device, i.e. comprising a single material that integrates both the solar harvesting and catalytic function. Therefore, proposal on closely integrated PV+EC or PV biased PEC devices are excluded from the call 
· Novel photo-chemical reactor design, based on flow conditions rather than batch or semi-batch prototypes
· Integration of solar concentration architectures, featuring photon management concepts through suitable optics and heat removal and usage concepts, or via disruptive nanomaterials design that promote local concentration of the incoming radiation
· Expansion of the arsenal of materials for efficient solar energy conversion, including semiconductor oxides, selenides, nitrides, polymers and the respective hybrids, as well as bio-hybrids enzyme-semiconductors
· Development of effective passivation strategies to mitigate chemical/electrochemical corrosion of semiconductor photoelectrodes and photocatalysts and thereby improve their operational lifetime.
· Development of cost-effective, scalable processing methods enabling the coupling of efficient hydrogen evolution, oxygen evolution or electro-oxidation (co)catalysts to semiconductor photoelectrodes and photocatalysts.
· Alternative photo-chemical reactions beyond conventional water splitting, de-coupling hydrogen and oxygen production in favour of more economically attractive and/or less energy-demanding oxidative reactions, such as biomass/waste photo-reforming or direct saltwater photo(electro)catalysis
The scope of this topic should therefore address the lack of industrially relevant photo-chemical reactor, offering advantages in terms of land-use, simplified system layouts and lower cost. The use of flow conditions is particularly relevant for PC systems, that are often tested in custom batch-type lab reactors without internationally acknowledged measurements protocol and standards. Consequently, projects are expected to validate novel Solar-To-Hydrogen conversion reactors, featuring irradiation areas of 10s of cm2, in relevant environments. To this extent, monolithic or highly integrated photo(chemical) devices are to be developed, while simple electrical connection between photovoltaic cells and electrolysers is excluded from the scope of this call.
Furthermore, the scope of this action is to validate novel photo-active materials of at least 5% - for PC – and 15% - for PEC – STH efficiencies. To achieve such a fundamental goal for the R&D field it is expected to pursue strategies that aim to improve both light harvesting and catalytic properties, namely core/shell or hybrid nanomaterial synthesis, materials showing plasmonics effect or selective photo(electro)catalyst for alternative oxidative reactions beyond water oxidation.
Overall, proposals should address the following targets at the system level:
· A photo(electro)chemical system with a minimum cumulated hydrogen production of 150 kWh/m2 for PEC or 50 kWh/m2 for PC systems, respectively
· The concepts used in developing the novel reactor should allow scalability to higher throughput not only by numbering up reactors but also by increasing the single reactor throughput
· Photo(electro)chemical reactions beyond conventional water splitting should be demonstrated
· A functioning prototype of the system should be validated in a relevant environment. If natural sunlight is used, stable STH efficiencies should be demonstrated for a cumulated period of over 1’000 hours.


[bookmark: _Toc104375674]TC1-07: Waste-to-hydrogen demonstration plant

General Elements
	Expected EU contribution per project
	The JU estimates that an EU contribution of around EUR 10 million would allow these outcomes to be addressed appropriately. Nonetheless, this does not preclude submission and selection of a proposal requesting different amounts.

	Expected duration
	[4]

	Number of projects
	1

	Type of Action
	Innovation Action

	Technology readiness level
	Activities are expected to start at TRL [5] and achieve TRL [7] by the end of the project

	Is this topic open to International Collaboration?
	n/a

	Does this topic need a reduced funding rate? if yes, which one?[footnoteRef:8] [8:  default funding rates are 100% for RIAs and CSA and 70% for IAs. For IAs non-profit organisation a fund rate of 100% applies also for IAs] 

	No

	Include any eligibility criteria you would like to consider in the topic?
	To be discussed during the meeting EC/CG/PO

	(Main) Pillar/Sub-pillar/s of the MAWP addressed by the topic
	☒Renewable Hydrogen production
☐Electrolysis ☒Other routes of renewable hydrogen production
☐ Hydrogen storage and distribution
☐Large scale storage ☐H2 in the natural gas grid ☐Liquid H2 Carriers ☐  Improving Existing Hydrogen Transport means ☐  Compression, Purification and Metering Solutions ☐ HRS
☐  Hydrogen End uses: Transport
☐Building blocks ☐Heavy duty vehicles ☐Waterborne ☐  Rail ☐  Aeronautic 
☐   Hydrogen End uses: Heat and Power
☐  Stationary Fuel Cells ☐  Turbines, boilers and burners
☐   Cross-cutting
☐  Sustainability, LCSA, recycling and eco-design ☐  Education and public Awareness ☐  Safety, Pre-Normative Research and Regulations, Codes and Standards
☐ H2-Valley
☐ Supply chain
☐ Strategic Research Challenge
☐ Low or free PGM catalysts and reducing critical raw materials in electrolysers and fuel cells
☐ Advanced materials for hydrogen storage
☐ Advanced understanding of the performance / durability mechanisms of electrolysers and fuel cells

	Choose the JU specific outcomes and KPIs to which this topic contributes and if necessary, explain how your topic will contribute to them in no more than few lines
	☒  Outcome-1 Limiting the environmental impact of hydrogen technology applications the cost-effectiveness of clean hydrogen solutions
☒   KPI6 Carbon footprint of hydrogen technology applications
☐   KPI-7 Use of PGMs and CRMs in hydrogen technology applications
☐  Outcome-2 Improving the cost-effectiveness of clean hydrogen solutions
☐  KPI-8 Cost of electrolyser technologies used in hydrogen production
☐  KPI-9 Cost of Heavy-Duty Vehicles
☐  KPI-10 Cost of clean hydrogen distribution
☐  Outcome-3 Demonstrating clean hydrogen solutions across the different sectors
☐ KPI-11 MW of electrolysers deployed for hydrogen production funded by the JU
☐ KPI-12 Number of heavy-duty vehicles deployed within EU 27 funded by the JU
☐ KPI-13 Number of HRS deployed within EU 27 funded by the JU
☐  Outcome-4 Reinforcing the EU scientific and industrial ecosystem
☐ KPI-14 Number of patents generated by the projects funded by the JU
☐ KPI-15 Number of publications generated by the projects funded by the JU
☐ Outcome-5 Increasing public awareness and uptake of hydrogen technologies
☐ KPI-16 Public perception of hydrogen technologies





Expected Outcome
The expected growth of the hydrogen economy is, amongst others, based on the development of sustainable methods for hydrogen production. These can include processes of biotechnological, electrochemical and thermal conversion of waste into gas with relatively high content of hydrogen. Moreover, the carbon footprint related to the processing of the biomass being produced in both urban and agricultural areas is treated as negligible. On the other hand, some plastic waste such as some kinds of multi-layered packaging should be excluded from the typical recycling paths of the polymeric materials and can be incorporated into the thermal processing schemes of interest.  
A pilot plant processing waste-to-hydrogen should be developed and demonstrated. The system developed should include:  
·  Biotechnological sub-unit responsible for green (grass and tree leaves etc.) and other bio waste conversion; 
·  Thermal sub-unit able to process the mixture of lignite parts of the plants, residual products of the bioprocess and selected multilayered plastics; 
·  A gasification post-processor for the solid products of the previous steps and/or a electrochemical based conversion sub-unit. 
· Optional additional sub-units including waste electro processing and other less mature technologies. 
 
The following outcomes are expected to stem for the project: 
· Development of the combined technological process optimised to the conversion of the mixed bio and polymer waste stream. 
· One versatile or two dedicated (urban and agricultural waste oriented) hundreds kW scale demonstrators by 2027. 
· Contributing to keep European leadership for waste processing solutions based on different technologies that will be applicable for green hydrogen production. 
· New business models for biomass and plastic waste treatment based on distributed network of miniaturised processing plants. 
· Strengthening the European value chain on waste to hydrogen technology by the development of the commercially up-scalable demonstrator. 
· New technological process addressing both the hydrogen and circular economy areas through targeting distributed processing of the green and lignite biomass and selected plastic waste. 
· New waste processing services available to be launched for both urban and agricultural areas. 
· Demonstration of innovative solutions allowing to electrify waste-to-hydrogen production. 
As reflected in the SRIA, the following project objectives are expected to be reached one year before the end of the project (which corresponds to the start of the demo plant field tests): 
· Conceptual illustration for the other modes of green & clean hydrogen production. 
· Feasibility study for the upscale of the technology. 
· Development of the software and hardware for the automated process carried on by remote controls. 
· Demonstration of the successful co-processing of green, lignite and other biomass together with selected plastic waste. 
· To evaluate the combined optimisation in the perspective of reaching the set target of KPIs for hydrogen production with low carbon footprint from other resources, i.e. of system hydrogen yield H2/C of 0,65, with 100-200 kg/m3 reactor yield reaching finally reactor scale of 10 m3 following the scheme: 
	Project duration [months] 
	9
	15
	20
	30
	36

	N°
	Parameter 
	Unit
	 
	 
	 
	 
	 

	1
	System hydrogen yield 
	H2/C
	0.60
	0.62
	0.64
	0.65
	0.65

	2
	Reactor production rate 
	kg/m3
reactor
	 
2
	 
10
	 
40
	 
100
	 
200

	3
	Reactor scale 
	m3
	0.05
	0.5
	1
	10
	10



Scope
Agricultural, or more generally speaking, plant waste biomass can be treated not only as a combustible source of thermal energy but also utilised in both biotechnological and thermal conversion processes yielding green hydrogen. Therefore, a combined process is considered in which the stream of mixed plant bio-waste is functionally separated into ‘soft’, and therefore, bio-processable and ‘hard’ ligneous (thermo-processable) parts. Moreover, the energetic density of the bio-waste stream can be increased by the addition of non-recyclable plastic waste including i.e. multilayered packaging material. For both modes of processing, a gas mixture containing up to 60-80% of hydrogen can be yielded. Thus, a gas separation step is further needed to, on one hand, achieve and asses the purity of the hydrogen gas acceptable for the further use and, on the other, to enable the on-site use of combustible by-products such as CH4 and CO to partially satisfy the needs of the thermal processing step. Therefore, it is expected to address the issue of exhaust gases treatment to reduce both their SOx/NOx, as well as, to remove the toxic volatile residues. 
 
The scope will include the following requirements: 
· Improve the operational parameters of the fast thermal processing of biomass and plastic waste mixture  step beyond the current state of the art.  
· Operation of the thermal processing with efficiency reaching 65% of hydrogen in the obtained gas mix with CH4, CO, N2 and CO2.  
· Optimisation of the processing of the green material (and other similar wastes from urban areas such as OFMSW and bioplastics) by means of targeted selection of microbial strains of towards the conversion of planteous carbohydrates and other suitable carbon sources into hydrogen without its further methanisation. 
· Validate the technology for a broad range of residual organic resources. 
· To optimise hydrogen yield by devising biological strategies exploiting microbial biodiversity, co-cultures and metabolic engineering. 
· Increase of the overall thermal efficiency of the thermal processing stage through the utilisation of solar energy towards the biomass preheating. 
· Demonstrate feasibility of about 20% efficiency improvement compared to the state-of –the-art. 
· To define protocols of pretreatment of economically relevant wastes (possible targeting of test cases from waste flows of selected industrial sector, such as large amount vegetable scraps from food companies etc…) 
· Optimisation of the material and energy balance of the process between the hydrogen delivered and internal energy consumption through residual gas (CH4 and CO) separation and combustion. 
· Optimisation of the targeted size of the commercial system upon the assessment the balance between the local biomass availability and energetic and environmental costs of its transportation to the processing site. 
· Development of the combined gas separation technology serving fermentation, pyrolysis, electrochemical processing and gasification products adjusted towards versatility covering wide range of combinations of waste biomass, non-recyclable plastics and other suitable input waste materials to minimize the carbon footprint for this innovative and clean way of hydrogen production.  
· Demonstrate feasibility of the reduction of the final H2 production costs (<3 €/kg) including compression & purification. 
· Computer modelling of thermal, electrochemical and bio processes involved including fluid dynamics and Stokes based modelling. 
· Development of the software and hardware for the automated process carried on by remote controls. 
· Development of cleaning process for H2 rich currents depending on the end-use application for the hydrogen.  
· Reduce environmental impact & use & release of CRMs thanks to a full LCA. 
· Business model for the scale up and industrialisation. 
· 1-year test for the proof of the technology with targeted at least 1000 hours of plant operation. 
· Assessment of either market niches for process byproducts such as biochar and tar or the possibility of their post-processing allowing for the increase of the overall hydrogen efficiency of the process. 
 
The topic is open for concepts based not only on technologies of waste bioprocessing and thermal treatment of biomass and plastic waste but, as well, to all other technologies presenting the expected TRL’s  i.e. such as electrochemical processing and  followed steam gasification process focusing on the increase of the final H2 content in the gas stream. Inclusion of less mature technological ideas will be allowed if they do not interfere with the expected TRL goal defined in the call. 
Consortia are expected to build on the expertise from the European research and industrial community to ensure broad impact by addressing, finally, the needs of both urban and agricultural communities focused on. local/distributed production of green & clean hydrogen. 


[bookmark: _Toc8][bookmark: _Toc104375675]TC1-08: Valorisation of by-product O2 and/or heat from electrolysis

General Elements
	Expected EU contribution per project
	The JU estimates that an EU contribution of around EUR 10 million would allow these outcomes to be addressed appropriately. Nonetheless, this does not preclude submission and selection of a proposal requesting different amounts.

	Expected duration
	[4]

	Number of projects
	1

	Type of Action
	Innovation Action

	Technology readiness level
	Activities are expected to achieve TRL [7-8] by the end of the project

	Is this topic open to International Collaboration?
	n/a

	Does this topic need a reduced funding rate? if yes, which one?[footnoteRef:9] [9:  default funding rates are 100% for RIAs and CSA and 70% for IAs. For IAs non-profit organisation a fund rate of 100% applies also for IAs] 

	No

	Include any eligibility criteria you would like to consider in the topic?
	To be discussed during the meeting EC/CG/PO

	(Main) Pillar/Sub-pillar/s of the MAWP addressed by the topic
	☒Renewable Hydrogen production
☒Electrolysis ☐Other routes of renewable hydrogen production
☐ Hydrogen storage and distribution
☐Large scale storage ☐H2 in the natural gas grid ☐Liquid H2 Carriers ☐  Improving Existing Hydrogen Transport means ☐  Compression, Purification and Metering Solutions ☐ HRS
☐  Hydrogen End uses: Transport
☐Building blocks ☐Heavy duty vehicles ☐Waterborne ☐  Rail ☐  Aeronautic 
☐   Hydrogen End uses: Heat and Power
☐  Stationary Fuel Cells ☐  Turbines, boilers and burners
☐   Cross-cutting
☐  Sustainability, LCSA, recycling and eco-design ☐  Education and public Awareness ☐  Safety, Pre-Normative Research and Regulations, Codes and Standards
☐ H2-Valley
☐ Supply chain
☐ Strategic Research Challenge
☐ Low or free PGM catalysts and reducing critical raw materials in electrolysers and fuel cells
☐ Advanced materials for hydrogen storage
☐ Advanced understanding of the performance / durability mechanisms of electrolysers and fuel cells

	Choose the JU specific outcomes and KPIs to which this topic contributes and if necessary, explain how your topic will contribute to them in no more than few lines
	☒  Outcome-1 Limiting the environmental impact of hydrogen technology applications the cost-effectiveness of clean hydrogen solutions
☒   KPI6 Carbon footprint of hydrogen technology applications
☐   KPI-7 Use of PGMs and CRMs in hydrogen technology applications
☒  Outcome-2 Improving the cost-effectiveness of clean hydrogen solutions
☒  KPI-8 Cost of electrolyser technologies used in hydrogen production
☐  KPI-9 Cost of Heavy-Duty Vehicles
☐  KPI-10 Cost of clean hydrogen distribution
☒  Outcome-3 Demonstrating clean hydrogen solutions across the different sectors
☒ KPI-11 MW of electrolysers deployed for hydrogen production funded by the JU
☐ KPI-12 Number of heavy-duty vehicles deployed within EU 27 funded by the JU
☐ KPI-13 Number of HRS deployed within EU 27 funded by the JU
☐  Outcome-4 Reinforcing the EU scientific and industrial ecosystem
☐ KPI-14 Number of patents generated by the projects funded by the JU
☐ KPI-15 Number of publications generated by the projects funded by the JU
☐ Outcome-5 Increasing public awareness and uptake of hydrogen technologies
☐ KPI-16 Public perception of hydrogen technologies





Expected Outcome
Conventionally, an electrolyser vents by-product oxygen into the atmosphere and rejects ~30% of its electricity input as waste heat. The chemical and process industry sector is currently demonstrating that there is value in utilising the oxygen and recovering the waste heat, but there is now a need to apply this approach to other industries such as, but not limited to, non-energy-intensive industries (eg. wastewater treatment, fish farming, healthcare etc.) and to assess the potential for establishing hydrogen hubs.  
The project will be expected to pave the way for further large-scale integration of electrolyser systems in industrial applications, where the use oxygen and heat integration can improve efficiency and economics of green hydrogen use in industrial processes. The project is expected to demonstrate in an operational environment an improved electrolysis technology at a scale of at least 5 MW. 
The project should show decreased costs for both CAPEX and OPEX of the electrolyser system, independently on the chosen technology, increase operational reliability, improved integration within the industrial process, whilst improving the overall economics. SRIA KPIs for 2024 for the relevant technology used should be met. 
Project results are expected to contribute to all of the following expected outcomes: 
· Innovation of the electrolyser technology and the balance-of-plant integration directly into the industrial process ensuring a wide commercial impact in at least one application sector. 
· Development of techno-economic analysis of the performance of these systems showcasing the business case of the proposed solution at scale 
· Reproducibility of the solution for at least two different industrial case 
· Establishment of optimal strategies to balance supply of O2 and H2 with the specific industrial demand 
· Improving dynamic operation strategies and efficiency, with high durability and availability on-line reliability following the need of the industrial process. 
· Footprint reduction through direct integration with industrial process 
 Project results are expected to contribute to the following objectives of the JU as reflected in the SRIA: 
· Alkaline Electrolysis (AEL), Electricity consumption @ nominal capacity (kWh/kg) 49, Capital cost €/(kg/d) 1,000, O&M cost €/(kg/d)/y 43, Degradation (%/1,000h) 0.11, Current density (A/cm2) 0.7, Use of critical raw materials as catalysts (mg/W) 0.3; 
· Proton Exchange Membrane Electrolysis (PEMEL), Electricity consumption @ nominal capacity (kWh/kg) 52, Capital cost €/(kg/d) 1,550, O&M cost €/(kg/d)/y 30, Degradation (%/1,000h) 0.15, Current density (A/cm2) 2.4, Use of critical raw materials as catalysts (mg/W) 1.25. 
· Solid Oxide Electrolysis (SOEC), Electricity consumption @ nominal capacity (kWh/kg) 39, Heat demand @ nominal capacity 9, Capital cost €/(kg/d) 2,000, O&M cost €/(kg/d)/y 130, Degradation (%/1,000h) 1, Current density (A/cm2) 0.85. 

Scope
Utilization of the by-product oxygen as well as simplification of the balance-of-plant through integration into the downstream process can improve the economics and the total cost of ownership of the electrolyser. 
The research activity should focus on improving efficiency of the electrolyser system as well reducing the footprint by optimizing the electrolyser system-industrial process integration. Furthermore, the project should give insight into the effect of this integration on electrolyser degradation phenomena compared to a standard electrolysis system.   
The project scope is: 
· Demonstrate an improved electrolyser (>5MW) with innovative balance-of-plant able to deliver hydrogen and oxygen as well as synergies optimise heat integration with the downstream industrial process. The demonstration should operate for a minimum of 1 year (4000 cumulated hours at nominal load). 
· Demonstrate the scalability to multi-MW of the solution, including optimized control strategies and the economic benefit at scale including the impact on the final cost of the product.  
· The proposal must include a plan for use of the installation after the project. 
· Quantify the impact of the system operating strategy on the durability of the electrolyser.  
· Validate system configurations allowing for deployment of efficient electrolysers in industrial environmental lacking waste heat sources but with opportunities to use by-product oxygen. 
· Effect of use of by-product O2 into the downstream process and/or product properties. 
· Assessment of the different industrial activities, utilities or services that could be benefited from heat integration and oxygen production, including their requirements, i.e. purity, profile etc.  
It is expected that a consortium will include offtakers for the hydrogen, oxygen and/or heat and an EPC partner for appropriately integrating these electrolyser outputs at the site. The grant may be used for capital expenditure on any part of the required plant, but not for electricity costs.


[bookmark: _Toc82801068][bookmark: _Toc104375676]TC1-09: Hydrogen use by an industrial cluster via a local pipeline network

General Elements
	Expected EU contribution per project
	The JU estimates that an EU contribution of around EUR 20 million would allow these outcomes to be addressed appropriately. Nonetheless, this does not preclude submission and selection of a proposal requesting different amounts.

	Expected duration
	[6]

	Number of projects
	1

	Type of Action
	Innovation Action

	Technology readiness level
	Activities are expected to achieve TRL [8] by the end of the project

	Is this topic open to International Collaboration?
	n/a

	Does this topic need a reduced funding rate? if yes, which one?[footnoteRef:10] [10:  default funding rates are 100% for RIAs and CSA and 70% for IAs. For IAs non-profit organisation a fund rate of 100% applies also for IAs] 

	No

	Include any eligibility criteria you would like to consider in the topic?
	To be discussed during the meeting EC/CG/PO

	(Main) Pillar/Sub-pillar/s of the MAWP addressed by the topic
	☒Renewable Hydrogen production
☒Electrolysis ☐Other routes of renewable hydrogen production
☒ Hydrogen storage and distribution
☐Large scale storage ☐H2 in the natural gas grid ☐Liquid H2 Carriers ☒  Improving Existing Hydrogen Transport means ☐  Compression, Purification and Metering Solutions ☐ HRS
☐  Hydrogen End uses: Transport
☐Building blocks ☐Heavy duty vehicles ☐Waterborne ☐  Rail ☐  Aeronautic 
☒   Hydrogen End uses: Heat and Power
☒  Stationary Fuel Cells ☒  Turbines, boilers and burners
☐   Cross-cutting
☐  Sustainability, LCSA, recycling and eco-design ☐  Education and public Awareness ☐  Safety, Pre-Normative Research and Regulations, Codes and Standards
☐ H2-Valley
☐ Supply chain
☐ Strategic Research Challenge
☐ Low or free PGM catalysts and reducing critical raw materials in electrolysers and fuel cells
☐ Advanced materials for hydrogen storage
☐ Advanced understanding of the performance / durability mechanisms of electrolysers and fuel cells

	Choose the JU specific outcomes and KPIs to which this topic contributes and if necessary, explain how your topic will contribute to them in no more than few lines
	☒  Outcome-1 Limiting the environmental impact of hydrogen technology applications the cost-effectiveness of clean hydrogen solutions
☒   KPI6 Carbon footprint of hydrogen technology applications
☐   KPI-7 Use of PGMs and CRMs in hydrogen technology applications
☒  Outcome-2 Improving the cost-effectiveness of clean hydrogen solutions
☒  KPI-8 Cost of electrolyser technologies used in hydrogen production
☐  KPI-9 Cost of Heavy-Duty Vehicles
☒  KPI-10 Cost of clean hydrogen distribution
☒  Outcome-3 Demonstrating clean hydrogen solutions across the different sectors
☒ KPI-11 MW of electrolysers deployed for hydrogen production funded by the JU
☐ KPI-12 Number of heavy-duty vehicles deployed within EU 27 funded by the JU
☐ KPI-13 Number of HRS deployed within EU 27 funded by the JU
☐  Outcome-4 Reinforcing the EU scientific and industrial ecosystem
☐ KPI-14 Number of patents generated by the projects funded by the JU
☐ KPI-15 Number of publications generated by the projects funded by the JU
☐ Outcome-5 Increasing public awareness and uptake of hydrogen technologies
☐ KPI-16 Public perception of hydrogen technologies




Expected Outcome
Renewable hydrogen offers industry the means to decarbonise thermal and chemical processes that currently rely on fossil fuels or grey hydrogen. In an industrial zone the opportunities to switch these processes to renewable hydrogen are improved if off-takers can access it via a local pipeline network (rather than by each having to install a separate electrolyser). Hydrogen can then be produced more cost effectively via a relatively large electrolyser. This approach is an important next step for decarbonising an industrial area, as opposed to decarbonising an individual process. The project should be designed for wider replication, or as the first stage of a hydrogen valley.   
This flagship project involves introducing and operating a small hydrogen network in combination with a large electrolyser to decarbonise at least two industrial processes that are located within a single industrial zone. The electrolyser should produce a minimum of 2,500 tonnes of hydrogen per annum.  
The deployed hydrogen technologies should conform with the relevant 2024 KPIs stated in the SRIA. The project will contribute to the following objectives as stated in the SRIA: 
· Reducing electrolyser CAPEX and OPEX; 
· Increasing the scale of deployment; 
· Increasing the pressure and capacity for new builds of 100% hydrogen pipelines while reducing their cost; 
· System integration & efficiency; 
· Improving security and resilience of the energy system, e.g. via hydrogen production using locally available renewable energy sources; 
· Assessment of the availability and affordability of clean (pollution free) energy provision for industry, whilst also considering environmental impacts; 
· Mutualisation of production or distribution and storage, assuming decentralisation as key parameter; 

Tentative KPIs 
Table 13: KPIs for hydrogen transportation 
	No 
	Parameter 
	Unit 
	SoA 
	Targets 

	
	
	
	2020 
	2024 
	2030 

	 
	Hydrogen Pipelines 

	1 
	Total capital investment* 
	M€ /km 
	1.1 
	1 
	0.9 

	2 
	Transmission pressure 
	bar 
	90 
	100 
	120 

	3 
	H2 leakage 
	% 
	na 
	0 
	0 



*) includes repurposing as viable option  

Table 14: KPIs for hydrogen distribution 
	No 
	Parameter 
	Unit 
	SoA 
	Targets 

	
	
	
	2020 
	2024 
	2030 

	Hydrogen compression 

	1 
	Technical lifetime 
	year 
	10 
	14 
	20 

	2 
	Energy consumption pipeline 
(30 to 200 bar) 
	kWh/kg 
	3 
	2.5 
	2 

	5 
	OPEX pipeline 
	€/kg 
	0.05 
	0.03 
	0.01 

	6 
	CAPEX for the compressor pipeline 
	€/kW 
	1,300 
	1,000 
	650 
 


 


Table 25: KPIs for Safety, PNR & RCS 
	No 
	Parameter 
	Unit 
	SoA 
	Targets 

	
	
	
	2020 
	2024 
	2030 

	1 
	Projects with proactive safety management 
	% 
	0 
	80 
	100 

	2 
	Safety reporting 
	% 
	10 
	80 
	100 

	3 
	Safety, PNR/ RCS Workshops 
	No/ y 
	1 
	2 
	4 

	4 
	Impact on standards at scope 
	No/ project 
	0.6 
	0.9 
	1 


 

Scope
This Topic requires installing and operating a simple and short local hydrogen pipeline network for interconnecting an electrolyser with a small number of industrial end users, with the option to serve other final application (e.g. mobility) as well.  
The electrolyser should be positioned logically with respect to the electricity grid and any nearby renewable power sources, and it is expected that this will influence the layout of the pipeline network. It is envisaged that a hydrogen pipeline within an industrial district could facilitate the proposed approach by serving two or more industrial processes to create an industrial hydrogen cluster. 
The co-location of an electrolyser with an industrial process has been demonstrated previously (eg. for methanol production and oil refining). However, the operation of a number of processes from a small hydrogen pipeline network fed by a central electrolyser has not been demonstrated. This requires laying new pipelines or repurposing existing pipelines in order to connect the end users to the electrolyser and incorporating buffer storage as appropriate in order to manage supply/demand mismatches. The hydrogen must be used to fully or partially displace the consumption of a fossil fuel or grey hydrogen. 
The proposal must outline the business model upon which the equipment will be operated for the long term (e.g. 10-20 years) and full details of the business model should be finalised during the early stages of the project. The project must conform with the permitting requirements and hydrogen policies of the Member State at the location. The first year of operation must lie within the timeframe of the project.  
It is expected that the consortium will include a gas engineering company, a gas distribution or transmission operator and a minimum of two off takers located within an industrial area. 
The grant may be used for capital expenditure on equipment, installation and commissioning costs, and operating costs except electricity. 


[bookmark: _Toc104375677]TC2 Hydrogen Distribution

[bookmark: _Toc104375678]TC2-01: Large-scale demonstration of underground storage

General Elements
	Expected EU contribution per project
	The JU estimates that an EU contribution of around EUR 25 million would allow these outcomes to be addressed appropriately. Nonetheless, this does not preclude submission and selection of a proposal requesting different amounts.

	Expected duration
	[4-6]

	Number of projects
	1

	Type of Action
	Innovation Action

	Technology readiness level
	Activities are expected to achieve TRL [8] by the end of the project

	Is this topic open to International Collaboration?
	n/a

	Does this topic need a reduced funding rate? if yes, which one?[footnoteRef:11] [11:  default funding rates are 100% for RIAs and CSA and 70% for IAs. For IAs non-profit organisation a fund rate of 100% applies also for IAs] 

	Yes

	Include any eligibility criteria you would like to consider in the topic?
	To be discussed during the meeting EC/CG/PO

	(Main) Pillar/Sub-pillar/s of the MAWP addressed by the topic
	☐Renewable Hydrogen production
☐Electrolysis ☐Other routes of renewable hydrogen production
☒ Hydrogen storage and distribution
☒Large scale storage ☐H2 in the natural gas grid ☐Liquid H2 Carriers ☐  Improving Existing Hydrogen Transport means ☐  Compression, Purification and Metering Solutions ☐ HRS
☐  Hydrogen End uses: Transport
☐Building blocks ☐Heavy duty vehicles ☐Waterborne ☐  Rail ☐  Aeronautic 
☐   Hydrogen End uses: Heat and Power
☐  Stationary Fuel Cells ☒  Turbines, boilers and burners
☐   Cross-cutting
☐  Sustainability, LCSA, recycling and eco-design ☐  Education and public Awareness ☐  Safety, Pre-Normative Research and Regulations, Codes and Standards
☐ H2-Valley
☐ Supply chain
☐ Strategic Research Challenge
☐ Low or free PGM catalysts and reducing critical raw materials in electrolysers and fuel cells
☐ Advanced materials for hydrogen storage
☐ Advanced understanding of the performance / durability mechanisms of electrolysers and fuel cells

	Choose the JU specific outcomes and KPIs to which this topic contributes and if necessary, explain how your topic will contribute to them in no more than few lines
	☐  Outcome-1 Limiting the environmental impact of hydrogen technology applications the cost-effectiveness of clean hydrogen solutions
☒   KPI6 Carbon footprint of hydrogen technology applications
☐   KPI-7 Use of PGMs and CRMs in hydrogen technology applications
☒  Outcome-2 Improving the cost-effectiveness of clean hydrogen solutions
☐  KPI-8 Cost of electrolyser technologies used in hydrogen production
☐  KPI-9 Cost of Heavy-Duty Vehicles
☒  KPI-10 Cost of clean hydrogen distribution
☐  Outcome-3 Demonstrating clean hydrogen solutions across the different sectors
☐ KPI-11 MW of electrolysers deployed for hydrogen production funded by the JU
☐ KPI-12 Number of heavy-duty vehicles deployed within EU 27 funded by the JU
☐ KPI-13 Number of HRS deployed within EU 27 funded by the JU
☐  Outcome-4 Reinforcing the EU scientific and industrial ecosystem
☐ KPI-14 Number of patents generated by the projects funded by the JU
☐ KPI-15 Number of publications generated by the projects funded by the JU
☐ Outcome-5 Increasing public awareness and uptake of hydrogen technologies
☐ KPI-16 Public perception of hydrogen technologies





Expected Outcome:
As reflected in the EU’s Hydrogen Strategy and, more recently, in its REPowerEU plan, Hydrogen will play a key role as a decarbonised energy vector in future European energy systems. As such, both supply (hydrogen production & hydrogen imports) and demand (hydrogen end-uses) will increase significantly in the coming decades. In between, hydrogen should efficiently be stored at large scale before it is transported and distributed from production/import locations to industrial, mobility and other end-uses. Large-scale hydrogen storage also has the potential to act as a means to store energy when renewable electricity production is higher than the demand of the grid.
This flagship topic aims to demonstrate the economic feasibility of a large-scale underground hydrogen storage, its contribution to intermittent electricity management, safety of supply, as well as the economies of scale that can be realized in addition of the first steps accomplished with pilot projects (TRL 6-7, cf. Hypster Project[footnoteRef:12], Hystock Project[footnoteRef:13]). [12:  https://www.fch.europa.eu/project/hydrogen-pilot-storage-large-ecosystem-replication ]  [13:  https://www.gasunie.nl/en/projects/hystock-hydrogen-storage ; https://heavenn.org/storage-and-built-
environment/   ] 

Project results are expected to contribute to all of the following expected outcomes :
· The achievement of the targets set out in the REPowerEU plan and European hydrogen strategy;
· Enabling higher integration of renewables within the overall energy system, in particular during an imbalance settlement of the electricity grid, through interfaces between underground hydrogen storage, electrolysers, the electric transmission grid, the hydrogen transmission infrastructures and direct feed end-users;
· Demonstration of a new market for hydrogen;
[Project results are expected to contribute to all of the following objectives of the JU as reflected in the MAWP]:
· Decarbonising industry using clean hydrogen;
· Increasing the scale of deployment;
· Demonstrate that large-scale underground storage has the potential to meet cost and performance KPI’s.
In particular, the underground hydrogen storage project should be compliant with 2030 KPI’s target of the Clean Hydrogen JU: CAPEX < 30€/kgH2 stored.



Scope
Considering the source of electricity to be developed (wind and solar capacities), intermittency management of this electricity supply can limit the development of hydrogen production capacities. Based on prior projects to demonstrate pure hydrogen underground storage[footnoteRef:14], this new flagship project aims at integrating the innovation brought by large-scale underground storage to the whole value chain to better understand how renewable hydrogen can be supplied continuously to industrial, mobility and other end-uses, while allowing production to be intermittent (daily or seasonally) based on renewable electricity supply. To this effect, large-scale underground storage will contribute to limiting the curtailment of renewable electricity and optimise the whole value chain to make energy more sustainable, more secure and more affordable for hydrogen consumers. The proposed project addresses the following: [14:  https://www.fch.europa.eu/project/hydrogen-pilot-storage-large-ecosystem-replication ] 

· Demonstrate how a smart large-scale underground hydrogen storage (geometric volume: 250,000m3) contributes to higher integration of renewable electricity for hydrogen production (directly or virtually connected to power generation from renewable energy sources (RES));
· Demonstrate the transformation / conversion process of already existing underground storage from natural gas to hydrogen storage;
· Define and analyse the interfaces of large-scale hydrogen underground storage with other elements like hydrogen producers, hydrogen consumers and/or a hydrogen dedicated distribution & transmission network;
· Analyse the sector coupling plus interaction of hydrogen underground storage in the future H2 network and overall future energy system network (including future energy scenarios) in terms of efficiency and possible technical operation modes of the hydrogen storage;
· Make recommendations about the technical and economic reproducibility of the process to other sites in Europe;
· Improve overall energy and economic efficiency of the integrated system.

Proposals should also:
· Address health, safety and environmental considerations, and take into account international standards (a.o. quality);
· Include plans for transport & distribution of hydrogen with a growing level of ambitions. 


[bookmark: _Toc104375679]TC2-02: Compatibility of Transmission gas grid steels with hydrogen

General Elements
	Expected EU contribution per project
	The JU estimates that an EU contribution of around EUR 4 million would allow these outcomes to be addressed appropriately. Nonetheless, this does not preclude submission and selection of a proposal requesting different amounts.

	Expected duration
	[3-5]

	Number of projects
	1

	Type of Action
	Research and Innovation Action

	Technology readiness level
	Activities are expected to start at TRL [3] and achieve TRL [5] by the end of the project

	Is this topic open to International Collaboration?
	n/a

	Does this topic need a reduced funding rate? if yes, which one?[footnoteRef:15] [15:  default funding rates are 100% for RIAs and CSA and 70% for IAs. For IAs non-profit organisation a fund rate of 100% applies also for IAs] 

	No

	Include any eligibility criteria you would like to consider in the topic?
	To be discussed during the meeting EC/CG/PO

	(Main) Pillar/Sub-pillar/s of the MAWP addressed by the topic
	☐Renewable Hydrogen production
☐Electrolysis ☐Other routes of renewable hydrogen production
☐ Hydrogen storage and distribution
☐Large scale storage ☒H2 in the natural gas grid ☐Liquid H2 Carriers ☐  Improving Existing Hydrogen Transport means ☐  Compression, Purification and Metering Solutions ☐ HRS
☐  Hydrogen End uses: Transport
☐Building blocks ☐Heavy duty vehicles ☐Waterborne ☐  Rail ☐  Aeronautic 
☐   Hydrogen End uses: Heat and Power
☐  Stationary Fuel Cells ☐  Turbines, boilers and burners
☐   Cross-cutting
☐  Sustainability, LCSA, recycling and eco-design ☐  Education and public Awareness ☐  Safety, Pre-Normative Research and Regulations, Codes and Standards
☐ H2-Valley
☐ Supply chain
☐ Strategic Research Challenge
☐ Low or free PGM catalysts and reducing critical raw materials in electrolysers and fuel cells
☐ Advanced materials for hydrogen storage
☐ Advanced understanding of the performance / durability mechanisms of electrolysers and fuel cells

	Choose the JU specific outcomes and KPIs to which this topic contributes and if necessary, explain how your topic will contribute to them in no more than few lines
	☐x Outcome-1 Limiting the environmental impact of hydrogen technology applications the cost-effectiveness of clean hydrogen solutions
x   KPI6 Carbon footprint of hydrogen technology applications
☐   KPI-7 Use of PGMs and CRMs in hydrogen technology applications
☒  Outcome-2 Improving the cost-effectiveness of clean hydrogen solutions
☐x  KPI-8 Cost of electrolyser technologies used in hydrogen production
☐  KPI-9 Cost of Heavy-Duty Vehicles
☒  KPI-10 Cost of clean hydrogen distribution
☐  Outcome-3 Demonstrating clean hydrogen solutions across the different sectors
☐ KPI-11 MW of electrolysers deployed for hydrogen production funded by the JU
☐ KPI-12 Number of heavy-duty vehicles deployed within EU 27 funded by the JU
☐ KPI-13 Number of HRS deployed within EU 27 funded by the JU
☒  Outcome-4 Reinforcing the EU scientific and industrial ecosystem
☒ KPI-14 Number of patents generated by the projects funded by the JU
☒ KPI-15 Number of publications generated by the projects funded by the JU
☐ Outcome-5 Increasing public awareness and uptake of hydrogen technologies
☐ KPI-16 Public perception of hydrogen technologies





Expected Outcome
[bookmark: _Hlk80696705]In its strategic vision for a climate-neutral EU in 2050, the European Commission forecasts the share of hydrogen in Europe’s energy mix to grow from the current less than 2% to 13-14% by 2050. According to the RePowerEU ambitions published in May 2022, about 20 million tons of renewable hydrogen should already be distributed throughout Europe in 2030. For hydrogen to claim such position in the energy mix and as explicitly mentioned in the EU Hydrogen Strategy, it is essential that it becomes an intrinsic part of an integrated energy system, being used for daily or seasonal storage providing buffering functions thereby enhancing security of supply in the medium term. The RePowerEU strategy also calls for an acceleration of the deployment of an EU-wide pipeline infrastructure in order to transport hydrogen from areas with large renewable potential to demand centres across Europe. Consequently, a pan-European grid will have to be established. To do so, there is significant energy system benefit in using existing natural gas assets across Europe, as they have large seasonal storage potential and can also readily manage large swings in daily demand. Total investment needs for key hydrogen infrastructure categories are estimated by the European Commission to be in the range of EUR 28 – 38 billion for EU-internal pipelines by 2030. In light of the EC’s REPowerEU proposal and in response to accelerated hydrogen market developments, members of the European Hydrogen Backbone Initiative (gathering 31 European energy infrastructure operators from 28 countries) have shared an updated vision of the hydrogen grid, with a total length of 53,000 km in 2040 consisting of approximately 60% repurposed existing gas pipelines. 
At a nearer term, to distribute hydrogen, European gas grid operators are investigating the possibility to increase the content of hydrogen blends into natural gas from 2% in volume to 20% in existing Transmission gas grids. In its “Hydrogen and decarbonised Gas Package” revision proposal released in December 2021, the European Commission emphasizes the need for a harmonised EU approach for cross-border interconnection points while leaving flexibility to the Member States, with a floor rate for hydrogen blends that could be set at 5% for all cross-border points as of October 2025. 
However, first public bibliographic results and R&D programs (e.g.: NaturalHY, HYready, MultiHy or HIGGS projects) have identified a potential embrittlement effect on some steels used for pipes or network equipment. European gas Transmission System Operators (TSOs) are currently compelled to refer to US norms (mainly ASME B31.12) that seem to be strongly over-conservative for European hydrogen transmission use-cases, leading to ineffective investments and slowing down the administrative authorization processes. Additionally, there is a strong need to investigate further on specific and critical topics that are insufficiently covered by existing programs (or are privately owned with limited sharing), like weld embrittlement or fatigue crack growth (FCG) mechanisms.
Considering these challenges, the main expected outcomes of the Project would be:
· De-risking of business cases for an accelerated H2-readiness assessment of existing European Transmission gas grids for hydrogen (to transport blends or pure hydrogen) and enabling expansion of new dedicated infrastructures.
· Increasing operator, regulator, authorities, and end user confidence in safety of repurposed gas grids by consolidated and exhaustive scientific data.
· Delivering harmonised matrix to assess the hydrogen effect on steels present in the gas grids to get a comprehensive view of networks’ degree of compatibility over Europe and reduce current over-conservative inefficient approach. These guidelines are aimed at providing impacting Pre-Normative Research key inputs to the European Regulations Codes and Standards Strategy Coordination (RCS SC) Group, and thus should enable a seamless interconnection between gas grids.
SRIA Objectives and KPIs covered
· Development of technologies and materials to facilitate the transportation of H2 via the natural gas Transmission grid.
· Enable through research and demonstration activities the safe and affordable transportation of hydrogen through the natural gas grid either by blending or via repurposing to 100% hydrogen.

	KPI
	Unit
	End of the project

	Gap analysis on H2-readiness of main steels grades in use on European gas TSOs grids
	%
	70% main steel grades covered

	European gas TSOs reviewed 
	%
	70% countries covered

	Representative European steels assessed by testing vs operational parameters (steel grade, partial pressure/fugacity of H2, pressure cycling…).
	-
	8 to 10

	Design codes & standards optimisation with reduced conservatism vs ASME B31.12
	%
	60% margin reduction

	PNR reports delivered to feed the RCS SC
	-
	Inputs on matrix H2-readiness assessment with proposed optimised mastercurves 

	Guidelines for mitigation techniques
	-
	Operational parameters guidelines (pressure, cycling…)
Preliminary reports on Innovative technology 



Scope
Embrittlement effect on metallic grid materials used for pipes or network equipment is directly linked to the partial pressure of hydrogen (commonly expressed in terms of percentage of hydrogen in the total volume of gas at a specific pressure). The Project will focus on specific critical topics that are insufficiently covered by existing public knowledge, like embrittlement in pipe manufacturing and girth welds and heat affected zones (HAZ), fatigue crack growth (FCG) mechanisms or update of criteria for assessment of flaws. To date, no exhaustive characterisation of these effects on transmission grids is available, due to high testing cost and duration and to the diversity of existing networks across the European Union, in terms of material grades used, building protocols (e.g., welds) or day-to-day current and future operational parameters (e.g., pressure level and cycling). A particular effort is expected on quantifying these effects versus the main parameters (H2 partial pressure, mechanical loading, steel microstructures…). 
Modern new steel grades likely to meet the deployment needs of H2 networks should also be investigated (allowing connections of hydrogen producers and consumers to repurposed grids). It is expected that these results will have a strong impact on the development of competitive products by European pipe manufacturers. 
Currently different US standards are used for the design of steel components (e.g., ASME B31.12) or to assess their mechanical properties in the presence of hydrogen (ANSI/CSA CHMC 1, ASTM G142). This wide range of standards and the lack of commonly agreed mechanical guidelines are slowing down the definition of harmonised criteria to assess hydrogen-readiness of European gas networks. Moreover, due to the lack of data, these standards propose very conservative design. A preliminary ASME B31.12 sensitivity analysis about the ascending influence of different parameters on the lifetime prediction of pipelines revealed for instance that the conservatism in ASME B31.12 could be potentially optimized in the range between a factor of 2 - 4. A pronounced optimization potential is expected by a more precise knowledge of the fatigue crack growth behaviour and well-founded initial defect sizes determined by optimized non-destructive testing methods.
Finally, the gas industry has identified that solutions to mitigate the impact of hydrogen could enable a higher conversion rate for natural gas pipelines to hydrogen operation. Early-stage developments of internal coatings, inhibitors, and preparation of guidelines to adapt network operating conditions are ongoing and need to be accelerated.
This Project will cover steel grades constitutive of the gas Transmission networks, that are particularly sensitive to hydrogen embrittlement due to some high strength grades, high service pressure and potentially impacting pressure cycling. 
It is therefore expected that the Project:
· Should first conduct a preliminary bibliographic review to identify the gap analysis, taking into account existing results from former and ongoing projects (e.g. HIGGS and AWP22-TC5-04 Projects). 
· Should propose a testing approach covering the most relevant steel grades constitutive of European transmission gas grids and their different (current and envisioned future) operating conditions (maximum pressure, pressure cycling, etc.). Projects should focus on hydrogen contents between 0% and 20%, and 100%. The 5% target at interconnection points proposed in the “Hydrogen and decarbonised Gas Package” should be specifically assessed. This approach should combine mechanical tests and innovative modelling, e.g., using first principles calculations or fracture mechanics method of hydrogen interaction with the materials.  
· Must deliver harmonised protocols and run material tests to measure the mechanical properties affected by the presence of hydrogen and critical for its integration into networks, based upon the gap analysis performed, and focusing on critical effects (should include crack propagation, fatigue, fracture toughness, and impacts on welds and HAZ) and impact of chemical composition for grid components and future pipes. The shared protocols should ensure all results will be comparable between the different testing laboratories involved and should serve as a standardised reference guideline for future investigations. 
· Should, after the testing work-packages, deliver to the RCS SC a matrix of gas grid steel grades’ behaviour in the presence of hydrogen as a function of network operating conditions, assessing the compatibility of vintage and new components. Projects should also define design criteria including the allowed size of defects, depending on the pressure and hydrogen concentration. It is expected that the Project should propose new pre-normative assessment master curves to reduce current over-conservatism of existing norms that is ineffectively slowing down H2-readiness assessments.   
· Should investigate and propose initial guidelines for mitigation techniques limiting metal embrittlement (such as adapted network operating conditions, inhibitors, or coating) for different blend contents and 100% H2 and document their impact.


[bookmark: _Toc104375680]TC2-03: Onboard dehydrogenation of hydrogen carriers for waterborne applications

General Elements
	Expected EU contribution per project
	The JU estimates that an EU contribution of around EUR 3 million would allow these outcomes to be addressed appropriately. Nonetheless, this does not preclude submission and selection of a proposal requesting different amounts.

	Expected duration
	[3]

	Number of projects
	2

	Type of Action
	Innovation Action

	Technology readiness level
	Activities are expected to start at TRL [4/5] and achieve TRL [7] by the end of the project

	Is this topic open to International Collaboration?
	To be discussed during the meeting EC/CG/PO

	Does this topic need a reduced funding rate? if yes, which one?[footnoteRef:16] [16:  default funding rates are 100% for RIAs and CSA and 70% for IAs. For IAs non-profit organisation a fund rate of 100% applies also for IAs] 

	No

	Include any eligibility criteria you would like to consider in the topic?
	To be discussed during the meeting EC/CG/PO

	(Main) Pillar/Sub-pillar/s of the MAWP addressed by the topic
	☐Renewable Hydrogen production
☐Electrolysis ☐Other routes of renewable hydrogen production
☒ Hydrogen storage and distribution
☐Large scale storage ☐H2 in the natural gas grid ☒Liquid H2 Carriers ☐  Improving Existing Hydrogen Transport means ☐  Compression, Purification and Metering Solutions ☐ HRS
☒  Hydrogen End uses: Transport
☐Building blocks ☐Heavy duty vehicles ☒Waterborne ☐  Rail ☐  Aeronautic 
☐   Hydrogen End uses: Heat and Power
☐  Stationary Fuel Cells ☐  Turbines, boilers and burners
☒   Cross-cutting
☐  Sustainability, LCSA, recycling and eco-design ☐  Education and public Awareness ☒  Safety, Pre-Normative Research and Regulations, Codes and Standards
☐ H2-Valley
☐ Supply chain
☐ Strategic Research Challenge
☐ Low or free PGM catalysts and reducing critical raw materials in electrolysers and fuel cells
☐ Advanced materials for hydrogen storage
☐ Advanced understanding of the performance / durability mechanisms of electrolysers and fuel cells

	Choose the JU specific outcomes and KPIs to which this topic contributes and if necessary, explain how your topic will contribute to them in no more than few lines
	☒  Outcome-1 Limiting the environmental impact of hydrogen technology applications the cost-effectiveness of clean hydrogen solutions
☒   KPI6 Carbon footprint of hydrogen technology applications
☐   KPI-7 Use of PGMs and CRMs in hydrogen technology applications
☐  Outcome-2 Improving the cost-effectiveness of clean hydrogen solutions
☐  KPI-8 Cost of electrolyser technologies used in hydrogen production
☐  KPI-9 Cost of Heavy-Duty Vehicles
☐  KPI-10 Cost of clean hydrogen distribution
☐  Outcome-3 Demonstrating clean hydrogen solutions across the different sectors
☐ KPI-11 MW of electrolysers deployed for hydrogen production funded by the JU
☐ KPI-12 Number of heavy-duty vehicles deployed within EU 27 funded by the JU
☐ KPI-13 Number of HRS deployed within EU 27 funded by the JU
☐  Outcome-4 Reinforcing the EU scientific and industrial ecosystem
☐ KPI-14 Number of patents generated by the projects funded by the JU
☐ KPI-15 Number of publications generated by the projects funded by the JU
☐ Outcome-5 Increasing public awareness and uptake of hydrogen technologies
☐ KPI-16 Public perception of hydrogen technologies





Expected Outcome
With their ease of storage, safety, and high energy density compared to traditional hydrogen forms, hydrogen carriers can move energy in space and time conveniently. They can be transported via shipping, and part of the carrier can be dehydrogenated onboard to use the hydrogen as a fuel for the ship. The project aims to demonstrate an onboard dehydrogenation device to release the hydrogen contained in the carrier that is transported via shipping, in order to supply the power conversion unit (which should be a zero emissions device).
Project results are expected to contribute to the following expected outcomes:
· Contributions to decarbonating the waterborne transport sector by replacing the use of fossil fuels by the use of hydrogen carriers
· Contributions to at least two full scale demonstrators for two different hydrogen carrier solutions by 2027
· Demonstrate the feasibility to store and use hydrogen carriers in a realistic environment on-board, including the relevant risk assessment 
· Reduce the risks associated to hydrogen storage in vessels
· Development of pertinent technical rules. 
Project results are expected to contribute to the following objectives as reflected in the SRIA and align with the ambition of the Zero Emission Waterborne Transport PPP:
· System efficiency: improvement of overall energy and economic efficiency of the integrated system;
· Intensification of dehydrogenation processes and reactors concepts in real-ambient application
· Assessment of the availability and affordability of clean (pollution free) energy provision for the waterborne transport sector;
· Development of public awareness of hydrogen technologies including contributions from Social Science and Humanities if this was relevant.
· Develop the use of hydrogen carriers for waterborne transport applications according to RM06 and RM12 in Pillars Hydrogen distribution and Hydrogen End uses.

Scope
The goal of IMO’s Marine Environment Protection Committee is to reduce maritime sector GHG emissions by 40% in 2030 and 70% in 2050 compared to 2008 emissions. To achieve such goals, it is important to change the mean of powering vessels, using renewable-based fuels such as hydrogen. However, hydrogen presents numerous challenges regarding its safety, handling, and volumetric energy content. To cope with that, hydrogen can be bonded with other molecules to form hydrogen carriers, which present the advantages of having a higher hydrogen density while minimizing the risks and the challenges pertaining to its storage and transportation. Hydrogen carriers are therefore looked upon as strong candidates by offering the possibility to directly release hydrogen on-board, avoiding the needs of gaseous hydrogen storage and increasing the energy density.
The topic aims to demonstrate in its operational environment an onboard dehydrogenation device to release the hydrogen contained in the carrier that is transported via shipping, in order to supply the power conversion unit (which should be a zero emissions device). The goal is to address the ability to store and to release hydrogen in a waterborne environment using a hydrogen carrier. 
The project may also tackle regulatory aspects on storing hydrogen carriers on a ship according to IMO’s regulations.
Liquid and gaseous pure Hydrogen storage solutions are considered out of scope for this topic. Synthetic fuels such as methanol or ethanol are also considered out of scope for this topic.
The project will be considered successful if a hydrogen carrier powered vessel by a power unit of at least 10 kW rated power, is sailing for at least 1000 hours, in a waterborne environment, and solely based on the hydrogen powered powertrain. The vessel must comprise a hydrogen carrier and residue storage (if relevant), a hydrogen release device, and a powering device. The dehydrogenation device must not produce waste, and eventual carrier residue should preferably be recyclable. 
It is expected that technologies will reach TRL7 and their potential to be installed in several different types of ships (in terms of environment, power requirement, etc.) demonstrated.



[bookmark: _Toc104375681]TC2-04: Novel insulation concepts for LH2 storage tanks

General Elements
	Expected EU contribution per project
	The JU estimates that an EU contribution of around EUR 2 million would allow these outcomes to be addressed appropriately. Nonetheless, this does not preclude submission and selection of a proposal requesting different amounts.

	Expected duration
	[2]

	Number of projects
	1

	Type of Action
	Research and Innovation Action

	Technology readiness level
	Activities are expected to start at TRL [2] and achieve TRL [3] by the end of the project

	Is this topic open to International Collaboration?
	n/a

	Does this topic need a reduced funding rate? if yes, which one?[footnoteRef:17] [17:  default funding rates are 100% for RIAs and CSA and 70% for IAs. For IAs non-profit organisation a fund rate of 100% applies also for IAs] 

	No

	Include any eligibility criteria you would like to consider in the topic?
	To be discussed during the meeting EC/CG/PO

	(Main) Pillar/Sub-pillar/s of the MAWP addressed by the topic
	☐Renewable Hydrogen production
☐Electrolysis ☐Other routes of renewable hydrogen production
☒ Hydrogen storage and distribution
☐Large scale storage ☐H2 in the natural gas grid ☐Liquid H2 Carriers ☒  Improving Existing Hydrogen Transport means ☐  Compression, Purification and Metering Solutions ☐ HRS
☐  Hydrogen End uses: Transport
☐Building blocks ☐Heavy duty vehicles ☐Waterborne ☐  Rail ☐  Aeronautic 
☐   Hydrogen End uses: Heat and Power
☐  Stationary Fuel Cells ☐  Turbines, boilers and burners
☐   Cross-cutting
☐  Sustainability, LCSA, recycling and eco-design ☐  Education and public Awareness ☐  Safety, Pre-Normative Research and Regulations, Codes and Standards
☐ H2-Valley
☐ Supply chain
☐ Strategic Research Challenge
☐ Low or free PGM catalysts and reducing critical raw materials in electrolysers and fuel cells
☐ Advanced materials for hydrogen storage
☐ Advanced understanding of the performance / durability mechanisms of electrolysers and fuel cells

	Choose the JU specific outcomes and KPIs to which this topic contributes and if necessary, explain how your topic will contribute to them in no more than few lines
	☒  Outcome-1 Limiting the environmental impact of hydrogen technology applications the cost-effectiveness of clean hydrogen solutions
☒   KPI6 Carbon footprint of hydrogen technology applications
☐   KPI-7 Use of PGMs and CRMs in hydrogen technology applications
☒  Outcome-2 Improving the cost-effectiveness of clean hydrogen solutions
☐  KPI-8 Cost of electrolyser technologies used in hydrogen production
☐  KPI-9 Cost of Heavy-Duty Vehicles
☒  KPI-10 Cost of clean hydrogen distribution
☐  Outcome-3 Demonstrating clean hydrogen solutions across the different sectors
☐ KPI-11 MW of electrolysers deployed for hydrogen production funded by the JU
☐ KPI-12 Number of heavy-duty vehicles deployed within EU 27 funded by the JU
☐ KPI-13 Number of HRS deployed within EU 27 funded by the JU
☒  Outcome-4 Reinforcing the EU scientific and industrial ecosystem
☒ KPI-14 Number of patents generated by the projects funded by the JU
☒ KPI-15 Number of publications generated by the projects funded by the JU
☐ Outcome-5 Increasing public awareness and uptake of hydrogen technologies
☐ KPI-16 Public perception of hydrogen technologies




Expected Outcome
An important element of the European Hydrogen strategy is to support the deployment of liquid hydrogen (LH2) for heavy duty applications and to allow energy transportation over longer distances. A further important element of the strategy is to decrease the cost of hydrogen by development of an international hydrogen trade, which will allow the import into the EU of green hydrogen from regions with low-cost renewable power. Ultimately this will benefit the EU's competitiveness, manufacturing capabilities and secure renewable energy supply.
Shipping of LH2 will represent a flexible means for transport of larger quantities of hydrogen over longer distances, as well as for regional distribution without a gas-grid. The associated LH2 import terminals will make LH2 readily available as a green fuel for shipping, heavy duty mobility and aviation, which is essential for the decarbonisation of these hard to abate sectors. The storage of LH2 in the import terminal has also the potential to serve as a buffer (back-up) in the overall H2 and power supply system. 
The expected outcome should contribute to the development of safe, cost- and energy efficient storage of large quantities of LH2. For the import of LH2 at energy system scale, in the order of GW hydrogen energy flux, large scale LH2 storage tank concepts need to be developed. An important aspect is to utilise the techno-economic advantage of scale. Targeted dimensions will be in the range of those implemented for LNG import today, e.g., 150,000 m³ per tank, corresponding to 10,000 tonnes of hydrogen.
At present, the storage of liquid hydrogen makes use of double wall vacuum insulated spherical tanks. The largest LH2 tank constructed today is about 5,000 m³. KHI has announced a design of 11,000 m³ and CB&I has announced a design up to 40,000 m³. By comparison, LNG tanks easily hold 100,000 to 150,000 m³. European suppliers of cryogenic storage systems are well positioned to close the gap. 
The insulation concepts developed so far are rather complex and costly. Development of novel concepts enabling reduced costs, while maintaining low boil-off rates is therefore desired. 
It is expected that the development will foster the basis for large scale trade of LH2 by 2030 being a supplement and an alternative to the current world-wide LNG trade.

Scope
The scope of this topic is to develop and validate novel insulation concepts for storage of liquid hydrogen. The concepts developed should be suitable for a later scale-up to dimension similar to LNG storage tanks for shipping and or onshore storage.
The scope for the proposed project should include:
· Definition of insulation concept suitable for LH2 storage, including novel support structures
· Material selection and integrity evaluation for LH2 exposure, e.g., strength, ductility, toughness, thermal expansion and compatibility
· Thermomechanical evaluation of the insulation concept
· Insulation application evaluation for large scale tanks and support structure (construction methodologies).
· Risk analysis for safe operation (evaluation of hazardous scenarios)
· Concept design and cost estimation for large scale LH2 tanks
· Tests at laboratory scale, at least, should be performed to support the viability of the concept at relevant conditions, e.g., with respect to temperature and stress conditions
The concepts should at least aim to meet the targets given in the table below for the year 2024. The LH2 boil-off rate should be based on total tank capacity.
Synergies between topic TC2-05 and this topic, TC2-04, might be found, but it is expected that the concepts developed under this topic are ready for implementation at a later stage and not necessarily only for ship tanks. The topics are therefore considered highly complementary.
KPIs for shipping of bulk liquid hydrogen from the SRIA - Same expectation for TC2-04
	KPI No
	Parameter
	Unit
	SoA
	Targets

	
	
	
	2020
	2024
	2030

	
	Shipping of bulk liquid hydrogen

	12
	LH2 containment tank capacity
	t
	350
	700 
	7000

	13
	LH2 containment tank capex
	€/kg
	100 
	70 
	<20

	14
	LH2 boil-off
	%/day
	0.1
	0.1
	<0.1


KPI-12: Concerning the tank capacity, please consider: 350 t = 5000 m3, 700 t = 10000 m3, 7000t = 100,000m3
[bookmark: _30j0zll]KPI-13: CAPEX of installed LH2 storage tank
KPI-14: Quantity of liquid hydrogen boiled off after a day as a percentage of the total payload.



[bookmark: _Toc82801077][bookmark: _Toc104375682]TC2-05: Development of large scale LH2 storage tank (onshore)  

General Elements
	Expected EU contribution per project
	The JU estimates that an EU contribution of around EUR 8 million would allow these outcomes to be addressed appropriately. Nonetheless, this does not preclude submission and selection of a proposal requesting different amounts.

	Expected duration
	[3]

	Number of projects
	1

	Type of Action
	Research and Innovation Action

	Technology readiness level
	Activities are expected to start at TRL [4] and achieve TRL [6] by the end of the project

	Is this topic open to International Collaboration?
	To be discussed during the meeting EC/CG/PO

	Does this topic need a reduced funding rate? if yes, which one?[footnoteRef:18] [18:  default funding rates are 100% for RIAs and CSA and 70% for IAs. For IAs non-profit organisation a fund rate of 100% applies also for IAs] 

	No

	Include any eligibility criteria you would like to consider in the topic?
	To be discussed during the meeting EC/CG/PO

	(Main) Pillar/Sub-pillar/s of the MAWP addressed by the topic
	☐Renewable Hydrogen production
☐Electrolysis ☐Other routes of renewable hydrogen production
☒ Hydrogen storage and distribution
☐Large scale storage ☐H2 in the natural gas grid ☐Liquid H2 Carriers ☒  Improving Existing Hydrogen Transport means ☐  Compression, Purification and Metering Solutions ☐ HRS
☐  Hydrogen End uses: Transport
☐Building blocks ☐Heavy duty vehicles ☐Waterborne ☐  Rail ☐  Aeronautic 
☐   Hydrogen End uses: Heat and Power
☐  Stationary Fuel Cells ☐  Turbines, boilers and burners
☐   Cross-cutting
☐  Sustainability, LCSA, recycling and eco-design ☐  Education and public Awareness ☐  Safety, Pre-Normative Research and Regulations, Codes and Standards
☐ H2-Valley
☐ Supply chain
☐ Strategic Research Challenge
☐ Low or free PGM catalysts and reducing critical raw materials in electrolysers and fuel cells
☐ Advanced materials for hydrogen storage
☐ Advanced understanding of the performance / durability mechanisms of electrolysers and fuel cells

	Choose the JU specific outcomes and KPIs to which this topic contributes and if necessary, explain how your topic will contribute to them in no more than few lines
	☒  Outcome-1 Limiting the environmental impact of hydrogen technology applications the cost-effectiveness of clean hydrogen solutions
☒   KPI6 Carbon footprint of hydrogen technology applications
☐   KPI-7 Use of PGMs and CRMs in hydrogen technology applications
☒  Outcome-2 Improving the cost-effectiveness of clean hydrogen solutions
☐  KPI-8 Cost of electrolyser technologies used in hydrogen production
☐  KPI-9 Cost of Heavy-Duty Vehicles
☒  KPI-10 Cost of clean hydrogen distribution
☐  Outcome-3 Demonstrating clean hydrogen solutions across the different sectors
☐ KPI-11 MW of electrolysers deployed for hydrogen production funded by the JU
☐ KPI-12 Number of heavy-duty vehicles deployed within EU 27 funded by the JU
☐ KPI-13 Number of HRS deployed within EU 27 funded by the JU
☒  Outcome-4 Reinforcing the EU scientific and industrial ecosystem
☒ KPI-14 Number of patents generated by the projects funded by the JU
☒ KPI-15 Number of publications generated by the projects funded by the JU
☐ Outcome-5 Increasing public awareness and uptake of hydrogen technologies
☐ KPI-16 Public perception of hydrogen technologies




Expected Outcome
An important element of the European Hydrogen strategy is to support the deployment of liquid hydrogen (LH2) for heavy duty applications and to allow energy transportation over longer distances. A further important element of the strategy is to decrease the cost of hydrogen by development of an international hydrogen trade, which will allow the import into the EU of green hydrogen from regions with low-cost renewable power. Ultimately this will benefit the EU's competitiveness, manufacturing capabilities and secure renewable energy supply.
Shipping of LH2 will represent a flexible means for transport of larger quantities of hydrogen over longer distances, as well as for regional distribution without a gas-grid. The associated LH2 import terminals will make LH2 readily available as a green fuel for shipping, heavy duty mobility and aviation, which is essential for the decarbonisation of these hard to abate sectors. The storage of LH2 in the import terminal has also the potential to serve as a buffer (back-up) in the overall H2 and power supply system.
The outcome should contribute to the development of safe, cost- and energy efficient storage of large quantities of LH2. For the import of LH2 at energy system scale, in the order of GW hydrogen energy flux, large scale LH2 storage tank concepts need to be developed. An important aspect is to utilize the techno-economic advantage of scale. Targeted dimensions will be in the range of those implemented for LNG import today, e.g., 150.000 m³ per tank, corresponding to 10.000 tonnes of hydrogen.
At present, the storage of liquid hydrogen makes use of double wall vacuum insulated spherical tanks. The largest LH2 tank constructed today is about 5.000 m³ (333 tonnes LH2). KHI has announced a design of 11.000 m³ (730 tonnes of LH2) and CB&I has announced a design up to 40.000 m³ (2.600 tonnes of LH2). European suppliers of cryogenic storage systems are well positioned to close the gap.
The demonstration and first application of the developed liquid hydrogen storage technology will be at reduced scale (in the range of 10t), but the design should be scalable to these large dimensions.
It is expected that the development will foster the basis for large scale trade of LH2 by 2030 being a supplement and an alternative to the current world-wide LNG trade.
Project results are expected to contribute to all of the following expected outcomes:
[image: Table
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KPI-12: Concerning the tank capacity, please consider: 350 t = 5000 m3, 700 t = 10000 m3, 7000t = 100,000m3
KPI-13: CAPEX of installed LH2 storage tank
KPI-14: Quantity of liquid hydrogen boiled off after a day as a percentage of the total payload.

Scope
The scope of this topic is to develop and validate tank concepts for the onshore storage of liquid hydrogen. The concepts developed should be suitable for a later scale-up to dimension similar to LNG storage tanks.
The scope for the proposed project should include:
· Concept selection for a large scale LH2 storage tank.
· Risk analyses for safe operation (evaluation of hazardous scenarios)
· Concept design and cost estimation large scale LH2 tank
· Material selection and integrity testing for LH2 exposure, e.g., strength, ductility, toughness, thermal expansion and compatibility
· Thermomechanical testing of the insulation concept
· Insulation application testing (construction methodologies).
· Detailed design, construction and testing of a scaled-down prototype of at least 10 tonnes LH2 capacity
The concepts should at least meet the targets given in the table below for the year 2024. The LH2 boil-off rate should be based on total tank capacity.
Synergies between topic TC2-04 and this topic, TC2-05, might be found, but it is expected that that concepts for land-based tanks and ship tanks will be very different, as is evident from larger LNG storage tanks. The topics are therefore considered highly complementary.



[bookmark: _Toc104375683]TC2-06: Demonstration of high pressure (500-700 bar) supply chain

General Elements
	Expected EU contribution per project
	The JU estimates that an EU contribution of around EUR 5 million would allow these outcomes to be addressed appropriately. Nonetheless, this does not preclude submission and selection of a proposal requesting different amounts.

	Expected duration
	[3]

	Number of projects
	1

	Type of Action
	Innovation Action

	Technology readiness level
	Activities are expected to start at TRL [6] and achieve TRL [8] by the end of the project

	Is this topic open to International Collaboration?
	To be discussed during the meeting EC/CG/PO

	Does this topic need a reduced funding rate? if yes, which one?[footnoteRef:19] [19:  default funding rates are 100% for RIAs and CSA and 70% for IAs. For IAs non-profit organisation a fund rate of 100% applies also for IAs] 

	No

	Include any eligibility criteria you would like to consider in the topic?
	To be discussed during the meeting EC/CG/PO

	(Main) Pillar/Sub-pillar/s of the MAWP addressed by the topic
	☐Renewable Hydrogen production
☐Electrolysis ☐Other routes of renewable hydrogen production
☒ Hydrogen storage and distribution
☐Large scale storage ☐H2 in the natural gas grid ☐Liquid H2 Carriers ☐  Improving Existing Hydrogen Transport means ☒  Compression, Purification and Metering Solutions ☐ HRS
☐  Hydrogen End uses: Transport
☐Building blocks ☐Heavy duty vehicles ☐Waterborne ☐  Rail ☐  Aeronautic 
☐   Hydrogen End uses: Heat and Power
☐  Stationary Fuel Cells ☐  Turbines, boilers and burners
☐   Cross-cutting
☐  Sustainability, LCSA, recycling and eco-design ☐  Education and public Awareness ☐  Safety, Pre-Normative Research and Regulations, Codes and Standards
☐ H2-Valley
☐ Supply chain
☐ Strategic Research Challenge
☐ Low or free PGM catalysts and reducing critical raw materials in electrolysers and fuel cells
☐ Advanced materials for hydrogen storage
☐ Advanced understanding of the performance / durability mechanisms of electrolysers and fuel cells

	Choose the JU specific outcomes and KPIs to which this topic contributes and if necessary, explain how your topic will contribute to them in no more than few lines
	☒  Outcome-1 Limiting the environmental impact of hydrogen technology applications the cost-effectiveness of clean hydrogen solutions
☒   KPI6 Carbon footprint of hydrogen technology applications
☐   KPI-7 Use of PGMs and CRMs in hydrogen technology applications
☒  Outcome-2 Improving the cost-effectiveness of clean hydrogen solutions
☐  KPI-8 Cost of electrolyser technologies used in hydrogen production
☐  KPI-9 Cost of Heavy-Duty Vehicles
☒  KPI-10 Cost of clean hydrogen distribution
☒  Outcome-3 Demonstrating clean hydrogen solutions across the different sectors
☐ KPI-11 MW of electrolysers deployed for hydrogen production funded by the JU
☐ KPI-12 Number of heavy-duty vehicles deployed within EU 27 funded by the JU
☒ KPI-13 Number of HRS deployed within EU 27 funded by the JU
☐  Outcome-4 Reinforcing the EU scientific and industrial ecosystem
☐ KPI-14 Number of patents generated by the projects funded by the JU
☐ KPI-15 Number of publications generated by the projects funded by the JU
☐ Outcome-5 Increasing public awareness and uptake of hydrogen technologies
☐ KPI-16 Public perception of hydrogen technologies





Expected Outcome
In order to contribute to the 2030 Climate plan and Green Deal, it is of the utmost importance to improve the GH2 Logistic. From a current 200 bar transportation pressure, the industry has to move ahead to higher pressure to increase the payload and decrease significantly the cost of transportation. It means to demonstrate the full Logistic Chain from the filling centre phase (to load the trailers at high pressure), through the trailers rolling on the road to the hydrogen refuelling station (HRS) able to feed the final vehicle. 
This higher pressure GH2 logistic is timely needed to prepare for the deployment of heavy-duty trucks and corresponding infrastructure (HRS with high quantities of GH2 delivered), the increase of industrial needs of GH2 and ultimately to reduce the TCO of an extensive HRS network in Europe.
Project results are expected to contribute to all of the following expected outcomes:  
· Make recommendations for future regulation framework covering the implementation of high-pressure trailers at refuelling stations and promoting interoperability 
· Demonstrate trailer operation including the safety and operating modes, 
· Demonstrate the operability of the new equipment for tube trailers ensuring the safety of operation and transportation (including cylinders, valves, safety valves, connection kit…) 
· Demonstrate the feasibility of the full chain of loading (compression) and the unloading (feeding Heavy Duty HRS) 
· Demonstrate the scale economy impacting the TCO 
This project will impact the following roadmaps: 
· The GH2 Logistic by improving the cost and quantities transported 
· The HRS capability will improve the delivered capacities, the cost of the molecule at the nozzle by massifying the quantities available. It will also facilitate the HRS operation by reducing the waiting time between vehicles and allows heavy duty usages 
Note: this draft is designed to demonstrate the full assembly of 3 bricks: the Filling Centre / the trailer fleet / the HRS. 
· The demonstration of the high-pressure trailer (design and qualification) is covered by the AWP22 project HORIZON-JTI-CLEANH2-2022-02-07: Increased hydrogen capacity of GH 2 road trailers. This draft will include the trailer as a qualified transportation tool. 
· The HRS is covered by the AWP22 project HORIZON-JTI-CLEANH2-2022-02-10: Implementing new/optimised refuelling protocols and components for high flow HRS. The HRS demonstration as a part of the overall supply chain is included in this draft but the design and the qualification of the HRS itself is remaining under HORIZON-JTI-CLEANH2-2022-02-10. 


Project results are expected to contribute to all of the following expected outcomes: 
	
	Road transport of compressed hydrogen

	4
	Tube trailer payload
	kg
	850
	1,000
	1,500

	5
	Tube trailer CAPEX
	€/kg
	650
	450
	350

	6
	Operating pressure
	bar
	300
	500
	700



Scope
Fields of deployment to be tackled to achieve the expected outcomes: 
· Design and operate a compression system to fill trailers for a daily capacity in the range of several tons/day in a given geography. 
· Deploy safety concepts to operate safely the Filling Centres, on road transportation and the HRS at high pressure inlet. 
· Demonstrate the economy of scale thanks to the Logistic pressure by increasing the trailer payload and improving the HRS capacity thanks to the high-pressure inlet. 
· Demonstrate a Logistic scheme with radius of distribution with a range around 200km. 
Notes:
· To qualify such project, it is proposed that the request is a demonstration system to fill and deliver quantities above 2tpd.
· The Filling Center should demonstrate the distribution capability to 2 HRS minimum 
The Filling Center should fill 1.2T / trailers @ High Pressure (to be defined following the available regulation - Currently >600b)  

[bookmark: _Toc104375684]TC2-07: Demonstration of hydrogen extraction system from natural gas grids

General Elements
	Expected EU contribution per project
	The JU estimates that an EU contribution of around EUR 7.5 million would allow these outcomes to be addressed appropriately. Nonetheless, this does not preclude submission and selection of a proposal requesting different amounts.

	Expected duration
	[3-5]

	Number of projects
	[1]

	Type of Action
	Innovation Action

	Technology readiness level
	Activities are expected to start at TRL [5] and achieve TRL [7] by the end of the project

	Is this topic open to International Collaboration?
	n/a

	Does this topic need a reduced funding rate? if yes, which one?[footnoteRef:20] [20:  default funding rates are 100% for RIAs and CSA and 70% for IAs. For IAs non-profit organisation a fund rate of 100% applies also for IAs] 

	No

	Include any eligibility criteria you would like to consider in the topic?
	To be discussed during the meeting EC/CG/PO

	(Main) Pillar/Sub-pillar/s of the MAWP addressed by the topic
	☐Renewable Hydrogen production
☐Electrolysis ☐Other routes of renewable hydrogen production
☒ Hydrogen storage and distribution
☐Large scale storage ☐H2 in the natural gas grid ☐Liquid H2 Carriers ☐  Improving Existing Hydrogen Transport means ☒  Compression, Purification and Metering Solutions ☐ HRS
☐  Hydrogen End uses: Transport
☐Building blocks ☐Heavy duty vehicles ☐Waterborne ☐  Rail ☐  Aeronautic 
☐   Hydrogen End uses: Heat and Power
☐  Stationary Fuel Cells ☐  Turbines, boilers and burners
☐   Cross-cutting
☐  Sustainability, LCSA, recycling and eco-design ☐  Education and public Awareness ☐  Safety, Pre-Normative Research and Regulations, Codes and Standards
☐ H2-Valley
☐ Supply chain
☐ Strategic Research Challenge
☐ Low or free PGM catalysts and reducing critical raw materials in electrolysers and fuel cells
☐ Advanced materials for hydrogen storage
☐ Advanced understanding of the performance / durability mechanisms of electrolysers and fuel cells

	Choose the JU specific outcomes and KPIs to which this topic contributes and if necessary, explain how your topic will contribute to them in no more than few lines
	☒  Outcome-1 Limiting the environmental impact of hydrogen technology applications the cost-effectiveness of clean hydrogen solutions
☒   KPI6 Carbon footprint of hydrogen technology applications
☐   KPI-7 Use of PGMs and CRMs in hydrogen technology applications
☒  Outcome-2 Improving the cost-effectiveness of clean hydrogen solutions
☐  KPI-8 Cost of electrolyser technologies used in hydrogen production
☐  KPI-9 Cost of Heavy-Duty Vehicles
☒  KPI-10 Cost of clean hydrogen distribution
☐  Outcome-3 Demonstrating clean hydrogen solutions across the different sectors
☐ KPI-11 MW of electrolysers deployed for hydrogen production funded by the JU
☐ KPI-12 Number of heavy-duty vehicles deployed within EU 27 funded by the JU
☐ KPI-13 Number of HRS deployed within EU 27 funded by the JU
☐  Outcome-4 Reinforcing the EU scientific and industrial ecosystem
☐ KPI-14 Number of patents generated by the projects funded by the JU
☐ KPI-15 Number of publications generated by the projects funded by the JU
☐ Outcome-5 Increasing public awareness and uptake of hydrogen technologies
☐ KPI-16 Public perception of hydrogen technologies





Expected Outcome
In its strategic vision for a climate-neutral EU (to meet the carbon neutrality in 2050) presented by the European Commission on 28th November 2018, the share of hydrogen in Europe’s energy mix is projected to grow from the current less than 2% to 13-14% by 2050. In order for hydrogen to claim such position in the energy mix and as explicitly mentioned in the EU Hydrogen Strategy, it is essential that hydrogen becomes an intrinsic part of an integrated energy system. Hydrogen will have to be used for daily or seasonal storage providing buffering functions thereby enhancing security of supply in the medium term. The strategy also calls for an EU-wide logistical infrastructure that needs to be developed in order to transport hydrogen from areas with large renewable potential to demand centres across Europe. Consequently, a pan-European grid will have to be established. To do so there is significant energy system benefit in using existing natural gas assets across Europe, as they have large seasonal storage potential and can also readily manage large swings in daily demand.
To supply this hydrogen, European gas grid operators aim to increase the content of hydrogen blends into natural gas to 20% vol. H2. In parallel, European gas grid operators work on repurposing existing assets to transport 100% hydrogen.
This ability to distribute clean hydrogen via gas grids, blended with natural gas or pure, will be an important step towards more widespread use of hydrogen in the energy system at best cost.
Efficient separation and purification technologies are key to maximise the recovery of hydrogen from gas grids blends, facilitating the deployment of hydrogen refueling stations and overcoming current limitations of hydrogen contents due to H2-sensitive gas end users (e.g., specific gas applications as feedstock, Compressed Natural Gas stations...).
[Based on the project’s agenda, it is expected that the results of the project contribute to all of the following objectives of the JU as reflected in the SRIA for hydrogen distribution – Table 14]
	No
	Parameter
	Unit
	SoA
	Targets

	
	
	
	2020
	2024
	2030

	Hydrogen Purification

	7
	Lifetime
	y
	5
	10
	20

	8
	Energy consumption – separation
	kWh/kg
	4
	3.5
	3

	9
	Energy consumption – purification
	kWh/kg
	3.5
	3
	2.5

	10
	Hydrogen Recovery factor
	%
	80
	90
	95

	11
	H2 levelised cost purification
	€/kg
	1.5
	1
	0.5



In particular the expected outcome of the Project is to ensure the availability of a range of purification and separation systems that are economically competitive, therefore the H2 levelised cost purification should decrease from 1,5€/KgH2 to 0,5€ /KgH2 in 2030) to globally reduce hydrogen supply costs distributed through gas grid within the European Union.

Scope
Efficient technologies are already available to separate hydrogen from a blend with natural gas. FCH 2 JU projects (e.g.: HyGrid or HIGGS) are currently assessing performance of such technologies at laboratory or small scale (inlet hydrogen and natural gas blends below 50 to 100 Nm3/h). However, they have not proved yet their potential under real gas grids conditions either on transmission or
distribution (pressure level and swing, flow range, …). In addition, innovative technologies are also emerging and may offer very interesting perspectives for hydrogen blends separation in the future if their performances are confirmed in operational industrial conditions.
This state of the art shows the importance to go further with the demonstration in real gas grid conditions and optimisation of technologies regarding the efficiency of the overall system to reduce the cost of recovered hydrogen.
It is therefore expected that the project:
· Must demonstrate in a representative gas grid environment27, meaning with a minimum of inlet gas flows above 1000 Nm3/h and should preferably use existing gas infrastructure, cost effective concepts for hydrogen separation and purification of blends from gas grids. Project may for instance limit the recompression energy needed, pools use-cases at the same point (e.g., reducing simultaneously hydrogen level in natural gas flow for sensitive processes of end users connected to grid) and optimises combinations of technologies.
· Must cover hydrogen blends from gas grids between 2% and 10% of hydrogen in volume to be aligned with blending strategies across European gas grids and should also consider 20% of hydrogen blend as long-term scenario.
· Must target a minimum hydrogen purity of 98% to address various end-user needs. The system should include usage of the extracted hydrogen for low temperature fuel cell applications with strict restrictions on trace compounds and impurities (should be compliant with ISO 14687:2019 Grade D and EN 17124:2018).
· Should offer and demonstrate an operational capacity to regulate the purity of the output flows from a fluctuating network composition.
· May consider various odorants used across European gas grids operators for the development of this demonstrator.
· Must conduct a techno-economic analysis and optionally an LCA, comparing the different technologies available on the market.
· May analyse the impact of production scaling-up for separation-purification systems of H2NG blend.
· Should reach a 2%vol of hydrogen in the remaining gas blend to safeguard sensitive users. 



[bookmark: _Toc104375685]TC2-08: Demonstration action on LH2 HRS for Heavy Duty applications

General Elements
	Expected EU contribution per project
	The JU estimates that an EU contribution of around EUR 10 million would allow these outcomes to be addressed appropriately. Nonetheless, this does not preclude submission and selection of a proposal requesting different amounts.

	Expected duration
	[4]

	Number of projects
	1

	Type of Action
	Innovation Action

	Technology readiness level
	Activities are expected to start at TRL [3] achieve TRL [7] by the end of the project

	Is this topic open to International Collaboration?
	n/a

	Does this topic need a reduced funding rate? if yes, which one?[footnoteRef:21] [21:  default funding rates are 100% for RIAs and CSA and 70% for IAs. For IAs non-profit organisation a fund rate of 100% applies also for IAs] 

	No

	Include any eligibility criteria you would like to consider in the topic?
	To be discussed during the meeting EC/CG/PO

	(Main) Pillar/Sub-pillar/s of the MAWP addressed by the topic
	☐Renewable Hydrogen production
☐Electrolysis ☐Other routes of renewable hydrogen production
☒ Hydrogen storage and distribution
☐Large scale storage ☐H2 in the natural gas grid ☐Liquid H2 Carriers ☐  Improving Existing Hydrogen Transport means ☐  Compression, Purification and Metering Solutions ☒ HRS
☐  Hydrogen End uses: Transport
☐Building blocks ☐Heavy duty vehicles ☐Waterborne ☐  Rail ☐  Aeronautic 
☐   Hydrogen End uses: Heat and Power
☐  Stationary Fuel Cells ☐  Turbines, boilers and burners
☐   Cross-cutting
☐  Sustainability, LCSA, recycling and eco-design ☐  Education and public Awareness ☐  Safety, Pre-Normative Research and Regulations, Codes and Standards
☐ H2-Valley
☐ Supply chain
☐ Strategic Research Challenge
☐ Low or free PGM catalysts and reducing critical raw materials in electrolysers and fuel cells
☐ Advanced materials for hydrogen storage
☐ Advanced understanding of the performance / durability mechanisms of electrolysers and fuel cells

	Choose the JU specific outcomes and KPIs to which this topic contributes and if necessary, explain how your topic will contribute to them in no more than few lines
	☒  Outcome-1 Limiting the environmental impact of hydrogen technology applications the cost-effectiveness of clean hydrogen solutions
☒   KPI6 Carbon footprint of hydrogen technology applications
☐   KPI-7 Use of PGMs and CRMs in hydrogen technology applications
☒  Outcome-2 Improving the cost-effectiveness of clean hydrogen solutions
☐  KPI-8 Cost of electrolyser technologies used in hydrogen production
☐  KPI-9 Cost of Heavy-Duty Vehicles
☒  KPI-10 Cost of clean hydrogen distribution
☒  Outcome-3 Demonstrating clean hydrogen solutions across the different sectors
☐ KPI-11 MW of electrolysers deployed for hydrogen production funded by the JU
☐ KPI-12 Number of heavy-duty vehicles deployed within EU 27 funded by the JU
☒ KPI-13 Number of HRS deployed within EU 27 funded by the JU
☐  Outcome-4 Reinforcing the EU scientific and industrial ecosystem
☐ KPI-14 Number of patents generated by the projects funded by the JU
☐ KPI-15 Number of publications generated by the projects funded by the JU
☐ Outcome-5 Increasing public awareness and uptake of hydrogen technologies
☐ KPI-16 Public perception of hydrogen technologies





Expected Outcome:
Hydrogen is liquefied by reducing its temperature to -253°C which increases its volumetric energy density. It allows to transport hydrogen and store it in large quantities enabling the transport of hydrogen by road or ship from centralized or decentralized production unit to customers and the direct use of liquid hydrogen (LH2) for on-board storage in the frame of heavy-duty mobility such as trucks, ships, trains or aircrafts.
The hydrogen refuelling station (HRS) is a key step in the hydrogen value chain as it carries out the final delivery of hydrogen under its gaseous or liquid form to the vehicle vessel. Initiatives are already on-going to develop hydrogen refuelling station storing and distributing liquid hydrogen to heavy-duty trucks. However, requirements for large LH2 HRS in terms of flowrate capacities, performances or protocols specifically dedicated to ships, trains, aircrafts, and their ecosystem (harbour, airport) are still to be addressed. Therefore, the topic targets to lay the foundations of large LH2 refuelling stations in the aviation, maritime and railroad sector.
Demonstration results are expected to contribute to all of the following expected outcomes:
· Facilitating the access to liquid hydrogen for heavy-duty mobility, especially ships, trains and airplanes;
· Development of common technical concepts and equipments for large refuelling stations, preparing their dissemination to European rail, maritime and aviation sectors;
· Evaluation and demonstration of operational, inspection and maintenance requirements of large-scale refuelling station;
· Achievement of a cost breaking, energy efficient and low emitting hydrogen value chain;
Development of guidelines for harmonised interfaces systems and standardisation protocols between refuelling station and tank vessel inside European territory to be provided for pre-normative actions and further world-wide adoption;
Scope:
Hydrogen refuelling station configuration is primarily defined by the state of hydrogen supplied to the station, gaseous or liquid, and supplied to the receiving tank, gaseous or liquid. Liquid hydrogen refuelling stations are to be understood as refuelling stations storing LH2 while primarily delivering LH2 and optionally delivering cGH2, for instance to increase HRS efficiency. Liquid hydrogen refuelling station are essentially composed of following sub-systems: 
· liquid hydrogen fixed or mobile storage,
· liquid hydrogen pump, either low pressure (<30bara) and optionally high pressure (≈450 bara or 900 bara) 
· hydrogen dispenser to vessel / vehicle receptacle (break away, nozzle, flexible, flow meter, coupling)
· boil-off gas management system.
There are currently various challenges associated to the scale-up of large liquid hydrogen refuelling station for the production of low-cost liquid hydrogen:
· Current liquid hydrogen low pressure pumping systems have not been proved to reach high delivery flowrate (>5TPH) at a high TRL;
· Boil-off gas on liquid hydrogen station is expected to mainly be generated during the liquid hydrogen loading implying to manage an important amount of low pressure, cold but valuable gaseous hydrogen;
· There are no uniform standards and safety regulations for liquid hydrogen refuelling station.
The scope of this topic is to develop, build and operate a liquid hydrogen refuelling station that should demonstrate a delivery flowrate of at least 5 tons per hour. The LH2 HRS should demonstrate a potential for scaling-up with technical and economic improvements. The LH2 HRS should be capable of reducing the energy consumption and specific cost of hydrogen to prepare the massive deployment of hydrogen for the benefit of heavy-duty transport and its ecosystem with zero emission. The demonstration of a high performance large hydrogen refuelling station would impact other Hydrogen Europe Roadmaps related to liquid hydrogen (Transportation, Storage, Usages as aviation,…).
Project results are expected to contribute to all of the following objectives of the JU as reflected in the MAWP:
· Development of demonstrator which should allow to prove its scalability to either railroad, aircraft or maritime applications;
· Performing techno-economic analysis of the performance of these systems including energy consumption (in kWh/kgH2), CAPEX, OPEX;
· Development of a model to forecast boil-off gas generation during operations;
· Development of metrology system for both measuring the hydrogen emissions (including leakage) and the quality and quantity of delivered hydrogen (ortho-para content, temperature, pressure);
· Development of operations protocol, including fuelling, venting or flaring, stand-by and emergency;
· Proceed to the safety analysis of the refuelling station;
· Highlighting recommendations to develop safe and efficient standards and safety regulation;
· Evaluate the life cycle environmental performance of the system;
In case of aviation dedicated HRS, the project should follow the Green Deal targets. Optionally, a demonstration may include the dual usage or the repurposing of LNG import terminals. 
TRL start of the project: 3 and TRL at the end of the project: 7. 



	No
	Parameter
	Unit
	SoA
	Targets

	
	
	
	2022
	2028
	2035

	1
	LH2 Delivery Flowrate
	T/h
	2-3
	> 5     
	> 15

	2
	Energy Consumption
	kWh/kg
	0.5
	0.5
	0.3

	3
	Availability
	%
	95
	97
	99

	4
	LH2 HRS contribution in hydrogen price
	€/kg
	< 2.5
	< 1.0
	     < 0.5



Notes
KPI-1: Station delivery flowrate of hydrogen dispensed corresponding to nominal flowrate of pumping and dispensing system
KPI-2: Station energy consumption per kg of hydrogen dispensed when the station is loaded at 80% of its daily capacity.
KPI-3: Percent of hours that the hydrogen refuelling station is able to operate versus the total number of hours that is intended to be able to operate (consider any amount of time for maintenance or upgrades as time at which the station should have been operational).
KPI-4: Contribution of the HRS to the final cost of hydrogen dispensed including CAPEX, amortisation and O&M of compression systems, two days of delivery storage capacity, dispensing system, BOG management system and considering an electrical cost of 75€/MWh, a station lifetime between 10 to 15 years, an availability of 95% and an inflation rate of 1%. Hydrogen production, liquefaction and transport is not considered. Public subsidies are excluded.


[bookmark: _Toc104375686]TC3 Transport

[bookmark: _Toc82801087][bookmark: _Toc104375687]TC3-01: Demonstration of Non-Road Mobile Machinery (NRMM) and mobile HRS

General Elements
	Expected EU contribution per project
	The JU estimates that an EU contribution of around EUR 5 million would allow these outcomes to be addressed appropriately. Nonetheless, this does not preclude submission and selection of a proposal requesting different amounts.

	Expected duration
	[3]

	Number of projects
	2

	Type of Action
	Innovation Action

	Technology readiness level
	Activities are expected to start at TRL [4] achieve TRL [7] by the end of the project

	Is this topic open to International Collaboration?
	n/a

	Does this topic need a reduced funding rate? if yes, which one?[footnoteRef:22] [22:  default funding rates are 100% for RIAs and CSA and 70% for IAs. For IAs non-profit organisation a fund rate of 100% applies also for IAs] 

	No

	Include any eligibility criteria you would like to consider in the topic?
	To be discussed during the meeting EC/CG/PO

	(Main) Pillar/Sub-pillar/s of the MAWP addressed by the topic
	☐Renewable Hydrogen production
☐Electrolysis ☐Other routes of renewable hydrogen production
☒ Hydrogen storage and distribution
☐Large scale storage ☐H2 in the natural gas grid ☐Liquid H2 Carriers ☐  Improving Existing Hydrogen Transport means ☐  Compression, Purification and Metering Solutions ☒ HRS
☒  Hydrogen End uses: Transport
☐Building blocks ☒Heavy duty vehicles ☐Waterborne ☐  Rail ☐  Aeronautic 
☐   Hydrogen End uses: Heat and Power
☐  Stationary Fuel Cells ☐  Turbines, boilers and burners
☐   Cross-cutting
☐  Sustainability, LCSA, recycling and eco-design ☐  Education and public Awareness ☐  Safety, Pre-Normative Research and Regulations, Codes and Standards
☐ H2-Valley
☐ Supply chain
☐ Strategic Research Challenge
☐ Low or free PGM catalysts and reducing critical raw materials in electrolysers and fuel cells
☐ Advanced materials for hydrogen storage
☐ Advanced understanding of the performance / durability mechanisms of electrolysers and fuel cells

	Choose the JU specific outcomes and KPIs to which this topic contributes and if necessary, explain how your topic will contribute to them in no more than few lines
	☒  Outcome-1 Limiting the environmental impact of hydrogen technology applications the cost-effectiveness of clean hydrogen solutions
☒   KPI6 Carbon footprint of hydrogen technology applications
☐   KPI-7 Use of PGMs and CRMs in hydrogen technology applications
☒  Outcome-2 Improving the cost-effectiveness of clean hydrogen solutions
☐  KPI-8 Cost of electrolyser technologies used in hydrogen production
☒  KPI-9 Cost of Heavy-Duty Vehicles
☒  KPI-10 Cost of clean hydrogen distribution
☒  Outcome-3 Demonstrating clean hydrogen solutions across the different sectors
☐ KPI-11 MW of electrolysers deployed for hydrogen production funded by the JU
☒ KPI-12 Number of heavy-duty vehicles deployed within EU 27 funded by the JU
☒ KPI-13 Number of HRS deployed within EU 27 funded by the JU
☐  Outcome-4 Reinforcing the EU scientific and industrial ecosystem
☐ KPI-14 Number of patents generated by the projects funded by the JU
☐ KPI-15 Number of publications generated by the projects funded by the JU
☐ Outcome-5 Increasing public awareness and uptake of hydrogen technologies
☐ KPI-16 Public perception of hydrogen technologies





Expected Outcome
Combustion engines in NRMM (e.g. diesel or gasoline fuelled) significantly contribute to global GHG as well as local air pollution by emitting carbon oxide (CO), hydrocarbons (HC), nitrogen oxides (NOx), and particulate matter. Combustion engines bring in addition significant noise and smell disturbances for the driver, the workers and the neighbourhood.
Hydrogen fuel cells appear to be a very suitable solution for larger equipment when comparing to batteries. However, the reliability and performance stability of a complete fuel cell system on NRMM in harsh environments, and/or where access to electricity is limited, has not been demonstrated yet.
To become attractive and competitive, the hydrogen technology also needs to bring suitable refuelling solutions to provide the NRMM with the required energy autonomy on the worksite. The need is not only to bring H2 Fuel Cell NRMM, but to offer a complete solution.
This topic will build the necessary knowledge of H2 Fuel Cell technology in a specific application and as such will set a robust basis for a final development towards production and a complete global commercial offering including the refuelling solution.
Project results are expected to contribute to all of the following expected outcomes: 
· - Demonstration of H2 Fuel Cell NRMM performance and reliability in real environment by 2026;
· - Demonstration of suitable, reliable and safe mobile refuelling solutions;
· - Validation of safe H2 Fuel Cell solutions and systems in demanding off-road applications;
· - Building data for total cost of ownership calculation and comparison;
· - Building confidence in H2 technology and supply chain for all the off-road industry sectors and thus accelerating their uptake;
· - Identification of suitable solutions to any legal or standards requirement likely to prevent the successful introduction of H2 Fuel Cell technology in the various NRMM fields of application.
Project results are expected to contribute to all of the following objectives of the JU as reflected in the MAWP:
	Project focus
	KPI
	Unit
	Project target

	
	
	
	2026
	2030

	General Level Impacts
	Expected avoided emissions
	Million tons CO2 eq
	
	1,08

	
	Hydrogen consumption
	tons H2
	
	149 000

	FC system on NRMM
	FC system durability
	h
	10 000
	12 000

	
	FC module CapEx
	€/kW
	< 800
	< 500

	
	FC module availability
	%
	90%
	98%

	Hydrogen on-board storage
	Storage tank CapEx (CG H2)
	€/kg H2
	< 800
	< 500

	Mobile refuelling solution
	Energy consumption
	kWh/kg
	< 5
	< 4

	
	Availability
	%
	95%
	98%

	
	CapEx
	k€ / (kg/day)
	< 6
	< 4




Scope
The scope of the topic is targeting the phase out of NRMM with the most polluting engines. 
As such, this topic is intended to address Construction machinery (excavators, loaders, bulldozers, etc.), Agricultural & Farming machinery (harvesters, cultivators, etc.) as well as material handling equipment (container handlers, reach stacker, heavy duty forklift trucks, terminal tractors, etc).
The scope is to develop and demonstrate mature prototypes of H2 fuel cell propelled machinery, along with the relevant mobile refuelling solutions.

Proposed projects must :
· Develop at least one NRMM together with at least one mobile refuelling solution at a real operation site, representative of as many applications as possible in terms of machine power and duty cycles, and operate them for at least 1 000 NRMM working hours;
· Verify that both the fuel cell system and the refuelling system technologies are safe and suitable for the specific working conditions and applications of the various types of NRMM;
· Demonstrate the uptime of machinery and thus work sites with a rapid, secured and safe refuelling process on site;
· Identify suitable solutions to any legal or standards requirement likely to prevent the successful introduction of H2 Fuel Cell technology in the various NRMM fields of application.

Proposed projects should:
· demonstrate the performance of a complete fuel cell system on NRMM, with high power peak demands and complete energy supply management;
· bring technical solutions suitable for the specific working conditions & working environment of the NRMM;
· demonstrate the reliability in time of the fuel cell complete system;
· demonstrate the optimal matching of the refuelling solution together with the machinery;
· validate the effectiveness of the complete solution developed in representative & typical application areas for the NRMM;
· assess the TCO (Total Cost of Ownership) of the solution developed, both at development time and projected in 2030 with different uptake and technologies maturity development.

The following topics are considered out of scope for this call: internal combustion engines with hydrogen injection.


[bookmark: _Toc82801088][bookmark: _Toc104375688]TC3-02: Development of a large fuel cell stack for maritime and/or rail applications   

General Elements
	Expected EU contribution per project
	The JU estimates that an EU contribution of around EUR 7.5 million would allow these outcomes to be addressed appropriately. Nonetheless, this does not preclude submission and selection of a proposal requesting different amounts.

	Expected duration
	[TBD]

	Number of projects
	2

	Type of Action
	Research and Innovation Action

	Technology readiness level
	Activities are expected to start at TRL [TBD] achieve TRL [TBD] by the end of the project

	Is this topic open to International Collaboration?
	n/a

	Does this topic need a reduced funding rate? if yes, which one?[footnoteRef:23] [23:  default funding rates are 100% for RIAs and CSA and 70% for IAs. For IAs non-profit organisation a fund rate of 100% applies also for IAs] 

	No

	Include any eligibility criteria you would like to consider in the topic?
	To be discussed during the meeting EC/CG/PO

	(Main) Pillar/Sub-pillar/s of the MAWP addressed by the topic
	☐Renewable Hydrogen production
☐Electrolysis ☐Other routes of renewable hydrogen production
☐ Hydrogen storage and distribution
☐Large scale storage ☐H2 in the natural gas grid ☐Liquid H2 Carriers ☐  Improving Existing Hydrogen Transport means ☐  Compression, Purification and Metering Solutions ☐ HRS
☒  Hydrogen End uses: Transport
☒Building blocks ☐Heavy duty vehicles ☒Waterborne ☒  Rail ☐  Aeronautic 
☐   Hydrogen End uses: Heat and Power
☐  Stationary Fuel Cells ☐  Turbines, boilers and burners
☐   Cross-cutting
☐  Sustainability, LCSA, recycling and eco-design ☐  Education and public Awareness ☐  Safety, Pre-Normative Research and Regulations, Codes and Standards
☐ H2-Valley
☐ Supply chain
☐ Strategic Research Challenge
☐ Low or free PGM catalysts and reducing critical raw materials in electrolysers and fuel cells
☐ Advanced materials for hydrogen storage
☐ Advanced understanding of the performance / durability mechanisms of electrolysers and fuel cells

	Choose the JU specific outcomes and KPIs to which this topic contributes and if necessary, explain how your topic will contribute to them in no more than few lines
	☒  Outcome-1 Limiting the environmental impact of hydrogen technology applications the cost-effectiveness of clean hydrogen solutions
☒   KPI6 Carbon footprint of hydrogen technology applications
☒   KPI-7 Use of PGMs and CRMs in hydrogen technology applications
☒  Outcome-2 Improving the cost-effectiveness of clean hydrogen solutions
☒  KPI-8 Cost of electrolyser technologies used in hydrogen production
☒  KPI-9 Cost of Heavy-Duty Vehicles
☐  KPI-10 Cost of clean hydrogen distribution
☐  Outcome-3 Demonstrating clean hydrogen solutions across the different sectors
☐ KPI-11 MW of electrolysers deployed for hydrogen production funded by the JU
☐ KPI-12 Number of heavy-duty vehicles deployed within EU 27 funded by the JU
☐ KPI-13 Number of HRS deployed within EU 27 funded by the JU
☒  Outcome-4 Reinforcing the EU scientific and industrial ecosystem
☒ KPI-14 Number of patents generated by the projects funded by the JU
☒ KPI-15 Number of publications generated by the projects funded by the JU
☐ Outcome-5 Increasing public awareness and uptake of hydrogen technologies
☐ KPI-16 Public perception of hydrogen technologies





Expected Outcome
It is expected that two technologies will be developed. At the end of the projects, multi-modal modular stacks should reach minimum TRL5 and ideally TRL6 with a defined minimum of hours of testing.
Where applicable, KPIs from the SRIA should be used. More importantly, KPIs should encapsulate the development action within a framework where a fuel cell system fit for purpose for the targeted applications will be developed, in a further call(s).
It is originally intended to address PEM and SO technologies, which are particularly promising technologies especially for the Rail and Maritime sectors. A PEM stack in the range 250-500kW with scalability to several tens of MW is envisioned, the nominal power of the SO one being yet to be defined.
However, should it be deemed more suitable, technology neutrality could also apply to stimulate competition and creativity.

Scope
Proposals should cover the development of a high-power stack, for two technologies. Two projects should therefore be funded. A funding budget allocation of 15M€ could be foreseen.
It should encompass the development, testing and validation/demonstration of the high-power stack in its relevant environment.
Developments should be undertaken in view of developing and demonstrating a fuel cell system of high power (multi-MW range) that can be adapted to different mobility applications such as Rail Maritime and even Aviation where applicable, with spill-overs towards stationery applications. Development of a full system is not expected at this stage, the focus is at stack level where versatility is key.
Clear plan for further progression of the technologies towards systems integrated in their powertrain applications should be outlined, within the synergetic framework between EU funding instruments as per defined by the EC.
Digital twining could be envisaged provided the added value is demonstrated.
Support from ER-JU and ZEWT CoP are of particular importance.

Note to reader: Topic TC3-02 has not been fully developed, due to time needed to align all private stakeholders. It is inserted as a placeholder for now.



[bookmark: _Toc104375689]TC3-03-A: Ultra-low NOx combustion system for aviation

General Elements 
	Expected EU contribution per project
	The JU estimates that an EU contribution of around EUR 8 million would allow these outcomes to be addressed appropriately. Nonetheless, this does not preclude submission and selection of a proposal requesting different amounts.

	Expected duration
	[4]

	Number of projects
	1

	Type of Action
	Research and Innovation Action

	Technology readiness level
	Activities are expected to achieve TRL [4] by the end of the project

	Is this topic open to International Collaboration?
	To be discussed during the meeting EC/CG/PO

	Does this topic need a reduced funding rate? if yes, which one?[footnoteRef:24] [24:  default funding rates are 100% for RIAs and CSA and 70% for IAs. For IAs non-profit organisation a fund rate of 100% applies also for IAs] 

	Yes. Funding capped rather than a funding rate.

	Include any eligibility criteria you would like to consider in the topic?
	To be discussed during the meeting EC/CG/PO

	(Main) Pillar/Sub-pillar/s of the MAWP addressed by the topic
	☐Renewable Hydrogen production
☐Electrolysis ☐Other routes of renewable hydrogen production
☐ Hydrogen storage and distribution
☐Large scale storage ☐H2 in the natural gas grid ☐Liquid H2 Carriers ☐  Improving Existing Hydrogen Transport means ☐  Compression, Purification and Metering Solutions ☐ HRS
☒  Hydrogen End uses: Transport
☐Building blocks ☐Heavy duty vehicles ☐Waterborne ☐  Rail ☒  Aeronautic 
☒   Hydrogen End uses: Heat and Power
☐  Stationary Fuel Cells ☒  Turbines, boilers and burners
☐   Cross-cutting
☐  Sustainability, LCSA, recycling and eco-design ☐  Education and public Awareness ☐  Safety, Pre-Normative Research and Regulations, Codes and Standards
☐ H2-Valley
☐ Supply chain
☐ Strategic Research Challenge
☐ Low or free PGM catalysts and reducing critical raw materials in electrolysers and fuel cells
☐ Advanced materials for hydrogen storage
☐ Advanced understanding of the performance / durability mechanisms of electrolysers and fuel cells

	Choose the JU specific outcomes and KPIs to which this topic contributes and if necessary, explain how your topic will contribute to them in no more than few lines
	☒  Outcome-1 Limiting the environmental impact of hydrogen technology applications the cost-effectiveness of clean hydrogen solutions
☒   KPI6 Carbon footprint of hydrogen technology applications
☐   KPI-7 Use of PGMs and CRMs in hydrogen technology applications
☐  Outcome-2 Improving the cost-effectiveness of clean hydrogen solutions
☐  KPI-8 Cost of electrolyser technologies used in hydrogen production
☒  KPI-9 Cost of Heavy-Duty Vehicles
☐  KPI-10 Cost of clean hydrogen distribution
☐  Outcome-3 Demonstrating clean hydrogen solutions across the different sectors
☐ KPI-11 MW of electrolysers deployed for hydrogen production funded by the JU
☐ KPI-12 Number of heavy-duty vehicles deployed within EU 27 funded by the JU
☐ KPI-13 Number of HRS deployed within EU 27 funded by the JU
☒  Outcome-4 Reinforcing the EU scientific and industrial ecosystem
☒ KPI-14 Number of patents generated by the projects funded by the JU
☒ KPI-15 Number of publications generated by the projects funded by the JU
☐ Outcome-5 Increasing public awareness and uptake of hydrogen technologies
☐ KPI-16 Public perception of hydrogen technologies





Expected Outcome
The goal of the present proposal is to develop a direct burn hydrogen combustion system with low NOx emissions compatible with aero engine specifications and mature it up to TRL 4. At the end of the project, the technology will have been validated in single-cup and sector combustor lab tests and will have demonstrated low NOx emissions as well as operability and thermo-mechanical maturity at relevant operating pressures and temperatures. The expected outcomes at the end of the project (4 years, end of 2026) will be in detail:
· [bookmark: OLE_LINK1]Validation of low NOx combustion technology in single cup and sector combustor lab tests up to relevant pressure and temperature levels (single cup up to T3 = 950 K, P3 = 20 bar; sector combustor up to T3 = 950 K, P3 = 40 bar).
· Demonstration of reliable and safe operation across relevant operating range (T3, P3, FAR) without flash-back, auto-ignition, blow-out and over-heating of combustor hardware.
· Prove of thermoacoustic stability without excessive pressure amplitudes across relevant operating range.
· Projection of low NOx emissions (50% below CAEP/8) for reference model engine.
· Contribution to development of European leadership for low NOx hydrogen direct burn combustion technologies.
The results of the present project contribute to Pillar 3 Hydrogen end uses / sub-pillar 3.4 Transport applications / section 3.4.5 Aeronautic applications / objective #4: Low NOx emitting turbines of the Multi Annual Work Plan 2021-2027.
The project aims to deliver technology for Airbus’ ZEROe game-changing concepts for future commercial passenger aircraft using hydrogen as the primary energy supply.
The low NOx combustion technology developed in the current project up to TRL 4 will be complementing the “conventional” hydrogen combustion technology developed for the early ground test demonstrator in Phase 1 of Clean Aviation and will lay the fundamentals for a further maturation of the low NOx combustion technology up to TRL 6 in Phase 2 of Clean Aviation.
Scope
As part of the decarbonization of the aviation industry, aero engines with direct burn hydrogen combustion systems will be needed to cover the upper turboprop and narrow-body turbofan market range in addition to fuel cells, hybrid and full electric solutions which will cover the smaller aircraft market ranges. Because of the high market share of these applications, direct hydrogen combustion systems will have a very high impact on the reduction of the CO2 emissions for the aviation industry. However, in addition to the decarbonization initiatives, increased focus has been recently put on non-CO2 emissions, especially NOx, in order to drive for climate neutrality. On the other hand, the thermo-physical characteristics, the very high reactivity, and the higher combustion temperatures of hydrogen make the development of low NOx hydrogen combustion systems very challenging. Therefore, new innovative injection systems are needed to burn hydrogen with low NOx emissions while ensuring a safe and reliable operation across the wide operating range of aero engines. 
In Clean Aviation Phase 1, an existing turbofan engine will be adapted for the operation with 100% hydrogen and will be demonstrated in a ground test demonstrator in order to prove full system feasibility, starting from the liquid hydrogen tank, through the hydrogen fuel & control system including vaporizer/conditioner, up to the adapted combustor. The successful 100% hydrogen turbofan engine ground test demonstrator is a prerequisite for the planned flight test demonstrator, including contrails measurements by a chasing airplane, at the beginning of Clean Aviation Phase 2. Because of the very tight schedule and the challenging tasks in Clean Aviation Phase 1, only limited effort can be put on the development of a low NOx combustion technology. On the other hand, the time in Clean Aviation Phase 2 will be too short to develop the low NOx combustion technology on time up to the TRL level necessary for the launch of a product development after Clean Aviation if no pre-development work has been performed in parallel to Clean Aviation Phase 1. Therefore, the development of the low NOx combustion technology is proposed to be performed in Clean Hydrogen AWP23 up to TRL4 in order to be able to further mature the technology in Clean Aviation Phase 2 up to TRL6.

The detailed scope of the development of the low NOx combustion technology in the present project must include the following steps:
· Development of a new innovative fuel injection system capable of creating a homogeneous fuel/air distribution, reliable and safe flame stabilization, and effective control of the NOx production.
· Demonstration of the low NOx technology in single cup tests with optical access and thermoacoustic measurement capabilities up to relevant operating pressures and temperatures (T3 = 950 K, P3 = 20 bar).
· Demonstration of the low NOx technology in multi-cup sector combustor tests with different thermoacoustic boundary conditions, and thermoacoustic as well as emission measurement capabilities up to relevant operating pressures and temperatures (T3 = 950 K, P3 = 40 bar).

The project needs to address the following Requirements & Specifications:
· Reliable and safe combustor ignition at ground start conditions with 100% hydrogen.
· Lean blow-out within limits necessary for typical aero engine operation.
Dry low NOx emissions across all engine operating conditions within limit for targeted emission parameter (50% below CAEP/8).
· Operability and emission performance fulfilled for hydrogen temperatures in the range of 200 – 400 K.
· Efficient fuel/air mixing without flashback and autoignition across operating range.
· Temperatures of fuel injectors, dome, and combustor liners within limits for targeted engine life.
· Dynamic combustion pressures (P4’) within limits for targeted engine life.
· Combustor length no longer than current state-of-the-art aero engine combustors.


[bookmark: _Toc104375690]TC3-03-B: Optimised aircraft hydrogen fuel system

General Elements 
	Expected EU contribution per project
	The JU estimates that an EU contribution of around EUR 8 million would allow these outcomes to be addressed appropriately. Nonetheless, this does not preclude submission and selection of a proposal requesting different amounts.

	Expected duration
	[3]

	Number of projects
	1

	Type of Action
	Research and Innovation Action

	Technology readiness level
	Activities are expected to start at TRL [2] achieve TRL [4] by the end of the project

	Is this topic open to International Collaboration?
	n/a

	Does this topic need a reduced funding rate? if yes, which one?[footnoteRef:25] [25:  default funding rates are 100% for RIAs and CSA and 70% for IAs. For IAs non-profit organisation a fund rate of 100% applies also for IAs] 

	No

	Include any eligibility criteria you would like to consider in the topic?
	To be discussed during the meeting EC/CG/PO

	(Main) Pillar/Sub-pillar/s of the MAWP addressed by the topic
	☐Renewable Hydrogen production
☐Electrolysis ☐Other routes of renewable hydrogen production
☐ Hydrogen storage and distribution
☐Large scale storage ☐H2 in the natural gas grid ☐Liquid H2 Carriers ☐  Improving Existing Hydrogen Transport means ☐  Compression, Purification and Metering Solutions ☐ HRS
☒  Hydrogen End uses: Transport
☒Building blocks ☐Heavy duty vehicles ☐Waterborne ☐  Rail ☒  Aeronautic 
☐   Hydrogen End uses: Heat and Power
☐  Stationary Fuel Cells ☐  Turbines, boilers and burners
☐   Cross-cutting
☐  Sustainability, LCSA, recycling and eco-design ☐  Education and public Awareness ☐  Safety, Pre-Normative Research and Regulations, Codes and Standards
☐ H2-Valley
☐ Supply chain
☐ Strategic Research Challenge
☐ Low or free PGM catalysts and reducing critical raw materials in electrolysers and fuel cells
☐ Advanced materials for hydrogen storage
☐ Advanced understanding of the performance / durability mechanisms of electrolysers and fuel cells

	Choose the JU specific outcomes and KPIs to which this topic contributes and if necessary, explain how your topic will contribute to them in no more than few lines
	☒  Outcome-1 Limiting the environmental impact of hydrogen technology applications the cost-effectiveness of clean hydrogen solutions
☒   KPI6 Carbon footprint of hydrogen technology applications
☐   KPI-7 Use of PGMs and CRMs in hydrogen technology applications
☐  Outcome-2 Improving the cost-effectiveness of clean hydrogen solutions
☐  KPI-8 Cost of electrolyser technologies used in hydrogen production
☒  KPI-9 Cost of Heavy-Duty Vehicles
☐  KPI-10 Cost of clean hydrogen distribution
☐  Outcome-3 Demonstrating clean hydrogen solutions across the different sectors
☐ KPI-11 MW of electrolysers deployed for hydrogen production funded by the JU
☐ KPI-12 Number of heavy-duty vehicles deployed within EU 27 funded by the JU
☐ KPI-13 Number of HRS deployed within EU 27 funded by the JU
☒  Outcome-4 Reinforcing the EU scientific and industrial ecosystem
☒ KPI-14 Number of patents generated by the projects funded by the JU
☒ KPI-15 Number of publications generated by the projects funded by the JU
☐ Outcome-5 Increasing public awareness and uptake of hydrogen technologies
☐ KPI-16 Public perception of hydrogen technologies





Expected Outcome
The Clean Hydrogen Joint Undertaking Strategic Research and Innovation Agenda (SIRA) 2021 – 2027 states: “The target of net zero carbon of aviation in 2050 will be reached only by a combination of all available levers, such as technology, air traffic management, but also sustainable alternative fuels. Hydrogen presents a strong potential used in fuel cells or in dedicated turbines. However, key technologies remain to be developed and demonstrated within the framework of the Clean Hydrogen and Clean Aviation partnerships.”
Project results are expected to contribute to the following expected outcomes:
· The introduction of certified hydrogen aircraft by 2035, by developing the basis of the key building block technologies and systems from TRL4 to TRL6 by 2026.
· Contribute to and be compatible with a viable business case for certified aviation platforms.

Project results are also expected to contribute to the following objectives of the JU as reflected in the SRIA:
· Developing aviation dedicated technological bricks, focusing in particular on on-board storage and distribution components and system of liquid hydrogen.
· Addressing safety and regulations, specific to hydrogen for aviation applications.
Scope
Technologies have been identified where the impact and associated risk to deliver a low weight, cost effective and aviation certifiable Liquid Hydrogen (LH2) fuel distribution system is expected to be highest. The objective of this project is to mitigate the key development risks for these technologies to accelerate the arrival of certified LH2 aircraft to market.
Hydrogen needs to be stored on the aircraft in liquid form to be able to support the range required for regional aircraft and above. A Liquid Hydrogen (LH2) powered aircraft will require a cryogenic fuel feed system of distribution and control equipment to deliver fuel from storage to the propulsion system and power generation system as well as manage aircraft Centre of Gravity via fuel distribution if required. The fuel system's primary purpose is to supply the correct quantity of fuel to the propulsion and power generation systems at the required pressure and temperature.
The cryogenic fuel feed system primarily consists of pumps, valves, heat exchangers, interfacing pipework, and associated instrumentation including tank fuel quantity gauging. To support a viable and efficient hydrogen powered aircraft, it will be necessary to evaluate and develop the technology of this cryogenic equipment to facilitate a civil aviation certifiable LH2 fuel system. Different interface requirements will apply for fuel cell powered aircraft and gas turbine powered aircraft.  In the case of gas turbine powered aircraft, fuel cells may also be integrated to supply electrical power in normal operation, or to replace an Auxiliary Power Unit (APU). This means that hydrogen will need to be delivered to power and propulsion units with substantially different pressure and temperature requirements. 
Current equivalent LH2 equipment is designed for either industrial plant or rocket propulsion and are not suitable for aviation, when considering the need to meet the associated life, weight and safety related requirements simultaneously. The scope of this project is limited to the assessment and development of aviation certifiable LH2 fuel pumps, valves, conveyance solutions and fuel quantity gauging. Of these, the most critical technology for development are the LH2 fuel pumps.
At the end of the project the technologies evaluated and developed according to the list below will be tested in a laboratory environment to demonstrate TRL4 maturity.
The project must collect and agree a baseline for the interfacing parameters and basic requirements to drive alignment of the technology to be developed to the needs of aviation certifiable platforms, ideally building on FCH 2 JU funded project STASHH.

1. Technologies Common to LH2 Equipment 
· Materials, assembly, and joining methods, including surface finish, coating and sealing 
· Low / acceptable hydrogen permeability 
· Manufacturing process, including management of risks, e.g. contamination
· Management of risks related to high temperature differentials between ambient and operating conditions, e.g. thermal stresses and fatigue
· Compatible thermal insulation solutions
· Electrical and fibre-optic hermetic connections and feedthroughs for cryogenic hydrogen and flammable leakage zone environments
· Safety, operations and maintenance philosophy, inc. Prognostic Health Monitoring (PHM)
· Standardisation and certification

2. LH2 Fuel Pumps
· Address key risks relating to performance and life with low NPSH, inc. bearing solutions, materials, seals
· Development of design process and analysis methodologies for LH2 pumps
· Development of design solutions for electrical motor and control electronics including integration and thermal management in relation to the local LH2 environment.
· Development of LH2 pump safety and maintenance philosophies inc. (PHM) and related design solutions, including review and mitigation of potential gaps in associated certification methods
· KPIs:
· Life (without scheduled maintenance) [HP engine pump 15,000 hours / Boost pump 60,000 Hours]
· Hydraulic power delivered per unit mass. [In-tank Electrically driven boost pump 0.3 kW/kg]
3. LH2 Valves
· Development of Actuated Valves for control of liquid and gaseous hydrogen distribution, addressing hydrogen compatibility, external and shutoff leakage rates, cycle life, operating speed and thermal insulation.
· Development of non-actuated valves for control of liquid and gaseous hydrogen distribution, addressing hydrogen compatibility, external and functional leakage rates and performance, cycle life, and thermal insulation
· Check Valves, Pressure Relief Valves, Pressure Regulation Valves
· KPIs – individual values to be identified according to agreed project baseline for valve type:
· Cycle Life [100,000 - > 600,000] depending on type
· Weight per unit flow area, [≤ 3400 kg/m2 for insulated, actuated valve]

4. LH2 Conveyance Technology
· Development of LH2 pipework technology to address hydrogen environment, life, acceptable leakage, installation, thermal insulation, coupling solutions and overall weight optimisation. 
· KPIs: 
· Weight per metre for a reference flow area vacuum insulated pipe [Target ≤ 1 kg/m for 1 inch flow diameter]
· Other compatible thermal insulation solutions [< 0.1 W/mK]

5. LH2 Tank Fuel Quantity Gauging 
· Develop technology for a liquid hydrogen environment, addressing safety, life and reliability when considering measurement of liquid level, tank pressure and temperature.
· KPIs: 
· Accuracy [1%] and must read zero at flight unusable fuel condition
· Life: [120,000 hours] operational 24 hours per day
· MTBF & maintainability:  Solution compatible with no tank entry or tank purging except for 12-year mid-life tank access, or preferably no tank entry or tank purging in 24 year life
The following aspects are not in the scope of this Topic:
· Inerting of flammable leakage zones (should be considered for a later phase).
· Storage Tank solutions and ground refuelling interfaces (are addressed in previous calls).
· Hydrogen conditioning systems and heat exchangers (should be considered for a later phase).

This topic should also target key infrastructure technologies that support and compliments the previous “HORIZON-JTI-CLEANH2-2022” and “Clean Aviation projects of Disruptive technologies to enable hydrogen-powered aircraft – Propulsion Systems” objectives and calls.


[bookmark: _Toc104375691]TC4 Heat & Power

[bookmark: _Toc82801097][bookmark: _Toc104375692]TC4-01: Development of high power, impurity tolerant and flexible fuel cells

General Elements 
	Expected EU contribution per project
	The JU estimates that an EU contribution of around EUR 5 million would allow these outcomes to be addressed appropriately. Nonetheless, this does not preclude submission and selection of a proposal requesting different amounts.

	Expected duration
	[3]

	Number of projects
	1

	Type of Action
	Research and Innovation Action

	Manufacturing readiness level
	Activities are expected to start at TRL [3] achieve TRL [5] by the end of the project

	Is this topic open to International Collaboration?
	n/a

	Does this topic need a reduced funding rate? if yes, which one?[footnoteRef:26] [26:  default funding rates are 100% for RIAs and CSA and 70% for IAs. For IAs non-profit organisation a fund rate of 100% applies also for IAs] 

	No

	Include any eligibility criteria you would like to consider in the topic?
	To be discussed during the meeting EC/CG/PO

	(Main) Pillar/Sub-pillar/s of the MAWP addressed by the topic
	☐Renewable Hydrogen production
☐Electrolysis ☐Other routes of renewable hydrogen production
☐ Hydrogen storage and distribution
☐Large scale storage ☐H2 in the natural gas grid ☐Liquid H2 Carriers ☐  Improving Existing Hydrogen Transport means ☐  Compression, Purification and Metering Solutions ☐ HRS
☐  Hydrogen End uses: Transport
☐Building blocks ☐Heavy duty vehicles ☐Waterborne ☐  Rail ☐  Aeronautic 
☒   Hydrogen End uses: Heat and Power
☒  Stationary Fuel Cells ☐  Turbines, boilers and burners
☐   Cross-cutting
☐  Sustainability, LCSA, recycling and eco-design ☐  Education and public Awareness ☐  Safety, Pre-Normative Research and Regulations, Codes and Standards
☐ H2-Valley
☒ Supply chain
☐ Strategic Research Challenge
☐ Low or free PGM catalysts and reducing critical raw materials in electrolysers and fuel cells
☐ Advanced materials for hydrogen storage
☐ Advanced understanding of the performance / durability mechanisms of electrolysers and fuel cells

	Choose the JU specific outcomes and KPIs to which this topic contributes and if necessary, explain how your topic will contribute to them in no more than few lines
	☒  Outcome-1 Limiting the environmental impact of hydrogen technology applications the cost-effectiveness of clean hydrogen solutions
☒   KPI6 Carbon footprint of hydrogen technology applications
☒   KPI-7 Use of PGMs and CRMs in hydrogen technology applications
☐  Outcome-2 Improving the cost-effectiveness of clean hydrogen solutions
☐  KPI-8 Cost of electrolyser technologies used in hydrogen production
☐  KPI-9 Cost of Heavy-Duty Vehicles
☐  KPI-10 Cost of clean hydrogen distribution
☐  Outcome-3 Demonstrating clean hydrogen solutions across the different sectors
☐ KPI-11 MW of electrolysers deployed for hydrogen production funded by the JU
☐ KPI-12 Number of heavy-duty vehicles deployed within EU 27 funded by the JU
☐ KPI-13 Number of HRS deployed within EU 27 funded by the JU
☒  Outcome-4 Reinforcing the EU scientific and industrial ecosystem
☒ KPI-14 Number of patents generated by the projects funded by the JU
☒ KPI-15 Number of publications generated by the projects funded by the JU
☐ Outcome-5 Increasing public awareness and uptake of hydrogen technologies
☐ KPI-16 Public perception of hydrogen technologies





Expected Outcome
Hydrogen offers a unique chance to decarbonise the power generation and heating sectors reliably and independently from weather or seasonal conditions. Fuel cells are known as the most efficient energy conversion devices, outperforming the conventional power sources. Hydrogen and natural gas-powered fuel cell systems have reached high-level TRL and demonstrated reliable durability in operation. If hydrogen is generated from renewable energy sources, then the fuel cells proposition is unique, as they are the most efficient technology able to generate clean energy with zero emissions. Going up to the MWe scale, fuel cells generate power with the highest efficiencies offering a clean and near-silent alternative to conventional solutions such as combustion engines.
Industrial heavy-duty applications have considerable potential for CO2 emission reduction by utilisation of green hydrogen. Cold ironing (idling) of ships in ports, ground power supply of aircraft, and port crane operation are only some examples of potential use cases. These applications deliver a chance for European industry to establish first value chains for hydrogen use in stationary, port and aviation infrastructure (including maritime and heat re-use for other applications) providing a nucleus for expansion to other areas.       
The outcome of this topic is expected to support European industry in solving the following challenges identified by the SRIA:
· Reduction of CAPEX and TCO of stationary fuel cells of all sizes and end use applications; 
· Preparation and demonstration of the next generation of fuel cells for stationary applications able to run under 100% H2 and other H2-rich fuels whilst retaining high performance; 
· Improvement of flexibility of systems in operation in particular with reversible fuel cells and integration with thermal storage;
· Development of commercial/industrial scale CHP unit(s) and/or prime power unit(s) from European suppliers (100 kWe – 1 MWe);
· Demonstration of the deployment of the next generation of commercial/industrial scale fuel cell Combined Heat and Power (CHP) and/or prime power units from European suppliers (50 kWe to several MWe). 
Project results are expected to contribute to all of the following objectives of the JU as reflected in the SRIA:
· high efficiency to guarantee the minimum emissions and primary energy consumption compared to conventional energy systems; 
· establishment of fuel cell systems operating on industrial quality hydrogen generated from renewable energy sources (Pillar 3.5 “Hydrogen end uses: Clean heat and power”, sub-pillar 3.5.1 “Stationary fuel cells); 
· new technologies and components for fuel cell systems to reduce costs and improve flexibility in operation (Pillar 3.5 “Hydrogen end uses: Clean heat and power”, sub-pillar 3.5.1 “Stationary fuel cells). 
The listed objectives are supported by following TRL5-specific KPIs: 
· electrical efficiency of the system 52% (LHV) at nominal power at Beginning of Life (BoL); 
· total system power degradation of 0.4% at rated power measured over at least 1,000 hours of continuous operation; 
· 98% availability of the system during whole testing period cumulating ≥5,000 operating hours
· warm start time and switching between full and part load operation in 10 min. 
Following SRIA KPI on cost will be applied for techno-economic assessment: 
· targeted capital production system costs based on 100 MW/annum production volume of 2,000 €/kWe
· non-recoverable platinum group metals (especially in electrodes) <0.07 g/kWe.

Scope
Europe is a world leader in fuel cell technology. Fuel cells (FC) “made in Europe” have undergone a successful development and the different types of FC driven devices, mainly in the power range up to 20 kWe, are on the way to deployment in multiple stationary power markets. The European automotive industry is on the cutting edge of development of hydrogen fuelled heavy duty vehicles, which however are operated with high purity hydrogen and have thus less requirements on longevity. 
Development of high power range fuel cell systems (CISTEM, DEMOSOFC, SomSOS, GRASSHOPPER)  as well as fuel flexibility towards the blends with hydrogen (SO-FREE) have been already addressed by previous EU calls paving the way for the next step intended by this announcement: efficient and reliable high power output systems operating on industrial quality hydrogen.    
The coming “green” hydrogen economy however requires highly efficient and flexible power generators in the power range 100 kW to 1 MW. The generators in this power range are required for decarbonisation of maritime, aviation and other sectors, including the energy supply for critical infrastructure (prime power), charging stations for local electrical vehicle fleets, and idling, cold ironing,  and ground operation. This project is intended to bridge the power gap between small stationary and MW installations aiming to develop a building block in the shape of a hydrogen fuelled energy server, which can be customised for various applications. The durable and flexible (full and part load) operation of a 150 to 200 kW fuel cell system with industrial quality hydrogen (96% pure) is the main technical target of the project. Ability of operation on a second type of fuel or hydrogen blends may be included. 
The following items are within the scope of this topic: 
· development of a single stack with considerably increased power output, robustness etc. in comparison to the state-of-the-art technology (e.g. 20 kW for SOFC, 120 kW for PEMFC); 
· analysis of impurities in hydrogen coming from hydrogen grid and other sources;
· hydrogen fuelled system design and development utilising existing fuel cell stack manufacturing technologies; 
· development of impurity-tolerant system components; 
· development and testing of filter systems for contaminants; 
· dynamic modelling of system performance on hydrogen and hydrogen blends (if reasonable for the application selected); 
· identification of degradation mechanisms in fuel cells and BoP components, and the effect of operation parameters on degradation; 
· simulation for building up a digital twin; 
· risk assessment of safety aspects in relation to the future certification of the system; 
· techno-economical assessment for a selected application; 
· system operation / state of health monitoring; 
· system operation with commercially available and affordable hydrogen with major impurities/contaminants; 
· system dynamic load and transient behaviour according to the end-user load profile(s) for selected application(s).
Efficient heat extraction and re-use may be included to increase total system efficiency.
Extraction of hydrogen from different hydrogen carriers is not in the scope of this topic. Consortia are expected to gather comprehensive expertise from the European research and industrial community to ensure broad impact by addressing several of the aforementioned items. A participation of end user(s) for the selected system application is suggested.



[bookmark: _Toc82801098][bookmark: _Toc104375693]TC4-02: Research on fundamental combustion physics, flame velocity and structure, pathways of emissions formation for hydrogen and variable blends of hydrogen

General Elements 
	Expected EU contribution per project
	The JU estimates that an EU contribution of around EUR 3 million would allow these outcomes to be addressed appropriately. Nonetheless, this does not preclude submission and selection of a proposal requesting different amounts.

	Expected duration
	[3]

	Number of projects
	1 (potentially 2, to be discussed)

	Type of Action
	Research and Innovation Action

	Technology readiness level
	Activities are expected to start at TRL [2] achieve TRL [4] by the end of the project

	Is this topic open to International Collaboration?
	n/a

	Does this topic need a reduced funding rate? if yes, which one?[footnoteRef:27] [27:  default funding rates are 100% for RIAs and CSA and 70% for IAs. For IAs non-profit organisation a fund rate of 100% applies also for IAs] 

	No

	Include any eligibility criteria you would like to consider in the topic?
	To be discussed during the meeting EC/CG/PO

	(Main) Pillar/Sub-pillar/s of the MAWP addressed by the topic
	☐Renewable Hydrogen production
☐Electrolysis ☐Other routes of renewable hydrogen production
☐ Hydrogen storage and distribution
☐Large scale storage ☐H2 in the natural gas grid ☐Liquid H2 Carriers ☐  Improving Existing Hydrogen Transport means ☐  Compression, Purification and Metering Solutions ☐ HRS
☐  Hydrogen End uses: Transport
☐Building blocks ☐Heavy duty vehicles ☐Waterborne ☐  Rail ☐  Aeronautic 
☒   Hydrogen End uses: Heat and Power
☐  Stationary Fuel Cells ☒  Turbines, boilers and burners
☐   Cross-cutting
☐  Sustainability, LCSA, recycling and eco-design ☐  Education and public Awareness ☐  Safety, Pre-Normative Research and Regulations, Codes and Standards
☐ H2-Valley
☐ Supply chain
☐ Strategic Research Challenge
☐ Low or free PGM catalysts and reducing critical raw materials in electrolysers and fuel cells
☐ Advanced materials for hydrogen storage
☐ Advanced understanding of the performance / durability mechanisms of electrolysers and fuel cells

	Choose the JU specific outcomes and KPIs to which this topic contributes and if necessary, explain how your topic will contribute to them in no more than few lines
	☒  Outcome-1 Limiting the environmental impact of hydrogen technology applications the cost-effectiveness of clean hydrogen solutions
☒   KPI6 Carbon footprint of hydrogen technology applications
☐   KPI-7 Use of PGMs and CRMs in hydrogen technology applications
☐  Outcome-2 Improving the cost-effectiveness of clean hydrogen solutions
☐  KPI-8 Cost of electrolyser technologies used in hydrogen production
☐  KPI-9 Cost of Heavy-Duty Vehicles
☐  KPI-10 Cost of clean hydrogen distribution
☐  Outcome-3 Demonstrating clean hydrogen solutions across the different sectors
☐ KPI-11 MW of electrolysers deployed for hydrogen production funded by the JU
☐ KPI-12 Number of heavy-duty vehicles deployed within EU 27 funded by the JU
☐ KPI-13 Number of HRS deployed within EU 27 funded by the JU
☒  Outcome-4 Reinforcing the EU scientific and industrial ecosystem
☒ KPI-14 Number of patents generated by the projects funded by the JU
☒ KPI-15 Number of publications generated by the projects funded by the JU
☐ Outcome-5 Increasing public awareness and uptake of hydrogen technologies
☐ KPI-16 Public perception of hydrogen technologies





Expected Outcome
Hydrogen is a potential enabler of a low-carbon economy and can be a key instrument for the European Green Deal and the recent REPowerEU Plan objectives. However, hydrogen storage and distribution issues represent a challenge for its implementation. Besides hydrogen, ammonia (NH3) is currently considered as a complementary enabler of the hydrogen economy since it is a carbon-free energy (and hydrogen) carrier with properties that naturally make it an attractive fuel in respect to long-term storage and long-distance transportation.
Gaining insights in hydrogen blends and ammonia combustion, even in conditions due to specific approaches that can be adopted to reduce NOx emissions like Exhaust Gas Recirculation (EGR), will drive to the deployment of enhanced fuel-flexible gas turbines and will contribute to strengthen the backbone of the future hydrogen infrastructure, finally supporting Europe’s energy system decarbonisation pathway and effectively ensuring the grid stability and security of supply. Furthermore, the project fundamental low TRL activities on gas turbines would be beneficial also for the marine and aerospace transportation sector, and for the development of hydrogen boilers and burners.
Project results are expected to provide fundamental knowledge about several aspects related to the utilisation of hydrogen and ammonia blends with methane (natural gas) in DLE (Dry Low Emission) gas turbines (which use premixed lean-combustion principles to achieve a reduction in NOx emissions), and more specifically to contribute to all the following expected outcomes:
· identify accurate chemical kinetics mechanisms of oxidation and pollutants formation;
· enhance knowledge in combustion dynamics and define reliable and suitable indexes for the real-time identification of instability precursors;
· identify fuel-flexible low-NOx combustion technologies, upon exploration of currently promising sequential combustion, EGR and micro-mixing approaches, and evaluate their technological feasibility for applications in distributed systems all the way to large scale power generation plants;
· overcome the remaining barriers to the performance of combustion units using hydrogen or ammonia blends;
· ensure a cost effective and safe utilization of hydrogen or ammonia blends as gas turbine fuel. 
Project results are expected to directly contribute to the objectives of the Clean Hydrogen JU SRIA Pillar 3, « Hydrogen End Uses: Clean Heat and Power » on preparing gas turbines to run on 100% hydrogen, while ensuring the required fuel-flexibility in the energy transition and keeping conversion efficiencies and NOx emission to acceptable levels. In particular, projects are expected to address the following objectives and related KPIs as included in the SRIA:
· increase hydrogen percentage in the fuel (at least 70% by volume in 2024);
· maintain low NOx emissions (<25 ppmv@15%O2/dry @ 70% and 100% vol H2, or more specifically, 29 NOx mg/MJ fuel @70% vol H2 in 2024 and 24 NOx mg/MJ fuel @100% vol H2 in 2030);
· enhance gas turbine ability to handle hydrogen content fluctuations (at least ±15%-points H2 volume / minute in 2024, with a view to reach ±30%-points in 2030).

Scope
Use of natural gas mixtures with high hydrogen content still exhibits high NOx pollutant emissions, thus requiring the implementation of appropriate combustion technologies in new or existing gas turbines, such as DLE, sequential combustion, EGR and micro-mixing approaches. Besides, although recent research has shown that partial decomposition of ammonia (after transportation) to a blend of ammonia/hydrogen/nitrogen can be an interesting solution, many fundamental aspects of ammonia/hydrogen flames are not yet established, and NOx emissions are a concern also in this case.
The proposed project is expected to address the following areas of R&I:
· Development/validation of chemical kinetics mechanisms for combustion of hydrogen blends in different technological contexts, e.g., with and without exhaust gas recirculation, from atmospheric to industrially relevant pressures, giving special emphasis on NOx and N2O formation pathways especially for ammonia/hydrogen blends. Achieving an optimal balance between accuracy and complexity (i.e., computational cost in its use) should be considered as important feature of the effort. 
· Numerical modelling and laboratory-scale experimental investigation of the conditions that ensure static (flashback and blow-out control) and dynamic (control of thermo-acoustic instabilities) stabilisation of premixed and non-premixed flames of hydrogen or ammonia/hydrogen blends while conserving low-emission performance, from atmospheric to industrially relevant pressures. The specific strategy that will be adopted to pursue the main goal should be clearly described in the project proposal (e.g., fuel/air staging, fuel injection, blending etc).
· Identification of real-time monitoring strategies of combustion, that can be reasonably implemented in gas turbines. The selected strategy should also come up with the definition of reliable and suitable indexes for the real-time identification of instability precursors.
In developing its concept, the proposal is expected to address the following related aspects:
· to lower the environmental impact of the proposed solution (e.g., on climate change, pollution);
· to lower the barriers to the deployment of such technologies, including issues related to social acceptance and safety.
The proposal should address the validation of hydrogen or ammonia/hydrogen blends combustion to TRL 4, presenting a robust research methodology and activities, establishing its technological feasibility. The methodology should include proper assessment of the technological feasibility, safety, and risk of using ammonia/hydrogen/nitrogen mixtures in DLE (Dry Low Emission) gas turbines for power generation and transport applications, including environmental, social, and economic benefit/risk balance (e.g., evaluation of cost reduction and efficiency improvements vs consequences in case of accident). These aspects may provide ideas, experiences, technology contributions, knowledge, new approaches and skills.
Consortia are expected to include research and academic centres as well as gas turbine manufactures that can provide guidance and suggestions on the combustion technologies object of the study.
Note to reader. It is understood that pure ammonia turbines rather fall in the remit of P4P, but the remit of P4P starts at higher TRL than what this topic proposes. We face a risk of gap of funding that should be addressed.

[bookmark: _Toc104375694]TC4-03: Retrofitting of existing natural gas turbomachinery cogeneration systems

General Elements 
	Expected EU contribution per project
	The JU estimates that an EU contribution of around EUR 6 million would allow these outcomes to be addressed appropriately. Nonetheless, this does not preclude submission and selection of a proposal requesting different amounts.

	Expected duration
	[3]

	Number of projects
	1

	Type of Action
	Innovation Action

	Technology readiness level
	Activities are expected to start at TRL [5] achieve TRL [7] by the end of the project

	Is this topic open to International Collaboration?
	n/a

	Does this topic need a reduced funding rate? if yes, which one?[footnoteRef:28] [28:  default funding rates are 100% for RIAs and CSA and 70% for IAs. For IAs non-profit organisation a fund rate of 100% applies also for IAs] 

	No

	Include any eligibility criteria you would like to consider in the topic?
	To be discussed during the meeting EC/CG/PO

	(Main) Pillar/Sub-pillar/s of the MAWP addressed by the topic
	☐Renewable Hydrogen production
☐Electrolysis ☐Other routes of renewable hydrogen production
☐ Hydrogen storage and distribution
☐Large scale storage ☐H2 in the natural gas grid ☐Liquid H2 Carriers ☐  Improving Existing Hydrogen Transport means ☐  Compression, Purification and Metering Solutions ☐ HRS
☐  Hydrogen End uses: Transport
☐Building blocks ☐Heavy duty vehicles ☐Waterborne ☐  Rail ☐  Aeronautic 
☒   Hydrogen End uses: Heat and Power
☐  Stationary Fuel Cells ☒  Turbines, boilers and burners
☐   Cross-cutting
☐  Sustainability, LCSA, recycling and eco-design ☐  Education and public Awareness ☐  Safety, Pre-Normative Research and Regulations, Codes and Standards
☐ H2-Valley
☐ Supply chain
☐ Strategic Research Challenge
☐ Low or free PGM catalysts and reducing critical raw materials in electrolysers and fuel cells
☐ Advanced materials for hydrogen storage
☐ Advanced understanding of the performance / durability mechanisms of electrolysers and fuel cells

	Choose the JU specific outcomes and KPIs to which this topic contributes and if necessary, explain how your topic will contribute to them in no more than few lines
	☒  Outcome-1 Limiting the environmental impact of hydrogen technology applications the cost-effectiveness of clean hydrogen solutions
☒   KPI6 Carbon footprint of hydrogen technology applications
☐   KPI-7 Use of PGMs and CRMs in hydrogen technology applications
☐  Outcome-2 Improving the cost-effectiveness of clean hydrogen solutions
☐  KPI-8 Cost of electrolyser technologies used in hydrogen production
☐  KPI-9 Cost of Heavy-Duty Vehicles
☐  KPI-10 Cost of clean hydrogen distribution
☐  Outcome-3 Demonstrating clean hydrogen solutions across the different sectors
☐ KPI-11 MW of electrolysers deployed for hydrogen production funded by the JU
☐ KPI-12 Number of heavy-duty vehicles deployed within EU 27 funded by the JU
☐ KPI-13 Number of HRS deployed within EU 27 funded by the JU
☒  Outcome-4 Reinforcing the EU scientific and industrial ecosystem
☒ KPI-14 Number of patents generated by the projects funded by the JU
☒ KPI-15 Number of publications generated by the projects funded by the JU
☐ Outcome-5 Increasing public awareness and uptake of hydrogen technologies
☐ KPI-16 Public perception of hydrogen technologies





Expected Outcome
[bookmark: OLE_LINK26][bookmark: OLE_LINK27][bookmark: OLE_LINK22][bookmark: OLE_LINK23]The industrial sector of power generation, composed by existing fleet of turbo compressors in the gas transmission systems, gas turbines in simple and combined cycles, can achieve a significant reduction of atmospheric pollution and greenhouse gases emissions only by transitioning to carbon-free fuels and by increasing the share of RES (Renewable Energy Sources). However, the volatility in power output introduced by increasingly large shares of RES in the future energy system represents a key challenge. In this context, gas turbines are considered to be the most robust, mature and cost-effective technology, especially for large-scale power generation systems and are bound to reinforce their role as guarantors of grid stability and reliability. To fulfil this role in line with the Paris Agreement’s goals, power generation from gas turbines needs to be decarbonised. Increase of thermal and mechanical efficiency by adopting CCGT (Combined Cycle Gas Turbine) as well as Cogeneration systems can contribute to reduce the carbon footprint of the industrial sector, even if a substantial decarbonisation can be achieved only by blending increasingly higher fractions of Hydrogen into natural gas (the gas turbines conventional fuel): the capability for gas turbines to operate on hydrogen-based fuels is a key future requirement to fulfil the target of CO2-free power generation. The importance of the progressive reduction of natural gas demand must also be underlined. Those play a strategic role in achieving the EU energetic independency from sources external to the community (RePowerEU).
Currently, the maximum volumetric Hydrogen fraction, up to which commercially available gas turbines can be operated with, lies between 30% and 50%, depending on the specific gas turbine class and type: therefore, a significant advancement in the gas turbines combustion systems technology is still required.
[bookmark: OLE_LINK28][bookmark: OLE_LINK29][bookmark: OLE_LINK30]To accelerate the achievement of industrial sector decarbonisation, an additional pillar of the European strategy is to maximize the retrofitting of existing power generation systems with gas turbines able to burn up to 100% Hydrogen, while still guaranteeing low NOx emissions, high efficiencies and operational flexibility to typical values obtained in natural gas combustion conditions.
The expected outcome of this Innovation Action is to further enhance the gas turbine flexibility of use, improving the 2026 targets of KPI for:
· Maximum Hydrogen fuel content during start-up to 100%
· Ability to handle Hydrogen content fluctuations up to ±30% vol./min
· Minimum ramp rate up to 20% load/min
[bookmark: OLE_LINK24][bookmark: OLE_LINK25]In addition, a final TRL 7 is required: a demonstration system operating in operational environment at pre-commercial scale. The intent is to reduce not only the technological gap, but also the commercial cycle to release new products available in the market to sustain the European decarbonization strategy.



Scope
Technological development on gas turbines combustion systems is aimed to handle incremental percentage of hydrogen blended in the natural gas as fuel. A further step, accelerating the energy sector decarbonization, is to provide gas turbine solutions able to be used with their own flexibility in handling fast load changes over the wider range of natural gas/ hydrogen blends up to the full hydrogen composition.
Synergistically with the incremental hydrogen availability offer expected for the next years, the required final TRL 7 is pushing gas turbine technology and products development to the commercialization phase and the fleet replacement and/or enhancement by the end users with new engine solutions able to provide with hydrogen/natural gas blends similar performances of the current natural gas ones.
The following list of KPIs is defining the requirements to be compliant with, to assure a gas turbine technology and product development in line with the European decarbonization strategy.
[image: ]


[bookmark: _Toc104375695]TC4-04: Retrofitting of existing gas peakers (i.e., CCGT )

General Elements
	Expected EU contribution per project
	The JU estimates that an EU contribution of around EUR 15 million would allow these outcomes to be addressed appropriately. Nonetheless, this does not preclude submission and selection of a proposal requesting different amounts.

	Expected duration
	[5]

	Number of projects
	1

	Type of Action
	Innovation Action

	Technology readiness level
	Activities are expected to start at TRL [6] achieve TRL [7] by the end of the project

	Is this topic open to International Collaboration?
	n/a

	Does this topic need a reduced funding rate? if yes, which one?[footnoteRef:29] [29:  default funding rates are 100% for RIAs and CSA and 70% for IAs. For IAs non-profit organisation a fund rate of 100% applies also for IAs] 

	No

	Include any eligibility criteria you would like to consider in the topic?
	To be discussed during the meeting EC/CG/PO

	(Main) Pillar/Sub-pillar/s of the MAWP addressed by the topic
	☐Renewable Hydrogen production
☐Electrolysis ☐Other routes of renewable hydrogen production
☐ Hydrogen storage and distribution
☐Large scale storage ☐H2 in the natural gas grid ☐Liquid H2 Carriers ☐  Improving Existing Hydrogen Transport means ☐  Compression, Purification and Metering Solutions ☐ HRS
☐  Hydrogen End uses: Transport
☐Building blocks ☐Heavy duty vehicles ☐Waterborne ☐  Rail ☐  Aeronautic 
☒   Hydrogen End uses: Heat and Power
☐  Stationary Fuel Cells ☒  Turbines, boilers and burners
☐   Cross-cutting
☐  Sustainability, LCSA, recycling and eco-design ☐  Education and public Awareness ☐  Safety, Pre-Normative Research and Regulations, Codes and Standards
☐ H2-Valley
☐ Supply chain
☐ Strategic Research Challenge
☐ Low or free PGM catalysts and reducing critical raw materials in electrolysers and fuel cells
☐ Advanced materials for hydrogen storage
☐ Advanced understanding of the performance / durability mechanisms of electrolysers and fuel cells

	Choose the JU specific outcomes and KPIs to which this topic contributes and if necessary, explain how your topic will contribute to them in no more than few lines
	☒  Outcome-1 Limiting the environmental impact of hydrogen technology applications the cost-effectiveness of clean hydrogen solutions
☒   KPI6 Carbon footprint of hydrogen technology applications
☐   KPI-7 Use of PGMs and CRMs in hydrogen technology applications
☐  Outcome-2 Improving the cost-effectiveness of clean hydrogen solutions
☐  KPI-8 Cost of electrolyser technologies used in hydrogen production
☐  KPI-9 Cost of Heavy-Duty Vehicles
☐  KPI-10 Cost of clean hydrogen distribution
☐  Outcome-3 Demonstrating clean hydrogen solutions across the different sectors
☐ KPI-11 MW of electrolysers deployed for hydrogen production funded by the JU
☐ KPI-12 Number of heavy-duty vehicles deployed within EU 27 funded by the JU
☐ KPI-13 Number of HRS deployed within EU 27 funded by the JU
☒  Outcome-4 Reinforcing the EU scientific and industrial ecosystem
☒ KPI-14 Number of patents generated by the projects funded by the JU
☒ KPI-15 Number of publications generated by the projects funded by the JU
☐ Outcome-5 Increasing public awareness and uptake of hydrogen technologies
☐ KPI-16 Public perception of hydrogen technologies





Expected Outcome
There is a significant concern regarding the role of gas power as the world moves towards decarbonisation. Decarbonisation of gas turbine (GT) assets is a fundamental part in the transition of the energy landscape. Hydrogen is the essential “energy pillar” to the ongoing effort in the fight against climate change, enabling CO2-free, dispatchable power generation. The capability for GT units to operate on hydrogen-based fuels is a key future requirement to fulfil the target of CO2-free power generation. Even though existing GT units can already operate with limited amounts of hydrogen blends, new advancements are required to demonstrate utilization of up to 100% vol. H2 via GT retrofit applications. This will enable the energy producers to substantially reduce or even eliminate CO2 emissions, guarantee supply continuity, and avoid stranded assets whilst ensuring protection of power generation investments.
The expected outcome of this Innovation Action is to deploy and implement retrofitting solutions for decarbonised, dispatchable and flexible large scale power generation plants. Specifically, the following targets are envisaged:
· Demonstrate substantial increase of hydrogen-firing capabilities of existing GT units to operate safely with volumetric hydrogen fractions up to 100%.
· Demonstrate NOx emission compliant GT operation, in line with emission limits set by legislation.
· Demonstrate operational (load) flexibility of GT unit, within the standard specifications, at all hydrogen fractions (0-100%).
· Develop dedicated safety and plant integration concepts to enable operation of the retrofit GT unit with up to 100% H2.
· Demonstrate capability of handling any potential variability of the hydrogen fraction in natural gas, depending on the actual availability of hydrogen, in a seamless manner during GT operation.
· Ensure a cost-effective and safe utilisation of hydrogen as GT fuel, including issues related to social acceptance of hydrogen-fired power plants by local communities.
· Evaluate the legislative barriers, if any, of using the retrofitted plant (i.e., on pure hydrogen) to provide ancillary services to the power grid. 
· Evaluate the potential benefits from an economic perspective of providing ancillary services to the power grid.

Scope
Hydrogen integration in a gas power plant is a complex undertaking. For hydrogen contents exceeding 42%vol., the gas classification is very similar to pure hydrogen, with very strict requirements on explosion protection, gas detection and ventilation. This affects the design and operation concept of GT enclosure, auxiliaries, fuel distribution system and purge systems. Additionally, modifications of the plant fuel supply system are needed, including filtration, pressure regulation, pre-heating and blending. The associated impact of hydrogen operation on those components’ durability should be also assessed.
In order to address the KPIs, defined in SRIA 2021-2027, the GT peaker retrofit application must consider the following constraints and demonstrate integrated solutions to overcome the associated technical hurdles:

a) Deployment and demonstration of required GT and plant advancements to enable safe operation of a retrofitted large-scale GT peaker unit with volumetric hydrogen fractions up to 100%.
b) Strong involvement of power plant operator is essential.
c) Demonstration of significant advancement beyond current state of the art capability of GT operation with hydrogen. GT operation with a minimum %vol. hydrogen utilization, as illustrated in Table 1 below, must be demonstrated.
	· GT size (MW)
	· % vol. H2 Required

	· 20 up to 30
	· 100%

	· 31 up to 100
	· 90%

	· 101 up to 200
	· 80%

	· Above 200
	· 70%


Table 1: Minimum % vol. H2 requirement according to engine size

d) Maintain high cycle efficiency.
e) Ensure low emissions of air pollutants, with particular emphasis on those of nitrous oxides (NOx).
f) Demonstration of GT unit operational flexibility, including capability of handling H2 content fluctuations at different loads, fully compatible with grid demand requirements.

At the end of the project duration, the proposed and developed solutions must achieve TRL7.


[bookmark: _Toc104375696]TC4-05: Hydrogen for heat production for hard-to-abate industries (e.g. burners, furnaces)

General Elements
	Expected EU contribution per project
	The JU estimates that an EU contribution of around EUR 6 million would allow these outcomes to be addressed appropriately. Nonetheless, this does not preclude submission and selection of a proposal requesting different amounts.

	Expected duration
	[3]

	Number of projects
	1

	Type of Action
	Innovation Action

	Technology readiness level
	Activities are expected to start at TRL [4] achieve TRL [7] by the end of the project

	Is this topic open to International Collaboration?
	n/a

	Does this topic need a reduced funding rate? if yes, which one?[footnoteRef:30] [30:  default funding rates are 100% for RIAs and CSA and 70% for IAs. For IAs non-profit organisation a fund rate of 100% applies also for IAs] 

	No

	Include any eligibility criteria you would like to consider in the topic?
	To be discussed during the meeting EC/CG/PO

	(Main) Pillar/Sub-pillar/s of the MAWP addressed by the topic
	☐Renewable Hydrogen production
☐Electrolysis ☐Other routes of renewable hydrogen production
☐ Hydrogen storage and distribution
☐Large scale storage ☐H2 in the natural gas grid ☐Liquid H2 Carriers ☐  Improving Existing Hydrogen Transport means ☐  Compression, Purification and Metering Solutions ☐ HRS
☐  Hydrogen End uses: Transport
☐Building blocks ☐Heavy duty vehicles ☐Waterborne ☐  Rail ☐  Aeronautic 
☒   Hydrogen End uses: Heat and Power
☐  Stationary Fuel Cells ☒  Turbines, boilers and burners
☐   Cross-cutting
☐  Sustainability, LCSA, recycling and eco-design ☐  Education and public Awareness ☐  Safety, Pre-Normative Research and Regulations, Codes and Standards
☐ H2-Valley
☐ Supply chain
☐ Strategic Research Challenge
☐ Low or free PGM catalysts and reducing critical raw materials in electrolysers and fuel cells
☐ Advanced materials for hydrogen storage
☐ Advanced understanding of the performance / durability mechanisms of electrolysers and fuel cells

	Choose the JU specific outcomes and KPIs to which this topic contributes and if necessary, explain how your topic will contribute to them in no more than few lines
	☒  Outcome-1 Limiting the environmental impact of hydrogen technology applications the cost-effectiveness of clean hydrogen solutions
☒   KPI6 Carbon footprint of hydrogen technology applications
☐   KPI-7 Use of PGMs and CRMs in hydrogen technology applications
☐  Outcome-2 Improving the cost-effectiveness of clean hydrogen solutions
☐  KPI-8 Cost of electrolyser technologies used in hydrogen production
☐  KPI-9 Cost of Heavy-Duty Vehicles
☐  KPI-10 Cost of clean hydrogen distribution
☒  Outcome-3 Demonstrating clean hydrogen solutions across the different sectors
☒ KPI-11 MW of electrolysers deployed for hydrogen production funded by the JU
☐ KPI-12 Number of heavy-duty vehicles deployed within EU 27 funded by the JU
☐ KPI-13 Number of HRS deployed within EU 27 funded by the JU
☐  Outcome-4 Reinforcing the EU scientific and industrial ecosystem
☐ KPI-14 Number of patents generated by the projects funded by the JU
☐ KPI-15 Number of publications generated by the projects funded by the JU
☐ Outcome-5 Increasing public awareness and uptake of hydrogen technologies
☐ KPI-16 Public perception of hydrogen technologies





Expected Outcome
When produced with renewable or low-carbon energy sources, hydrogen represents a unique opportunity for the decarbonisation of energy-intensive and hard-to-abate industrial sectors where thermal heat is required. This is notably the case for the steel, glass and ceramics sectors. The overall goal of clean heat and power pillar of the Clean Hydrogen JU SRIA is to support European supply chain actors to develop a portfolio of solutions providing clean, renewable and flexible heat and power generation for all end users’ needs and across all system sizes, including industrial applications.
Project results are expected to contribute to all of the following expected outcomes:
· Development and validation of integrated hydrogen burner systems with heating furnaces in energy intensive industrial applications by retrofitting existing systems so that they are able to run on up to 100% hydrogen.
· Contributions to at least two full scale demonstrators for two different energy intensive industrial sectors by 2027.
· New business models for hydrogen-based heat production in energy intensive industries (steel, glass and ceramic).
· Contributing to European leadership for next generation hydrogen burners/furnaces solutions based on different technologies that will be applicable for hard to abate and energy intensive industries.
Project results are expected to contribute to all of the following objectives of the JU as reflected in the SRIA:
· Understanding the hydrogen combustion mechanism and developing or retrofitting boilers with combustors and burners respectively able to run on 100% hydrogen whilst respecting the NOx emissions standards.
· Develop specific actions supporting the direct use/storage of hydrogen and, where applicable, oxygen from electrolysis at low pressure for combustion and include also the flexibility of burners towards various fuels (hydrogen, natural gas, ammonia – normally dedicated but not limited to ambient pressure).
· Develop concepts on safety and plant integration and demonstrate the retrofitting of burners so that they are able to run up to 100% H2.
· Develop plant integration concepts, business models and value chains, incl. retrofitting.

Scope
Over the past years, some progress has been made in the use of hydrogen in boilers and burners for heat production, notably for blends of hydrogen and natural gas. Moreover, given the current situation of energy dependence in Europe and geopolitical conflicts, interest in the search for alternatives to fossil fuels has grown enormously, mainly among large energy consumers and energy-intensive industries, including the steel, glass and ceramics sectors. 
As the share of hydrogen in the gas grid increases and conversion programmes for 100% hydrogen appear, there will be a need for hydrogen-fired industrial boilers and burners to provide high temperature heat. Gas burners and entire boiler units must be 100% hydrogen ready and fulfil the same NOx emissions standards as gas boilers by 2030.
In general, burner technologies provide a unique opportunity to reutilise existing infrastructure, reducing investment costs in new infrastructure and ensuring a cost-competitive transition to renewable gases and zero-carbon power generation. They do not pose strict requirements to fuel gas purity and are able to tolerate traces of other species, enabling therefore the adoption of cost- and energy- effective production and offering hydrogen conversion technologies at large scale.
The vision for 2030 is to have 100% hydrogen ready European combustion systems fulfilling emission standards, for cleaner and sustainable dispatchable power and high temperature heat.
The project scope is:
· Development of pure hydrogen burner and hydrogen/standard fuels mixtures for boilers and furnaces compliant NOx emission standards (industrial scales). Research areas should focus on flame monitoring, optimal mixture formation and impact of buoyancy effects, flame stability & flashback, reduction of emissions. 
· Assess the impact of the use of hydrogen in its different percentages of substitution for fossil fuels in furnaces and products within different hard to abate application sector, giving priority to the steel, glass and ceramics.
· Investigation of the influence of hydrogen and higher gas supply pressures on component tightness.
· Development of concepts for the safe integration of hydrogen in industrial plants in the sectors of application and demonstration of the retrofitting of burners so that they can be operated safely with up to 100% H2. 
· The hydrogen based burner should demonstrate the potential to achieve an equal or improved heating performance (in terms of energy used to heat certain mass/volume).
· Investigations of potential impacts on process performance, equipment operation and maintenance under the presence of hydrogen combustion products (heat exchangers, flame detection, heat recovery technologies).
· Integration of hydrogen production units in industrial environments with high temperature processes (waste gases enthalpy content, requirements in terms of hydrogen supply pressure and purity, reuse of oxygen ad byproduct, etc).
· Techno-economic analysis of two demonstrators in order to replicate the solution to other industrial sites. Study the impact of the H2 cost to the final costs of the final product and  impact of CO2 emissions reduction in the final cost of the product (under ETS program). 
Proposals should build on previous projects undertaking within the FCH II JU framework but also other European Partnerships such as Processes 4 Planet and Clean Steel. Projects results should aim for synergies with the latter two Partnerships with the view of integrating the developed solution(s) into larger scale, real-life applications.


[bookmark: _Toc104375697]TC4-06: Clean hydrogen in the cement industry

General Elements
	Expected EU contribution per project
	The JU estimates that an EU contribution of around EUR 10 million would allow these outcomes to be addressed appropriately. Nonetheless, this does not preclude submission and selection of a proposal requesting different amounts.

	Expected duration
	[4]

	Number of projects
	1

	Type of Action
	Innovation Action

	Technology readiness level
	Activities are expected to start at TRL [6] achieve TRL [7] by the end of the project

	Is this topic open to International Collaboration?
	n/a

	Does this topic need a reduced funding rate? if yes, which one?[footnoteRef:31] [31:  default funding rates are 100% for RIAs and CSA and 70% for IAs. For IAs non-profit organisation a fund rate of 100% applies also for IAs] 

	No

	Include any eligibility criteria you would like to consider in the topic?
	To be discussed during the meeting EC/CG/PO

	(Main) Pillar/Sub-pillar/s of the MAWP addressed by the topic
	☐Renewable Hydrogen production
☐Electrolysis ☐Other routes of renewable hydrogen production
☐ Hydrogen storage and distribution
☐Large scale storage ☐H2 in the natural gas grid ☐Liquid H2 Carriers ☐  Improving Existing Hydrogen Transport means ☐  Compression, Purification and Metering Solutions ☐ HRS
☐  Hydrogen End uses: Transport
☐Building blocks ☐Heavy duty vehicles ☐Waterborne ☐  Rail ☐  Aeronautic 
☒   Hydrogen End uses: Heat and Power
☐  Stationary Fuel Cells ☒  Turbines, boilers and burners
☐   Cross-cutting
☐  Sustainability, LCSA, recycling and eco-design ☐  Education and public Awareness ☐  Safety, Pre-Normative Research and Regulations, Codes and Standards
☐ H2-Valley
☐ Supply chain
☐ Strategic Research Challenge
☐ Low or free PGM catalysts and reducing critical raw materials in electrolysers and fuel cells
☐ Advanced materials for hydrogen storage
☐ Advanced understanding of the performance / durability mechanisms of electrolysers and fuel cells

	Choose the JU specific outcomes and KPIs to which this topic contributes and if necessary, explain how your topic will contribute to them in no more than few lines
	☒  Outcome-1 Limiting the environmental impact of hydrogen technology applications the cost-effectiveness of clean hydrogen solutions
☒   KPI6 Carbon footprint of hydrogen technology applications
☐   KPI-7 Use of PGMs and CRMs in hydrogen technology applications
☐  Outcome-2 Improving the cost-effectiveness of clean hydrogen solutions
☐  KPI-8 Cost of electrolyser technologies used in hydrogen production
☐  KPI-9 Cost of Heavy-Duty Vehicles
☐  KPI-10 Cost of clean hydrogen distribution
☒  Outcome-3 Demonstrating clean hydrogen solutions across the different sectors
☒ KPI-11 MW of electrolysers deployed for hydrogen production funded by the JU
☐ KPI-12 Number of heavy-duty vehicles deployed within EU 27 funded by the JU
☐ KPI-13 Number of HRS deployed within EU 27 funded by the JU
☐  Outcome-4 Reinforcing the EU scientific and industrial ecosystem
☐ KPI-14 Number of patents generated by the projects funded by the JU
☐ KPI-15 Number of publications generated by the projects funded by the JU
☐ Outcome-5 Increasing public awareness and uptake of hydrogen technologies
☐ KPI-16 Public perception of hydrogen technologies





Expected Outcome
According to Cembureau (the European Cement Association), after CO2 capture, the use of alternative fuels, hydrogen and electrification will be the main ingredients to decarbonise the energy supply in clinker manufacturing to achieve carbon neutrality in 2050[footnoteRef:32]. While process CO2 emissions from CaCO3 calcination, which make up around 60% of a typical asset’s emissions, cannot be avoided via hydrogen combustion and require CO2 capture techniques, hydrogen is a candidate to decarbonize the energy supply, especially at the main burner of the rotary kiln, which makes up the bulk of the remaining emissions, which mostly originate from fuel combustion. [32:  Cembureau, 2020. Cementing  the European Green Deal – Reaching climate neutrality along the cement and concrete value chain by 2050.] 

Project results are expected to contribute to the following expected outcome: to demonstrate substantial CO2 emission reduction through the safe utilisation of hydrogen in cement plants (with focus on its use as fuel in the main burner of the rotary kiln), without affecting the quality of the produced clinker.
Project results are expected to directly contribute to the objectives of the Clean Hydrogen JU SRIA Pillar 3.2, ‘Hydrogen End Uses: Clean heat and Power’. Specifically, project results should contribute to the following objectives:
· To develop concepts on safety and plant integration and demonstrate the retrofitting of cement kiln main burners so that they are able to run with the highest possible hydrogen input share, at least 50%, possibly up to 100% H2.
· To develop combustion systems capable of operating flexibly with mixtures of hydrogen and other fuels (especially alternative fuels typically used in cement kilns) with variable share over time, possibly from 0 to 100% of hydrogen share, to adapt to the availability of green hydrogen.
In order to contribute towards achieving the above objectives, the following areas of research and development appear as good candidates for projects granted under this call:
· Development of pure hydrogen burner. Research areas should focus on flame monitoring, flame stability, reduction of emissions and impact on clinker quality;
· Development of plant integration concepts, business models and value chains;
· Development of safety concepts, identifying lacks in standards and norms.

Scope
A technical challenge with hydrogen in a rotary kiln is the alteration of the flame properties compared to typical fuels. In a recent feasibility study, a fuel mix of 50% hydrogen and 50% biomass (on energy basis) was suggested: https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/866365/Phase_2_-_MPA_-_Cement_Production_Fuel_Switching.pdf. This study was the basis of first tests of hydrogen co-firing in an industrial kiln, that have been recently initiated in the UK: https://www.worldcement.com/europe-cis/30092021/world-first-uk-hydrogen-trials-demonstrate-pathway-to-net-zero-cement/. In spite of the recent advancements, technical and scientific understanding of the properties of hydrogen flames in cement kilns and on their impact on the quality of the produced clinker remains weak.
The project granted under this call should demonstrate in relevant environment hydrogen combustion in the main burner of cement kiln, reaching at least TRL 6 - 7. The project must address co-firing of H2 and other fuels, especially alternative fuels with variable share over time, to follow H2 availability. The project should increase the understanding on dynamic constrains in the variation of the hydrogen share in the fuel mix.
The project must address safety aspects of hydrogen use and production, comparing on site vs. off-site production and storage of hydrogen. The focus of the project should be on the retrofitting of existing plants.
To improve the scientific understanding, the project should foresee the necessary laboratory experiments and numerical modelling for understanding of the flame properties to ensure low emission of pollutants (especially NOx) and ensure that the quality of the produced clinker is not affected.
The project should include techno-economic analysis of hydrogen use in full-scale plants, addressing the possible intermittency of H2 supply and the management of hydrogen storage.
The project should explore, at least conceptually, the possibility of reusing O2 from electrolysis within the process, e.g. for oxyfuel combustion in the pre-calciner. The project may also include conceptual studies on converting CO2 captured from the calciner, mostly originating from CaCO3 calcination, into a carbon-based fuel or a chemical product via hydrogenation.


[bookmark: _Toc104375698]TC5 Cross-Cutting

[bookmark: _Toc104375699]TC5-01: Product Environmental Footprint Pilot for FCH Systems

General Elements
	Expected EU contribution per project
	The JU estimates that an EU contribution of around EUR 1.5 million would allow these outcomes to be addressed appropriately. Nonetheless, this does not preclude submission and selection of a proposal requesting different amounts.

	Expected duration
	[3]

	Number of projects
	1

	Type of Action
	Coordination and Support Action

	Technology readiness level
	n/a

	Is this topic open to International Collaboration?
	n/a

	Does this topic need a reduced funding rate? if yes, which one?[footnoteRef:33] [33:  default funding rates are 100% for RIAs and CSA and 70% for IAs. For IAs non-profit organisation a fund rate of 100% applies also for IAs] 

	No

	Include any eligibility criteria you would like to consider in the topic?
	To be discussed during the meeting EC/CG/PO

	(Main) Pillar/Sub-pillar/s of the MAWP addressed by the topic
	☐Renewable Hydrogen production
☐Electrolysis ☐Other routes of renewable hydrogen production
☐ Hydrogen storage and distribution
☐Large scale storage ☐H2 in the natural gas grid ☐Liquid H2 Carriers ☐  Improving Existing Hydrogen Transport means ☐  Compression, Purification and Metering Solutions ☐ HRS
☐  Hydrogen End uses: Transport
☐Building blocks ☐Heavy duty vehicles ☐Waterborne ☐  Rail ☐  Aeronautic 
☐   Hydrogen End uses: Heat and Power
☐  Stationary Fuel Cells ☐  Turbines, boilers and burners
☒   Cross-cutting
☒  Sustainability, LCSA, recycling and eco-design ☐  Education and public Awareness ☐  Safety, Pre-Normative Research and Regulations, Codes and Standards
☐ H2-Valley
☐ Supply chain
☐ Strategic Research Challenge
☐ Low or free PGM catalysts and reducing critical raw materials in electrolysers and fuel cells
☐ Advanced materials for hydrogen storage
☐ Advanced understanding of the performance / durability mechanisms of electrolysers and fuel cells

	Choose the JU specific outcomes and KPIs to which this topic contributes and if necessary, explain how your topic will contribute to them in no more than few lines
	☒  Outcome-1 Limiting the environmental impact of hydrogen technology applications the cost-effectiveness of clean hydrogen solutions
☒   KPI6 Carbon footprint of hydrogen technology applications
☒   KPI-7 Use of PGMs and CRMs in hydrogen technology applications
☐  Outcome-2 Improving the cost-effectiveness of clean hydrogen solutions
☐  KPI-8 Cost of electrolyser technologies used in hydrogen production
☐  KPI-9 Cost of Heavy-Duty Vehicles
☐  KPI-10 Cost of clean hydrogen distribution
☐  Outcome-3 Demonstrating clean hydrogen solutions across the different sectors
☐ KPI-11 MW of electrolysers deployed for hydrogen production funded by the JU
☐ KPI-12 Number of heavy-duty vehicles deployed within EU 27 funded by the JU
☐ KPI-13 Number of HRS deployed within EU 27 funded by the JU
☐  Outcome-4 Reinforcing the EU scientific and industrial ecosystem
☐ KPI-14 Number of patents generated by the projects funded by the JU
☐ KPI-15 Number of publications generated by the projects funded by the JU
☒ Outcome-5 Increasing public awareness and uptake of hydrogen technologies
☒ KPI-16 Public perception of hydrogen technologies





Expected Outcome
Environmental sustainability of Fuel Cells and Hydrogen (FCH) systems is a key requirement in the path towards a hydrogen economy, with important effects on sectors such as renewable power generation, residential and industrial energy supply, and passenger and freight transport. In this regard, measuring the environmental sustainability of FCH systems from a life-cycle perspective has become a crucial need, though often superficially addressed in FCH projects. To that end, guidelines for the environmental Life Cycle Assessment (LCA) of FCH systems have already been developed within the scope of JU-funded projects (e.g. FC-HyGuide and SH2E). As a natural step forward, state-of-the-art FCH-specific LCA guidelines should be used in combination with FCH product categorisation to develop related Product Environmental Footprint Category Rules (PEFCRs) for subsequent Product Environmental Footprint (PEF) studies. According to the European Commission (C/2021/9332), PEFCRs are “product category specific, life cycle-based rules that complement general methodological guidance for PEF studies by providing further specification at the level of a specific product category. If a PEFCR exists, this should be used for calculating the environmental footprint of a product belonging to that product category.” Hence, PEFCRs aim to provide specific guidance for calculating products’ life-cycle environmental impacts with increased reproducibility, relevance and consistency.  
Within this context, this topic addresses the development and application of a set of thorough PEFCRs in the specific field of FCH products according to the latest version of the European Commission’s guidance document for the development of PEFCRs,1 thereby considering the latest recommendations as regards the PEF method.2 The main project outcome of the topic will be: 
· PEFCRs developed for, and applied to, at least 3 different FCH product categories. The hydrogen chain coverage attained by the set of FCH product categories should be as comprehensive as possible, including at least 1 product category relevant to hydrogen production, 1 relevant to hydrogen final use, and 1 relevant to another step (e.g. distribution or storage).  
Moreover, project results are expected to contribute to all of the following additional outcomes: 
· Product categorisation of FCH products, thus facilitating the subsequent development of future PEF initiatives for other FCH product categories. 
· Enhanced reporting of the life-cycle environmental profile of FCH products thanks to increased reproducibility, relevance and consistency, by setting clear and robust criteria on transparency, system scope definition and assessment method. 
· Strengthening the European value chain on FCH products by effectively implementing a strategy that facilitates the application of life cycle thinking in the FCH sector. 
· Enhanced market penetration of environmentally sustainable FCH products. 
· Timely positioning of FCH products regarding continuous efforts towards European policy development and updates on key topics such as climate change, renewable energy sources, critical raw materials, circularity, and taxonomy on sustainable finance. 
While specifically addressing the environmental dimension of sustainability, project results are expected to contribute to the following objectives of the Clean Hydrogen Joint Undertaking according to its Strategic Research and Innovation Agenda (SRIA) for the cross-cutting pillar and the specific area on sustainability:  
· Development of PEFCRs. In this regard, the key performance indicators (KPIs) specifically proposed within this topic are: PEFCRs developed for at least 3 FCH product categories and applied to at least 3 case studies within each product category. 
· Development of life cycle thinking tools. In this regard, this topic specifically contributes to the effective establishment of PEFCRs, and therefore environmental LCA, in the FCH sector.  
· Strengthening the focus on environmental aspects in the framework of the transition to a circular economy; supplying the necessary assessment tools for decision making. In this regard, the results from this topic facilitate decision-making processes effectively oriented towards environmental aspects in the FCH sector. 
· Reinforcing Europe’s leadership position and accelerating mass-market adoption of sustainable FCH products; facilitating that the hydrogen sector becomes a sustainable and circular sector supporting the EU strategy on energy system integration and contributing to the achievement of the Sustainable Development Goals and the objectives of the Paris Agreement. In this sense, this topic provides a sound basis for the potential identification and subsequent promotion of different FCH products as environmentally sustainable. 
At the programme level, the project is expected to contribute to the objective of “limiting the environmental impact of hydrogen technology applications” by facilitating a sound measure of KPIs in terms of environmental impacts (including, among others, greenhouse gas emissions). 

Scope
While PEFCRs have already been developed for a number of product categories (e.g., rechargeable batteries), no PEFCRs are available for FCH product categories. Within this context, and given the momentum of FCH systems, the prompt development and application of the first PEFCRs specific to FCH product categories should be conducted. This project should provide transparency, reliability, completeness, comparability and clarity for reporting the environmental performance of FCH products within at least 3 relevant product categories, supporting efforts towards methodological consistency and data availability. Such a robust measurement and reporting of the environmental performance of FCH products should ultimately contribute to an enhanced market penetration of FCH solutions. 
Considering the general procedure for the development of PEFCRs, the funded project should involve:  
· Analysis of existing work on product category rules and sectoral guidance to provide grounds for FCH-related PEFCRs. 
· Contextualisation of the needs concerning mass deployment of specific technologies (prospective evaluation, sectoral prioritisation, clustering, etc.). 
· Stakeholder consultation, definition of representative products, and screening (simplified environmental footprint for the representative products). 
· Iterative PEFCRs drafting and application to at least 3 products within each product category.  
According to the goal and scope of the topic, a consortium involving experts in the field of LCA and PEF is expected, and a significant engagement of industrial stakeholders relevant to the concerned FCH product categories is needed. 


[bookmark: _Toc82801104][bookmark: _Toc104375700]TC5-02: European Hydrogen Academy 

General Elements 
	Expected EU contribution per project
	The JU estimates that an EU contribution of around EUR 5 million would allow these outcomes to be addressed appropriately. Nonetheless, this does not preclude submission and selection of a proposal requesting different amounts.

	Expected duration
	[5]

	Number of projects
	1

	Type of Action
	Coordination and Support Action

	Technology readiness level
	n/a

	Is this topic open to International Collaboration?
	n/a

	Does this topic need a reduced funding rate? if yes, which one?[footnoteRef:34] [34:  default funding rates are 100% for RIAs and CSA and 70% for IAs. For IAs non-profit organisation a fund rate of 100% applies also for IAs] 

	No

	Include any eligibility criteria you would like to consider in the topic?
	To be discussed during the meeting EC/CG/PO

	(Main) Pillar/Sub-pillar/s of the MAWP addressed by the topic
	☐Renewable Hydrogen production
☐Electrolysis ☐Other routes of renewable hydrogen production
☐ Hydrogen storage and distribution
☐Large scale storage ☐H2 in the natural gas grid ☐Liquid H2 Carriers ☐  Improving Existing Hydrogen Transport means ☐  Compression, Purification and Metering Solutions ☐ HRS
☐  Hydrogen End uses: Transport
☐Building blocks ☐Heavy duty vehicles ☐Waterborne ☐  Rail ☐  Aeronautic 
☐   Hydrogen End uses: Heat and Power
☐  Stationary Fuel Cells ☐  Turbines, boilers and burners
☒   Cross-cutting
☐  Sustainability, LCSA, recycling and eco-design ☒  Education and public Awareness ☐  Safety, Pre-Normative Research and Regulations, Codes and Standards
☐ H2-Valley
☐ Supply chain
☐ Strategic Research Challenge
☐ Low or free PGM catalysts and reducing critical raw materials in electrolysers and fuel cells
☐ Advanced materials for hydrogen storage
☐ Advanced understanding of the performance / durability mechanisms of electrolysers and fuel cells

	Choose the JU specific outcomes and KPIs to which this topic contributes and if necessary, explain how your topic will contribute to them in no more than few lines
	☐  Outcome-1 Limiting the environmental impact of hydrogen technology applications the cost-effectiveness of clean hydrogen solutions
☐   KPI6 Carbon footprint of hydrogen technology applications
☐   KPI-7 Use of PGMs and CRMs in hydrogen technology applications
☐  Outcome-2 Improving the cost-effectiveness of clean hydrogen solutions
☐  KPI-8 Cost of electrolyser technologies used in hydrogen production
☐  KPI-9 Cost of Heavy-Duty Vehicles
☐  KPI-10 Cost of clean hydrogen distribution
☐  Outcome-3 Demonstrating clean hydrogen solutions across the different sectors
☐ KPI-11 MW of electrolysers deployed for hydrogen production funded by the JU
☐ KPI-12 Number of heavy-duty vehicles deployed within EU 27 funded by the JU
☐ KPI-13 Number of HRS deployed within EU 27 funded by the JU
☒  Outcome-4 Reinforcing the EU scientific and industrial ecosystem
☐ KPI-14 Number of patents generated by the projects funded by the JU
☒ KPI-15 Number of publications generated by the projects funded by the JU
☒ Outcome-5 Increasing public awareness and uptake of hydrogen technologies
☒ KPI-16 Public perception of hydrogen technologies





Expected Outcome
Hydrogen and fuel cell technologies are expected to play an essential role in the future global energy system. The SET-Plan Education1 estimated that the increasing activity of the European hydrogen and fuel cells (HFC) industry will require a work force of 200,000 trained workers, technicians and engineers by the year 2030. Vocational, College and University educational institutions alone will not be capable of shaping this body of expertise in the time available. To this end, the re-training and up-skilling of staff will be crucial in preparing the human resource needed for a competitive European hydrogen industry while upgrading existing technical expertise and knowledge.  
The European Commission is placing skills at the heart of the policy agenda, steering investment in people and education and training for a sustainable recovery from the coronavirus pandemic, on 1st July 2020 presenting the European Skills Agenda for sustainable competitiveness, social fairness, and resilience2. Hydrogen Europe (HE) and Hydrogen Europe Research (HER) have adopted education and training as an essential element in the development of the European clean energy transition towards the objectives of the Green Deal. Indeed, in the context of the commitment of both European industry and research towards a highly skilled European hydrogen workforce, a joint Working Group on Skills has been established by HE and HER to coordinate educational and training activities and engage with actors from all parts of the hydrogen value chain. As a side effect, educational activities will increase general acceptance of hydrogen technologies as this comes together with the diffusion of general knowledge and with the extensive qualification of a re-skilled and up-skilled workforce. 
Proposals for this topic have to deliver results contributing to all of the following expected outcomes: 
· Access available to all cohorts of stakeholders to high-quality professional knowledge and practical skills in the area of HFC technologies.  
· An adequate and capable workforce and human capital which are key elements for building and maintaining a competitive clean hydrogen value chain and scaling-up the emerging European HFC industry.  
· Creation of more and better jobs, strengthening the HFC industry, research and innovation across all fields of HFC technologies, different energy carriers and whole system integration. 
· Forming of synergies and transnational collaboration between educational and training institutions, relevant public stakeholders and industry for a coordinated and fast deployment of hydrogen technologies training and education across Europe, and potentially beyond.  
Project results are expected to contribute to all of the following objectives of the JU as reflected in the SRIA (Section 3.6.2 Education and public awareness): 
· Development of innovative education using latest IT technologies and implementation in training processes of stakeholders.  
· Development and installation of a virtual European university [or academy] on hydrogen and fuel cells that will be able to contribute to reaching 200.000 up-skilled and re-skilled professionals at the end of the project (5 years duration 2024-2029). 
· Building training programmes for young professionals in the hydrogen and fuel cell field, including events for training and education to different stakeholders […] joining efforts and competencies across Europe towards binding up to 1000 universities and training institutions by the end of the project. 
Proposals should furthermore create at least 10 digital textbooks covering the most relevant educational needs along the entire energy/energy-carrier value chain.

Scope
Currently many webinars and educational and training courses are being offered but very few of these match up to the quality required from professional courses. On the other hand, a number of EU projects have already accumulated material, processes and concepts to convey professional training in the shape of MSc programmes (TeacHy), technician training (KnowHy), summer schools (TrainHy/JESS), first responder training (HyResponse/HyResponders), short courses (HyProfessionals), information for stakeholders (HyFacts), e-learning tools (NET-Tools), school level material (FCHGo), etc. 
Nevertheless, these activities remain largely fragmented and very often they are not continued beyond the end of the project. The COVID-19 years have shown the importance of online teaching and learning, the potential that blended learning can bring to professional training, and the importance of qualification courses that can be absolved in part-time alongside a daytime job. The body of material produced by the above-mentioned projects often target a specific group of stakeholders and requires major updates in order to fulfil today’s expectations. To improve this situation, the focus should be shifted from delivering teaching during projects, to enabling and leveraging teaching by institutions who can provide professional teachers and continuously update the teaching materials, thus reflecting the rapidly developing area of FCH technologies. 
Proposals addressing this topic must focus on:  
· Overcoming the fragmented nature of qualified and accredited Continuous Professional Development (CPD) courses offered in Europe by establishing an access portal and collecting, coordinating and structuring, making available, and updating existing educational material for vocational training and professional development. 
· Addressing the issue of copyright and transferability in FCH educational material supplied. 
· Addressing the issue of a joint accreditation and qualification framework for CPD courses in European countries, including a system of MicroCredentials and their recognition. 
· Creating a framework for porting online teaching content across a variety of learning management systems (LMS) used at institutions across Europe. 
· Supplying access to textbooks, serving as a reference library but also supporting trainers in developing teaching materials in areas of specialisation. 
· Overcoming the lack of practical training workshops and laboratories, and the issues of preparing for practical training in online courses. 
· Monitoring, tracking and quantifying the use of educational material supplied with help of EU funding. 
Proposals addressing this topic should create an education and training ecosystem, referred to as “European Hydrogen Academy”, for blended learning and training activities on HFC technologies and applications. To this end, proposals should develop, but not be limited to, the following elements. 
· An online platform giving access to high-quality CPD learning and training materials for students and teachers from both formal education and vocational training, as a one-stop point of access to European educational activities in the field of HFC technologies, and ultimately offering a catalogue of available education and training across Europe, including long term (degree) and short term activities (Summer Schools). 
· Integrating online professional educational and training programmes from Level 3 3 (apprentices) to Level 8 (PhD students), and for vocational training/continuous professional development (lifelong learning) to both up-skill professionals already working in technical functions and re-skill the current workforce in declining industries.  
· Programmes provided in English and then made available in at least 10 different languages to further strengthen access to such material.  
· Develop novel approaches to creating learning materials and online activities based on innovative learning strategies, e.g. from storytelling to detailed tutorials on real cases involving industrial contributors, and including new formats such as interviews, collaborative learning activities stimulating student creativity, serious games, contests, etc. depending on the respective level of qualification. 
· A relevant selection of materials should be made available for free access; this should include the creation of a minimum of 10 free access high-quality textbooks (150 to 250 pages ea.) for teaching in all areas related to fundamental knowledge and industry-driven practical skills in teaching HFC technologies, and a freely accessible reference library. 
· A concept for granting MicroCredentials recognised across institutions (including but not limited to ECTS), supporting the continuous and progressive acquisition of certified competencies by re-skilled professionals, teachers and students. 
· Coordinate quality assurance across education and training offerings, including coordination of contents development, development of standards, peer review of teaching materials, delivery formats, etc. 
· Develop solutions towards the portability of online teaching content to be delivered across multiple Learning Management Systems (LMS). 
· A network of virtual and on-site training laboratories to bring gained knowledge into practical experience and knowledge, and to serve as an interface and contact point to the public for promoting trust and acceptance based on individual experience. 
· Concepts and content suitable to prepare professionals for practical training sessions by implementing a variety of online tools, including Serious Games and simulations. 
· A range of managerial and soft skills development materials to nurture highly motivated individuals with high potential to create the future leadership for the hydrogen transition 
· A business model and structure to ensure that the online platform remains a valuable asset and continues to grow after the project terminates. 
Projects may also include the following items: 
· Learning through actions models to prepare and test participants of courses in real life challenges within the industrial sectors, with industrial partners to the platform offering placements within their company on specific projects. 
· Attract and engage teachers and students and provide them support, e.g. through online webinars and tutorials, to assist them until they achieve the desired qualification degree. 
Proposals must clearly show links to and synergies with existing platforms and/or projects on education and training on hydrogen and hydrogen-related technologies as well as means of collaboration with similar activities ongoing internationally. Indeed, proposals must be complementary to the GreenSkills4H2 project aligning with the Skills Strategy and extending the Training Programme to cover the whole energy/energy-carrier value chain. 
Consortia must include a critical mass of experienced educational and training institutions addressing different levels of qualification, bodies that offer vocational training, and national educational administrations that will provide sufficient expertise and thrust to realise the required programme. 
References: 
1 Assessment Report SET-Plan on Education and Training - Working Group: Fuel Cells and Hydrogen. Brussels, 14. Nov. 2012. 
2 https://ec.europa.eu/social/main.jsp?langId=en&catId=89&furtherNews=yes&newsId=9723 
3 International Standard Classification of Education (ISCED) - Statistics Explained (europa.eu) 

Budget justification: 
It needs to be pointed out that the financing of educational activities, albeit they are continuously recognised as key elements of building the hydrogen economy, consistently lacks scope and volume. Therefore, the sufficient budget (€5M) over a meaningful length of time (5 yrs) are necessary to deliver the scope of this topic. 
To reinforce this please fin the budget considerations that provide certainty that this claim is not exaggerated, though this is a rather unusual move at this time of topic drafting: 
The reliable provision of and translation of material, even if taken over from other projects such as GreenSkills4H2 requires a high amount of qualified work with a high expenditure on time for translation of slides, of hand-outs, of textbooks, of giving recorded lectures in different languages and providing reliable sub-titling. With eleven languages to be represented and the wealth of information and textbooks to be produced, organised, or developed, the coordination between various educational systems and credit frameworks, the networking between European partners, and the sheer scale of potential educational network to be developed, sufficient budget is required in order to allow the project to deliver to the full specifications of the call. 
Budget calculation: 
· Translating educational and training material or modules (calculated based on the example of an MSc programme), including slides, hand-outs, sub-titles (considered very important by participants, esp. in international courses) etc. corresponds to €100k x 10 languages ~€1M 
· Translating 10 textbooks ~€0.5M  (10x10x€5k) 
· 3 x 1 FTE for project coordination, platform programming and maintenance, qualification and credentials recognition work  = 3x 5 x €100k = €1.5M 
· Developing platform tools, serious games in different languages €500k 
· Building the laboratory network €1M (which is just seed money) 
· Platform hosting, software licenses, LMS licenses, travel, seminars, conferences, copyright payments (if applicable), open-source publishing €500k 
· 20 project partners with 0.25 FTE x 5 yrs = €2.5M 
Total €7.5M 
Call budget over scribed 50%: cut total by 33% = €5M - reduce scope accordingly 


[bookmark: _Toc104375701]TC5-03: PNR on determination of hydrogen releases from the H2 value chain

General Elements
	Expected EU contribution per project
	The JU estimates that an EU contribution of around EUR 3 million would allow these outcomes to be addressed appropriately. Nonetheless, this does not preclude submission and selection of a proposal requesting different amounts.

	Expected duration
	[3]

	Number of projects
	1

	Type of Action
	Research and Innovation Action

	Technology readiness level
	Activities are expected to achieve TRL [4] by the end of the project.

	Is this topic open to International Collaboration?
	n/a

	Does this topic need a reduced funding rate? if yes, which one?[footnoteRef:35] [35:  default funding rates are 100% for RIAs and CSA and 70% for IAs. For IAs non-profit organisation a fund rate of 100% applies also for IAs] 

	No

	Include any eligibility criteria you would like to consider in the topic?
	To be discussed during the meeting EC/CG/PO

	(Main) Pillar/Sub-pillar/s of the MAWP addressed by the topic
	☐Renewable Hydrogen production
☐Electrolysis ☐Other routes of renewable hydrogen production
☐ Hydrogen storage and distribution
☐Large scale storage ☐H2 in the natural gas grid ☐Liquid H2 Carriers ☐  Improving Existing Hydrogen Transport means ☐  Compression, Purification and Metering Solutions ☐ HRS
☐  Hydrogen End uses: Transport
☐Building blocks ☐Heavy duty vehicles ☐Waterborne ☐  Rail ☐  Aeronautic 
☐   Hydrogen End uses: Heat and Power
☐  Stationary Fuel Cells ☐  Turbines, boilers and burners
☒   Cross-cutting
☐  Sustainability, LCSA, recycling and eco-design ☐  Education and public Awareness ☒  Safety, Pre-Normative Research and Regulations, Codes and Standards
☐ H2-Valley
☐ Supply chain
☐ Strategic Research Challenge
☐ Low or free PGM catalysts and reducing critical raw materials in electrolysers and fuel cells
☐ Advanced materials for hydrogen storage
☐ Advanced understanding of the performance / durability mechanisms of electrolysers and fuel cells

	Choose the JU specific outcomes and KPIs to which this topic contributes and if necessary, explain how your topic will contribute to them in no more than few lines
	☒  Outcome-1 Limiting the environmental impact of hydrogen technology applications the cost-effectiveness of clean hydrogen solutions
☒   KPI6 Carbon footprint of hydrogen technology applications
☐   KPI-7 Use of PGMs and CRMs in hydrogen technology applications
☐  Outcome-2 Improving the cost-effectiveness of clean hydrogen solutions
☐  KPI-8 Cost of electrolyser technologies used in hydrogen production
☐  KPI-9 Cost of Heavy-Duty Vehicles
☐  KPI-10 Cost of clean hydrogen distribution
☐  Outcome-3 Demonstrating clean hydrogen solutions across the different sectors
☐ KPI-11 MW of electrolysers deployed for hydrogen production funded by the JU
☐ KPI-12 Number of heavy-duty vehicles deployed within EU 27 funded by the JU
☐ KPI-13 Number of HRS deployed within EU 27 funded by the JU
☒  Outcome-4 Reinforcing the EU scientific and industrial ecosystem
☐ KPI-14 Number of patents generated by the projects funded by the JU
☒ KPI-15 Number of publications generated by the projects funded by the JU
☒ Outcome-5 Increasing public awareness and uptake of hydrogen technologies
☒ KPI-16 Public perception of hydrogen technologies





Expected Outcome
The EU’s Hydrogen Strategy, REPowerEU and other relevant European initiatives, clearly recognise clean hydrogen and its applications as a fundamental pillar of the future European energy system, supporting the energy, industrial and mobility sectors in reaching the EU’s ambitious decarbonisation targets. Hydrogen can strongly contribute to the reduction of carbon emissions as it can be produced from renewable energy sources and, when it is consumed, does not emit CO2. As such, a hydrogen molecule present in the atmosphere does not act as a direct greenhouse gas as it does not have a dipole moment. However, hydrogen can react with other molecules present in the atmosphere (mainly hydroxyl radicals) and delay the annihilation of methane, favour the production ozone and produce water vapour (which is a greenhouse gas at high altitudes), thus acting as an indirect greenhouse gas. It is therefore crucial to assess that potential H2 releases along the entire hydrogen value chain do not have an overall negative impact on the environment and consequences on the climate. 
To date, there are some areas of uncertainty considering both the amount of the hydrogen releases expected along the future hydrogen value chains and its global warming potential once its released into the atmosphere.
Project results are expected to contribute to most of the following outcomes:
· Identification of the types of hydrogen releases expected throughout its life cycle, including production, compression, transportation and distribution, storage and final uses, including H2 releases from hydrogen carriers.
· Identification of the most critical elements of the hydrogen value chain and mitigation strategies.
· Simulation and forecasting validated models of hydrogen releases along the entire hydrogen value chain for the quantification of the hydrogen releases.
· Assessment of potential measures and technologies to detect, measure and minimise each type of release, also exploring potential consequences in terms of life-cycle environmental indicators at the system level.
Project results are expected to contribute to all of the following objectives of the JU as reflected in the MAWP
· N/A
Scope
The gas industry has for decades been strongly committed to identifying, quantifying and mitigating gas releases along the entire value chain, from production (extraction) to final uses. In addition, the effects of releases of gases on the environment have been widely studied and assessed, with the aim of limiting the climate-change effects as much as possible. 
While methane emissions is a well-known topic, with emission quantification methods/technologies and mitigation strategies defined, the case of hydrogen is different. This case requires in-depth analysis, supported by experimental campaigns, in order to assess the overall effect on the environment of a large adoption of this energy vector.
Building also on the experience gained in the gas sector and on the characterisation of methane emissions, the proposed project should therefore assess the potential hydrogen releases of the future hydrogen value chain and its overall climate impact, taking into consideration both a growing development of the hydrogen market, and at the same time lower CO2 equivalent emissions into the atmosphere guaranteed by the replacement of fossil fuels by hydrogen, as a result of less CO2 (from fossil fuel combustions) and CH4 (leakage or vents) emitted.
In order to assess the hydrogen potential release, the proposal should:
· Identify the most critical elements of the hydrogen value chain with regard to potential hydrogen releases considering the different building blocks (e.g. production, transport and distribution, storage, end uses).
·  Develop and validate appropriate test methods and protocols to provide the required data on releases of hydrogen from the most critical elements of the hydrogen value chain. Methods are needed which fulfil similar roles as in the existing natural gas supply chain. These may include methods to enable the identification of sources of hydrogen releases (for example as in leak detection and repair programmes), to quantify the mass emission rates of releases into the atmosphere, and to provide test methods to characterise the performance of equipment for hydrogen use. The methods and protocols should be developed considering the potential for future standardization.
· Identify the total potential hydrogen releases along the whole hydrogen value chain, considering the different building blocks (e.g., production, transport and distribution, storage, end uses). The proposal should develop simulation tools able to characterise the total potential hydrogen releases considering the different hydrogen scenarios.
· It is strongly encouraged to include the identification of mitigation measures, engineering solutions, technologies and research and development actions to minimise the release of H2.
· As well, the proposal should include life cycle assessment studies to explore potential environmental effects at the overall system level, thus serving as a link with the climate research community while estimating the role of hydrogen releases in the total life-cycle impacts of hydrogen systems.
· Cooperation with European and International entities and institution on Climate, Atmospheric and Meteorological expertise, as well as normative and standardization entities, is strongly encouraged.
Building on the previous results, the proposal should provide recommendations and dissemination for updating and/or development of new standards at European and International level.
Research and experimental activities and the industry contributions should support the scientific community in the assessment of the quantification of the potential impact of the hydrogen release from the H2 value chain on the climate, providing data and tools for the quantification of the total hydrogen released. Nevertheless, the contribution of the hydrogen adoption on the avoided CO2 and CO2 equivalent emissions should also be taken into account.



[bookmark: _Toc82801106][bookmark: _Toc104375702]TC5-04: PNR for the maritime sector

General Elements
	Expected EU contribution per project
	The JU estimates that an EU contribution of around EUR 2 million would allow these outcomes to be addressed appropriately. Nonetheless, this does not preclude submission and selection of a proposal requesting different amounts.

	Expected duration
	[2]

	Number of projects
	1

	Type of Action
	Coordination and Support Action

	Technology readiness level
	n/a

	Is this topic open to International Collaboration?
	Yes

	Does this topic need a reduced funding rate? if yes, which one?[footnoteRef:36] [36:  default funding rates are 100% for RIAs and CSA and 70% for IAs. For IAs non-profit organisation a fund rate of 100% applies also for IAs] 

	No

	Include any eligibility criteria you would like to consider in the topic?
	To be discussed during the meeting EC/CG/PO

	(Main) Pillar/Sub-pillar/s of the MAWP addressed by the topic
	☐Renewable Hydrogen production
☐Electrolysis ☐Other routes of renewable hydrogen production
☐ Hydrogen storage and distribution
☐Large scale storage ☐H2 in the natural gas grid ☐Liquid H2 Carriers ☐  Improving Existing Hydrogen Transport means ☐  Compression, Purification and Metering Solutions ☐ HRS
☒  Hydrogen End uses: Transport
☐Building blocks ☐Heavy duty vehicles ☒Waterborne ☐  Rail ☐  Aeronautic 
☐   Hydrogen End uses: Heat and Power
☐  Stationary Fuel Cells ☐  Turbines, boilers and burners
☒   Cross-cutting
☐  Sustainability, LCSA, recycling and eco-design ☐  Education and public Awareness ☒  Safety, Pre-Normative Research and Regulations, Codes and Standards
☐ H2-Valley
☐ Supply chain
☐ Strategic Research Challenge
☐ Low or free PGM catalysts and reducing critical raw materials in electrolysers and fuel cells
☐ Advanced materials for hydrogen storage
☐ Advanced understanding of the performance / durability mechanisms of electrolysers and fuel cells

	Choose the JU specific outcomes and KPIs to which this topic contributes and if necessary, explain how your topic will contribute to them in no more than few lines
	☒  Outcome-1 Limiting the environmental impact of hydrogen technology applications the cost-effectiveness of clean hydrogen solutions
☒   KPI6 Carbon footprint of hydrogen technology applications
☐   KPI-7 Use of PGMs and CRMs in hydrogen technology applications
☐  Outcome-2 Improving the cost-effectiveness of clean hydrogen solutions
☐  KPI-8 Cost of electrolyser technologies used in hydrogen production
☐  KPI-9 Cost of Heavy-Duty Vehicles
☐  KPI-10 Cost of clean hydrogen distribution
☐  Outcome-3 Demonstrating clean hydrogen solutions across the different sectors
☐ KPI-11 MW of electrolysers deployed for hydrogen production funded by the JU
☐ KPI-12 Number of heavy-duty vehicles deployed within EU 27 funded by the JU
☐ KPI-13 Number of HRS deployed within EU 27 funded by the JU
☒  Outcome-4 Reinforcing the EU scientific and industrial ecosystem
☐ KPI-14 Number of patents generated by the projects funded by the JU
☒ KPI-15 Number of publications generated by the projects funded by the JU
☐ Outcome-5 Increasing public awareness and uptake of hydrogen technologies
☐ KPI-16 Public perception of hydrogen technologies





Expected Outcome
Project results are expected to contribute to the following expected outcomes:
· A boost of market uptake of hydrogen fuels on commercial vessels (Inland, short sea and deep-sea navigation), scaling-up of hydrogen technologies suitable for a variety of power generation systems. 
· Technical knowledge development, resulting in IMO submissions (e.g., INF Documents) presenting guides, explanatory notes, industrial standards and worked examples to support the improvement of the IGF Code (set as “continuous” item in the IMO agenda) and the development of a specific Part of the IGF Code on hydrogen-rich fuels.
· Definition of specific reference scenarios to be used in the risk assessment (HAZID, HAZOP) of hydrogen installations on board, with due regard to accidents involving hydrogen fuels spill, fires and explosions and propose relevant Risk Control Options (RCOs) in design and operation.
· Definition of specific reference scenarios to be used in the risk assessment (HAZID, HAZOP) of hydrogen bunkering operations (ship-to-shore interface).
· Proposed extension to the waterborne transport of well proven industry standards from land-based installations and other transport modes, as far as practicable (marinization of industrial solutions), with specific focus on materials, components, fittings and general piping design for hydrogen containment and handling.
· Public summary of commonly agreed, scientifically based output for the update and seamless improvement of the relevant international Rules, Regulations, Codes and Standards (RCS) as known, published and available at the end of the project.
Project results are expected to contribute to the strategic directions of the CH JU as reflected in the SRIA (3.6.3 Safety, Pre-Normative Research and Regulations, Codes and Standards), in close cooperation and harmonization with the SRIA of the cPP Zero Emission Waterborne Transport (ZEWT) and the Regulations, Codes and Standards Strategy Coordination group of the CH JU, also identified in the SRIA as a key contributor in the strategic approach needed in this field.

Scope
· Coordinate relevant international bodies including, but not limited to, IMO and ISO, as well as industry players in the drafting of clear standards applicable to the use of hydrogen and hydrogen-based fuels in maritime transport. 
· Keep the pace with the fast evolution of global zero-emission strategies, establishing a link of cooperation by regular meetings or online public consultations
· with the ongoing developments at EU level (with the EC, EMSA, ESSF, EU Environment Agency, EU national administrations, EU MS, EU association representing owners, cPP ZEWT, umbrella organisations, selected individual companies)
· at international level with IMO, International Organizations for Standardization (ISO-TC197, IEC TC 105), representatives of non-governmental organisations (NGOs), to facilitate the discussion and the uptake of the necessary provisions.
· Further develop a robust scientific knowledge, to support the future goal-based policy-making process and facilitate the introduction and the utilization of hydrogen and hydrogen-rich fuels on waterborne transport, with specific reference to the IGF Code.
· Identify any related regulatory obstacle, barrier, need and challenge.
· Support the definition of possible scenarios and field of application of the future regulatory framework.
· Address specific technology requirements and standards applicable to the materials used to contain and distribute hydrogen on board.


[bookmark: _Toc104375703]TC5-05: Materials for cryogenic hydrogen applications

General Elements
	Expected EU contribution per project
	The JU estimates that an EU contribution of around EUR 3 million would allow these outcomes to be addressed appropriately. Nonetheless, this does not preclude submission and selection of a proposal requesting different amounts.

	Expected duration
	[3]

	Number of projects
	1

	Type of Action
	Research and Innovation Action

	Technology readiness level
	Activities are expected to achieve TRL 4 by the end of the project

	Is this topic open to International Collaboration?
	To be discussed during the meeting EC/CG/PO

	Does this topic need a reduced funding rate? if yes, which one?[footnoteRef:37] [37:  default funding rates are 100% for RIAs and CSA and 70% for IAs. For IAs non-profit organisation a fund rate of 100% applies also for IAs] 

	No

	Include any eligibility criteria you would like to consider in the topic?
	To be discussed during the meeting EC/CG/PO

	(Main) Pillar/Sub-pillar/s of the MAWP addressed by the topic
	☐Renewable Hydrogen production
☐Electrolysis ☐Other routes of renewable hydrogen production
☒ Hydrogen storage and distribution
☐Large scale storage ☐H2 in the natural gas grid ☐Liquid H2 Carriers ☒  Improving Existing Hydrogen Transport means ☐  Compression, Purification and Metering Solutions ☐ HRS
☐  Hydrogen End uses: Transport
☐Building blocks ☐Heavy duty vehicles ☐Waterborne ☐  Rail ☐  Aeronautic 
☐   Hydrogen End uses: Heat and Power
☐  Stationary Fuel Cells ☐  Turbines, boilers and burners
☒   Cross-cutting
☐  Sustainability, LCSA, recycling and eco-design ☐  Education and public Awareness ☒  Safety, Pre-Normative Research and Regulations, Codes and Standards
☐ H2-Valley
☐ Supply chain
☐ Strategic Research Challenge
☐ Low or free PGM catalysts and reducing critical raw materials in electrolysers and fuel cells
☐ Advanced materials for hydrogen storage
☐ Advanced understanding of the performance / durability mechanisms of electrolysers and fuel cells

	Choose the JU specific outcomes and KPIs to which this topic contributes and if necessary, explain how your topic will contribute to them in no more than few lines
	☒  Outcome-1 Limiting the environmental impact of hydrogen technology applications the cost-effectiveness of clean hydrogen solutions
☒   KPI6 Carbon footprint of hydrogen technology applications
☐   KPI-7 Use of PGMs and CRMs in hydrogen technology applications
☒  Outcome-2 Improving the cost-effectiveness of clean hydrogen solutions
☐  KPI-8 Cost of electrolyser technologies used in hydrogen production
☒  KPI-9 Cost of Heavy-Duty Vehicles
☒  KPI-10 Cost of clean hydrogen distribution
☐  Outcome-3 Demonstrating clean hydrogen solutions across the different sectors
☐ KPI-11 MW of electrolysers deployed for hydrogen production funded by the JU
☐ KPI-12 Number of heavy-duty vehicles deployed within EU 27 funded by the JU
☐ KPI-13 Number of HRS deployed within EU 27 funded by the JU
☒  Outcome-4 Reinforcing the EU scientific and industrial ecosystem
☒ KPI-14 Number of patents generated by the projects funded by the JU
☒ KPI-15 Number of publications generated by the projects funded by the JU
☐ Outcome-5 Increasing public awareness and uptake of hydrogen technologies
☐ KPI-16 Public perception of hydrogen technologies





Expected Outcome
The specific objectives include but are not limited to:
· Closing knowledge gaps with regard to the behaviour of metallic and non-metallic materials, used for liquid or cryogenic hydrogen applications
· Identification of representative operational conditions of in particular safety critical components and of relevant factors influencing or characterising the material behaviour in cryogenic hydrogen environments
· Selection and/or development and validation of suitable material test methods for cryogenic hydrogen conditions
· Support the development of RCS with recommendations for a consistent, reliable and efficient material testing framework for qualifying materials for liquid or cryogenic hydrogen applications
The results of the cross-cutting pre-normative research project will mainly support the Storage & Distribution and the End Use pillar and help developing associated technologies from relatively low TRL levels like 3-5 to higher TRL levels. The addressed areas include stationary applications like liquefaction, transfer and storage of cryogenic hydrogen and mobile applications, in particular heavy-duty transport on streets, rails and water. The latter refer to the use of cryogenic fuel and the actual transport of hydrogen. A very strong impact is expected for aviation, where safety and further weight reduction are most important criteria and liquid hydrogen is the most promising carbon-free fuel on the mid to long term.
The project results are expected to contribute to the following expected outcomes:
· New knowledge with regards to material behaviour and corresponding test strategies underpinning the safe development of innovative storage and transport solutions for liquid and cryogenic hydrogen,
· Guidelines for efficient and reliable selection of materials for cryogenic hydrogen applications, taking into account their criticality and sustainability from a life cycle perspective, including environmental, economic and social aspects.
· Commonly agreed, scientifically based recommendations for the update or development of relevant Regulations, Codes and Standards (RCS),
· Reduction of weight and costs of cryogenic hydrogen technologies with improved safety performance.
Project results are expected to contribute to the strategic directions of the Clean Hydrogen Joint Undertaking as reflected in the SRIA (3.6.3 Safety, Pre-Normative Research and Regulations, Codes and Standards). The role of PNR activities in supporting the development of technical regulations and standards is fundamental.

Scope
Cryogenic hydrogen is becoming increasingly relevant for scaling up supply infrastructure and for weight critical hydrogen applications. However, structural elements or components operated in low-temperature hydrogen service must retain suitable properties - including permeability, elastic properties, elongation, yield, and tensile strength and ductility. The special challenge is associated not only with the low temperature regime and the corresponding known changes of the material properties but also related to the potentially adverse effects hydrogen may have on those properties, usually summarized under the term hydrogen embrittlement. 
There is a certain list of materials, in particular from the metal class, which are considered suitable for „conventional“ cryogenic hydrogen applications (see for instance Annex C.3.2 of ISO TR 15916:2015). However, the new applications ask for further cost and weight reductions and therefore also other materials classes, including plastic and fiber enforced compound materials or materials used in additive manufacturing, must be considered. The gas and aviation industry are continually exploring new materials with better performing properties and laboratories are challenged to develop new test methods on these demanding materials, which includes testing at very low temperatures and under hydrogen atmosphere.
Proposals must describe the project’s approach for
· Identifying prototypical operational conditions which address most relevant applications of liquid or cryogenic hydrogen, 
· Summarising the state-of-the-art in material testing at cryogenic conditions at the beginning of the project. Fundamental science, medicine or space technology might provide useful references.  
· Developing sets of test programs for qualifying structural materials used for systems applying liquid or cryogenic hydrogen. Metallic alloys, fiber-reinforced composites and laminated structures as well as sealing materials shall be addressed. Thermal insulation materials are considered out of scope. 
· Tests shall be selected, modified, developed respectively to address the following factors: 
(I) compatibility with hydrogen (in terms of hydrogen embrittlement, hydrogenation, bubbling, porosity, permeation and diffusivity); (II) compatibility with operating conditions (effects of temperature and pressure e.g. on ductility, expansion/contraction, property changes); (III) failure behaviour (more brittle, more ductile);  (IV) compatibility with adjacent materials (adaptive properties with temperature and pressure changes, effects on shape and dimensions); (V) compatibility with the environment (e.g., a corrosive environment); (VI) manufacturing and processing capabilities (casting rolling, bending, welding, additive manufacturing); and  (VII) economics and availability.
· Validating the test programs in round robin tests with prototypical samples of the addressed material classes, and
· Developing recommendations for the selection and qualification of materials for cryogenic hydrogen applications, including criticality and sustainability studies from a life cycle perspective, which can serve as a basis for revision of corresponding standards or development of a new specific international standard.
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General Elements
	Expected EU contribution per project
	The JU estimates that an EU contribution of around EUR 30 million would allow these outcomes to be addressed appropriately. Nonetheless, this does not preclude submission and selection of a proposal requesting different amounts.

	Expected duration
	[5-6]

	Number of projects
	2

	Type of Action
	Innovation Action

	Technology readiness level
	Activities are expected to achieve TRL 8 by the end of the project

	Is this topic open to International Collaboration?
	To be discussed during the meeting EC/CG/PO

	Does this topic need a reduced funding rate? if yes, which one?[footnoteRef:38] [38:  default funding rates are 100% for RIAs and CSA and 70% for IAs. For IAs non-profit organisation a fund rate of 100% applies also for IAs] 

	Yes

	Include any eligibility criteria you would like to consider in the topic?
	To be discussed during the meeting EC/CG/PO

	(Main) Pillar/Sub-pillar/s of the MAWP addressed by the topic
	☒Renewable Hydrogen production
☒Electrolysis ☐Other routes of renewable hydrogen production
☒ Hydrogen storage and distribution
☒Large scale storage ☐H2 in the natural gas grid ☐Liquid H2 Carriers ☒  Improving Existing Hydrogen Transport means ☐  Compression, Purification and Metering Solutions ☒ HRS
☒  Hydrogen End uses: Transport
☐Building blocks ☐Heavy duty vehicles ☐Waterborne ☐  Rail ☐  Aeronautic 
☒   Hydrogen End uses: Heat and Power
☐  Stationary Fuel Cells ☐  Turbines, boilers and burners
☒   Cross-cutting
☐  Sustainability, LCSA, recycling and eco-design ☐  Education and public Awareness ☐  Safety, Pre-Normative Research and Regulations, Codes and Standards
☒ H2-Valley
☐ Supply chain
☐ Strategic Research Challenge
☐ Low or free PGM catalysts and reducing critical raw materials in electrolysers and fuel cells
☐ Advanced materials for hydrogen storage
☐ Advanced understanding of the performance / durability mechanisms of electrolysers and fuel cells

	Choose the JU specific outcomes and KPIs to which this topic contributes and if necessary, explain how your topic will contribute to them in no more than few lines
	☒  Outcome-1 Limiting the environmental impact of hydrogen technology applications the cost-effectiveness of clean hydrogen solutions
☒   KPI6 Carbon footprint of hydrogen technology applications
☐   KPI-7 Use of PGMs and CRMs in hydrogen technology applications
☒  Outcome-2 Improving the cost-effectiveness of clean hydrogen solutions
☒  KPI-8 Cost of electrolyser technologies used in hydrogen production
☒  KPI-9 Cost of Heavy-Duty Vehicles
☒  KPI-10 Cost of clean hydrogen distribution
☒  Outcome-3 Demonstrating clean hydrogen solutions across the different sectors
☒ KPI-11 MW of electrolysers deployed for hydrogen production funded by the JU
☒ KPI-12 Number of heavy-duty vehicles deployed within EU 27 funded by the JU
☒ KPI-13 Number of HRS deployed within EU 27 funded by the JU
☒  Outcome-4 Reinforcing the EU scientific and industrial ecosystem
☐ KPI-14 Number of patents generated by the projects funded by the JU
☒ KPI-15 Number of publications generated by the projects funded by the JU
☒ Outcome-5 Increasing public awareness and uptake of hydrogen technologies
☒ KPI-16 Public perception of hydrogen technologies





Expected Outcome
Pursuing efforts under FCH2-JU and Clean Hydrogen Partnership to develop hydrogen valleys within the programme, this topic calls for large-scale valleys. Two projects should be funded.  
Project results are expected to contribute to all of the following expected outcomes: 
· Activate a long-lasting hydrogen economy in the targeted region/s and that goes beyond the boundaries of the Hydrogen Valley/s developed as a result of the proposal; 
· Replicable model for mutualisation of hydrogen production, distribution and storage, and end-use applications, in view of optimisation of investments as key parameter for financial viability; 
· At least 5 large scale Hydrogen Valleys of at least a similar size and scope as the ones required in this topic are initiated in other locations in Europe through the duration of the programme; 
· Improved public perception of hydrogen ecosystems 
· Contribution toward objectives of the EUGreen Deal, REpowerEU and the EU Hydrogen strategy  
 
Project results are expected to contribute to all of the following objectives of the Clean Hydrogen JU SRIA for Hydrogen Valleys. In particular: 
· System integration: integrating several elements together to improve overall synergies and facilitate sector coupling; 
· System efficiency: improvement of overall energy and economic efficiency of the integrated system; 
· Improved security and resilience of the energy system, e.g. via hydrogen production using locally available renewable energy sources; 
· Complementarity of hydrogen with RES, integration with other technologies, existing infrastructure; 
· Assessment of the availability and affordability of clean (pollution free) energy provision for industry and cities uses; 
· Mutualisation of production or distribution and storage, assuming decentralisation as key parameter; 
· Help set or test regulation requirements at the relevant governance level; 
· Increase the knowledge management with assessment of the socio-economic and environmental impacts, including the concept of digital twin assuring an effective monitor and optimization strategy for the operation and further development of the valley; 
· Development of public awareness of hydrogen technologies including contributions from Social Science and Humanities if this was relevant. 
In addition, proposals should demonstrate how they intend to reach the KPIs of the Clean Hydrogen JU SRIA 2021-2027 for each of the technologies deployed in the Hydrogen Valley.
Scope
A Hydrogen Valley is a defined geographical area where hydrogen serves more than one end sector or application in transport, industry and energy. They typically comprise a multi-million euro investment and cover all necessary steps in the hydrogen value chain, from production (and often even dedicated renewable electricity production) to subsequent storage and its transport & distribution to various off-takers. Whilst most of the projects are located in Europe, over the past years, Hydrogen Valleys have gone global, with new projects emerging worldwide. 
Hydrogen Valleys are starting to form first regional "hydrogen economies”. Already under the FCH JU provided support to a number of Hydrogen Valleys across different locations in Europe and of different sizes. It is however still necessary to accelerate the deployment of additional Hydrogen Valleys already now in order to reach the objectives of the European hydrogen strategy, and overcome common challenges linked to storage and distribution that may be territory-specific. To do this it is necessary to have testbed projects to act as first real-life cases for piloting global hydrogen markets. These projects need to be expanded in scale to demonstrate the full range of benefits from the use of hydrogen as an energy carrier. This topic addresses the aforementioned need by calling for two discrete Hydrogen Valleys of a large scale with high levels of hydrogen production. It also intends to stimulate the activation of hydrogen markets that goes beyond the boundaries of the Hydrogen Valleys location. 
The scope of this topic is to develop, deploy and demonstrate two large-scale hydrogen valleys. It can demonstrate either existing or new markets for renewable hydrogen, especially when applications are used in synergies. The size and other characteristics are given further below. 
Technical 
Proposals should: 
· Showcase the ability of hydrogen and its associated technologies to decarbonise different sectors in EU through this renewable hydrogen flagship project; 
· Demonstrate how hydrogen enables sector coupling and allows large integration of renewable energy on the selected territory; 
· Include clear plans for transport, storage and distribution of hydrogen; 
· Cover the complete value chain of hydrogen from production to distribution, storage and end-use in order to decarbonise regions by harnessing renewables and/or low-carbon energy sources. The proposed solution should provide energy flexibility and improve the Regions’ system resilience through the use of renewable and/or low-carbon hydrogen; 
· Foresee enough time for monitoring and assessment and at least 2 years of operations. The monitoring strategy should as a minimum allow to assess compliance with the KPIs of the Clean Hydrogen JU SRIA 2021-2027 for each of the technologies covered, as mentioned in the expected outcome section. 
Size and characteristics of the Hydrogen Valley 
Proposals should demonstrate: 
· Production of at least 7,500 tonnes of renewable hydrogen per year using new hydrogen production capacity. Due to the large volumes of hydrogen involved, production plants may be distributed across the territories involved. 
· At least two FCH applications from at least two different sectors should be part of the proposal. It comprises in particular energy, industry and transport sectors (comprising also Light Duty Vehicles and/or ICE-powered applications) 
It is encouraged to develop proposal in the following areas (but not limited to): 
· Multi-modal platforms, port and airport eco-systems incl. import / interconnection (cooperate with global & European ports coalition). 
· Major urban areas with large fleets of public vehicles (buses, refuse collection trucks, vans & LDVs, etc.)  
· Integration of renewables into hard to abate industrial sector via coupling of electrolysis and responsive bulk hydrogen storage 
· Pipeline-based, multi-user, hydrogen system 
· Hydrogen from intermittent and inflexible electricity sources 
· Integration of a multi-MW second generation electrolysis in the chemical industry for chemical or thermal processes 
· Offshore hydrogen production 
It is expected that the majority of the produced hydrogen will be dedicated to industrial applications, yet at least 15% of the hydrogen produced should serve other applications.  
The volumes of hydrogen produced and distributed for the different end uses should be consistent with the amount of investment considered. 
Impact and replicability 
Proposals should: 
· Develop a long-term vision on how the Hydrogen Valley developed is expected to grow also in view of its potential role in an Important Project of Common European Interest that may be in the making; 
· Demonstrate the replicability and scalability of the project with the aim of facilitating further deployments of Hydrogen Valleys in other locations in Europe. Proposals should therefore address efforts to provide and transfer the learnings on how to best scale-up and transfer the solutions investigated within the selected territory to other interested areas. Proposal are therefore expected to develop a clear replication strategy and to engage with other regions in Europe, e.g. peer-to-peer exchange activities, to foster replication already during the duration of the action, with special attention placed on projects including European regions where Hydrogen Valleys may be less developed at present. In doing this, proposals should address technical and economic feasibility and also aspects related to Regulation Codes and Standards. In that sense, learnings from previous similar projects (e.g. H2020 projects BIG-HIT, HEAVENN and Hysland) should be lifted in view of mutualising and standardising impact and replicability aspects. Proposals should demonstrate how they intend to create links with other Hydrogen Valleys initiatives in Europe (e.g. S3 Hydrogen Valleys Platform, HyLand Regions in Germany), but also international (e.g. Mission Innovation 2.0 - Clean Hydrogen Mission);  
· Include sufficiently targeted and professional communication activities and dissemination campaigns with the aim to increase public acceptance of hydrogen ecosystems. Given the flagship nature of this topic, the proposals are expected to pay attention to this aspect and to demonstrate how this would be professionally addressed. 
 
Commitment of stakeholders and additional sources of financing/funding 
Proposals should contain a calendar clearly defining the key phases of the implementation of the action (i.e. preparation of the specifications of equipment, manufacturing, deployment and operation) and their duration. Proposals should foresee enough time for monitoring and assessment. 
Applicants may consider additional synergies with other Programmes (e.g. European Structural and Investment Funds, Recovery and Resilience Facility, Just Transition Fund, Connecting Europe Facility, Innovation Fund, Modernisation Fund, LIFE, etc.) and/or clustering with other projects within Horizon Europe or funded under other EU, national or regional programmes, or having loans through the EIB or other promotional or commercial banks; such synergies should be reflected in a financing structure and strategy describing the business model, including envisaged sources of co-funding/co-financing and in line with state-aid rules. 
Evidence of the Commitment and role of public authorities (Member States, Regions and Cities) and of any other necessary stakeholders at least in the form of Letters of Intent (LOI) should be provided. The practical implementation of this LOI will be followed during the Grant Agreement implementation. 
This topic is expected to contribute to EU competitiveness and industrial leadership by supporting a European value chain for hydrogen and fuel cell systems and components. 
It is expected that Guarantees of origin (GOs) will be used to prove the renewable character of the hydrogen that is produced/used. In this respect consortium may seek out the issuance/purchase and subsequent cancellation of GOs from the relevant Member State issuing body and if that is not yet available the consortium may proceed with the issuance/purchase and cancellation of non-governmental certificates (e.g CertifHy). 
Proposals should provide a preliminary draft on ‘hydrogen safety planning and management’ at the project level, which will be further updated during project implementation. 
Proposals are expected to contribute towards the activities of Mission Innovation 2.0 - Clean Hydrogen Mission. Cooperation with entities from Clean Hydrogen Mission member countries, which are neither EU Member States nor Horizon Europe Associated countries, is encouraged (see section 2.2.6.8 International Cooperation). 
Note to reader: the current proposal does not include the recent REPowerEU news1 that 200M€ will be made available to further accelerate the roll-out of Hydrogen Valleys. We will be happy to factor this into the topic once clarity is gained. 
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General
	Expected EU contribution per project
	The JU estimates that an EU contribution of around EUR 10 million would allow these outcomes to be addressed appropriately. Nonetheless, this does not preclude submission and selection of a proposal requesting different amounts.

	Expected duration
	6

	Number of projects
	1

	Type of Action
	Research and Innovation Action

	Technology readiness level
	Activities are expected to start at TRL [2] and achieve TRL [4] by the end of the project

	Is this topic open to International Collaboration?
	To be discussed during the meeting EC/CG/PO

	Does this topic need a reduced funding rate? if yes, which one?[footnoteRef:39] [39:  default funding rates are 100% for RIAs and CSA and 70% for IAs. For IAs non-profit organisation a fund rate of 100% applies also for IAs] 

	No

	Include any eligibility criteria you would like to consider in the topic?
	To be discussed during the meeting EC/CG/PO

	(Main) Pillar/Sub-pillar/s of the MAWP addressed by the topic
	☐Renewable Hydrogen production
☐Electrolysis ☐Other routes of renewable hydrogen production
☒ Hydrogen storage and distribution
☐Large scale storage ☐H2 in the natural gas grid ☐Liquid H2 Carriers ☒  Improving Existing Hydrogen Transport means ☐  Compression, Purification and Metering Solutions ☐ HRS
☒  Hydrogen End uses: Transport
☒Building blocks ☐Heavy duty vehicles ☐Waterborne ☐  Rail ☐  Aeronautic 
☐   Hydrogen End uses: Heat and Power
☐  Stationary Fuel Cells ☐  Turbines, boilers and burners
☒   Cross-cutting
☒  Sustainability, LCSA, recycling and eco-design ☐  Education and public Awareness ☐  Safety, Pre-Normative Research and Regulations, Codes and Standards
☐ H2-Valley
☐ Supply chain
☒ Strategic Research Challenge
☐ Low or free PGM catalysts and reducing critical raw materials in electrolysers and fuel cells
☒ Advanced materials for hydrogen storage
☐ Advanced understanding of the performance / durability mechanisms of electrolysers and fuel cells

	Choose the JU specific outcomes and KPIs to which this topic contributes and if necessary, explain how your topic will contribute to them in no more than few lines
	☒  Outcome-1 Limiting the environmental impact of hydrogen technology applications the cost-effectiveness of clean hydrogen solutions
☒   KPI6 Carbon footprint of hydrogen technology applications
☐   KPI-7 Use of PGMs and CRMs in hydrogen technology applications
☒  Outcome-2 Improving the cost-effectiveness of clean hydrogen solutions
☐  KPI-8 Cost of electrolyser technologies used in hydrogen production
☒  KPI-9 Cost of Heavy-Duty Vehicles
☒  KPI-10 Cost of clean hydrogen distribution
☐  Outcome-3 Demonstrating clean hydrogen solutions across the different sectors
☐ KPI-11 MW of electrolysers deployed for hydrogen production funded by the JU
☐ KPI-12 Number of heavy-duty vehicles deployed within EU 27 funded by the JU
☐ KPI-13 Number of HRS deployed within EU 27 funded by the JU
☒  Outcome-4 Reinforcing the EU scientific and industrial ecosystem
☒ KPI-14 Number of patents generated by the projects funded by the JU
☒ KPI-15 Number of publications generated by the projects funded by the JU
☐ Outcome-5 Increasing public awareness and uptake of hydrogen technologies
☐ KPI-16 Public perception of hydrogen technologies





Expected Outcome
Depending on the projection, some expect that hydrogen fuel technology will account for 24% of Europe’s energy need by 2050[footnoteRef:40]. For this to be realised, there will be a requirement for a significant amount of hydrogen storage solutions to be developed. This could be at multiple stages between the production and end-use phases, thus there is going to be a need for a significant number of storage tanks. Considering the mobility needs, there could be a significant amount of storage tanks required by 2050[footnoteRef:41]  with a life from 3 years to 15 years depending on the exact uses. Additionally, there will be a significant number of storage tanks to support the mobility aspect, i.e., fuelling stations. The outcomes of this Strategic Research Challenge will consider the materials required for the storage of hydrogen and how they can be used in a circular economy business approach.  [40:  Hydrogen Roadmap Europe – A sustainable pathway for the European energy transition, Ful Cells and Hydrogen Joint Undertaking, 2019]  [41:  Assuming a large uptake of hydrogen in road (LDV, HDV), aviation, waterborne and maritime transport applications, replacing the existing European fleet of thermal vehicles in Europe.] 

Project results are expected to contribute to all of the following expected outcomes:
· By developing multifunctional materials, reduce the whole life cost of storage of hydrogen solutions.  
· Develop sustainable and highly circular materials that enable a design for circularity concept. 
· Development of standardised inspection and repair methods that can be used to increase the lifetime of hydrogen storage solutions. 
· Using digitisation, develop solutions that allow for cross application uses of hydrogen storage, specifically for end of first life scenarios. Thus, reducing the total number of storage tanks produced. 
· Strengthening the European value chain without a negative effect on the sustainability aspects of the storage solution.
· Improve safety aspect relative to H2 storage in tanks.
By developing tank hull materials and constructions with conformable shapes, to offer storage solutions for up to now unusable spaces in mobility platforms. Focusing on the target of 55% for LH2[footnoteRef:42]. From the Joint Undertaking, the outcomes are expected to contribute to: [42:  Strategic Research and Innovation Agenda – Annex 4, Clean Hydrogen Partnership, 2021
4 Horizon Europe Strategic Plan (2021 – 2024) 1st edition February 2021] 

Action-1: Supporting climate neutral and sustainable solutions, KPI -1b Share of JU budget supporting circular and sustainable solutions 
Action-3: Supporting market uptake of clean hydrogen applications:
· KPI-6 Supporting European Commission in its activities targeting the market uptake of hydrogen 
· KPI-7 Environmental impact and sustainability Indicator which will cover different elements of sustainability such as LCA, CRMs, circularity, recycling, re-use, eco-design, etc
Outcome-2: Improving the cost-effectiveness of clean hydrogen solutions, KPI-8b Capital cost of heavy-duty transport applications
Impact-3: Emergence of a competitive and innovative European hydrogen value chain; KPI-18 Size of hydrogen technologies sector.
Further contribute to the following orientations of the Horizon Europe Strategic Plan (2021 – 2024)4:
A. PROMOTING AN OPEN STRATEGIC AUTONOMY BY LEADING THE DEVELOPMENT OF KEY DIGITAL, ENABLING AND EMERGING TECHNOLOGIES, SECTORS AND VALUE CHAINS
· 16. Clean and sustainable transition of the energy and transport sector
· 25. Climate-neutral and environmental-friendly mobility 
C. MAKING EUROPE THE FIRST DIGITALLY ENABLED CIRCULAR, CLIMATE-NEUTRAL AND SUSTAINABLE ECONOMY
· 21. Transition to a climate-neutral and resilient society and economy
· 23. Efficient, clean, sustainable, secure, and competitive energy supply
· 24. Efficient and sustainable use of energy
· 26. Safe, seamless, smart, inclusive, resilient, climate neutral and sustainable mobility systems

Scope
Storage of hydrogen as a fuel is specifically challenging, this is of course dependent on its physical state, however it is by nature a very small molecule which in gas form is difficult to contain, whilst in liquid form it requires extremely low temperatures. The current hydrogen storage solutions utilise a number of high-performance materials, such as high-performance steels, aluminium or composites (carbon fibre specifically). As these materials substantially effect the cost and mass at system level, it is critical that lower cost and lighter storage solutions are developed for hydrogen technologies to be adopted widely. Sustainable and circular material solutions are critical for the storage tank materials, specifically as for certain applications the component life is limited or fixed by legislation. There are currently very few materials for storage of hydrogen that could be considered as a sustainable material or developed within the circular economy model.
This topic focuses on developing advanced materials to reduce whole life costs and produce lighter storage solutions, whilst developing sustainable circular economy-based components and considering the environmental and social impacts. In addition, the EU security of supply/independency must be investigated. Of particular interest are materials with multi-functionality enabling more integration of the storage into the system or having a notable effect on the total system. For example, materials which selfheal and thus reduce maintenance requirements. Further in scope are materials which allow for storage solutions that occupy more of the useable space. 
Additionally, to the materials development, the scope includes the development of methods for the inspection and repair of hydrogen storage solutions. From initial manufacturing to end of life with a specific concern for where access can be challenging. This should enable and support end of life scenarios and life extension of the hydrogen storage solutions. 

Application scope should include tank hull materials development focusing on storage solutions for the following uses:
1) Fixed / static storage 
2) Mobility applications: 
a. Road transportation
b. Marine transportation
c. Aerospace transportation 
d. Rail transportation
Specifically, out of scope are storage of hydrogen for space application and large underground storage as well as development of novel hydrogen carriers for specific tank hull materials. Validation that an existing hydrogen carrier can be used with a newly developed tank hull material under gas phase loading may be included.
With the potential of hydrogen as a widespread zero-emission energy vector, notable adoption of hydrogen technologies could be witnessed within the next 10 to 20 years. However, this also provides challenges. Building across the applications listed, digitalisation of circular economy system / platforms must be considered. This must be open access and in line with relevant standards and regulations. Or, where not yet existing, contributions to new standards and regulations are expected from projects under the scope of this topic to establish the developed materials technologies.
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General
	Expected EU contribution per project
	The JU estimates that an EU contribution of around EUR 10 million would allow these outcomes to be addressed appropriately. Nonetheless, this does not preclude submission and selection of a proposal requesting different amounts.

	Expected duration
	6

	Number of projects
	1

	Type of Action
	Research and Innovation Action

	Technology readiness level
	Activities are expected to start at TRL 2 and achieve TRL 4 by the end of the project

	Is this topic open to International Collaboration?
	To be discussed during the meeting EC/CG/PO

	Does this topic need a reduced funding rate? if yes, which one?[footnoteRef:43] [43:  default funding rates are 100% for RIAs and CSA and 70% for IAs. For IAs non-profit organisation a fund rate of 100% applies also for IAs] 

	No

	Include any eligibility criteria you would like to consider in the topic?
	To be discussed during the meeting EC/CG/PO

	(Main) Pillar/Sub-pillar/s of the MAWP addressed by the topic
	☒Renewable Hydrogen production
☒Electrolysis ☐Other routes of renewable hydrogen production
☐ Hydrogen storage and distribution
☐Large scale storage ☐H2 in the natural gas grid ☐Liquid H2 Carriers ☐  Improving Existing Hydrogen Transport means ☐  Compression, Purification and Metering Solutions ☐ HRS
☒  Hydrogen End uses: Transport
☒Building blocks ☐Heavy duty vehicles ☐Waterborne ☐  Rail ☐  Aeronautic 
☒   Hydrogen End uses: Heat and Power
☒  Stationary Fuel Cells ☐  Turbines, boilers and burners
☐   Cross-cutting
☐  Sustainability, LCSA, recycling and eco-design ☐  Education and public Awareness ☐  Safety, Pre-Normative Research and Regulations, Codes and Standards
☐ H2-Valley
☐ Supply chain
☒ Strategic Research Challenge
☐ Low or free PGM catalysts and reducing critical raw materials in electrolysers and fuel cells
☐ Advanced materials for hydrogen storage
☒ Advanced understanding of the performance / durability mechanisms of electrolysers and fuel cells

	Choose the JU specific outcomes and KPIs to which this topic contributes and if necessary, explain how your topic will contribute to them in no more than few lines
	☒  Outcome-1 Limiting the environmental impact of hydrogen technology applications the cost-effectiveness of clean hydrogen solutions
☒   KPI6 Carbon footprint of hydrogen technology applications
☒   KPI-7 Use of PGMs and CRMs in hydrogen technology applications
☒  Outcome-2 Improving the cost-effectiveness of clean hydrogen solutions
☒  KPI-8 Cost of electrolyser technologies used in hydrogen production
☐  KPI-9 Cost of Heavy-Duty Vehicles
☐  KPI-10 Cost of clean hydrogen distribution
☐  Outcome-3 Demonstrating clean hydrogen solutions across the different sectors
☐ KPI-11 MW of electrolysers deployed for hydrogen production funded by the JU
☐ KPI-12 Number of heavy-duty vehicles deployed within EU 27 funded by the JU
☐ KPI-13 Number of HRS deployed within EU 27 funded by the JU
☒  Outcome-4 Reinforcing the EU scientific and industrial ecosystem
☒ KPI-14 Number of patents generated by the projects funded by the JU
☒ KPI-15 Number of publications generated by the projects funded by the JU
☐ Outcome-5 Increasing public awareness and uptake of hydrogen technologies
☐ KPI-16 Public perception of hydrogen technologies





Expected Outcome
Hydrogen has a key role to play in the decarbonisation of energy systems as a low-carbon energy vector, especially for hard-to-abate sectors for which electrification is not an effective solution. Hydrogen can be used as a feedstock, a fuel, an energy carrier and an energy storage medium and thus has many possible applications across industry, transport, power and buildings sectors. The durability of electrolysers and fuel cells, respectively used for hydrogen production and conversion, considerably affects their total cost of ownership and hence their commercial implementation for these applications. Enhancement of durability is a Strategic Research Challenge expected to contribute to achieving the Strategic Research and Innovation Agenda (SRIA) targets by generating advanced understanding of the degradation mechanisms of fuel cell and electrolyser technologies. 
The project is expected to contribute to all of the following expected outcomes across technologies, applications and industries: 
· Deep understanding of degradation effects across all temperature ranges and operation modes (fuel cell/electrolysis).
· Significant improvements of durability of fuel cell and electrolyser technologies. 
· Increased flexibility of operation of fuel cell and electrolyser technologies, in particular for the transport sector (maritime, train, heavy duty applications) and for reversible use in the sectors of industry, power and the built environment.
· Development of accelerated testing procedures from the insight into degradation effects.
Project results are expected to contribute to the following objectives of the JU as reflected in the SRIA for 2030: 
· Pave the way to a reduction of stack performance degradation in line with key performance indicators reported in the SRIA (see full list of values and definitions in the SRIA document), for instance: 
a. Defined as percentage efficiency loss when run at nominal capacity 
i. AEL: 0.1 %/1000 h
ii. PEMEL: 0.12% /1000 h
iii. AEMEL: 0.5%/1000 h 
b. Defined as degradation under thermo-neutral conditions in percent loss of production rate (hydrogen power output) at constant efficiency. 
i. SOEL: 0.5%/1000 h 
ii. PCCEL: 0.5% / 1000 h

Scope
Fuel cells and electrolysers are complex systems in which kinetics, electrochemistry and thermophysics drive performance degradation phenomena. The coupling of these multi-physics fields, occurring simultaneously at various length scales (atomistic, nano, micro, macro), makes it challenging to parameterize individual degradation mechanism, and even more challenging, the effects of their combined occurrence. This is even more complicated when flexible operation is required (in part due to the lack of established testing protocols) and/or use of other green energy carriers, such as NH3. The topic aims at generating in-depth understanding of mechanisms underpinning the degradation of fuel cells and electrolysers in operation. The emphasis is given on ageing mechanisms due to evolution of materials, interfaces and microstructures when the cells/stacks are operated under real world conditions (i.e. as a function of temperature, load, pressure, overvoltage, etc.), as well as for instance degradation mechanisms associated with exposure to impurities e.g. from fuel and airborne contaminants and transient operation. The work will provide guidelines for defining new solutions at the cell and/or stack level to increase lifetime, as well as beneficial operations of the cells/stacks. The new solutions can be demonstrated at short stack level. 

The following items are within the scope of this topic, which comprise both low and high temperature electrolyser and fuel cell technologies:

· Identification of lifetime restricting degradation mechanisms and effects of their superposition by modelling and simulation activities validated by relevant experimental methods.
· Modelling of degradation rates resulting from different degradation phenomena impacting simultaneously; models must be able to aggregate a variety of degradation mechanism occurring at various scales.
· Development of lifetime prediction models based on the degradation modelling; proposals may include verification testing for such models for selected technologies.
· Development of operation solutions diminishing the degradation (e.g. novel operating and control strategies, diagnostics etc.).
· When relevant, development or improvement of advanced characterisation methods for deeper understanding by in-situ, ex-situ or in-operando analyses will be considered within scope.
· Validation of novel solutions in short stack level (min. 5 repeating units) for at least 10.000 h or in accelerated stress tests allowing extrapolation to 10.000 h.
· The evaluation of the solutions developed for improved durability of electrolysers or fuel cells will be carried out using harmonized protocols from the JRC, including accelerated stress tests whenever they are available. If necessary, relevant testing protocols will be developed in alignment with those in use to qualify current state-of-the-art materials / components /cells /stacks, and other international initiatives.
· Development of uniform data reporting formats that can potentially be used for machine learning and big data processing to identify and correlate cause and effect of degradation phenomena.
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	Reference
	Topic
	Action
	# of projects
	Expected funding (M€)
	KPI count
	Technical Committee

	TC1-01
	Innovative electrolysis cells for low temperature hydrogen production
	RIA
	2
	6
	5
	TC1 - Production

	TC1-02
	Innovative electrolysis cells for medium-high temperature hydrogen production
	RIA
	1
	3
	5
	TC1 - Production

	TC1-03
	Benchmarking of electrolysis technologies behaviour when coupled with RES
	RIA
	1
	4
	5
	TC1 - Production

	TC1-04
	Advances in alkaline electrolysis technology
	RIA
	1
	2.5
	5
	TC1 - Production

	TC1-05
	Advanced anionic exchange membrane electrolysis
	RIA
	1
	5
	5
	TC1 - Production

	TC1-06
	Photo(electro)chemical production of hydrogen
	RIA
	1
	4
	3
	TC1 - Production

	TC1-07
	Waste-to-hydrogen demonstration plant
	IA
	1
	10
	1
	TC1 - Production

	TC1-08
	Valorisation of by-product O2 and/or heat from electrolysis
	IA
	1
	10
	3
	TC1 - Production

	TC1-09
	Hydrogen use by an industrial cluster via a local pipeline network 
	IA
	1
	20
	4
	TC1 - Production

	TC2-01
	Large-scale demonstration of underground hydrogen storage
	IA
	1
	25
	2
	TC2 - Distribution

	TC2-02
	Compatibility of Transmission gas grid steels with hydrogen
	RIA
	1
	4
	3
	TC2 - Distribution

	TC2-03
	Onboard dehydrogenation of hydrogen carriers for waterborne applications
	IA
	2
	6
	1
	TC2 - Distribution

	TC2-04
	Novel insulation concepts for LH2 storage tanks
	RIA
	1
	2
	4
	TC2 - Distribution

	TC2-05
	Development of large scale LH2 storage tank (onshore) 
	RIA
	1
	8
	4
	TC2 - Distribution

	TC2-06
	Demonstration of high pressure (500-700 bar) supply chain
	IA
	1
	5
	3
	TC2 - Distribution

	TC2-07
	Demonstration of hydrogen extraction system from natural gas grids
	IA
	1
	7.5
	2
	TC2 - Distribution

	TC2-08
	Demonstration action on LH2 HRS for Heavy Duty applications
	IA
	1
	10
	3
	TC2 - Distribution

	TC3-01
	Demonstration of Non-Road Mobile Machinery (NRMM) and mobile HRS
	IA
	2
	10
	5
	TC3 - Transport

	TC3-02
	Development of a large fuel cell stack for maritime and/or rail applications
	RIA
	2
	15
	6
	TC3 - Transport

	TC3-03-A
	Ultra-low NOx combustion system for aviation
	RIA
	1
	8
	4
	TC3 - Transport

	TC3-03-B
	Optimised Aircraft LH2 Fuel System
	RIA
	1
	8
	4
	TC3 - Transport

	TC4-01
	Development of high power, impurity tolerant and flexible fuel cells
	RIA
	1
	5
	4
	TC4 - Heat & Power

	TC4-02
	Research on fundamental combustion physics, flame velocity and …
	RIA
	1
	3
	3
	TC4 - Heat & Power

	TC4-03
	Retrofitting of existing natural gas turbomachinery cogeneration systems
	IA
	1
	6
	3
	TC4 - Heat & Power

	TC4-04
	Retrofitting of existing gas peakers (i.e., CCGT )

	IA
	1
	15
	3
	TC4 - Heat & Power

	TC4-05
	Hydrogen for heat production for hard-to-abate industries

	IA
	1
	6
	2
	TC4 - Heat & Power

	TC4-06
	Clean hydrogen in the cement industry
	IA
	1
	10
	2
	TC4 - Heat & Power

	TC5-01
	Product Environmental Footprint Pilot for FCH Products
	CSA
	1
	1.5
	3
	TC5 - Cross-cutting

	TC5-02
	European Hydrogen Academy
	CSA
	1
	5
	2
	TC5 - Cross-cutting

	TC5-03
	PNR on determination of hydrogen releases from the H2 value chain
	RIA
	1
	3
	3
	TC5 - Cross-cutting

	TC5-04
	PNR for the maritime sector
	CSA
	1
	2
	2
	TC5 - Cross-cutting

	TC5-05
	Materials for cryogenic hydrogen applications
	RIA
	1
	3
	5
	TC5 - Cross-cutting

	TC7-01
	Hydrogen Valleys
	IA
	2
	60
	9
	TC7 - Hydrogen Valleys

	SRC-01
	Advanced materials for hydrogen storage
	RIA
	1
	10
	5
	SRC

	SRC-02
	Improving the lifetime of fuel cells and electrolysers
	RIA
	1
	10
	5
	SRC

	35
	
	
	
	312.5 €
	
	


            	         Unit: M€

[bookmark: _Toc104375711]Overview current funding request
	Technical Committee
	RIA
	IA (including flagships)
	CSA
	Total

	TC1 – Production
	24.5
	40
	0
	64.5

	TC2 – Distribution
	14
	53.5
	0
	67.5

	TC3 – Transport
	31
	10
	0
	41

	TC4 – Heat & Power
	8
	37
	0
	45

	TC5 – Cross-cutting
	6
	0
	8.5
	14.5

	TC7 – Hydrogen Valleys
	0
	60
	0
	60

	SRC
	20
	0
	0
	20

	Total
	103.5
	200.5
	8.5
	312.5


Unit: M€
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SoA Targets
KPI No Parameter Unit
2020 2024 2030
Shipping of bulk liquid hydrogen
12 LH2 containment tank capacity t 350 700 7.000
13 LH2 containment tank capex €/kg 100 70 <20
14 LH2 boil-off %/day 0.1 0.1 <0.1
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