1.HORIZON-CL4-2021-TWIN-TRANSITION-01-03: Laser-based technologies for green manufacturing (Photonics - Made in Europe Partnerships) (RIA)
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Expected Outcome: Projects are expected to contribute to the following outcomes: 
 Reinforcing European industry as leader in agile, green manufacturing through the application of laser-based technologies; 
 Improving the agility of industrial production by making processes more versatile, simpler to reconfigure and more efficient to control through data exchange; 
 Improving the environmental sustainability of industrial production towards ‘first-time right’ processes with 30% lower consumption of resources compared to the state of the art. 

Scope: Machine tools include various laser-based technologies such as milling, turning, grinding, laser processing, surface treatment, sintering, forming and additive manufacturing. Projects funded under this topic should integrate state-of-the-art high-power lasers and tailored beams together with quality sensors and real time monitoring systems into advanced manufacturing and re-manufacturing tools. 
Known research challenges are amongst others the transmission of very high average and peak power laser radiation without loss or distortion including in the ultraviolet, mid and far infrared spectral range, powerful optical fibres, programmable beam guidance, maximum positional flexibility, free choice of energy distribution, rapid quantitative feedback and beam distribution systems with sub-micrometre resolution and high performance. A further research challenge is the integration of quality sensors in laser-based manufacturing. These produce a vast amount of data with a need for dedicated signal processing. Edge devices with self-learning algorithms should be developed that can handle the computing requirements in the time required by the system to react with a feedback control action. 
Project consortia should comprise research institutes, technology suppliers and users. They should demonstrate the benefits to the targeted technologies in at least three use cases. 
Proposals submitted under this topic should include a business case and exploitation strategy, as outlined in the introduction to this Destination. 
Research must build on existing standards or contribute to standardisation. Interoperability for data sharing should be addressed. Additionally, a strategy for skills development should be presented, associating social partners when relevant. 
All projects should build on or seek collaboration with existing projects and develop synergies with other relevant European, national or regional initiatives, funding programmes and platforms. 
This topic implements the co-programmed European Partnership Made in Europe and activities proposed by the Photonics Europe Partnership.      
2.HORIZON-CL4-2021-TWIN-TRANSITION-01-05: Manufacturing technologies for bio-based materials (Made in Europe Partnership) (RIA)
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Expected Outcome: Projects are expected to contribute to the following outcomes: 
 Demonstrate relevant scale production of innovative bio-based products to substitute traditional materials with high environmental footprint; 
 Develop products with similar or better mechanical, physical and chemical properties, while having a substantially lower environmental footprint and being sustainable, non-toxic and recyclable when compared to non-bio-based materials; 
 Demonstrate disruptive innovation of bio-based materials production in at least three different manufacturing value chains; 
 Develop sustainable business models for materials sourcing and recycling. 

Scope: The 2020 Circular Economy Action Plan aims at making sustainable products the norm in the EU. Twenty-first century manufacturing requires new materials and new techniques to produce them. Rapid progress in manufacturing technologies using new and alternative materials, such as biomaterials, is one of the drivers of this trend. This new frontier of science is a multidisciplinary research field combining engineering, physics, chemistry, biology, material science, which allow the production of bio-based products. Particularly interesting with respect to the green transition of the economy are sustainable products made from bio-based materials that are easy to reuse and recycle. Also, these materials would reduce the environmental footprint of waste streams. However, the use of reusable and recyclable products based on bio-based materials should increase substantially in order to build a truly sustainable manufacturing industry. 
These technologies provide a valid alternative to conventional materials with a substantially lower environmental impact with a range of applications for example in construction, food, medical, packaging and textile industries. 
Research activities should address the following areas:

Optimisation and improvement of smart manufacturing processes, e.g. additive manufacturing, injection moulding, extrusion etc., to unlock the full potential of bio-based materials, such as carbon-positive bioplastics, biopolymers and other fibre-based materials (e.g. cellulose-based components and marine-based components); 
 Use of carbon positive bio-based materials, such as composite, rubber, plastics, in different products to achieve high technical properties while lowering the environmental footprint; 
 Combine the use of different bio-based materials to facilitate refurbishing and re-manufacturing of products to achieve circularity by design 
 Adapt existing or new characterisation methods and quality controls for the bio-based materials in different formats and for new and regenerated products; 
 Support the creation of a skilled workforce, through training/qualification of personnel, capable of using and implementing biomaterial-based manufacturing activities; 
 Demonstrations and use cases for transitions towards green manufacturing technologies incorporating bio-based materials with a significant reduction in the environmental footprint across the entire manufacturing and/or product lifecycle. 
 Address standardization activities of bio-based materials and adapted characterisation methods and quality controls for bio-based materials in their different formats and applications. 
Proposals submitted under this topic should include a business case and exploitation strategy, as outlined in the introduction to this Destination. 
Research must build on existing standards or contribute to standardisation. Interoperability for data sharing should be addressed. Additionally, a strategy for skills development should be presented, associating social partners when relevant. 
All projects should build on or seek collaboration with existing projects and develop synergies with other relevant European, national or regional initiatives, funding programmes and platforms. 
This topic implements the co-programmed European Partnership Made in Europe.
3.HORIZON-CL4-2021-TWIN-TRANSITION-01-18: Carbon Direct Avoidance in steel: Electricity and hydrogen-based metallurgy (Clean Steel Partnership) (IA)
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Expected Outcome: Projects outcomes will enable achieving the expected impacts of the destination by improving energy efficiency in raw materials value chains. 
Projects are expected to contribute to the following outcomes: 
 Demonstration of technologies in the steel sector leading to a reduction of CO2 emissions by 2050 by at least 80 to 95% compared to 1990 levels; 
 Improve energy and resource efficiency and increase utilisation of renewable energy sources27 in metallurgical processes to substitute fossil fuels; 
 Enabling steel production through carbon direct avoidance (CDA) technologies at a demonstration scale; 
 Efficient integration of renewable energy sources, considering also their intermittency and the possibility to offer demand-response flexibility. 

27 
Relevant indicators and metrics, with baseline values, should be clearly stated in the proposal. 
Scope: This topic covers carbon direct avoidance technologies leading to significant CO2 emission reduction in the steel sector.
The Commission’s Strategic Vision “A Clean Planet for all” indicates that deep CO2 emissions reductions in the steel sector are possible through a combination of technological pathways, including steel recycling, carbon capture utilisation and storage, process integration, and electricity/hydrogen-based metallurgy. While energy intensity has reduced significantly over the past decades, the steel industry remains a large source of emissions due to preferred use of coal and energy needed to reduce iron oxides. With alternative pathways used with green electricity and green gases, the emissions can be further reduced so that these pathways could achieve CO2 reductions of up to 95% by 2050 compared to 1990 levels. 
There is no one solution to achieve low-CO2 steelmaking, as there is expected to be a variety of production technologies in the future. Relevant participation from sectors other than steel is not excluded, if the technologies presented are compatible with the expected outcomes of the topic and the Clean Steel partnership objectives. 
The projects proposed are expected to address the following research and innovation areas: 
 Replacement of fossil carbon energy by renewable (hydro/wind/solar) electricity in iron and steelmaking; 
 Development of pilots and demonstrators in the field of direct reduction of iron with hydrogen. Direct reduction of iron ore with high amounts of hydrogen is expected to be key for CO2 neutral steelmaking; 
 Improvement of plasma melting processes with improved electrode technologies using a plasma torch or plasma smelting reduction leading to CO2 reduction compared to fossil-based fuels; 
 Development and testing of direct electricity based iron oxides reduction processes including the electrolytic reduction at high or low temperature; 
 Innovation activities focused on the process and the product properties as well as on the impact of the product properties on the downstream processes (e.g. Electric Arc Furnace). The process technology may have to be adapted to the new boundary conditions; 

Proposals submitted under this topic should include a business case and exploitation strategy, as outlined in the introduction to this Destination. 
This topic implements the co-programmed European Partnership on Clean Steel. 
In this topic the integration of the gender dimension (sex and gender analysis) in research and innovation content is not a mandatory requirement
4.HORIZON-CL4-2021-TWIN-TRANSITION-01-19: Improvement of the yield of the iron and steel making (Clean Steel Partnership) (IA)
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Expected Outcome: Projects are expected to contribute to the following outcomes: 
 Validate at industrial test scale technologies for impurity removal from scrap or the recovery of metal fractions contained in steel making process residues (that are today mainly landfilled) reaching high recycling rate of residues originated at the demo site up to 40% achieving a metal recovery efficiency up to 90% and a mineral recovery efficiency up to 80%; 
 Progressively increasing the uptake of low-quality scrap grades into high quality steel grades; 
 Progressively replacing the use of pre-consumer scrap grades with high quality clean scrap grades; 
 Progressively replacing the use of solid pig iron produced by traditional BF process with post-consumer grades; 
 Reducing the environmental impact by minimizing CO2 emission up to 20% both, directly (and locally) by internal recycling of the metal fraction derived from residues, or indirectly by increasing the use of scrap as raw material in steelmaking production processes including: 
 the reduction of pig iron use the in the steelmaking process; 
 the use of alternative reducing agents as coal substitution, such as biomass, polymers, hydrogen; 

the reduction of CO2 emission derived by extraction and transportation of natural resources as well as transportation and landfill of industrial waste; 
 the generation of CO2 neutral energy vector from chemical and sensible heat from pyro-metallurgical residue treatment processes allowing at least 5% reduction of specific energy consumption for a dedicated process. 
 Develop novel technologies for onsite characterization (chemical and physical) of ferrous materials to help standardization of charge managing practice; 
 Confirming the replicability of the demonstration plant in most of EU steel shops. 
Relevant indicators and metrics, with baseline values, should be clearly stated in the proposal. 
Scope: R&I areas that needs to be tackled should address some of these aspects: 
 Selection and integration of best available and applicable technologies to reduce impurities in post-consumer scrap before melting together with scrap yard management supported by digital smart tools for scrap classification and charge optimization; these are key elements to increase the use of scrap achieving the same quality of the finished product in both, the EAF, and BF/BOF route and at the same time reducing CO2 emissions due to lower energy need with respect to iron-ore; 
 Development, deployment, and use of smart sensor and dedicated Big Data analytics to develop and further optimize decision-supported systems for helping steel plant operators to increase the process yield and to improve the final steel product quality. The projects should ensure involvement of operators and process experts in development and implementation of Big Data, ensuring the uptake of human experiences and a user-friendly processing of results; 
 Realisation of demonstration plants at relevant industrial scale focusing on material upgrading technologies (cleaning, size control) as well as inline characterization of ferrous materials via novel technologies for onsite characterization (chemical composition and physical properties); 
 Development and implementation of highly efficient technologies for recovering metals and mineral fraction from steelmaking residues, including those coming from H2-based metallurgy ones, with high metallic or oxidic fractions; two possible ways are envisioned, whereas the first one is based on cooling and mechanical steps, such as wet or dry granulation followed by phase separation; the second one relies on a direct recycling of residues in existing production processes or in dedicated pyrometallurgic melting and reduction units; 
 Full by-product testing and evaluation to have them covered by a standard like a CEN Workshop Agreement (CWA) or by a national technical agreement; 

Enabling the use of obtained by-products in higher value applications (i.e. filtering, coating, additive manufacturing, material for CO2 sequestration, heat accumulator); 
 Integration of energy recovery solutions in metal recovery processes targeting at a better Return of Investment. 
Proposals submitted under this topic should include a business case and exploitation strategy, as outlined in the introduction to this Destination. 
This topic implements the co-programmed European Partnership on Clean Steel. 
In this topic the integration of the gender dimension (sex and gender analysis) in research and innovation content is not a mandatory requirement
5.HORIZON-CL4-2021-TWIN-TRANSITION-01-21: Design and optimisation of energy flexible industrial processes (Processes4Planet Partnership) (IA)
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Expected Outcome: Projects are expected to contribute to the following outcomes: 
 Significant increase of the process flexibility and demand response towards the integration of variable energy sources, i.e., renewable energy sources, including possible onsite energy storage and conversion; 
 Overall increased energy efficiency of the industrial process within the energy system; 
 New digital tools that account for the energy availability to realise the additional flexibility of the process and that create connections to energy grid platforms for a more efficient energy management system; 
 Cost reduction of the overall process through valorisation of excess streams into the energy system. 

Relevant indicators and metrics, with baseline values, should be clearly stated in the proposal 
Scope: Flexibility solutions are key to achieve a renewable energy share to deliver the EU Green Deal objectives and which goes significantly beyond the current target of 32%. In the coming years, EU industries will need to adapt to the increased fluctuations in energy supply caused by the higher penetration of variable energy sources. Besides, an integrated energy system, linking different energy carriers, infrastructures and consumption sectors in the EU, will be set to deliver climate neutrality by 2050 in a cost effective way. The increased value of flexibility will offer competitive opportunities for process industries (additional revenue streams) and enable a leaner energy system. 
Process flexibility and efficient energy storage are essential to account for the variable renewable energy production. When less energy is available, process industries can consume less energy or take it from storage; whereas, when there is surplus of energy, the excess energy can be consumed or stored. A fast response rate, i.e., a swift increase or decrease of the process energy consumption, is key in the shift to dynamic operating processes. To support the change of energy supply, current processes, designed to run continuously at maximum capacity, have to be adapted. Besides, energy efficiency measures will help decreasing the overall process energy demand. To leverage the flexibility in process industries, digital process control systems that optimise the process while accounting for the value of flexibility need to be implemented.
Digital tools need to be developed to attain the energy flexibility of the process, but also to exchange data with network operators and flexibility markets (through market operators, suppliers and/or aggregators), which will enable industries to provide flexibility services. Powerful digital twins based on suitable combinations of analytical models, physics-based AI or pure AI solutions need to be designed and applied. To find optimal control solutions in a minimal time, digital twins could be empowered, for example, by multi-agent systems technologies. 
Moreover, the direct integration of renewable energy generation and the higher overall efficiencies will require further flexibility solutions in process industries. Onsite energy storage or conversion in the form of electricity, heat or other energy vectors can further increase an installation’s flexibility. 
Proposals should address the following aspects: 
 In an existing process, identification of potential flexibility that allows an efficient and competitive operation; 
 Redesign and modification of the process to enable more flexibility in operation (e.g. process that can run faster or slower depending on the needs of the grid) or the shift from batch processes to continuous processes, etc., including the removal or adaptation of process steps that limit the flexibility; 
 Redesign and modification of the process to increase its flexibility response rate (e.g., faster ramp up or ramp down) towards a higher energy efficiency at subsystem level; 
 Development or redesign of digital process control systems, including, e.g., digital twins with integrated multi-agent systems, etc., supported by smart sensors and integrated analytical tools, to realise the flexibility of the process and to create connections to grid integration platforms; 
 Evaluation of the potential use of onsite energy storage and conversion (electricity, heat, or other energy vectors) for the proposed flexible solution and integration of such energy solutions whenever relevant and feasible; 
 Optimisation of the new process design at pilot scale. 

Proposals submitted under this topic should include a business case and exploitation strategy, as outlined in the introduction to this Destination. Additionally, proposals should include a safety assessment and a life cycle assessment for the implementation of the developed technologies; and a contribution to standardisation, wherever possible. 
Proposals should include activities that specifically target the collaboration with other European projects on energy flexibility in their work plan (for example, a dedicated work package or task).
In order to achieve the expected outcomes, International Cooperation is encouraged, in particular with US and Canada. 
This topic implements the co-programmed European partnership Processes4Planet. 
In this topic the integration of the gender dimension (sex and gender analysis) in research and innovation content is not a mandatory requirement.

6.HORIZON-CL4-2021-TWIN-TRANSITION-01-22: Adjustment of Steel process production to prepare for the transition towards climate neutrality (Clean Steel Partnership) (IA)
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Expected Outcome: Projects are expected to contribute to the following outcomes: 
 Adaptation of the energy and materials flow in the existing steel installations to allow for a technically and economically feasible transition to reduce the use of fossil carbon as reducing agent; 
 Reduction of carbon footprint by incrementally adapting to hydrogen and biomass as reducing agents; 
 Showcase new technologies to reduce steelworks energy consumption by implementing improvements in the materials and energy flows whilst reducing fossil carbon related emissions; 
 Develop technological pathways to increase the reutilization of internal process metallurgical gases by deploying advanced gas treatment solutions. 
Scope: The proposals submitted under this topic are expected to provide concepts addressing the modifications of the existing installations of both primary and secondary steel production (BF/BOF, EAF, DRI) concerning the internal and external flows of energy and materials in order to re-use metallurgical gases (internal re-cycling) and to upgrade them with new sources (H2), e.g. by replacement of fossil carbon as reducing agent with hydrogen and biomass. 
This also includes the integrated preparation (reforming, separation, heating, compression) of external carbon-lean reducing gases or internally-recycled CO/CO2 streams for efficient injection in the BF or use in conventional plants. 
The concepts to be addressed under this topic are expected to address one or more of the following areas: 
 Injection of hydrogen or hydrogen-rich metallurgical gases or biomass to directly avoid the usage of fossil carbon as reducing agent in BF or as heat source in EAF operation; 
 New process technologies for co-injection and new injection ports for BF and DRI plants and for EAF technology; 
 Advanced gas treatment solutions (purification, reforming, preheating) for steel plants process gases for the purpose of internal re-use; 
 Integration of gas injection with CO2 capture and storage technologies for the transition to CO2 neutral steelmaking; 
 Adaption of the energy and materials flow in the energy system of the steel production process with adjustments of gas distribution/combustion to new gas properties and amounts including new developments regarding the related process technology and control technology. 

This topic implements the co-programmed European Partnership on Clean Steel.
7.HORIZON-CL4-2022-TWIN-TRANSITION-01-02: Products with complex functional surfaces (Made in Europe Partnership) (RIA)
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Expected Outcome: Projects are expected to contribute to the following outcomes: 
 Develop more efficient manufacturing processes to increase market share increase for products with functional surfaces that contribute to competitiveness and a transition to green and sustainable production flows; 
 Significant reduction of the environmental footprint for surface treatments; 

Uptake of treatment technologies in applications for a sustainable society, targeting reductions in energy use and environmental footprint. 
Scope: Surface treatments are an integral part of any manufacturing process. Surface treatments include many disciplines, such as painting/coating/printing (spray, powder, dip coating, inkjet etc.), plating/implantation (electroplating, vacuum plating/coating, etc.), thermal treatments (annealing, thermo-chemical processes, etc.), laser-based treatments (annealing, texturing, etc.), additive manufacturing, micro manufacturing (micro electrical discharge machining, micro milling, etc.) chemical and electrochemical treatments (anodizing, electropolishing, chemical deposition, etc.), biochemical treatments, etching (wet etching, plasma/dry etching, also for texturing). 
While the integration of these treatment technologies into a manufacturing line has been well reported, the technologies as such need to be adapted for each particular profile. In addition, with progressively more complex and customised requirements on shape, material and functionality, the demands on efficient and flexible surface treatments are increasing. In a transition towards a sustainable production, with a substantially lower environmental footprint, the demands are even higher. 
The projects under this topic should address the following: 
 Develop new surface treatments specifically targeting and enabling end-products with the purpose of reducing the end-products’ energy usage and/or environmental footprint. This may include co-design of product geometry and surface properties; 
 Use of innovative production technologies for further functional integration and miniaturisation in order to reduce environmental footprints and resource use of products; 
 Integrate the new surface treatments in a manufacturing line for profiles with complex shape or multimaterial content, with clear metrics on its efficiency during operation; 
 Develop new business models and strategies for the uptake of these new technologies and with clear objectives on how to expand the uptake to other sectors and other applications. 

Proposals submitted under this topic should include a business case and exploitation strategy, as outlined in the introduction to this Destination. 
Research must build on existing standards or contribute to standardisation. Interoperability for data sharing should be addressed. Additionally, a strategy for skills development should be presented, associating social partners when relevant. 
All projects should build on or seek collaboration with existing projects and develop synergies with other relevant European, national or regional initiatives, funding programmes and platforms. 
This topic implements the co-programmed European Partnership Made in Europe.
8.HORIZON-CL4-2022-TWIN-TRANSITION-01-13: Raw material preparation for clean steel production (Clean Steel Partnership) (IA)
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Expected Outcome: Projects related to the two main raw-materials in the iron and steelmaking route: the iron-ore and the scrap. 
As regards iron ore, the availability of high-grade iron ores is expected to become a more critical factor, as demand will increase. Therefore, technologies for the upgrade and the use of low-quality iron ores are needed. This includes low carbon technologies for sintering/ pelletisation and/or cold bonded iron ore agglomeration. 
Projects are expected to contribute to the following outcomes: 
 Testing and validation of technologies for the upgrade and the use of low-quality iron ores. This includes low carbon technologies for sintering/ pelletisation and/or cold bonded iron ore agglomeration; 
 Identification of best available and applicable technologies for the reduction of impurities in post-consumer scrap; 
 Technologies for the valorisation of low-quality scrap streams. 

Scope: The concepts to be developed under this topic are expected to address one or more of the following areas: 
 Enhanced utilisation of scrap, through improved scrap sorting and removal of scrap pollution, by new detecting technologies. The aim is to remove these impurities before melting, in order to achieve the same quality of the finished product and reducing CO2 emissions; 
 Technologies allowing upgrade processes in low grade iron ores to make them suitable for pelletisation or direct use in existing steelworks to address the issue of the availability of high grade iron ores which is expected to become a more critical factor in the coming years as well as broadening the types of ore grades that can be utilized from different sources; 
 Application of cold bonded agglomerate: binders, raw materials composition and processing conditions for the use of low quality iron ore grades. 

Proposals submitted under this topic should include a business case and exploitation strategy, as outlined in the introduction to this Destination. 
This topic implements the co-programmed European Partnership on Clean Steel. 
In this topic the integration of the gender dimension (sex and gender analysis) in research and innovation content is not a mandatory requirement
9.HORIZON-CL4-2021-RESILIENCE-01-01: Ensuring circularity of composite materials (Processes4Planet Partnership) (RIA)
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Expected Outcome: Projects are expected to contribute to the following outcomes: 
 Reuse of composite material and recovery of secondary raw materials with higher value than currently available; 
 Reduction of waste sent to landfill and positive environmental impact; 
 Creation of new value streams through new technologies with potential for commercial exploitation; new business opportunities and revenue flows for recycling companies, benefiting particularly SMEs which dominate this sector of the market; 

uptake of novel composites materials in industrial applications e.g. enhanced lightweight designs for transport, currently limited due to costs and adherence by industry to environmental legislation and the end of life directive. 
Scope: The European composites market size was worth €16 billion in 2018 and is estimated to register an annual growth rate of 7.5% from 2020 to 2025 owing to increasing demand for lightweight materials in various energy intensive value chains such as wind energy or transport. However, composites are difficult to reuse or recycle as available technologies such as high-temperature pyrolysis, and grinding (to be used as filler material) are either not environment friendly or economically unattractive. In addition, the environmental legislation on recycling of end-of-life components and structures will mean that from 2025, for example, 80,000 tons of fibre reinforced polymer composites will have to be recycled every year in Europe. In this context it is imperative that technologies are found to reuse and recycle these materials in a useful and sustainable manner. Furthermore, new solutions should also be envisaged to allow their recycling with very few or no need to separate them without a compromise to downcycling. 
Proposals should: 
 propose innovative dismantling and sorting systems enabling reuse and functional recycling of complex composite materials; 
 develop and integrate novel solutions for a higher reuse of whole products and components (i.e. products’ reusability, upgradability, etc); 
 develop novel, safe, environment friendly and commercially attractive methods of recycling a wide range of composite materials and reuse of secondary raw materials; 
 demonstrate at pilot level the feasibility of reuse and/or recycle approaches of composites and its secondary raw materials, for specific applications; 
 develop tools that will enable to demonstrate the circularity and the environmental benefits of the solutions tested; 
 consider the co-design of learning resources together with local and regional educational organisations for current and future generations of employees, with the possibility of integrating them in existing curricula and modules for undergraduate level and lifelong learning programmes; learning resources should integrate the identification of new skills and should propose innovative learning-teaching methods that meet regional social needs and have a high potential for replication. 

Where relevant, any solution proposed for the reduction of the content of toxic elements or compounds in the resulting materials should also include the appropriate management of the hazardous substances removed. 
Proposals submitted under this topic should include a business case and exploitation strategy, as outlined in the introduction to this Destination.
This topic implements the co-programmed European partnership Processes4Planet.
10.HORIZON-CL4-2021-RESILIENCE-01-03: Identifying future availability of secondary raw materials (RIA)
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Expected Outcome: Projects are expected to contribute to the following outcomes: 
 Improve knowledge base of EU and third country secondary raw materials (potential, resource estimation, production and refining); 
 Promote the utilisation of specifications of the United Nations Framework Classification for Resources (UNFC) to Anthropogenic Resources approved in 201864; 
 Facilitate and accelerate commercial exploitation development of EU secondary resource recovery projects EU; 
 Support identification of the key factors, including socio-economic factors, drivers and barriers affecting development of a recovery project, and enable comparison of different options and projects; 
 Develop reports on future trends in raw materials markets. The trends should be linked with change of demand related to the transition to a low-carbon and circular economy; 
 Facilitate identification of supply and demand bottlenecks of future secondary raw materials supply; 
 Dissemination and exploitation of projects outputs is tailored for EU institutions, Member States and industry dealing with raw materials; 

The action is expected to contribute to the implementation of the following actions of the EU action plan on Critical raw materials:65 
 Develop the EU raw materials intelligence, strategic planning and foresight capacity by 2022; 
 Map the potential supply of secondary raw materials from waste and stock in the EU including its regions and help identify viable recovery project for funding by 2022. 

Scope: A successful transition to a climate-neutral, circular and digitised EU economy relies heavily on a secure supply of raw materials. In order to strengthen EU autonomy and reduce over-dependency, we must boost domestic sourcing, both for primary and secondary raw materials. 
Actions should be based on a common understanding of relevant terms and codes, and develop an understanding of anthropogenic resources and derive the needed aspects for classification of recovery projects and to develop criteria for a transparent, consistent and objective classification, needed to establish a comprehensive resource classification approach.
Actions should acquire new data on secondary raw materials via in situ sampling from different regions across the EU, collect existing data and present in a harmonised UNFC format. The action should build on and advance further the work of UNECE – UNFC expert group on Anthropogenic resources regarding the classification of secondary raw materials and the work of H2020 project PROSUM66 regarding collection of data and information on secondary raw materials. The action should develop a proposal for EU statistics for secondary raw materials. 
The action should focus on the following streams of secondary raw materials, with particular attention to critical raw materials: waste batteries, WEEE, mining waste, slags and ashes, and construction and demolition waste. 
All the data and information generated through these actions should be shared in open formats on a free of charge basis with the European Commission, for its own use and for publication. 
The action should envisage clustering activities with other relevant selected projects for cross-projects co-operation, consultations and joint activities on cross-cutting issues and share of results as well as participating in joint meetings and communication events. To this end proposals should foresee a dedicated work package and/or task, and earmark the appropriate resources accordingly. 
The action should also contribute to improving the awareness of relevant external stakeholders and the general public across the EU and in non-EU countries of project’s partners about the importance of raw materials for society, the challenges related to their supply within the EU and about proposed solutions which could help to improve society's acceptance of and trust in sustainable raw materials production in the EU. 
In this topic the integration of the gender dimension (sex and gender analysis) in research and innovation content is not a mandatory requirement.

11.HORIZON-CL4-2021-RESILIENCE-01-11: Safe- and sustainable-by-design polymeric materials (RIA)
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Expected Outcome: The way plastics are currently made, used and discarded, fails to capture the economic, environmental and societal benefits of a more sustainable approach. Europe produces 25 million tons of plastic waste annually, less than 30% is recycled. Moreover, plastic production, use and disposal may result in the release of chemicals, which may give rise to health and environmental problems. The development of a common understanding and the transition to safe- and sustainable-by-design materials, including plastics, is a societal urgency. 
Projects are expected to contribute to the following outcomes: 
 Recyclable-by-design polymers with inherent recyclability properties for polymers where nowadays recyclability challenge is high; 
 Safer (lower toxicity) plastics, with less reliance on potentially harmful additives; 
 Reduced environmental footprint associated with the end-of-life phase of the polymers due to increased recyclability and /or reduced reliance on potentially harmful additives, compared with existing products for similar applications; 
 Contribute to the development of safe- and sustainable-by-design criteria and guiding principles and apply them to polymers; 
 Identification of priorities for substitution of plastic additives; 
 New technologies and business opportunities for recycling industry across EU. 

Scope: Thanks to their versatility, polymeric materials are used in a wide range of applications from consumer goods and construction to aerospace. The proposals should focus on: 
 The design and development of new recyclable polymer systems substituting/improving nowadays difficult to recycle polymers e.g. PVC, thermosets or multicomponent (multilayer or blend) polymers; 
 The design and development of safer plastics with less reliance on potentially harmful additives, e.g. plasticizers. The approach should allow to decrease their health and environmental impact and improve the purity of the secondary raw material and thus the quality of recycled plastic without compromising the material optimal properties and functionality; 
 Carrying out an inventory of additives detected in plastics and their function and toxicity; 
 Integration of safe- and sustainable-by-design aspects, including safety (toxicity), circularity and functionality of advanced polymeric materials, products and processes throughout their lifecycle. 
The proposals, activities and approaches should cover both - specific considerations for the plastics under study, as well as developing overarching best practices that spans broader sectors of safe- and sustainable-by-design plastics. Proposals should involve all the actors in the value chain from the chemical and material industry, to formulators, recyclers and regulators. Areas for research include the intersection between chemicals and waste legislation. 
Proposals submitted under this topic should include a business case and exploitation strategy, as outlined in the introduction to this Destination. 
Leveraging the extensive experience from relevant initiatives and aligning with other EU-funded projects targeting safe- and sustainable- by-design materials, in particular under CSA topic HORIZON-CL4-RESILIENCE-2021-01-08, is essential. 
This topic is open for international cooperation where the EU has reciprocal benefit, while excluding industrial competitors from countries where the safeguarding of IPRs cannot be guaranteed.
12.HORIZON-CL4-2021-RESILIENCE-01-12: Safe- and sustainable-by-design metallic coatings and engineered surfaces (RIA)
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Expected Outcome: New metal coating systems, produced without, and free of, toxic substances (e.g. hexavalent Chromium), HREEs (heavy rare earth elements), LREEs (light rare earth elements), and PGMs (platinum group metals). A major challenge is the accumulation of metallic materials over the long term in the environment where they tend to have adverse reactions with the ecosystem. On the other hand, the coatings are needed for preservation of the products to prevent for instance corrosion and (bio)fouling. To ensure safety and sustainability of new metal coatings a systems approach that integrates safety, circularity and functionality of advanced materials throughout their lifecycle is required. 
Projects are expected to contribute to the following outcomes:

At least 2 novel materials with improved (or at least comparable) efficiency as compared to traditional materials, associated with a reduction in metal (CRM) usage of at least 15%; 
 Materials modelling, assisted by advanced methods (e.g. physics-based methods, machine learning and artificial intelligence methods), integrated with safe- and sustainable-by-design models; 
 Integration of eco-design and circularity concepts in the design of new metal coatings and provide recommendations for the end-of-life of the new material. This should include integration of REACH requirements in the eco-design development and pre-validation of indicators as well as tests to demonstrate the improved sustainability and reduced toxicity of both final product and production process; 
 Innovative strategies for improving recovery, recyclability, purification and re-use products at the end of life. This could include the evaluation of their reusability in other application areas other than initial intended use, requiring lower purity inputs; 
 An online or/and standalone decision support tool to guide industry (especially SME) for the implementation of safe- and sustainable-by-design approaches tailored to their needs; 
 Integration into the standardisation process and development of a roadmap to achieve full standardisation (of e.g. methods, protocols); 
 Contribute to the development of safe- and sustainable-by-design criteria and guiding principles and apply them to metallic coating and engineered surfaces. 
Relevant indicators and metrics, with baseline values, should be clearly stated in the proposal. 
Scope: Metal coatings are applied, to enhance performance characteristics, such as corrosion resistance, colour, attractive appearance, wear resistance, optical properties, electrical resistance, or thermal protection. Applications range from building & construction and consumer goods to catalytic materials, metal organic frameworks (MOFs) and fuel cells and proposals covering all above areas will be welcome. The optimisation of functionality including sustainability and safety considerations and all aspects on resource utilisation across the materials life cycle is essential. Such materials with desired properties and the corresponding manufacturing processes should be designed with the assistance of in silico techniques. 
Leveraging the extensive experience from relevant initiatives and aligning with other EU-funded projects targeting safe- and sustainable-by-design materials, in particular under CSA topic HORIZON-CL4-2021-RESILIENCE-01-08, is essential. 
The proposals, activities and approaches should cover both - specific considerations for the metal coatings under study, as well as developing overarching best practices that spans broader sectors of safe- and sustainable-by-design materials. Proposals should involve all the actors in the value chain.
Proposals submitted under this topic should include a business case and exploitation strategy, as outlined in the introduction to this Destination. 
In line with the Union’s strategy for international cooperation in research and innovation, international cooperation is encouraged.
13.HORIZON-CL4-2021-RESILIENCE-01-17: Advanced materials for hydrogen storage (RIA)
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Expected Outcome: The benefits of a hydrogen based economy are well documented, since hydrogen is an abundant zero emission fuel, and possesses a higher energy density than conventional fossil fuels (e.g. petrol). However, safe hydrogen storage, either long or short term, faces several challenges. Chemical storage is the prevailing method for long term
storage due to the high storage density but the synthesis process needs further development to make it commercially attractive. Pressurised gaseous storage is the most attractive in practical terms but compression up to 700bar is needed to achieve practical volumetric storage capacities for transport applications, which requires expensive pressure vessels and is inherently dangerous. However, new approaches using ultra porous materials have demonstrated the feasibility of high storage densities of gaseous hydrogen at pressure of 100bar. 
Projects are expected to contribute to the following outcomes: 
 Provide commercially attractive and safe new technologies for long-term storage and transport of hydrogen; 
 Enable efficient and safe hydrogen short term storage for example for fuel tanks for automobiles, rail vehicles, ships, airplanes, or stationary storage, etc., eliminating pollution caused by fossil fuels and facilitating the greening of transport; 
 Elimination of economic dependence for EU’s energy needs; 
 Ability for distributed production, providing opportunities for new business ventures and the development of new centres for economic growth in both rural and urban areas that currently find it difficult to attract investment in the current centralised energy system. 

Scope: Research proposals should address at least one of the following: 
 Development of new environmentally friendly catalysts for ammonia synthesis at low pressures for long term hydrogen storage and distribution; 
 Development of new ultra porous materials for hydrogen storage with a gravimetric storage capacity in excess of 6 wt% and a volumetric storage capacity in excess of 40g/lt. The use of machine learning techniques to assess combinations and substitutions in various porous materials to help optimise the development process should also be considered; the development of suitable pressure vessel designs and materials for the containment of the adsorbent ultra-porous materials should also be addressed. 

For long-term storage the proposals are expected to produce a demonstrator plant for low pressure chemical synthesis. Similarly, for the short-term storage solution a demonstrator pressure vessel containing ultra-porous hydrogen adsorbents should be produced. 
The proposed solutions should also include full LCA of the new developed materials, (catalysts, ultra-porous materials) and processes (synthesis process, ultra-porous material production). 
Proposals submitted under this topic should include a business case and exploitation strategy, as outlined in the introduction to this Destination.
The topic is open for international cooperation, while excluding industrial competitors from countries where the safeguarding of IPRs cannot be guaranteed75
14.HORIZON-CL4-2022-RESILIENCE-01-10: Innovative materials for advanced (nano)electronic components and systems (RIA)
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Expected Outcome: Projects are expected to contribute to the following outcomes: 
 Develop innovative new components and systems with enhanced and new functionalities and improved performance enabling added value to the European industry in sectors such as healthcare and wellbeing, mobility and transportation, aeronautics, environment monitoring, security and safety energy, smart cities, smart textiles and manufacturing; 
 Impacts are also envisaged to smart grids, efficient through life performance monitoring, smart manufacturing and digital industry with increased computing performance and efficient data storage. 

Scope: Europe aims to become a global role model for the digital economy and society. Electronic components and systems (ECS) are the building blocks for this. Electronic components and systems are core enablers and differentiators for the development of many innovative products and services in all sectors of the economy. 
Research and innovation are key to maintain the competitiveness of the European ECS industry, generating growth, creating value, jobs and prosperity. Materials innovation lies at the heart of this endeavour. 
Actions under this topic must address one or more of the following technologies: 
 Innovative materials design and processing for devices based on new and emerging technologies, including advanced methods of data driven materials design, for e.g. spintronics, neuromorphic, in-materio computing multisensing, photonics, nano-mechanics advanced ferroelectrics or biosensing; 
 Heterogeneous integration of new materials (such as PZT, graphene, titanium oxide or aluminium oxide, etc.) for miniaturised sensor and actuator modules. 

Proposals should indicate the key quantitative specifications to be achieved and develop demonstrator components/systems to showcase the desired functionalities together with the increased efficiency, reliability and manufacturability. Proposals are also expected to prove the industrial relevance of the intended approach, establishing links to applications likely to benefit from the development. End-of-life issues should be addressed. 
Proposals submitted under this topic should include a business case and exploitation strategy, as outlined in the introduction to this Destination. 
This topic is open for international cooperation where the EU has reciprocal benefit, while excluding industrial competitors from countries where the safeguarding of IPRs cannot be guaranteed.
15.HORIZON-CL4-2022-RESILIENCE-01-12: Functional multi-material components and structures (RIA)
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Expected Outcome: Optimised lightweight designs often require the use of multi-materials, often with different physical properties, such as polymers composites and metals. The manufacturing of multimaterial structures is thus a challenging task and many industries are today addressing specific critical challenges that come with mixing of materials. It is of great importance that multimaterial design is analysed from a holistic and multidisciplinary perspective where all aspects from design to manufacturing, use and recycling are included in the process. This will help industry make the change from traditional design based on one material to multi-material design of lightweight structures. 
Projects are expected to contribute to the following outcomes: 
 Contribute to energy efficiency, increase competitiveness of new multi-materials items and multi-functional materials and products for a wide range of applications in the additive manufacturing industries and in specific industrial sectors e.g. transport including aeronautic, and maritime, consumer customised goods, communications, biomaterials, health and energy; 
 Develop optimised structures in terms of operational performance and weight with a goal of reducing weight by 50% compared to traditional designs; 
 Reduced lead-time of multimaterial products of 20% compared to today's design of multimaterial products that creates an increased competitiveness for the EU's industry; 
 Strengthening of the EU's manufacturing industry through the intensive implementation of innovative and unconventional technologies along the EU's manufacturing value chain; 
 Combine materials with high uniformity and with high mobility in industrial quantities with high reproducible quality; 
 Increase of the product performance by at least 30% whilst retaining the product price; 
 Dissemination of the challenges and benefits of functional multi-material components and structures in the relevant industrial sectors. 

Relevant indicators and metrics, with baseline values, should be clearly stated in the proposal. 
Scope: By combining several materials, proposals should advance the state of the art through the development of ready assembled multifunctional devices. The role of new development in additive manufacturing processes with dissimilar materials will be of importance. Proposals should address and demonstrate several of the below simultaneous activities:

Quantification of improved functionalities, properties, quality and lifespan of fabricated pieces; 
 Evaluation of matching materials properties to the production process to enable the joining of dissimilar materials for AM tools; 
 Combination of precision engineering design with additive manufacturing methods to provide tailor-made joining solutions for dissimilar materials, with the ability to be reused/dismantled; 
 Demonstration of a better understanding of the nanotechnology integrated materials properties and manufactures; 
 Integration and validation at early stage of the qualification and certification considerations of the materials, including innovative non-destructive inspection techniques; 
 Recycling aspects of multimaterial components and structures should also be addressed in detail. 
 Joint development with material suppliers and end-users is required for a rapid uptake by industry; 
 Modelling, simulation, standardisation and regulatory aspects (especially safety and nano-safety) and the process and materials qualification. 
Proposals submitted under this topic should include a business case and exploitation strategy, as outlined in the introduction to this Destination. 
This topic is open for international cooperation where the EU has reciprocal benefit, while excluding industrial competitors from countries where the safeguarding of IPRs cannot be guaranteed.
16.HORIZON-CL4-2022-RESILIENCE-01-13: Smart and multifunctional biomaterials for health innovations (RIA)
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Expected Outcome: Multi-functional biomaterials are capable, by virtue of their own material ingredients or surface properties, of achieving several biological responses simultaneously. They may also help to dampen those that are undesirable such as inflammation, infection, corrosion and issues related to bio and immune compatibility, while taking into account the specificities due to sex, race and age. 
Projects are expected to contribute to the following outcomes: 
 Offer solutions through the development of multifunctional biomaterials to address and mitigate multiple bottlenecks in response to unmet clinical needs; 
 Provide improved biocompatibility, biospecificity and longevity of medical devices or if relevant, improved bioactivity and/or biodegradability; physiological and biomechanical constraints and implications should also be considered. 
 Show that the regulatory and IPR strategies are compatible with the overall research objectives. 

Scope: Multifunctional biomaterials play a major part in shaping the future of Advanced Therapies and Medical Devices. Health applications may include but are not limited to tissue engineering, artificial organs, implants, bioinks for bioprinting platforms, microfluidics, bioactive scaffolds, wearable and implantable devices, in-vitro diagnostics etc. 
Projects funded under this topic should further: 
 Develop and/or validate specific multifunctional biomaterials or micro systems for use in an eventual advanced therapy, medicinal product or medical device; 
 Preclinical regulatory affairs as well as manufacturing processes would also need to be addressed, including up-scaling and good manufacturing practice (GMP); 
 Pay special attention to the needs of Small and Medium-Sized Enterprises (SMEs) as well as to the ultimate clinical applications of these biomaterials; 
 Present a solid economical evaluation of possible savings, together with patient benefits. 

Proposals submitted under this topic should include a business case and exploitation strategy, as outlined in the introduction to this Destination. 
This topic is open for international cooperation where the EU has reciprocal benefit, while excluding industrial competitors from countries where the safeguarding of IPRs cannot be guaranteed.
17.HORIZON-CL4-2022-RESILIENCE-01-14: Membranes for gas separations - membrane distillation (IA)
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Expected Outcome: Advanced membrane materials are essential to achieve the goals of the European Green Deal with significant reductions of industrial emissions in waste streams like wastewater and waste gas like removal of gas / volatile pollutants from liquid emissions or purification of wastewater. 
Projects are expected to contribute to the following outcomes: 
 The next generation membrane materials, delivering smart solutions for greening of industrial plants; 
 Advanced membrane materials for recycling of waste streams from industrial plants to support the Zero Pollution strategy; 
 Better materials with outstanding separation performance and/or superior properties either in chemical, mechanical or thermal stability compared to commercial materials; 
 Reduction of the water footprint of 10% in industrial plants for the preservation of freshwater resources; 
 Up-scaling the desalination process by solar powered membrane distillation systems and coupling membrane distillation with solar / photovoltaic collectors; 
 Energy saving by 10% through the application of a new generation of membranes. 
 End-of-life issues 

Scope: Membranes separation is one of the key process elements needed for the next level of resource efficiency and for greener industrial plants. Proposals will address the development of the new generation membrane materials from gas separation to membrane contactors in comparison to the current state-of-the-art. Guidance by modelling and simulation techniques should be provided to save on extensive experimentation and support up-scaling. 
Proposals should address at least two of the following activities: 
 Advanced membrane materials for the recovery of valuable components (ammonia, phosphate, alcohols, reactants, products, catalysts) from aqueous, organic and mixed aqueous/organic process and waste streams to enhance the resource efficiency in industrial plants; 
 Separating gas streams (e.g. CO2 utilisation processes) in the process emissions by using membrane technologies, where in addition to the produced product, other gases are in the stream (e.g. unreacted CO2 and hydrogen); 
 Demonstrate the next generation of porous membranes for membrane contactors (membrane distillation, gas/liquid contactors, liquid/liquid contactors) with use of renewable energy sources (solar energy or waste heat) to achieve significant reduction in CAPEX and process costs of gas separations and distillation; 
 Up-scaling the desalination process by solar powered membrane distillation systems by coupling membrane distillation with solar / photovoltaic collectors; 
 New membrane materials to reduce the water footprint in industrial plants for the preservation of freshwater resources (e.g solvent tolerant reverse osmosis membranes, forward osmosis). 
Proposals submitted under this topic should include a business case and exploitation strategy, as outlined in the introduction to this Destination. 
This topic is open for international cooperation where the EU has reciprocal benefit, while excluding industrial competitors from countries where the safeguarding of IPRs cannot be guaranteed.
18.HORIZON-CL4-2022-RESILIENCE-01-24: Novel materials for supercapacitor energy storage (RIA)
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Expected Outcome: Supercapacitors are attractive alternatives to batteries because they can be charged very quickly and can sustain vastly greater number of re-charge cycles than batteries without losing efficiency. However, their power energy is lower than that of batteries but recent material research breakthroughs have indicated that this can be substantially increased. Projects are expected to contribute to the following outcomes: 
 New supercapacitors with energy densities comparable to batteries in environmentally friendly electrolytes able to recharge in a fraction of the time required for current batteries, have no loss of performance over time and longer life; 
 Substantial impact to energy storage systems solutions for applications ranging from consumer goods to electrification of transport and reduction of emissions; 
 Innovative management systems for supercapacitors; 
 Establish new industrial value chains with new energy storage products, tailored to meet the application requirements. 

Scope: Compared to batteries, supercapacitor energy density is low and they use more expensive and critical raw materials (CRMs). Proposals should address the challenge for new material concepts to be used in supercapacitors to at least double the energy density over current technologies reduce cost and minimise or eliminate use of CRMs. 
Proposals submitted under this topic should include a business case and exploitation strategy, as outlined in the introduction to this Destination. 
Synergies are possible with any relevant projects from topic HORIZON-CL5-2022-D3-01-11 from Cluster 5, and respective cooperation activities are encouraged, however R&I on energy system integration, compatibility of systems or standards for participation in flexibility market is excluded. 
The topic is open for international cooperation, while excluding industrial competitors from countries where the safeguarding of IPRs cannot be guaranteed104
19.HORIZON-CL4-2022-RESILIENCE-01-19: Advanced materials modelling and characterisation (RIA)
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Expected Outcome: The future of European industrial manufacturing requires further advances in characterisation methods and computational modelling, in order to lead the way to the reliable design of new and sustainable materials and processes, rapid upscaling, and effective quality control. These advances can only be achieved through the development of innovative techniques and a new generation of instrumentation, responding to industrial needs. 
Projects are expected to contribute to the following outcomes: 
 Develop an open repository for knowledge transfer, data sharing for integration between advanced materials characterisation (material properties/functionalities) and modelling (data and physics based, engineering modelling), allowing full interoperability between data and workflows (CHADA, MODA and EMMO), with direct connection to manufacturing process; 
 Develop characterisation techniques supporting key European technology area strongholds. The developed characterisation methods should be complemented with and validated by modelling tools; 
 Enable a model-based innovation processes covering all stages from materials design (including several scales, e.g. from molecular to macroscale) to product development, including validation, characterisation and life cycle assessment, with the aim, in particular, of translating industry needs into innovation challenges and provide solutions; 
 Increase the efficiency and effectiveness of materials and product development by reducing costs and time for product design, time-to-market and regulatory compliance, which will enable the transition to a decarbonised economy; 
 Improve handling of missing data by means of artificial intelligence/machine learning methods and/or simulation; 

Proposals should include a business case and exploitation strategy after the end of the action. 
Scope: Proposals should: 
 Develop a relevant range of characterisation methods, models and simulation tools to enhance the design – with clear demonstration of modelling and characterisation integration – and development stages of advanced materials and products, focusing on user cases related to low carbon and clean industry applications; 
 Coordinate efforts towards data documentation, exchange procedures and ontologies that can aid the traceability, integrity and interoperability of data in line with Industry Commons and FAIR data principles; 
 Seek the involvement of standardisation bodies for the development of standards, test guidance or guidance documents; 
 Focus on the combination of theory with large-scale computational screening (e.g. Artificial Intelligence or Machine Learning); 
 Facilitate the re-use of existing research results on modelling and characterisation, as well as the uptake of new project results; 
 Projects should contribute to the objectives of the European Materials Characterisation Council (EMCC) and European Materials Modelling Council (EMMC) and foresee the necessary resources to this effect. 

20.HORIZON-CL4-2022-RESILIENCE-01-20: Climate Neutral and Circular Innovative Materials Technologies Open Innovation Test Beds (IA)
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Expected Outcome: Climate Neutral and Circular Innovative Materials Technologies are essential in enabling the transition towards a European decarbonised economy. They can contribute to a stronger circular economy, a cleaner Industry, a more sustainable growth and reduction of greenhouse gas emissions, which is fully in line with the Green Deal Strategy. To maintain its competitive advantage in clean Materials technologies the EU needs to increase significantly the large-scale deployment and demonstration of new technologies across sectors and across the single market, building new innovative value chains. Climate Neutral and Circular Innovative Materials Technologies Open Innovation Test Beds (OITBs) will support companies, especially SMEs, to become world leaders in clean products and technologies. 
Projects are expected to contribute to the following outcomes: 
 Increase significantly the large-scale deployment and demonstration of Climate Neutral and Circular Innovative Materials Technologies across sectors and the single market, as well as to build and maintain new innovative value chains; 
 Reduce the technological risk of innovative materials and products, thus attracting more investors, and cut the time to market; 
 Support companies, especially SMEs, to become world leaders in clean products and technologies by setting up a new generation of Open Innovation test Beds focused on the creation of Business Opportunities and Sustainability. Enhancing ownership and engagement of the society through active collaboration and empowering people and communities as actors of the climate neutral and circular transition ; 
 Translation of industrial needs into scientific problems and concrete solutions, increased awareness and uptake by industry, and effective access of relevant stakeholders to know-how and advanced tools/infrastructure. 

Scope: The following specific activities should be considered: 
 Establish Open Innovation Test Beds (OITB) by upgrading existing or developing new materials facilities and pilot lines, and made available services for the design, development, testing, regulatory and environmental assessment and upscaling to industry and interested parties, specially SMEs; 
 Specific focus will be given to the sustainability of the ecosystem by designing new funding instruments that would complement the already existing ones and provide further support for industrial uptake of climate neutral and circular innovative materials technologies in key strategic value chains;. 
 Proposals should include actions designed to facilitate cooperation with other projects, to enhance user involvement and to reuse other projects results; 
 Open access at fair conditions and cost as well as outreach and dissemination across Europe, based on a distinct methodology; 
 Demonstrate measurable reduction of costs for product design, time-to-market and regulatory compliance by means of faster and cheaper evaluation of production process deviations. Relevant indicators and metrics, with baseline values, should be clearly stated in the proposal.
In order to avoid duplication, the work will be aligned with the third pillar on Open Innovation that will essentially focus on scaling up breakthrough and market-creating innovation by establishing a European Innovation Council, support the enhancement of European ecosystems of innovation and continued support to the European Institute of Innovation and Technology (EIT) OITB for: Clean hydrogen Technologies; Fuel cells and other alternative fuels; Carbon capture, storage and utilisation. 
Proposals submitted under this topic should include a business case and exploitation strategy, as outlined in the introduction to this Destination. 
21.HORIZON-CL4-2022-DIGITAL-EMERGING-01-38: International cooperation in semiconductors (CSA)    ?

 HORIZON-CL4-2022-DIGITAL-EMERGING-01-03: Advanced multi-sensing systems (Photonics Partnership) (RIA)  
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Expected Outcome: Proposals results are expected to contribute to the following expected outcomes:

Next generation multi-sensing photonic and electronic systems with increased integration of new functionalities, decreased size and cost-effective manufacturing. 
 Supporting a European open strategic autonomy in key integration and packaging technologies and related manufacturing value chains. 
 Sensing devices and components allowing for reaching the new green deal objectives through enabling high levels of reuse/repair/repurpose, recovery and recycling of waste and materials or helping to reduce overall power consumption of a system by at least a factor of 2. 
 Reinforcing European industrial leadership in high performance multi-sensing systems and components for sectors such as healthcare and well-being, environmental monitoring and protection, transport and automated driving, manufacturing, aerospace and security. 
Scope: The proposals will enable breakthroughs in sensor systems by combining component development, system integration, packaging and cost-effective manufacturing processes. They should propose innovative approaches capable of acquiring, processing and interpreting vast amounts of sensory input data, where relevant, while reducing significantly overall energy consumption. 
Whenever justified, a modular approach with interchangeable components operating in a platform environment should be favoured. The sensing functionality should build on technologies related to light and include integration with microelectronics or micro-nano-mechanical, micro-fluidic, magnetic, radio frequency or bio-chemical technologies where appropriate. 
In this topic the integration of the gender dimension (sex and gender analysis) in research and innovation content is not a mandatory requirement. 
This topic implements the co-programmed European Partnership for Photonics.
22.HORIZON-CL4-2022-DIGITAL-EMERGING-02-17: New generation of advanced electronic and photonic 2D materials-based devices, systems and sensors (RIA)
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Expected Outcome: Proposal results are expected to contribute to the following expected outcomes: 
 New technological solutions with improved performance and reduced energy consumption providing significant advances towards the integration of 2D materials (2DM) technology, and the emergence of competitive value chains in graphene in Europe. 

Scope: Proposals should cover the development of 2DM-based devices and systems bringing 2DM technology one step further towards the integration in current technologies and to the development of radically new prototypes and/or solutions for industry for a wide range of application areas overcoming integration costs, functionalities and/or power consumption challenges. The proposals should develop 2DM-based electronic and photonic devices including ultrafast circuits, photodetector, and modulators, broadband detectors, switches, as well as sensors, advanced electronics, metamaterials, etc., serving applications such as 5G and 6G data communications, wireless connections, smart machine vision, autonomous robots and vehicles, internet of things, and neuromorphic circuitry and/or imaging applications. The 2DM-based devices and systems should demonstrate their added value in terms of e.g. functionality, integration, miniaturization, performances, power consumption, costs, etc. compared to current conventional technologies. Proposals should integrate the value chain and incorporate the relevant manufacturing technologies needed to bring the developed devices towards the market and indicate how they work with the newly established Graphene Flagship 2D-Experimental Pilot Line (2D-EPL)202. 
Proposals should address a modelling, design, manufacturing and characterization of developed devices and systems. The proposals should also explore, develop and assess the route(s) for integration (e.g. wafer growth, transfer, wafer scale integration, co-integration) of 2DM into the devices and systems favouring industrial uptake in the longer-term. 
Proposals should include activities aiming at facilitating future exploitation of results. 
Proposals should aim at demonstrating by the end of the project fully functional prototypes operating in relevant environment conditions (TRL 5). 
Proposals should also cover the contribution to the governance and overall coordination of the Graphene Flagship initiative.
In this topic the integration of the gender dimension (sex and gender analysis) in research and innovation content is not a mandatory requirement.
23.HORIZON-CL4-2022-DIGITAL-EMERGING-02-18: 2D materials-based devices and systems for energy storage and/or harvesting (RIA)
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Expected Outcome: Proposal results are expected to contribute to the following expected outcomes: 
 New technology solutions exploiting the unique properties of 2D materials (2DM) that would reduce cost and increase the efficacy of diagnostics or therapies, or provide new diagnostics or therapies for which there is currently no solution. It would strengthen Europe’s industrial position in, early diagnostics, disease prediction and prevention, disease monitoring and reducing hospitalization time. 

Scope: Proposals should build on the multi-functionality allowed by 2DMs and demonstrate the advantages of combining e.g. biocompatibility, chemical stability, (bio-)sensing and actuating, and integration with flexible electronic technologies, in addition to versatile surface chemistry (for interface with biology) to allow continuous health monitoring and built-in pharmacological interventions. 
Emphasis of the proposals should have a translational perspective, addressing how the devices and systems will reach the clinic, preferably led by European industry. Furthermore, the proposals should bring together multidisciplinary teams including engineers, material scientists, pharmacologists, biologists, clinicians, patients, and ethics experts. Potential application areas include: engineering & bioengineering of biochemical or bioelectronic diagnostics or therapeutic devices and platforms; sensors for digital health; electronics for brain-computer interfaces, taking advantage of flexible devices; medical imaging in combination with implantable devices (e.g. MRI); graphene for drug delivery of therapeutics (e.g. for neurological disorders). The safety aspects of the proposed technologies should be given proper consideration. 
Proposals should include activities aiming at facilitating future exploitation of results. 
Proposals should aim at demonstrating by the end of the project fully functional prototypes operating in relevant environment conditions (TRL 5). 
The proposal should also cover the contribution to the governance and overall coordination of the Graphene Flagship initiative.
24.HORIZON-CL4-2022-DIGITAL-EMERGING-02-20: 2D-material-based composites, coatings and foams (IA)
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Expected Outcome: Proposal results are expected to contribute to the following outcomes: 
 new multifunctional recyclable materials enabling solutions to environmental challenges. 

Scope: Proposals should address 2D materials (2DM) composites, aero-gels and foams that can bring the full nanoscopic functionality of 2DM from nano- and microscale into the macroscopic world. They should target in particular the development of 2D materials and technologies mainly addressing environmental issues including e.g. energy consumption reduction in transport, oil spill removal from water, water purification with low energy consumption and improved water desalination. They should also target the development of next generation, lightweight, recyclable composites and coatings endowed with key functionalities like e.g., high temperature performance, structural health monitoring, and as enablers for, e.g., structural batteries or hydrogen storage. They should also address Metal-2DM composites enabling ultralow friction surfaces, reducing energy loss in sliding mechanical and electrical parts and the development of 2DM foams enabling hydrogen economy through catalytic hydrogen generation and storage. Proposals should also integrate the value chain and incorporate the relevant manufacturing technologies necessary to bring the developed devices towards the market. 
Proposals must implement from the very beginning life cycle assessment (LCA) and end-of-life (EOL) materials management to fully capture the advantage and develop greener materials and processes. 
Proposals should include activities aiming at facilitating future exploitation of results. 
Proposals should aim at demonstrating by the end of the project fully functional material systems and prototype applications operating in relevant environment conditions (TRL 6-7). 
The proposal should also cover the contribution to the governance and overall coordination of the Graphene Flagship initiative. 
In this topic the integration of the gender dimension (sex and gender analysis) in research and innovation content is not a mandatory requirement.
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