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Introduction

This Impact Assessment Study had the primary objective to support and provide input to
the impact assessments of the first set of 13 European Institutionalised Partnerships based
on Articles 185 and 187 of the Treaty on the Functioning of the EU (TFEU) that are
envisaged to be funded under the new Framework Programme for Research and
Innovation, Horizon Europe.

In addition, the Impact Assessment Study team contributed to future European
policymaking on the overall European Partnership landscape by means of a horizontal
analysis of the coherence and efficiency in the implementation of European partnerships.
The purpose of this analysis was to draw the lessons learned from the implementation of
the impact assessment methodology developed for this study and to formulate
recommendations for the refinement and operational design of the criteria for the selection,
implementation, monitoring, evaluation and phasing-out for the three types of European
Partnerships. Finally, an impact modelling exercise was conducted in order to estimate the
potential for longer-term future impacts of the candidate Institutionalised European
partnerships in the economic and environmental sustainability spheres.

Technopolis Group was responsible for the overall coordination of the 13 specific impact
assessment studies, the development of the common methodological framework, and the
delivery of the horizontal analysis. It also conducted specific analyses that were common
to all studies, acting as a ‘horizontal’ team, in collaboration with CEPS, IPM, Nomisma, and
Optimat Ltd. For the implementation of the individual impact assessment studies,
Technopolis Group collaborated with organisations that are key experts in specific fields
covered by the candidate Institutionalised European Partnerships. These partner
organisations were Aecom, Idate, Steer, Think, and Trinomics. Cambridge Econometrics
took charge of the impact modelling exercise.

The Impact Assessment Study was conducted between July 2019 and January 2020. The
13 Impact Assessment Studies were conducted simultaneously, based upon a common
methodological framework in order to maximise consistency and efficiency. The meta-
framework reflected the Better Regulation Guidelines and operationalised the selection
criteria for European Partnerships set out in the Horizon Europe Regulation. The *Horizontal
analysis of efficiency and coherence of implementation” was conducted in the same time
period, building upon the information available on the 44 envisaged European Partnerships
landscape as in May 2019, complemented with information on five envisaged European
Partnerships as decided by the European Commission in October and November 2019.

This final report contains the reports of all individual impact assessment studies and the
‘horizontal’ analyses. It is structured in two parts, reflecting the two strands of analysis:

PART I. Impact Assessment Studies for the Candidate Institutionalised European
Partnerships

1. Overarching context to the impact assessment studies

This report sets out the overall policy context and methodological framework underlying
the impact assessment studies for the candidate Institutionalised European Partnerships.
It describes the changes in approach to the public-private and public-public partnerships
under Horizon Europe compared to the previous EU Framework Programmes. An example
is the requirement that all envisaged European Partnerships be implemented as either co-
programmed, co-funded or institutionalised. The impact assessment studies will consider
these three scenarios as the different options to be assessed, in compliance with the Better
Regulation guidelines and against the functionalities that the candidate partnerships are
expected to fulfil. The report describes the common methodological framework to assess
the envisaged initiatives accordingly. The report also presents the landscape of European
Partnerships at the level of Horizon Europe Pillar 2 clusters, which lay the grounds for all
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of the impact assessment studies except the candidate Institutionalised European
Partnership for Innovative SMEs.

2. EU-Africa Global Health Candidate Institutionalised European Partnership

This initiative focuses on research and innovation in the area of infectious diseases, with a
particular focus on sub-Saharan Africa. It will address the challenges of a sustained high
burden of infectious diseases in Africa, as well as the (re)emergence of infectious diseases
worldwide. Its objectives will thus be to contribute to a reduction of the burden of infectious
diseases in sub-Saharan Africa and to the control of (re)emerging infectious diseases
globally. It will do so through investments in relevant research and innovation actions, as
well as by supporting the further development of essential research capacity in Africa. The
study concluded that an Institutionalised Partnership under Art. 187 of the TFEU is the
preferred option for the implementation of this initiative.

3. Candidate Institutionalised European Partnership on Innovative Health

This initiative focuses on supporting innovation for health and care within the EU. It will
address the EU-wide challenges raised by inefficient translation of scientific knowledge for
use in health and care, insufficient innovative products reaching health and care services
and threats to the competitiveness of the health industry. Its main objectives are to create
an EU-wide health R&I ecosystem that facilitates translation of scientific knowledge into
innovations; foster the development of safe, effective, patient-centred and cost-effective
innovations that respond to strategic unmet public health needs currently not served by
industry; and drive cross-sectoral health innovation for a globally competitive European
health industry. The study concluded that an Institutionalised Partnership based on Article
187 of the Treaty on the Functioning of the EU (TFEU) is the preferred option for the
implementation of this initiative.

4. Candidate Institutionalised European Partnership in High Performance
Computing

The initiative focuses on coordinating efforts and resources in order to deploy a European
HPC infrastructure together with a competitive innovation ecosystem in terms of
technologies, applications, and skills. It will address the challenges raised by
underinvestment, the lack of coordination between the EU and MS, fragmentation of
instruments, technological dependency on non-EU suppliers, unmet scientific demand, and
weaknesses in the endogenous HPC supply chain. The initiative has as its main objectives
to enhance EU research in terms of HPC and related applications, continued support for
the competitiveness EU HPC industry, and fostering digital autonomy in order to ensure
long-term support for the European HPC ecosystem as a whole. The study concluded that
an Institutionalised Partnership is the preferred option for the implementation of this
initiative as it maximises benefits in comparison to the other available policy options.

5. Candidate Institutionalised European Partnership in Key Digital Technologies

This initiative focusses on enhancing the research, innovation and business value creation
of European electronics value chains in key strategic market segments in a sustainable
manner to achieve technological sovereignty and ultimately make European businesses
and citizens best equipped for the digital age. It will address the risks of Europe losing the
lead in critical industries and services and emerging KDTs. It will also tackle Europe’s
limited control over digital technologies that are critical for EU industry and citizens. It has
as main objectives to strengthen KDTs which are critical for the competitive position of key
European industries in the global markets, to establish European leadership in emerging
technologies with high socioeconomic potential and to secure Europe’s technological
sovereignty to maintain a strong and globally competitive presence in KDTs. The study
concluded that the Institutionalised Partnership is the preferred option for the
implementation of this initiative.

Introduction 3
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6. Candidate Institutionalised European Partnership in Smart Networks and
Services

This initiative focuses on the development of future networks infrastructure and the
associated services. This includes bringing communication networks beyond 5G and toward
6G capabilities, but also the development of the Internet of Things and Edge Computing
technologies. It will address the challenges raised by Europe delay in the deployment of
network infrastructure and failure to fully benefit from the full potential of digitalisation. It
has as main objective to ensure European technological sovereignty in future smart
networks and digital services, to strengthen the uptake of digital solutions, and to foster
the development of digital innovation that answers to European needs and that are well
aligned with societal needs. The study concluded that an institutionalised partnership under
article 187 is the preferred option for the implementation of this initiative.

7. Candidate Institutionalised European Partnership in Metrology

This initiative focuses on metrology - that is the science of measurement and the provision
of the technical infrastructure that underpins accurate and robust measurements
throughout society; measurements that underpin all domains of science and technology
and enable fair and open trade and support innovations and the design and implementation
of policy and regulations. It will address challenges in the fragmentation of national
metrology systems across Europe and the need to meet ever-increasing demands on
metrology infrastructure to support the measurement needs of emerging technologies and
important policy domains in climate, environment, energy and health. The main objective
of the initiative is to establish a sustainable coordinated world-class metrology system in
Europe that will increase and accelerate the development and deployment of innovations
and contribute to the design and implementation of policy, regulation and standards. The
study concluded that an A185 Institutionalised Partnership is the preferred option for the
implementation of this initiative.

8. Candidate Institutionalised European Partnership on Transforming Europe’s
Rail System

This initiative focuses on the development of a pan-European approach to research and
innovation in the rail sector. It will address the challenges raised by the lack of alignment
of research and innovation with the needs of a competitive rail transport industry and the
consequent failure of the European rail network to make its full contribution to European
societal objectives. It will also strengthen the competitiveness of the European rail supply
industry in global markets. Accordingly, the objectives of the initiative are to ensure a more
market-focused approach to research and innovation, improving the competitiveness and
modal share of the rail industry and enhancing its contribution to environmental
sustainability as well as economic and social development across the European Union. The
study concluded that an institutionalised partnership under article 187 is the preferred
option for the implementation of this initiative.

9. Candidate Institutionalised European Partnership for Integrated Air Traffic
Management

This initiative focuses on the modernisation of the Air Traffic Management in Europe - an
essential enabler of safe and efficient air transport and a cornerstone of the European
Union’s society and economy. The proposed initiative will address the challenges raised by
an outdated Air Traffic Management system with a non-optimised performance. The current
system needs to be transformed to enable exploitation of emerging digital technologies
and to accommodate new forms of air vehicle including drones. The objective is therefore
to harmonise European Air Traffic Management system based on high levels of
digitalisation, automation and connectivity whilst strengthening air transport, drone and
ATM markets competitiveness and achieving environmental, performance and mobility
goals. This would create €1,800b benefits to the EU economy if the current initiative can
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be built on and accelerated. The study concluded that an Institutionalised Partnership
under Art. 187 TFEU is the preferred option for the implementation of this initiative.

10. Candidate Institutionalised European Partnership on Clean Aviation

This imitative focuses on further aeronautical research and innovation to improve
technology leading to more environmentally efficient aviation equipment. It will address
the challenges raised by the growing ecological footprint of aviation and the challenges and
barriers faced by the aviation industry towards climate neutrality. It will also strengthen
the competitiveness of the European aeronautical industry in global markets. Accordingly,
the objectives of the initiative are to ensure that aviation reaches climate neutrality and
that other environmental impacts are reduced significantly by 2050, maintain the
leadership and competitiveness of the European aeronautics industry and ensure safe,
secure and efficient air transport of passengers and goods. The Impact Assessment study
assessed the options for implementation that would allow for an optimal attainment of
these objectives. The study concluded that an institutionalised partnership under Art. 187
TFEU is the preferred option for the implementation of this initiative.

11. Candidate Institutionalised European Partnership on Clean Hydrogen

The report assesses the impact of potential initiatives to support, through research and
innovation, the growth and development of clean hydrogen, among which an
Institutionalised European Partnership is one of the options assessed. The existing
challenges for clean hydrogen include the limited high-level scientific capacity and
fragmented research activities, the insufficient deployment of hydrogen applications, and
consequently weaker EU scientific and industrial value chains. Environmental, health and
mobility pressures are also driving the need for cleaner hydrogen generation, deployment
and use. An initiative for clean hydrogen must have as a main objective the strengthening
and integration of EU scientific capacities, to support the creation, capitalisation and
sharing of knowledge. This is necessary to accelerate the development and improvement
of advanced clean hydrogen applications, the market entry of innovative competitive clean
solutions, to strengthen the competitiveness of the EU clean hydrogen value chains (and
notably the SMEs within them), and to develop the hydrogen-based solutions necessary to
reach climate neutrality in the EU by 2050. The study concluded that an Institutionalised
Partnership under Art. 187 TFEU is the preferred option for the implementation of this
initiative.

12. Candidate Institutionalised European Partnership on Safe and Automated
Road Transport

This initiative focuses on Connected, Cooperative and Automated Mobility: the use of
connected and automated vehicles to create more user-centred, all-inclusive mobility,
while also increasing safety, reducing congestion and contributing to decarbonisation. With
current road traffic collisions and negative local and global environmental impacts not
reducing quickly enough, it will address the challenges raised by the current fragmentation
of research across the field, and the threat to European competitiveness if the research
agenda does not advance quickly enough. The initiative will focus on strengthening EU
scientific capacity and economic competitiveness in the field of CCAM, whilst contributing
to wider societal benefits including improved road safety, less environmental impact, and
improved accessibility to mobility. The study concluded that a co-programmed partnership
is the preferred option for the implementation of this initiative.

13. Candidate Institutionalised European Partnership for a Circular Bio-based
Europe

This initiative focuses on intensifying research and innovation allowing to replace, where
possible, non-renewable fossil and mineral resources with biomass and waste for the
production of renewable products and nutrients, in order to drive forward sustainable and
climate-neutral solutions that accelerate the transition to a healthy planet and respect
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planetary boundaries. It will address the challenges raised by the fact that the EU economy
does not operate within planetary boundaries, is not sufficiently circular and is
predominantly fossil based. It will also address the insufficient research and innovation
(R&I) capacity and cross-sectoral transfer of knowledge and bio-based solutions, as well
as risks posed to the European bio-based industry’s global competitiveness. The study
concluded that Institutionalised European Partnership based upon Article 187 TFEU is the
preferred option for the implementation of this initiative.

14. Candidate Institutionalised European Partnership for Innovative SMEs

The initiative is envisaged as a continuation of the Eurostars 2 programme which is
managed by the Eureka network. The initiative focuses on international collaborative R&D
of innovative companies, facilitated through a network of national funding organisations as
included in the Eureka network. The funded projects are bottom-up and involve small
numbers of project partners. The candidate partnership addresses a niche issue namely
limited opportunities for international bottom-up collaboration. The partnership provides
thus an opportunity for SMEs for international R&D collaboration but does not address
specific technological, social, or environmental challenges. Its main objective is to improve
the competitiveness of European SMEs through collaborative funding. The study concluded
that a co-funded partnership is the preferred option for the implementation of this
initiative.

PART II. Horizontal studies
1. Horizontal Analysis of Efficiency and Coherence in Implementation

The focus of this report is on the coherence and efficiency in the current European
Partnership landscape under Horizon Europe and the potential to enhance efficiency in the
European Partnerships’ implementation.

European Partnerships are geared towards playing a pivotal role in tackling the complex
economic and societal challenges that constitute the R&I priorities of the Horizon Europe
Pillar IT and are in a unique position to address transformational failures. Multiple potential
interconnections and synergies exist between the candidate European Partnerships within
the clusters, but few are visible across the clusters.

As for the improvement of the efficiency in implementation of institutionalised partnerships
under Art. 187, potential efficiency and effectiveness gains could be achieved with
enhanced collaboration. An option for a common back-office sharing operational
implementation activities is worth exploring further through a detailed feasibility study in
order to assess whether efficiency gains can be made. Ideally this would be co-designed
as a common Partnership approach, leading to a win-win situation for all partners.

2. Impact Modelling of the Candidate Institutionalised European Partnerships

This report presents the results of the use of a macroeconomic model to assess the
economic and environmental impacts of the preferred options identified in the individual
13 impact assessment studies. The model used is E3ME. It includes explicit representation
for each EU Member State with a detailed sectoral disaggregation.

The impact modelling estimated the impacts of the envisaged initiatives at an aggregated
as well as individual level. In total, 14 macroeconomic models have been run, one per
reviewed initiative with a time horizon of 2035 and one that combines all initiatives with a
time horizon of 2050. The results of each of these models were compared with those of a
baseline scenario, which corresponds to a situation where the initiatives would be funded
through regular Horizon Europe calls rather than European Partnerships.

Introduction 6
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Introduction

This report sets out the overall policy context of the impact assessment studies for the
candidate Institutionalised European Partnerships and the methodological framework that
was developed for the impact assessment studies.

It describes the changes in approach to the public-private and public-public partnerships
under Horizon Europe compared to the previous EU Framework Programmes. An example
is the requirement that all envisaged European Partnerships be implemented as either co-
programmed, co-funded or institutionalised. The impact assessment studies will consider
these three scenarios as the different options to be assessed, in compliance with the Better
Regulation guidelines and against the functionalities that the candidate partnerships are
expected to fulfil. The report describes the common methodological framework to assess
the envisaged initiatives accordingly.

The report also presents the landscape of European Partnerships at the level of Horizon
Europe Pillar 2 clusters, which lay the grounds for all of the impact assessment studies
except the candidate Institutionalised European Partnership for Innovative SMEs. This
analysis is presented in more depth in the report on the ‘Horizontal analysis of efficiency
and coherence of implementation’ in Part II of the Impact Assessment Study report.

The report is structured around two main headings:

e Chapter 1: Background and context to European Partnerships in Horizon Europe and
focus of the impact assessment- What is decided

e Chapter 2: The Candidate European Partnerships under Horizon Europe - What needs
to be decided

Overarching context to the impact assessment studies 8
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1 Background and context to European Partnerships in Horizon Europe and
focus of the impact assessment- What is decided

1.1 The political and legal context
1.1.1  Shift in EU priorities and Horizon Europe objectives

Horizon Europe is to be set in the broader context of the pronounced systemic and
holistic approach taken to the design of the new Framework Programme and the
overarching Multi-annual Financial Framework (MFF) 2021-27.

The future long-term budget will be a budget for the Union’s priorities. In her Political
Guidelines for the next European Commission 2019 - 2024, the new President of the
European Commission put forward six overarching priorities for the next five years, which
reach well beyond 2024 in scope: A European Green Deal; An economy that works for
people; A Europe fit for the Digital Age; Protecting our European way of life; A stronger
Europe in the world; and A new push for European democracy. These priorities build upon
A New Strategic Agenda for 2019-2024, adopted by the European Council on 20 June
2019, which targets similar overarching objectives. Together with the United Nations
Sustainable Development Goals (SDGs), they will shape future EU policy responses to the
challenges Europe faces and will steer the ongoing transitions in the European economy
and society,

The MFF 2021-27 strives to provide a framework that will ensure a more coherent, focused
and transparent response to Europe’s challenges. A stronger focus on European added
value, a more streamlined and transparent budget, more flexibility in order to respond
quickly and effectively to unforeseen demands, and above all, an effective and efficient
implementation are among the key principles of the MFF. The objective is to strengthen
the alignment with Union policies and priorities and to simplify and reform the system in
order to “unlock the full potential of the EU budget” and “turn ambitions into reality”.
Investment from multiple programmes is intended to combine in order to address key
crosscutting priorities such as the digital economy, sustainability, security, migration,
human capital and skills, as well as support for small businesses and innovation.!

These principles underlying the MFF 2021-27 are translated in the intent for Horizon Europe
“to play a vital role, in combination with other interventions, for creating new solutions and
fostering innovation, both incremental and disruptive.” > The new Framework Programme
finds its rationale in the daunting challenges that Europe is facing, which call for “a radical
new approach to developing and deploying new technologies and innovative solutions for
citizens and the planet on a scale and at a speed never achieved before, and to adapting
our policy and economic framework to turn global threats into new opportunities for our
society and economy, citizens and businesses.”

In the Orientations towards the first Strategic Plan for Horizon Europe, the need
strategically to prioritise and “direct a substantial part of the funds towards the areas where
we believe they will matter the most” is emphasised. The Orientations specify, “Actions
under Pillar IT of Horizon Europe will target only selected themes of especially high impact
that significantly contribute to delivering on the political priorities of the Union.”

Figure 1, below, which gives an indicative overview of how the EU political priorities are
supported under Horizon Europe, shows the major emphasis placed on contributing to the
priority ‘A European Green Deal’, aimed at making Europe the first climate-neutral

! EC (2018) A Modern Budget for a Union that Protects, Empowers and Defends. The Multiannual Financial
Framework for 2021-2027. Communication from the Commission to the European Parliament, the European
Council, the Council, the European Economic and Social Committee and the Committee of the Regions,
COM(2018) 321 final

2 EC (2019), Orientations towards the first Strategic Plan for Horizon Europe.

Overarching context to the impact assessment studies 10
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continent in the world. At least 35 % of the expenditure from actions under the Horizon
Europe Programme will address the Sustainable Development Goal 13: Climate Action.

Especially the R&I activities funded under Pillar II, including seven Partnership Areas (see
below), are expected to contribute to the attainment of these objectives in an
interconnected manner.

Figure 1: Targeted impacts under Horizon Europe by priority

©

s
Z

A EUROPEAN
GREEN DEAL

PROTECTING
OUR EUROPEAN
WAY OF LIFE

AN ECONOMY
THAT WORKS FOR
PEOPLE

Note: Preliminary, as described in the General orientations towards the first Strategic Plan implementing Horizon Europe.
Source: European Commission (2019) Orientations towards the first Strategic Plan for Horizon Europe, December 2019.

1.1.2 Renewed ambition for European Partnerships

Reflecting its pronounced systemic nature aimed at ‘transformation’ of the European R&I
system, Horizon Europe intends to make a more effective use of these partnerships with
an ambitious approach that is impact oriented and ensures complementarity with the
Framework Programme. The rationalisation of the partnership landscape, both in terms
of number of partnership forms and individual initiatives, constituted a first step in the
direction of the strategic role that these policy initiatives are expected to play in the context
of Horizon Europe. Future partnerships are expected to “provide mechanisms to
consistently aggregate research and innovation efforts into more effective responses to the
policy needs of the Union”.> The expectation is that they will act as dynamic change
agents, strengthening linkages within their respective ecosystems and with other related
ecosystems as well as pooling resources and efforts towards the common objectives in the
European, national and regional landscape. They are expected to develop close synergies
with national and regional programmes, bring together a broad range of actors to work
towards a common goal, translate common priorities into concrete roadmaps and
coordinated activities, and turn research and innovation into socio-economic results and
impacts.

The exact budget dedicated to European Partnerships under Horizon Europe will be agreed
only upon decisions on the multiannual financial framework (MFF) 2021-2017 and the
overall budget for Horizon Europe. In December 2017, the Council nevertheless introduced
the principle of a “possible capping of partnership instruments in the FP budget”.*
Accordingly, it reached the common understanding, with the European Parliament, that
“the majority of the budget in Pillar II [€52.7bn] shall be allocated to actions outside of

3 European Commission (2019) Orientations towards the first Strategic Plan implementing the research and
innovation framework programme Horizon Europe. Co-design via web open consultation. Summer 2019.

4 Council of the European Union (2017) From the Interim Evaluation of Horizon 2020 towards the ninth
Framework Programme. Council conclusions 15320/17.

Overarching context to the impact assessment studies 11
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European Partnerships” (Article 8.2(a) of the Common Understanding on the proposal for
a regulation establishing Horizon Europe).®

1.1.3 Key evolutions as regards the partnership approach

The European R&I partnerships were initially conceived as a means to increase synergies
between the European Union and the Member States (Article 181 of the Treaty on the
Functioning of the European Union TFEU). Their objectives were to pool the forces of all
the relevant actors of R&I systems to achieve breakthrough innovations; strengthen EU
competitiveness; and, tackle major societal challenges. The core activities of the European
partenrships consist therefore of building critical mass mainly through collaborative
projects, jointly developing visions, and setting strategic agendas. They help accelerate
the emergence of a programming approach in European R&I with the involvement of all
relevant actors and provide flexible structures for partnerships that can be tailored to their
goals.®

In the consecutive Framework Programmes up to the current Horizon 2020, the
partnerships and their forms have mushroomed, leading to an increasing complexity of the
partnership landscape. The Horizon 2020 interim evaluation highlighted that the overall
landscape of EU R&I funding had become overly complex and fragmented, and a need to
improve the partnerships’ openness and transparency. The Lamy report suggested that the
European Partnerships should focus on those areas with the greatest European Added
Value, contribute to EU R&I missions and would need a simplified and flexible co-funding
mechanism.

The Competitiveness Council conclusions of December 2017 called on the Commission and
the Member States to jointly consider ways to rationalise the EU R&I partnership landscape.
In 2018, the ERAC Ad-hoc Working Group on Partnerships concluded, “the rationalisation
of the R&I partnership landscape is needed in order to ensure that the portfolio of R&I
partnerships makes a significant contribution to improving the coherence, functioning and
quality of Europe's R&I system and that the individual initiatives are able to fully achieve
their potential in creating positive scientific and socio-economic impacts and/or in
addressing societal challenges”.

Horizon Europe has taken on board these concerns. The Impact Assessment of Horizon
Europe gave a clear analysis of the achievements of Partnerships so far as well as the
expectations for the new generation of Partnerships. Greater transparency and openness
of the partnerships were considered as essential, as well a clear European added value and
long-term commitments of the stakeholders involved.

A list of criteria to decide how European Partnerships will be selected, implemented,
monitored, evaluated and phased-out was attached as an Annex III to the proposal to
establish Horizon Europe (as revised by the partial political agreement). The rationalisation
of the Partnership portfolio in Horizon Europe is expected to allow for a reduction from the
current 120 to between 45 and 50 partnerships.

5 Council of the European Union (2019) Proposal for a REGULATION OF THE EUROPEAN PARLIAMENT AND OF THE
COUNCIL establishing Horizon Europe - the Framework Programme for Research and Innovation, laying down its
rule for participation and dissemination. Common understanding 7942/19.

6 European Commission (2011) Partnering in Research and Innovation. Communication from the Commission
COM(2011) 572 final.
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1.1.4 Overview of legal provisions

The Horizon Europe Regulation (common understanding) defines ‘European Partnership' as
“an initiative where the Union, prepared with early involvement of Member States and/or
Associated Countries, together with private and/or public partners (such as industry,
universities, research organisations, bodies with a public service mission at local, regional,
national or international level or civil society organisations including foundations and
NGOs), commit to jointly support the development and implementation of a programme of
research and innovation activities, including those related to market, regulatory or policy
uptake.” It stipulates that “parts of Horizon Europe may be implemented through European
Partnerships”.

The Horizon Europe Regulation (common understanding) also stipulates that the European
Partnerships are expected to adhere to the “principles of Union added value, transparency,
openness, impact within and for Europe, strong leverage effect on sufficient scale, long-
term commitments of all the involved parties, flexibility in implementation, coherence,
coordination and complementarity with Union, local, regional, national and, where
relevant, international initiatives or other partnerships and missions.” The provisions and
criteria set out for the selection and implementation of the European Partnerships reflect
these principles.

1.1.5 Overview of the eight Partnership areas

The Horizon Europe Regulation also identifies the following "“Areas for possible
institutionalised European Partnerships on the basis of Article 185 TFEU or Article 187
TFEU":

e Partnership Area 1: Faster development and safer use of health innovations for
European patients, and global health.

e Partnership Area 2: Advancing key digital and enabling technologies and their use,
including but not limited to novel technologies such as Artificial Intelligence, photonics
and quantum technologies.

e Partnership Area 3: European leadership in Metrology including an integrated Metrology
system.

e Partnership Area 4: Accelerate competitiveness, safety and environmental performance
of EU air traffic, aviation and rail.

e Partnership Area 5: Sustainable, inclusive and circular bio-based solutions.

e Partnership Area 6: Hydrogen and sustainable energy storage technologies with lower
environmental footprint and less energy-intensive production.

e Partnership Area 7: Clean, connected, cooperative, autonomous and automated
solutions for future mobility demands of people and goods.

e Partnership Area 8: Innovative and R&D intensive small and medium-sized enterprises.

Considering the realm of these partnership areas, potential synergies exist with the future
missions. Horizon European introduced these cross-discipline and cross-sector policy
instruments as part of its core objective of stimulating further excellence-based and
impact-driven R&I. In contrast with the challenges targeted in Horizon 2020, the missions
aim at the achievement of well-defined goals to provide solutions, within a specified
timeframe, to scientific, technological, economical and/or societal problems. As part of the
preparation of Horizon Europe, the European Commission set up five boards to formulate
the future missions in the following areas:

o Adaptation to climate change including societal transformation
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e Cancer

e Healthy oceans, seas, coastal and inland waters
o Climate-neutral and smart cities

e Soil health and food

1.2 Typical problems and problem drivers

The European Partnerships are integral part of the framework programme and its three-
pillar structure. They are predominantly funded under Pillar 2 “Global Challenges and
European industrial competitiveness” and four of its thematic clusters. These clusters cover
sectors and technologies, in which research and innovation activities are deemed of crucial
importance in solving pressing scientific, societal or economic challenges and ensuring the
scientific, technological and industrial leadership of Europe. Only one European
Partnership, targeting innovative and R&D intensive SMEs, will instead act under Pillar 3
“Innovative Europe”.

The European Partnerships are intended to contribute to the attainment of the pillars’ and
clusters’ challenges and R&I priorities. Overarching EU policy priorities addressed are
predominantly the European Green Deal, a people-centred economy, the fit for the Digital
Age, and a stronger Europe in the world.

In Figure 2, below, the R&I priorities in the Pillars II and III to which the candidate

Institutionalised Partnerships intend to contribute are highlighted in yellow.

Figure 2: Contribution of Candidate European Institutionalised Partnerships to the Horizon Europe priorities in Pillars II and III
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The European Partnerships under Horizon Europe most often find their rationale in
addressing systemic failures. Their primary function is to create a platform for a
strengthened collaboration and knowledge exchange between various actors in the
European R&I system and an enhanced coordination of strategic research agenda and/or
R&I funding programmes.
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The concentration of efforts and resources and pooling of knowledge, expertise and skills
on common priorities in a view of solving complex and multi-faceted societal and economic
challenges is at the core of these initiatives. Enhanced cross-disciplinary and cross-sectoral
collaboration and an improved integration of value chains and ecosystems are among the
key objectives of these policy instruments. In the light of Horizon Europe, the aim often is
to drive system transitions and transformations.

Especially in fast-growing technologies and sectors such as ICT, the envisaged European
Partnerships also react on emerging opportunities and address systemic failures such as
shortage in skills or critical mass or cross-sectoral cooperation along the value chains that
would hamper attainment of future European leadership and/or strategic autonomy.

Transformational failures addressed aim at reaching a better alignment of the strategic
R&I agenda and policies of public and private R&I funders in order to pool available
resources, create critical mass, avoid unnecessary duplication of research and innovation
efforts, and leverage sufficiently large investments where needed but hardly achievable by
single countries.

Market failures are less commonly addressed and relate predominantly to enhancing
industry investments thanks to the sharing of risks.

1.3 Description of the options

The proposal for a regulation establishing Horizon Europe’ stipulates that parts of the
Horizon Europe Framework Programme may be implemented through European
Partnerships and establishes three implementation modes: Co-programmed European
Partnerships, Co-funded European Partnerships, and Institutionalised Partnerships in
accordance with Article 185 TFEU or Article 187 TFEU.

1.3.1 Baseline option - Traditional calls under the Framework Programme

Under this option, strategic programming for research and innovation in the field will be
done through the mainstream channels of Horizon Europe. The related priorities will be
implemented through traditional calls under the Framework Programme covering a range
of activities, but mainly calls for R&I and/or innovation actions. Most actions involve
consortia of public and/or private actors in ad hoc combinations, some actions are single
actor (mono-beneficiary). There will be no dedicated implementation structures and no
further support other than the Horizon Europe actions foreseen in the related Horizon
Europe programme or cluster.

Strategic planning mechanisms in the Framework Programmes allow for a high level of
flexibility in their ability to respond to particular needs over time, building upon additional
input in co-creation from stakeholders and programme committees involving MS. The
broad scope of the stakeholders providing their input to the research agenda, however,
implies a lower level of directionality than what can be achieved through the partnerships.
Often, the long-term perspective of the stakeholder input is limited, which risks reducing
strategic capacity in addressing priorities.

The Horizon Europe option also implies a lower level of EU budgetary long-term
commitment for the priority. Without a formal EU partnership mechanism, it is also less
likely that the stakeholders will develop a joint Strategic Research Agenda and commit to
its implementation or agree on mutual financial commitments beyond the single project
participation.

7 Proposal for a Regulation of the European Parliament and of the Council stablishing Horizon Europe - the
Framework Programme for Research and Innovation, laying down its rules for participation and dissemination -
Common understanding', March 2019
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1.3.2 European Partnership

All European Partnerships will be designed in line with the new policy approach for more
objective-driven and impactful partnerships. They are based on the common criteria in
Annex III of the Horizon Europe Regulation, with few distinguishing elements for the
different forms of implementation. All European Partnerships will be based on an agreed
Strategic Research and Innovation Agenda / roadmap agreed among partners and with the
Commission. For each of them the objectives, key performance and impact indicators, and
outputs to be delivered, as well as the related commitments for financial and/or in-kind
contributions of the partners will be defined ex-ante.

Option 1 - Co-programmed European Partnership

This form of European Partnership is based upon a Memorandum of Understanding or a
Contractual Arrangement signed by the European Commission and the private and/or
public partners. Private partners are typically represented by one or more industry
association, which also functions as a back-office to the partnership. It allows for a high
flexibility in the profile of organisation involved, objectives pursued, and/or activities
implemented.

Co-programmed European Partnerships address broader communities across a diverse set
of sectors and/or value chains and where the actors have widely differing capacities and
capabilities. They may encompass one or more associations of organisations from industry,
research, NGOs etc as well as foundations and national R&I funding bodies, with no
restriction on the involvement of international partners from Associated and non-
associated third countries. Different configurations are possible: private actors only, public
entities only, or a combination of the two.

The basis, as for all European Partnerships, is the rationale is to create a platform for
‘concertation’, i.e. in-depth and ongoing consultation of the relevant actors in the European
R&I system for the co-development of a strategic research and Innovation agenda,
typically covering the period of the next 10 years. The primary ambition is to generate
commitment to a common strategic research and innovation agenda (SRIA). For the
private actors involved, this would allow for a de-risking of their R&I investments and
provide predictability of investment paths, for the public actors, it serves as a means to:
inform national policy-makers on EU investments and allows for coordination and
alignment of their efforts to support R&I in the field at the national level.

The level of ‘additionality is possibly lower than for other partnerships. There is no
expectation of a legally binding commitment from the partners to taking an integrated
approach in their individual R&I implementation and it is based on ‘best efforts’. However,
the Union contribution to the partnership is defined for the full duration and has a
comparable level of certainty for the partnerships than in the other forms of
implementation. The priorities for the calls, proposed by the partnership members for
integration in the Framework Programme Work Programmes, are subject to further input
from Member States (comitology) and Commission Services. The full implementation of
the Union contribution in the Framework Programme implies that the full array of Horizon
Europe funding instruments in the related Pillar can be used, ranging from RIAs to CSAs
and including grants, prizes, and procurement.

Option 2 - Co-funded European Partnership

The Co-funded Partnership is based on a Grant Agreement between the Commission and
the consortium of partners, resulting from a call for a proposal for a programme co-fund
action implementing the European Partnerships in the Horizon Europe Work Programme.
Programme co-fund actions provide co-funding to a programme of activities established
and/or implemented by entities managing and/or funding research and innovation
programmes. Therefore, this form of implementation only allows to address public partners
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at its core (comparable to the Article 185 initiatives below), while industry can nevertheless
be addressed by the activities of the partnerships, but not make formal commitments and
contributions to it. The expectation is that these entities would cover most if not all EU
Member States (MS). Also ‘international’ funding bodies can participate as partners, which
creates the potential for an efficient interaction with strategic international partners. Legal
entities in countries that are not part of the programme co-fund consortium, are usually
excluded from funding under the calls launched by the consortium.

The basic rationale for this partnership option is to bring MS together to invest at scale in
key R&I issues of general and common interest. The joint programme of activities is agreed
by the partners and with the EU and typically focuses on societal grand challenges and
specifically, areas of high public good where EU action will add value while reflecting
national priorities and/or policies. The ultimate intent is to create the greatest possible
impact by pooling and/or coordinating national programmes and policies with EU policies
and investments, helping to overcome fragmentation of the public research effort. Member
States that are partners in this partnership become the ‘owners’ of the priority and take
sole responsibility for its funding. Commitments of the partners and the European Union
are ensured through the Grant Agreement.

Based on national programmes, this partnership option shows a particularly high level of
flexibility in terms of activities to be implemented - directly by the national funding bodies
(or governmental organisation “owning” institutional programmes), or by third parties
receiving financial support (following calls for proposals launched by the consortium). The
broad range of possible activities include support for networking and coordination,
research, innovation, pilot actions, and innovation and market deployment actions, training
and mobility actions, awareness raising and communication, dissemination and
exploitation, any relevant financial support, such as grants, prizes, procurement, as well
as Horizon Europe blended finance or a combination thereof.

Option 3 - Institutionalised European Partnership

This type of Partnership is the most complex and high-effort arrangement and will be based
on a Council Regulation (Article 187) or a Decision by the European Parliament and Council
(Art 185) and implemented by dedicated structures created for that purpose. The legal
base for this type of partnership limits the flexibility for a change in core objectives,
partners, and/or commitments as these would require amending legislation.

The basic rationale for this type of partnership is the need for a strong integration of R&I
agenda’s in the private and/or public sectors in Europe in order to address a strategic
challenge or realise an opportunity. The focus is on major long-term strategic challenges
and priorities beyond the framework of a single Framework Programme where collective
action - by private and/or public sectors - is necessary to achieve critical mass and address
the full extent of the complexities of the ecosystem concerned.

The long-term commitment expected from the European Union and its partners is therefore
much larger than for any of the other options, given the considerably higher investment in
the preparation and implementation of the Partnership. As a result, this type of partnership
can be selected only if other parts of the Horizon Europe programme, including other forms
of European Partnerships, would not achieve the objectives or would not generate the
necessary expected impacts. The commitment for contributions by the partnership
members is expected to be at least equal to 50% and may reach up to 75% of the
aggregated European Partnership budgetary commitments.

The partnership members have a high degree of autonomy in developing the strategic
research agenda and annual work programmes and call topics, based on a transparent and
accessible process, and subject to the approval of the Commission Services. The choice of
topics addressed in the (open) calls are therefore strongly aligned with the needs defined.
Normally, the strategic priorities are fully covered by the annual work programmes in the
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partnership, even though it is in principle possible to keep certain topics for calls in the FP
thus complementing the activities in the partnership. The full integration in the Framework
Programme implies that the full array of Horizon Europe funding instruments in the related
Pillar can be used, ranging from RIAs to CSAs and including grants, prizes, and
procurement.

Two forms of Institutionalised Partnerships are of direct relevance to this study, influencing
the constellation of partners involved.

Institutionalised Partnerships based upon Art 185 TFEU

Article 185 of the TFEU allows the Union to participate in programmes jointly undertaken
by Member States and limits therefore the scope of partners to Member States and
Associated Third countries. This type of Institutionalised Partnership aims therefore at
reaching the greatest possible impact through the integration of national and EU funding,
aligning national strategies in order to optimise the use of public resources and overcome
fragmentation of the public research effort.

It brings together R&I governance bodies of most if not all EU Member States (legal
requirement: at least 40% of Member States) as well as Associated Third Countries that
designate a dedicated legal entity (Dedicated Implementation Structure) for the
implementation. By default, membership of non-associated Third Countries is not foreseen.
Such membership is possible only if it is foreseen in the basic act and subject to conclusion
of an international agreement. Eligibility for participation and funding follows by default
the rules of the Framework programme, unless a derogation is introduced in the basic act.

Institutionalised Partnerships under Art. 187 TFEU

This type of Institutionalised Partnership aims at reaching the greatest possible impact by
integrating the strategic R&I agendas of private and/or public actors and by leveraging the
partners’ investments in order to tackle R&I and societal challenges and/or contribute to
Europe’s wider competitiveness goals.

It brings together a stable set of partners with a strong commitment to taking a more
integrated approach and requires the set-up of a dedicated legal entity (Union body, Joint
Undertaking) that carries full responsibility for the management of the partnership and
implementation of the calls.

Different configurations are possible: partnerships focused on creating strategic industrial
partnerships where, most often, the partner organisations are represented by one or more
industry associations, or in some cases individual private partners; partnerships
coordinating national ministries, public funding agencies, and governmental research
organisations in the Member States and Associated Countries; or a combination of the two
(the so-called tripartite model). By default, membership of non-associated Third Countries
is not foreseen. Such membership is possible only if it is foreseen in the basic act and
subject to conclusion of an international agreement. Eligibility for participation and funding
follows by default the rules of the Framework programme, unless a derogation is introduced
in the basic act.

2 The Candidate European Partnerships under Horizon Europe — What needs
to be decided

2.1 Portfolio of candidates for Institutionalised Partnerships under Horizon Europe

2.1.1 The process for identifying the priorities for Institutionalised Partnerships under
Horizon Europe

In May 2019, the European Commission consulted the Member States on a list of 44
possible candidates for European Partnership which it had identified as part of the
preparation of the first Strategic Planning of Horizon Europe. This list was also part of the
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Orientations towards the first Strategic Plan implementing Horizon 20208 which served as
a basis for an Open Public Consultation from July to October 2019. In October and
November 2019, the European Commission and the Member States agreed on increasing
the number of candidate European partnerships to 49. Subsequent discussions until the
adoption of Horizon Europe will focus on ensuring the overall consistency of the EU
partnership landscape and its alignment with the EU overarching priorities and on defining
the precise implementation modalities.

In parallel, the European Commission completed inception impact assessments on the
candidate institutionalised European partnerships. Stakeholders had the opportunity to
provide their feedback on these inception impact assessments in August 2019. A web-
based open public consultation to collect opinions on all candidate institutionalised
partnerships (but the candidate EuroHPC partnership) was organised between September
and October 2019.

2.1.2 Overview of the overall landscape of candidate European Partnerships subject to
the impact assessment

Figure 3, below, gives an overview of all European Partnerships that are currently
envisaged for funding under Horizon Europe. The candidate Institutionalised Partnerships
that are the subject for this impact assessment study are coloured in dark orange.

The European Partnerships can be categorised into two major groupings: ‘horizontal’
partnerships focused on the development of technologies, methods, infrastructures and
resources/materials, and ‘'vertical’ partnerships focused on the needs and development of
a specific application area, be it industrial or societal.

The diagram below shows the central position of the ‘horizontal’ partnerships in the
overall landscape, developing methodologies, technologies or data management
infrastructures for application in the other priority areas. These ‘horizontal’ partnerships
are predominantly proposed as Institutionalised or Co-programmed Partnerships, in
addition to a number of EIT KICs. The European Open Science Cloud (EOSC) partnership,
for example, will support research partnerships by providing an infrastructure for the
storage, management, analysis and re-use of research data.

The upper banner of the diagram groups the industry-oriented ‘vertical’ partnerships.
Under Horizon Europe, they have in common a pronounced focus on enhancing
sustainability. In this context, the banner includes also one of the most recent agreed-
upon partnerships focused on the urban environment. This partnership illustrates the
introduction under Horizon Europe of challenge-oriented cross-cluster partnerships.
Multiple interconnections are envisaged among the ‘vertical’ partnerships in the different
industry sectors covered. In the transport sector, the partnerships are predominantly
proposed as Institutionalised Partnerships. In the other sectors, we see a mix of Co-
Programmed Partnerships and EIT KICs. There are only two Co-Funded Partnerships.

8 Orientations towards the first Strategic Plan implementing the research and innovation framework programme
Horizon Europe, Co-design via Web Open Consultation (2019), see more here
https://ec.europa.eu/research/pdf/horizon-europe/ec_rtd_orientations-towards-the-strategic-planning.pdf
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Figure 3: Landscape of European Partnerships under Horizon Europe (2019)
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The lower banner includes the ‘vertical’ partnerships in the societal application
areas. Striking is the dominance of the Co-Funded Partnerships (to be noted that in the
Food/agriculture cluster, the partnership type still needs to be decided for several
envisaged partnerships). We also note the limited interconnections that are envisaged
between the two areas. An exception is the newly envisaged cross-cluster European
Partnerships ‘One Health AMR'.

2.2 Assessing the necessity of a European Partnership, possible options for
implementation and their cost-effectiveness

In this section we set out the methodological framework that underpins the impact
assessment studies. In line with the Better Regulation Guidelines, the impact assessment
is intervention logic-based and impact-oriented.

The impact assessment allowed also for the conduct of the ‘necessity test’ for a European
Partnership as set out in the Horizon Europe regulation. Pivotal in this context was the
identification of the Horizon Europe calls as Option 0 as well as Baseline Option, allowing
for a comparative analysis of the three partnership forms (Options 1-3) along all of the
assessment dimensions — in relation to each other as well as to the Horizon Europe calls.
The options assessment therefore incorporated the required ‘necessity test’.

2.2.1 Assessment of the selection criteria

The common methodological framework that we defined for the 13 individual Impact
Assessment studies reflects the approach defined in the Better Regulation guidelines. It
also integrates the specific criteria for the use of the different types of European
Partnerships as they are defined in the Horizon Europe Common Understanding (Article 8
and Annex III). Specifically this regards the selection criteria which have to be
demonstrated as a minimum in order to justify the necessity of a European Partnership
instead of regular Horizon Europe calls only and the implementation criteria in Article 8

Overarching context to the impact assessment studies 20



Impact Assessment Study for Institutionalised European Partnerships under Horizon Europe

1(a), (b) and (c) with certain elements distinguishing the use of the different partnership
implementation modes (Table 1).

Table 1: Horizon Europe selection criteria for the European Partnerships

Common selection e .-
- . . Specifications
criteria and principles

e delivering on global challenges and research and innovation
objectives

More effective (Union e securing EU competitiveness
added value) clear
1oLk (e LA 1 B © securing sustainability

Its cltizens e contributing to the strengthening of the European Research and

Innovation Area
e where relevant, contributing to international commitments

e within the EU research and innovation landscape
Coherence and

synergies e coordination and complementarity with Union, local, regional,

national and, where relevant, international initiatives or other
partnerships and missions

o identification of priorities and objectives in terms of expected
results and impacts

e involvement of partners and stakeholders from across the entire
Transparency and value chain, from different sectors, backgrounds and disciplines,
openness including international ones when relevant and not interfering with
European competitiveness

e clear modalities for promoting participation of SMEs and for
disseminating and exploiting results, notably by SMEs, including
through intermediary organisations

e common strategic vision of the purpose of the European
Partnership

e approaches to ensure flexibility of implementation and to adjust to

changing policy, societal and/or market needs, or scientific
Additionality and advances, to increase policy coherence between regional, national
directionality and EU level

« demonstration of expected qualitative and significant quantitative
leverage effects, including a method for the measurement of key
performance indicators

e exit-strategy and measures for phasing-out from the Programme
e a minimum share of public and/or private investments

(L R RCLT TN LI o In the case of institutionalised European Partnerships, established
of all the involved in accordance with article 185 or 187 TFEU, the financial and/or in-
parties kind, contributions from partners other than the Union, will at least
be equal to 50% and may reach up to 75% of the aggregated
European Partnership budgetary commitments

The Better Regulation guidelines remained the primary point of reference for the 13
individual Impact Assessment studies. The different steps of the IA process were carried
out in a consistent manner in the 13 individual IA studies, supported by horizontal analyses
(i.e. common to all studies) such as bibliometrics/patent analysis, social network analysis,
the partnership portfolio mapping and analysis, as well as the analysis of the Open Public
Consultation data.
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The selection criteria for the European Partnerships related to effectiveness and
coherence fit reasonably well in the Better Regulation impact assessment structure. More
problematic was the coverage of the other three criteria groupings, i.e. the criteria of
Openness and Transparency, Additionality and Directionality, and the Ex-ante
demonstration of commitment.

The solution was the introduction of a section on the ‘Functionalities of the initiative’,
in which set out our view on how the initiative should concretely respond to the selection
criteria of ‘coherence and synergies’, ‘openness and transparency’ and ‘additionality and
directionality’ in order to reach its objectives. We focused on those aspects that are not
covered in other sections of this report, such as coherence and synergies, and covered
those elements that from our analysis of the partnership options resulted being key
distinguishing features of the partnership options, i.e. the composition of the
partnership (‘fopenness’, including from a geographical perspective), the type of activities
implemented (‘flexibility’), and the level of directionality and integration of the
stakeholders’ R&I strategies needed (‘directionality and additionality”).

The logical process is summarised in Figure 4, below. The diagram shows how the
‘functionality’ sections constituted an important passage from the objectives and
intervention logic sections to the options assessment. Building upon information collected
in the previous sections (context, problem and objectives analysis) and in combination with
the description of the available options, the description of the desirable ‘functionalities’
allowed for, on the one hand, the identification of the discarded option(s) and, on the other
hand, the options assessment against coherence and against the selection criteria of
‘Openness and Transparency’ and ‘Additionality and Directionality’. In the final chapter of
the Impact Assessment report, the alignment of the preferred option with the criteria for
the selection of European Partnerships was described, emphasising the outcomes of the
‘necessity test’.

Figure 4: Flow of the analysis
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Notes: the numbers indicate the related chapters or sections in the Impact Assessment reports

2.2.2 Methodological approach
Overview of the methodologies employed

The understanding of the overall context of the candidate institutionalised European
Partnerships relies on a desk research partly covering the main impacts and lessons learned
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from their predecessor partnerships (if any). This was complemented with a set of
quantitative analyses of the Horizon 2020-funded partnerships, or in case these did not
exist, the H2020-funded projects in the field. The analyses included a portfolio analysis, a
stakeholder and social network analysis in order to profile the actors involved as well as
their co-operation patterns, and an assessment of the partnerships’ outputs (bibliometrics
and patent analysis). A cost modelling exercise was performed in order to feed into the
efficiency assessments of the partnership options (see below).

Public consultations (open and targeted) supported the comparative assessment of the
policy options. Each study interviewed up to 50 relevant stakeholders (policymakers,
business including SMEs and business associations, research institutes and universities,
and civil organisations, among others). They also used the results from the Open Public
Consultation organised by the European Commission (Sep - Nov 2019) and the feedback
on the Inception Impact Assessments of the 13 candidate institutionalised European
Partnerships that the European Commission received in September 2019.

The timing of the Impact Assessment studies, in parallel to the negotiations between the
European Commission and the existing Joint Undertakings on the specific implementation
of the rules for the future European Partnership, as well as the ongoing discussions within
the existing partnership on their future research directions, has set potential limits to the
validity of the input and feedback collected from the stakeholders during the consultations.

A more detailed description of the methodology is provided in the Annexes C of each impact
assessment report.

Method for identifying the preferred choice

The four policy options were compared along a range of key parameters. The comparison
along these parameters was carried out in an evidence-based manner. A range of
quantitative and qualitative evidence was used, including ex-post evaluations; foresight
studies; statistical analyses of Framework Programmes application and participation data
and Community Innovation Survey data; analyses of science, technology and innovation
indicators; econometric modelling exercises producing quantitative evidence in the form of
monetised impacts; reviews of academic literature on market and systemic failures and
the impact of research and innovation, and of public funding for research and innovation;
sectoral competitiveness studies; expert hearings; etc.

Options assessment related to effectiveness and coherence

On the basis of the evidence collected and gathered, the Impact Assessment study teams
assessed the effectiveness of the retained policy options along three dimensions
corresponding to the different categories of likely impacts: scientific, economic and
technologies, and societal (including environmental) impacts. The Impact Assessment
study teams considered to which extent the retained policy options fulfilled the desirable
‘functionalities’ and were therefore likely to produce the targeted impacts. This analysis
resulted in a scoring of the policy options along a three-point scale.® Instead of a compound
score, the assessment of the effectiveness of the policy options concluded on as many
scores as there are expected impacts.

Likewise, the impact assessment study teams attributed scores (using the same approach
as above) reflecting the potential of each retained policy option for ensuring coherence
with programmes and initiatives within (internal coherence) and beyond (external
coherence) Horizon Europe.

° Scores vary from + to +++, where + refers to low potential for presenting a low potential for reaching the
likely impacts, ++ to a good potential, and +++ to a high potential.
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Scores were justified in a consistent and detailed manner in order to avoid arbitrariness
and spurious accuracy. A qualitative or even quantitative explanation was provided of why
certain scores were given to specific impacts.

When assessing the respective efficiency of the retained policy options, the Impact
Assessment study teams considered the scores related to effectiveness and the identified
costs to conduct a “value for money” (or cost-effectiveness) analysis. They accordingly
attributed a comparative score to each of the options ranging from 1 (option with the
highest costs) to 3 (options with the lowest costs).

Options assessment related to efficiency
A standard cost model

The *horizontal’ team has reviewed the cost categories and costs for each of the four policy
options, at some length. Our first model used published data from past partnerships and
Horizon 2020 calls working with the Commission’s standard accounting codes (Title 1, Title
2, Title 3). The analysis revealed wide-ranging differences in costs across partnerships and
functions, which was thought to be too complex to be helpful to the current exercise. As a
result, we created a static, common model using average costs as a means by which to
indicate the order of magnitude of effort and thereby reveal the principal differences
between each of the policy options.

The model was developed jointly with the European Commission services and is presented
in the study Data report (D1.2), along with an explanation of the data sources used and
the assumptions made.

It is important to note that the costs identified are theoretical and do not reflect the actual
costs of any existing individual partnership. In light of this fact, and to avoid any risk of
misunderstanding, we have transposed the financial estimates into a qualitative
presentation using + / - system in order to compare the various cost elements for each
policy option with the equivalent costs for the baseline policy options (see Table 2).

The principal differences in costs as compared with regular Horizon Europe calls relate to
the European Partnerships’ one-off costs (e.g. developing the proposal and Strategic
Research and Innovation Agenda), additional supervision by the European Commission and
any additional programme management effort. The main difference between the three
types of European Partnership are twofold: (i) the extent to which a partnership will need
to run a limited or comprehensive programme management unit and (ii) the extent to
which a new partnership may benefit from a pre-existing programme management unit
that will greatly reduce or eliminate the set-up costs that would apply to a wholly new
partnership.

Table 2: Intensity of additional costs compared with HEU Calls (for Partners, stakeholders, public and EC)

Option

0
Preparation and set-up costs
Preparation of a partnership
proposal (partners and EC) L + + + t

... Existing:
Set-up of a dedicated 0 0 0 Emstmg. ++
implementation structure New: 4+ New:
+ 4+

Preparation of the SRIA / 0 P P i B

roadmap
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Ex-ante Impact Assessment for

partnership L I
Prepa_rat_lon of EC proposal and 0 0 0 R et
negotiation
Running costs (Annual cycle of implementation)
Annual Work Programme 0 + 0 + +
preparation
0
Call and project implementation 0 In case 0.f MS + + +
contributions:
+

Comparable, unless there are strong arguments of major

(Gt @ EpliceE differences in oversubscription

Partners costs not covered by the

0 + 0 + +
above
Additional EC costs (e.g.

L 0 + + + ++

supervision)
Winding down costs
EC 0 0 0 0 +++
Partners 0 + 0 + +

Notes: 0: no additional costs, as compared with the baseline; +: minor additional costs, as compared with the baseline; ++:
medium additional costs, as compared with the baseline; +++: higher costs, as compared with the baseline

Rationale for the comparative scoring on ‘overall costs’ and 'cost-efficiency’ in
the scorecard

In the scorecard analysis, the scores related to the set-up and implementation costs will
allow the study teams to consider the scale of the expected benefits and thereby allow a
simple “value for money” analysis (cost-effectiveness).

Table 3 shows how we translated the cost analysis into a series of humerical scores.

Table 3: Cost-efficiency matrix

Option O: Option 1: Option 2: Option 3:
Horizon Europe | Co- Co-funded | Institutionalised
calls programmed

Overall cost

Cost-efficiency 3 3 2 2

For the ‘overall cost” dimension, we assigned a score 1 to the option with the highest
additional costs and a score 3 to the option with the lowest additional costs compared to
the baseline. This was based on the following considerations:

¢ Horizon Europe regular calls will have the lowest overall cost among the policy
options and have therefore been scored 3 on this criterion, using a scale of 1-3 where
3 is best (lowest additional costs). This adjudged score is based on two facts: firstly,
that Horizon Europe will not entail any additional one-off costs to set up or discontinue
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the programme, where each of the other policy options will require at least some
additional set-up costs; and secondly, that Horizon Europe will not require any additional
running costs, where each of the other policy options will involve additional efforts by
the Commission and partners in the carrying out of necessary additional tasks (e.g.
preparing annual work programmes).

e A co-programmed partnership (Option 1 - CPP) will entail slightly higher overall costs
as compared with the baseline policy option and has therefore been given a score of
2, using a scale of 1-3 where 3 is best (lowest additional costs). There will be some
additional set-up costs linked for example with the creation of a strategic research and
innovation agenda (SRIA) and additional running costs linked with the partners role in
the creation of the annual work programmes and the Commission’s additional
supervisory responsibilities. A CPP will have lower overall costs than each of the other
types of European Partnership, as it will function with a smaller governance and
implementation structure than will be required for a Co-Funded Partnership or an
Institutionalised Partnership and - related to this - its calls will be operated through the
existing HEU agencies and RDI infrastructure and systems.

e The Co-Funded Partnership (Option 2 - CFP) has been scored 1 on overall cost,
using a scale of 1-3 where 3 is best (lowest additional costs). This reflects the additional
set-up costs of this policy option and the substantial additional running costs for
partners, and the Commission, of the distributed, multi-agency implementation model.

o The Institutionalised Partnership (Option 3 - IP) has been scored 1 on overall cost,
using a scale of 1-3 where 3 is best (lowest additional costs). This reflects the substantial
additional set-up costs of this policy option — and in particular the high costs associated
with preparing the Commission proposal and negotiating that through to a legal
document - and the substantial additional running costs for the Commission associated
with the supervision of this dedicated implementation model.

In relation to cost-efficiency, we considered that while there is a clear gradation in the
overall costs of the policy options, the cost differentials are less marked when we take into
account financial leverage (co-financing rates) and the total budget available for each of
the policy options, assuming a common Union contribution. From this perspective, there
are only one or two percentage points that split the most cost-efficient policy options - the
baseline and CPP policy options - and the least cost-efficient — the CFP and IP. We have
therefore assigned a score of 3 to the baseline Option 0 and CPP options for cost-efficiency
(no or minor additional costs, as compared with the baseline) and a score of 2 for the CFP
and IP policy options (medium additional costs, as compared with the baseline).

Scorecard analysis for the final options assessment

The scorecard analysis built a hierarchy of the options by individual criterion and overall.
The scorecard exercise supported the systematic appraisal of alternative policy options
across multiple types of monetary, non-monetary and qualitative dimensions. It also
allowed for easy visualisation of the pros and cons of alternative options.

Each option was attributed a value of 1 to 3, scoring the adjudged performance against
each criterion with the three broad appraisal dimensions of effectiveness, efficiency and
coherence.

Scores were justified in a consistent and detailed manner in order to avoid arbitrariness
and spurious accuracy. A qualitative or even quantitative explanation was provided of why
certain scores were given to specific impacts, and why one option scores better or worse
than others.

The scorecard analysis allowed for the identification of a single preferred policy option or
in case of an inconclusive comparison of options, a humber of ‘retained’ options or hybrid.
The final selection is a policy decision.
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2.3 Cross-partnership challenges in Horizon Europe clusters

In this section we set the envisaged and candidate partnerships in the context of the
Horizon Europe clusters and the related higher-level EU policy objectives and priorities. We
focus on the evolution of the policy context including the new European Green Deal/climate
neutrality objectives, the Horizon Europe Framework relevant to this cluster, and the link
to the relevant Sustainable Development Goals. Seeing the focus on the Pillar II clusters,
this section excludes the candidate Institutionalised Partnership for Innovative SMEs.

2.3.1 Cluster 1 - Health

Research and innovation (R&I) actions under this cluster will aim at addressing the major
socio-economic and societal burden that diseases and disabilities pose on citizens and
health systems of the EU and worldwide.

The R&I activities funded under the Pillar II Cluster Health aim at contributing to the
achievement of the Sustainable Development Goal ‘Ensuring healthy lives and promoting
well-being for all at all ages’ resulting from investments in research and innovation focused
on three overarching EU policy objectives: ‘An economy that works for people’, ‘A Europe
fit for the Digital Age’, and ‘A European Green Deal’ (see Figure 5, below). The Horizon
Europe proposal for a regulation defined the areas for possible institutionalised European
partnerships on the basis of Article 185 TFEU or Article 187 TFEU as “Partnership Area 1:
Faster development and safer use of health innovations for European patients, and global
health”.

At the core in this cluster are the R&I orientations that aim at ensuring that citizens stay
healthier throughout their lives due to improved health promotion and disease prevention
and the adoption of healthier behaviours and lifestyles, the development of effective health
services to tackle diseases and reduce their burden, and an improved access to innovative,
sustainable and high-quality health care. These objectives require an unlocking of the full
potential of new tools, technologies and digital solutions and ensuring a sustainable and
globally competitive health-related industry in the EU, allowing for the delivery of, e.g.
personalised healthcare services. Last but not least, the citizens’ health and well-being
need to be protected from environmental degradation and pollution, addressing a.o.
climate-related challenges to human health and health systems.

Figure 5, below, shows that the portfolio of envisaged European Partnerships in this
cluster'® aims to contribute to all of the R&I orientations in this cluster. However, there is
a pronounced focus on the ‘tackling diseases and reducing the disease burden’ objective,
addressed by five out of the ten partnerships (amongst which there is one candidate
Institutionalised Partnership). The objectives focused on an improved exploitation of digital
solutions and competitiveness of the EU health-related industry are addressed by two
partnerships amongst which one is a candidate Institutionalised Partnership.

In this context, it should be noted that the portfolio of European Partnerships in this cluster
predominantly encompasses Co-funded Partnerships, focused on joining the R&I
programmes and investments at the national level. There is therefore overall a limited level
of involvement of the private sector in the development of the SRIAs (i.e. as partners of
the envisaged partnerships), be it from the supply or user side in the value chains. The
only exceptions are the Innovative Health Initiative and the EIT KIC Health. European
Partnerships also provide limited support for the assessment of environmental and social
health determinants, uniquely addressed from a chemical risks perspective.

10 As proposed in the Horizon Europe ‘Orientations towards the first Strategic Plans’, dd. December 2019
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The description of the interconnections between the partnerships in this cluster and the
ones funded in the context of other clusters, provided in the reports of the individual impact
assessment studies, sheds more light on this topic.

Figure 5: R&I priorities and higher-level objectives of the Horizon Europe Cluster 1 - Health

SDG SDG 3: Ensure healthy livesand promote well-being for all at all ages
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2.3.1 Cluster 4 - Digital, Industry and Space

In this cluster the focus is on the digitisation of European industry and on advancing key
enabling, digital and space technologies which will underpin the transformation of our
economy and society at large. The overarching vision for R&I investments in this cluster is
“a European industry with global leadership in key areas, fully respecting planetary
boundaries, and resonant with societal needs - in line with the renewed EU Industrial Policy
Strategy.” The expected effects on the European economy and society imply that the R&I
activities under this cluster will contribute to various Sustainable Development Goals and
respond to three key EU policy priorities: ‘A European Green deal’, ‘A Europe fit for the
digital age’, and ‘An economy that works for people’ (Figure 6).

The cluster pursues three objectives: 1) ensuring the competitive edge and sovereignty of
EU industry; 2) fostering climate-neutral, circular and clean industry respecting planetary
boundaries; and 3) fostering social inclusiveness in the form of high-quality jobs and
societal engagement in the use of technologies. A human-centred approach will be taken,
i.e. technology development going hand in hand with European social and ethical values.

The key R&I priorities are grouped in two general categories: (I) Enabling technologies
ensuring European leadership and autonomy; and (II) Accelerating economic and societal
transitions (these will be complemented by priorities of other clusters). European
Partnerships envisaged to support the R&I in the specific intervention areas are mainly co-
programmed partnerships. Exceptions are the three candidate Institutionalised
Partnerships in the digital field and the candidate Institutionalised Partnership in
metrology, reflecting their related Partnership Areas.
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Figure 6: R&I priorities and higher-level objectives of the Horizon Europe Cluster 4 - Digital, Industry and Space

SDG SDG 8: Decent work SDG 9: Industry, innovation SDG 12: Responsible SDG 13: Climate
and economic growth and infrastructure consumption & production action
SDG 3: Good health SDG 10: Reduces SDG 11: Sustainable SDG 6: Clean water SDG 7: Affordable
& well-being inequalities cities and communities and sanitation and clean energy
EU priorities A Europe fit for the Digital Age An economy that works for people A European Green Deal
g;:iz;“deS/ Digital Single EU Industrial Energy Union A Clean Europe on Closing the loop
i th

frameworks Market Policy Strategy Strategy Planet for all e move
R ‘ Enabling technologies ensuring European leadership and autonomy ‘ ‘ Accelerating economic and societal transitions ‘

orientations

Areas of Advanced computing Next Generation Advanced Competitive New services Low-carbon and
intervention & big data Internet materials space sector from space clean industries
under

Horizon Artificial Key Digital Emerging Manufacturing Circular

Europe intelligence Technologies enabling technologies industries
and robotics technologies

Envisaged N X ™
European Al Data & Key Digital Smart networks Made in Global competitive § Carbon neutral and
partnerships Robotics Technologies and services Europe space systems circular industry

EuroHPC European Metrology Clean steel

Institutionalised Advancing key digital and enabling technologies and their use, including but not European leadership in Metrology
Partner ships limited to novel technologies such as Artificial Intelligence, photonics and quantum including an integrated Metrology
Areas technologies system

Technopolis Group

Multiple convergences exist between the technologies that are covered in the first strand
of the priorities in this cluster, i.e. “enabling technologies ensuring European leadership
and autonomy”. In their function of ‘enabling’ technologies, they will also make critical
contributions to the attainment of the desired ‘transitions’ in the ‘vertical’ industry sectors
targeted in the second strand of priorities in this cluster as well as in the other clusters. A
major contribution from this perspective can be expected from the four candidate
Institutionalised Partnerships as well as from the *‘Made in Europe’ partnership, focused on
manufacturing technologies.

2.3.2 Cluster 5 - Climate, Energy and Mobility

The main objectives of this cluster are to fight climate change, improve the competitiveness
of the energy and transport industry as well as the quality of the services that these sectors
bring to society. This is supportive of several Sustainable Development Goals including
affordable and clean energy (SDG7); industry, innovation & infrastructure (SDG9);
sustainable cities & communities (SDG11); sustainable consumption & production
(SDG12); and climate action (SDG13). The cluster is most closely aligned to the EU priority
for ‘A European Green Deal’ but also has synergy with two of the other five priorities; ‘An
economy that works for people’ and ‘A Europe fit for the Digital Age’. This extends across
various policies including a Clean Planet for all, the Energy Union strategy, Single European
Railway Area, European ATM Master Plan, Single European Sky, and Europe on the Move
(Figure 7).

The cluster is directly relevant to several of the areas for possible institutionalised European
partnerships on the basis of Article 185 TFEU or Article 187 TFEU, namely:

o Partnership Area 4: Accelerate competitiveness, safety and environmental performance
of EU air traffic, aviation and rail
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e Partnership Area 6: Hydrogen and sustainable energy storage technologies with lower
environmental footprint and less energy-intensive production

o Partnership Area 7: Clean, connected, cooperative, autonomous and automated
solutions for future mobility demands of people and goods

Cluster 5 is structured under six areas of intervention under Horizon Europe and nine R&I
orientations. Figure 7, below, shows the portfolio of envisaged European Partnerships that
are relevant to this cluster and their link to the areas of intervention.

Figure 7: R&I priorities and higher-level objectives of the Horizon Europe cluster Climate, Energy and Mobility
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There are 14 candidate Partnerships that align with this cluster of which eight are possible
Institutionalised Partnerships, including five Article 187 initiatives and three EIT-KICs.
There are no candidate Article 185 Partnerships in this cluster. The other partnerships are
envisaged as either Co-programmed and/or Co-funded Partnerships.

The diagram above shows the strong orientation of the possible Institutional Partnerships
towards the mobility area and more limited direct synergies between the envisaged
Partnerships and the ‘climate science & solutions’ priority. Of course, the climate change
challenge underpins the whole of this cluster, except where the focus is on industrial
competitiveness, but this will also be at least partially dependent on innovation related to
clean energy and mobility products and services.

2.3.3 Cluster 6 - Food, Bioeconomy, Natural Resources, Agriculture and Environment

The key objective of Cluster 6, ‘Food, Bioeconomy, Natural Resources, Agriculture and
Environment’ is to advance knowledge, expand capacities and deliver innovative solutions
to accelerate the transition towards the sustainable management of natural resources
(such as biodiversity, water and soils). The cluster has a large realm and aims to address
a wide range of challenges relating to climate change, biodiversity and ecosystems, natural
resources, and the production and consumption patterns that may affect them. It
encompasses a single area for possible institutionalised European Partnerships aimed at
the development of “sustainable, inclusive and circular, bio-based solutions”.
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The R&I activities funded under the Pillar II Cluster 6 contribute first and foremost to the
‘European Green Deal’. More precisely, they will be instrumental to the announced climate
change actions, the Biodiversity Strategy for 2030, the “Farm to Fork Strategy”, the zero-
pollution ambition, the New Circular Economy Action Plan, and the comprehensive strategy
on Africa and trade agreements. However, through cooperation with the other clusters,
Cluster 6 may make some contribution to the other EU overarching policy priorities. The
R&I activities funded under this cluster therefore aim to contribute to the achievement of
several United Nations SDGs including: SDG 2: Zero hunger; SDG 6: Clean water and
sanitation; SDG 7: Affordable and clean energy; SDG 11: Sustainable cities and
communities; SDG 12: Responsible consumption and production; SDG 13: Climate action;
SDF 14: Life below water; and, SDG 15: Life on land.

Cluster 6 is structured around six targeted impacts and seven research and innovation
orientations, as shown in Figure 8, below. The R&I activities funded under this cluster aim
to (1) develop solutions for mitigation of, and adaptation to, climate change; (2) halt the
biodiversity loss and foster the restoration of ecosystems; (3) encourage the sustainable
(and circular) management and use of natural resources; (4) stimulate inclusive, safe and
health food and bio-based systems; (5) a better understanding of the determinants of
behavioural, socio-economic and demographic changes to accelerate system
transformation; and, (6) improve solutions for environmental observations and monitoring
systems.

Figure 8: R&I priorities and higher-level objectives of the Horizon Europe Cluster 6 — Food, Bioeconomy, Natural Resources,
Agriculture and Environment
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The European Commission envisages nine partnerships under Cluster 6, two of which would
be institutionalised (Circular bio-based Europe and EIT Food), four would be either co-
programmed or co-funded (Animal Health; A climate-neutral, sustainable and productive
Blue Economy; Safe and Sustainable Food Systems for People, Planet and Climate;
Water4All), and three would be co-funded (Accelerating Farming System Transition;
Agriculture for Data; Rescuing Biodiversity to safeguard life on Earth).

There is seemingly a good balance between the three types of partnerships. However,
industry may have some interest in being involved in the design of the Strategic Research
and Innovation Agendas regarding living labs and other research infrastructure (‘Towards
more sustainable Farming’ envisaged partnership) to develop solutions for accelerating the
transition of farming systems, and technologies to collect agriculture data.
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The proposed portfolio of European Partnerships covers the full range of R&I orientations
under Cluster 6.

All but one of the proposed partnerships contribute to orienting R&I activities towards the
development of food systems that will ensure both sustainable and healthy diets and food
and nutrition security for all. The food system has an impact on several challenges. It
directly relates to nutrition and diets, access to food, food security, and has an influence
on the use of natural resources, water and soil pollution, climate change. Food waste is a
key component of circular systems and biomass has strong potential to offer bio-based
energy solutions. Finally, the transformation of food systems should take into consideration
demographic changes and the accelerating urbanisation (which reduces lands available for
food production but offers opportunities for new types of agriculture such as urban
farming).

Two R&I orientations are covered by less than half of the proposed partnerships:
Environmental Observations (even though achievement in this area could make significant
contribution to the other areas) and Bio-based innovation systems (which is nevertheless
at the core of the candidate institutionalised partnership for a circular bio-based Europe).

Overarching context to the impact assessment studies 32






2020

EUROPEAN COMMISSION

Part I. Impact Assessment

Studies for the Candidate

Institutionalised European
Partnerships

11. Candidate institutionalised European
Partnership on Clean Hydrogen

Authors

Frank Gérard, Natalie Janzow, Matthew Smith , Liliana Guevara Opinska

Trinomics ¢

Directorate-General for Research and Innovation

EN



Impact Assessment Study for Institutionalised European Partnerships under Horizon Europe

Abstract

This document is the final report of the Impact Assessment Study for the candidate
Institutionalised European Partnership on Clean Hydrogen under Horizon Europe. The study
was conducted by Technopolis Group and Trinomics from July to December 2019. The
methodological framework reflects the Better Regulation Guidelines and operationalises
the selection criteria for European Partnerships set out in the Horizon Europe Regulation.

The report assesses the impact of potential initiatives to support, through research and
innovation, the growth and development of clean hydrogen, among which an
Institutionalised European Partnership is one of the options assessed. The existing
challenges for clean hydrogen include the limited high-level scientific capacity and
fragmented research activities, the insufficient deployment of hydrogen applications, and
consequently weaker EU scientific and industrial value chains. Environmental, health and
mobility pressures are also driving the need for cleaner hydrogen generation, deployment
and use. An initiative for clean hydrogen must have as a main objective the strengthening
and integration of EU scientific capacities, to support the creation, capitalisation and
sharing of knowledge. This is necessary to accelerate the development and improvement
of advanced clean hydrogen applications, the market entry of innovative competitive clean
solutions, to strengthen the competitiveness of the EU clean hydrogen value chains (and
notably the SMEs within them), and to develop the hydrogen-based solutions necessary to
reach climate neutrality in the EU by 2050.

The study concluded that Institutionalised Partnership is the preferred option for the
implementation of this initiative.

Candidate Institutionalised European Partnership on Clean Hydrogen
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Executive Summary

This document is the final report of the Impact Assessment Study for the candidate
Institutionalised European Partnership on Clean Hydrogen under Horizon Europe. The study
was conducted by Trinomics from July to December 2019, under the coordination of
Technopolis Group. The methodological framework for this study (described in the report
on the overarching context to the impact assessment studies) reflects the Better
Regulation Guidelines and operationalises the selection criteria for European Partnerships
set out in the Horizon Europe Regulation.

Considering that “the role of hydrogen is likely to become more prominent in a fully
decarbonised energy system” (A Clean Planet for all), hydrogen and fuel cells are
“transformational carbon-neutral solutions that EU research should focus on”.

Hydrogen applications have progressed significantly over the past decade, but are not yet
playing a ‘prominent’ role in the energy system. Continuous R&D will be required to ensure
hydrogen applications are technically improved, highly efficient, as cost competitive as
possible and have a long lifetime. It is important in the upcoming years to increase market
uptake by accelerating the necessary cost reductions and further increasing sector
integration and coupling to decarbonize progressively EU economy. This will need to
provide solutions for the EU’s waterborne, aviation, rail, road transport sectors, and the
gas and power sectors. The lack of local regulations and appropriate standards currently
limits the development of a clean hydrogen industry.

EU action in the field of RD&I should focus on:

o Strengthening and integrating EU scientific capacities to support the creation,
capitalisation and sharing of knowledge;

o Strengthening the competitiveness of the EU clean hydrogen value chain (notable
SMESs), accelerating market entry;

e Developing the hydrogen-based solutions necessary to reach climate neutrality in the
EU by 2050.

The conclusion of this impact assessment study is that an Institutionalised Partnership (IP)
is the preferred option. With a broad, strong and expanding existing community, an IP is
the option with the highest scientific and economic impact, achieved by significantly
increasing collaboration, bolstering EU industry (especially SMEs), therefore contributing
most to maintaining EU’s leading position. Given the versatility of hydrogen, an IP is the
option with the highest impact in supporting the decarbonisation of difficult-to-decarbonise
sectors, supporting the deployment of infrastructure at scale and improving market
conditions to accelerate uptake. With valuable expert knowledge management capacities
internal to the IP, it can more efficiently support building hydrogen ecosystems by
providing support to regional and local authorities, more adequately select projects,
challenge the industries that might remain conservative and provide coordination
capacities to bring together all stakeholders along the whole value chain.

The Institutionalised Partnership is the option that will most efficiently integrate the
Strategic R&I Agenda into a broader spectrum, outside of just R&I, including through
awareness raising, public outreach, training and by providing a strong link with the decision
makers responsible for setting up the MS and EU hydrogen plans. It would ensure a more
coherent approach for the whole hydrogen economy from R&I to market uptake,
addressing specifically the “valley of death” challenge and the standards and regulatory
frameworks development. To maximise complementarities and synergies with all
concerned sectors, EU and international initiatives and programmes, an IP is also clearly
the best option.
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Résumeé exécutif

Ce document est le rapport final de I'étude de support a I'analyse d'impact de la proposition
de partenariat européen institutionnalisé pour I'hydrogéne propre dans le cadre d'Horizon
Europe. L'étude a été menée par Trinomics et coordonnée par Technopolis entre juillet et
décembre 2019. Le cadre méthodologique de cette étude (décrit dans le rapport sur le
contexte général des études de soutien aux analyses d'impact) tient compte des lignes
directrices pour une meilleure réglementation et opérationnalise les critéres de sélection
des partenariats européens définis dans le reglement d’Horizon Europe.

Il est de plus en plus reconnu que « le réle de I'hydrogene deviendra fort probablement
trés important dans un systéme énergétique entierement décarboné » (Une planéte propre
pour tous) et que I'hydrogene et les piles a combustible sont des « solutions
transformationnelles neutres en carbone sur lesquelles la recherche Européenne devrait
concentrer ses efforts ».

Les applications de I'nydrogene ont considérablement progressé au cours de la derniere
décennie, mais ne jouent pas encore un réle « déterminant » dans le systeme énergétique.
Pour aider I'Europe a relever les défis de la décarbonisation, une recherche et un
développement continus sont nécessaires afin de garantir que les applications de
I'nydrogéne seront techniquement améliorées, hautement efficaces, aussi compétitives
gue possible, avec une longue durée de vie. Il importe, dans les années a venir, de parvenir
au stade de commercialisation, d'accélérer la nécessaire réduction des colits et de
poursuivre l'intégration et le couplage des secteurs, en fournissant des solutions aux
secteurs européens de la navigation, de l'aviation, du rail, du transport routier, des
secteurs du gaz et de l'électricité, afin de décarboner progressivement I'économie
européenne. L'absence de réglementations locales et de normes appropriées limite
actuellement le développement d'une industrie de I'hydrogene propre.

Pour relever ces défis, I'action de I'UE dans le domaine de la RD&I devrait viser a :

o Renforcer et intégrer les capacités scientifiques de I'UE pour soutenir la création, la
capitalisation et le partage des connaissances

o Renforcer la compétitivité de la chaine de valeur de I'hydrogéne propre de I'UE
(notamment les PME) en accélérant la mise sur le marché

o Développer les solutions a base d'hydrogéne nécessaires pour atteindre la neutralité
carbone dans I'UE d'ici 2050

Les options politiques pertinentes pour cette analyse étaient les appels a projet d’Horizon
Europe, et les partenariats co-programmeés et institutionnalisés. Notre conclusion est qu'un
partenariat institutionnalisé (PI) est I'option préférée. Avec une communauté existante
étendue, forte et en expansion, un PI aura des impacts scientifiques et économiques plus
importants en augmentant considérablement la collaboration, en renforgant I'industrie de
I'UE (en particulier les PME), en contribuant le plus concrétement au maintien de la position
de leader de I'UE. Compte tenu de la polyvalence de I'hydrogéne, un PI aura un impact
plus important pour soutenir la décarbonisation des secteurs difficiles a décarboner,
soutenir le déploiement des infrastructures a grande échelle et améliorer les conditions de
marché pour en accélérer le démarrage. Doté de précieuses capacités de gestion des
connaissances internes, le PI peut soutenir plus efficacement la construction d'écosystémes
d'hydrogene en fournissant un soutien aux autorités régionales et locales, en sélectionnant
plus adéquatement les projets, en poussant les industries qui pourraient rester
conservatrices et en fournissant des capacités de coordination pour rassembler toutes les
parties prenantes de la chaine de valeur.

Le partenariat institutionnalisé intégrera plus efficacement le Programme Stratégique de
Recherche et d'Innovation dans un contexte plus large, au-dela de la R&I, notamment en
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matiére de sensibilisation, de formation et du lien fort avec les décideurs responsables de
la mise en place des plans hydrogéne des Etats membres et de I'UE. Il assurerait une
approche plus cohérente pour I'ensemble de I'économie de I'hydrogéne, de la RD&I a la
mise sur le marché, en s'attaquant spécifiquement au défi de la « vallée de la mort » ainsi
gu’a l'élaboration de normes et de cadres réglementaires. Afin de maximiser les
complémentarités et les synergies avec tous les secteurs concernés, les initiatives et
programmes européens et internationaux, un PI est également clairement |'option idéale.
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Glossary

BEV
CCs / Cccu

CEF
CHP

COSME

EP

FCEV

FCH JU (and FCH 2 JU)

GHG
HRS
InnovFin EDP

IPCEI
KBA
LNG
MHV
NECP
OEM
PEM

PV
SME
SMR
SRIA
SOFC
TRL

Battery Electric Vehicle

Carbon Capture and Storage/Carbon Capture and
Utilisation

Connecting Europe Facility

Combined Heat and Power

Competitiveness of Enterprises and SMEs programme
European Partnerships under HEU

Fuel Cell Electric Vehicle

Fuel Cells and Hydrogen Joint Undertaking, the current
EU partnership on hydrogen research and innovation
under Horizon 2020

Greenhouse Gas
Hydrogen Refuelling Station

Energy Demo projects funded by the European
Investment Bank’s InnovFin programme

Important Projects of Common European Interest
Knowledge and research Based Actor

Liquid Natural Gas

Material-Handling Vehicle

National Energy and Climate Plan

Original Equipment Manufacturer

Polymer electrolyte membrane (refers to electrolysis or
type of electrolyser)

Photovoltaic Solar

Small and Medium Enterprises

Steam Methane Reformer

Strategic Research and Innovation Agenda

Solid Oxide Fuel Cell (can refer type of electrolysis)

Technology readiness level
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1 Introduction: Political and legal context

This document presents the impact assessment of the candidate institutionalised
partnership on Clean Hydrogen, one of the initiatives behind the Commission’s vision for
the period beyond 2020 under Horizon Europe Pillar II, specifically the Climate, Energy and
Mobility Cluster. It is envisaged as a European Partnership in Partnership Area 6:
“Hydrogen and sustainable energy storage technologies with lower environmental
footprints and less energy-intensive production.”

1.1 Broad policy context of hydrogen

Hydrogen has interested the EU since the early 2000s. Support for the growth and
development of clean hydrogen applications—those which use hydrogen generated with
renewable electricity or fossil derived hydrogen combined with CCS/U (Carbon Capture and
Storage / Carbon Capture and Utilisation)—featured heavily in the implementation of
Horizon 2020. Hydrogen, as an energy carrier, is progressively viewed as a means through
which to increase the share of renewables in European energy markets, to store and
transport large amount of electricity and to provide energy for sectors otherwise difficult
to decarbonise. Hydrogen enables sector “coupling” between the electricity system and
industry and between buildings and transport. The focus on hydrogen applications has
evolved gradually and in the future will increasingly centre on clean hydrogen, meaning
“near-to-zero” hydrogen.

In November 2018, the European Commission published “A Clean Planet for all”, the
strategic long-term vision of the Commission for a prosperous, modern, competitive and
climate-neutral economy by 2050. The communication sets out a clear vision of how to
achieve climate neutrality by 2050, recognising “the role of hydrogen is likely to become
more prominent in a fully decarbonised energy system,” and including hydrogen and fuel
cells in its list of “transformational carbon-neutral solutions that EU research should focus
on.”! In order to become a carbon neutral economy by 2050, EU will need clean hydrogen
as an integral part of the clean energy transition.

In September 2018, the Commission, 27 EU Member States (all except the UK), Iceland
and Switzerland signed on to the Hydrogen Initiative and affirmed their collective aim
to maximise the potentials of sustainable hydrogen technology.

In the European Green Deal,> the Commission highlights the need for “EU industry
‘climate and resource frontrunners’ to develop the first commercial applications of
breakthrough technologies in key industrial sectors by 2030,” and states that “priority
areas include clean hydrogen, fuel cells and other alternative fuels, energy storage, and
carbon capture, storage and utilisation.”

In Summer 2019, the Commission published an overview of its open consultation on
“Orientations towards the first Strategic Plan implementing the research and
innovation framework programme Horizon Europe” emphasising the relevance of
clean hydrogen as a cross-sectoral solution for decarbonisation. The aim to “strengthen

! European Commission (2018), A Clean Planet for all: A European strategic long-term vision for a prosperous,
modern, competitive and climate neutral economy, Communication from the Commission to the European
Parliament, the European Council, the Council, The European Economic and Social Committee, The Committee
of the Regions and the European Investment Bank COM(2018)773, available at https://eur-lex.europa.eu/legal-
content/EN/TXT/?uri=CELEX:52018DC0773

2 Communication released on 11/12/2019: https://ec.europa.eu/info/sites/info/files/european-green-deal-
communication_en.pdf
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the European value chain for low-carbon hydrogen and fuel cells” is included as a key R&I
orientation.?

There is no longer any doubt that hydrogen will play a key role in the energy transition,
addressing climate challenges in the upcoming years and decades.

1.2 Emerging challenges in the field

Hydrogen applications have progressed significantly over the past decade.**® Several
important technologies have been developed from low-level R&D stages to market-
readiness, with the scope of hydrogen applications continually broadening.”-® Still,
hydrogen applications have not yet entered European markets at scale.
These applications could reduce greenhouse gas emissions in the EU’s difficult-to-
decarbonise sectors, but some heavy industry and heavy transport market players do not
yet view hydrogen as an economical decarbonisation solution.®10:11

In upcoming years it will be important for hydrogen applications at higher technology
readiness levels to reach market scale in their respective sectors.!? Once hydrogen value
chains are well-established and an EU-wide hydrogen ecosystem is developed, it will be
easier for these applications to achieve cost reductions and be further integrated
into existing  industries.’>'* Wide  adoption  will prompt larger-scale hydrogen
product industrialisation, which will in turn reduce their costs.!>6

3 European Commission (2019), Orientations towards the first Strategic Plan implementing the research and
innovation framework programme Horizon Europe - available at https://ec.europa.eu/research/pdf/horizon-
europe/ec_rtd_orientations-towards-the-strategic-planning.pdf

4Fuel Cells and Hydrogen Joint Undertaking (2018), FCH JU - Success Stories: A partnership dedicated to clean
energy and transport in Europe - available at https://www.fch.europa.eu/sites/default/files/FCHJIU-
successstories-brochure-WEB-fin.pdf

5 World Energy Council (2018), Hydrogen an enabler of the Grand Transition: Future Energy Leader position
paper — available at https://www.worldenergy.org/assets/downloads/1Hydrogen-an-enabler-of-the-Grand-
Transition_FEL_WEC_2018_Final.pdf

% Financial Times (2019), Hydrogen could help decarbonise the global economy - available at
https://www.ft.com/content/959d08e2-a899-11e9-984c-fac8325aaa04

7 Fuel Cell and Hydrogen 2 Joint Undertaking (2019), Hydrogen Roadmap Europe, available at
https://www.fch.europa.eu/news/hydrogen-roadmap-europe-sustainable-pathway-european-energy-transition

8 International Energy Agency (2019), The Future of Hydrogen - available at
https://www.iea.org/hydrogen2019/

° Vattenfall (2019), Hydrogen, an important step towards independence from fossil fuels — available at
https://group.vattenfall.com/press-and-media/news--press-releases/newsroom/2019/hydrogen-an-important-
step-towards-independence-from-fossil-fuels

10 Hydrogen Europe (2017), Decarbonise Industry, available at https://hydrogeneurope.eu/decarbonise-
industry

11 power Engineering International (2019), Hydrogen: The hope for ‘hard-to-decarbonise’ sectors - available at
https://www.powerengineeringint.com/2019/09/26/hydrogen-the-hope-for-hard-to-decarbonise-sectors/

12 International Energy Agency (2019), The Future of Hydrogen - available at
https://www.iea.org/hydrogen2019/

13 E4tech (2017), Study on Supply Chain for Hydrogen and Fuel Cells Technologies

4 Fuel Cell and Hydrogen 2 Joint Undertaking (2019), Hydrogen Roadmap Europe, available at
https://www.fch.europa.eu/news/hydrogen-roadmap-europe-sustainable-pathway-european-energy-transition

5 Hydrogenics (2018), Cost Reduction Potential for Electrolyser Technology - available at
https://www.humsterlandenergie.nl/resources/LInks-duurzaam/Linkpagina/20180619_Hydrogenics_EU-P2G-
Platform_for-distribution.pdf

6 National Renewable Energy Laboratory (2011), Hydrogen Production Cost Analysis - available at
https://www.nrel.gov/hydrogen/production-cost-analysis.html
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For the EU’s hydrogen economy to thrive, increasing cross-sector integration will also be
necessary. As further hydrogen applications develop, supply chains connecting potential
producers to distributors and end-users become more complex.!” Potential hydrogen
producers will need to collaborate with potential distributors and end-users. Players in the
renewables sector will need to collaborate with gas grid operators, heavy-duty vehicle fleet
owners and energy intensive industries in order to develop feasible and competitive
business plans to support hydrogen integration into their existing operations.81°

Developing the hydrogen economy will require investments in hydrogen generation and
end-use equipment in all concerned sectors. It will also require investments in hydrogen
storage, transportation, and distribution infrastructure - the lack of which is currently
stalling the rollout of market-ready hydrogen applications.?%?! The adaptation of existing
infrastructure (especially the natural gas networks and the related gas knowledge), the
exploitation of natural storage capacities (salt caverns), the deployment and adaptation of
harbour’s infrastructure (LNG - Liquefied Natural Gas terminals, ammonia terminals and
storage tanks) are very important for large scale deployment of clean hydrogen.

Importing cheap green hydrogen produced using wind and solar power outside of
Europe (e.g., in North Africa, Ukraine, or Scotland) will also become more important in the
near future. These deployments should prompt the establishment of international
standards and the development of the required infrastructure.

Large scale integrated hydrogen generation systems will be developed (e.g. clean
hydrogen from PV - Photovoltaic solar and wind power, combined with biomass or coal
gasification, whereby the oxygen from the electrolyser can be used in the gasification
process; reverse osmosis could produce demineralised water as feedstock to produce
hydrogen by electrolysis, etc.).

At the same time, continuous research and development will be required to ensure that
hydrogen technologies are technically improved, highly efficient, as competitive as possible
and have a long lifetime. Improvements to technologies will be consistently required, and
the need for new technologies and applications is likely to emerge as hydrogen
technologies are rolled out.??2324

17 IRENA (2019), Sector Coupling - available at https://www.irena.org/energytransition/Power-Sector-
Transformation/Sector-Coupling

8 Jorg Gigler and Marcel Weeda on behalf of TKI Nieuw Gas (2018), Outlines of a Hydrogen Roadmap -
available at
https://www.topsectorenergie.nl/sites/default/files/uploads/TKI%20Gas/publicaties/20180514%20Roadmap%?2
OHydrogen%?20TKI%?20Nieuw%20Gas%20May%202018.pdf

1% US Department of Energy Hydrogen Program (2006), Analysis of the Hydrogen Production and Delivery
Infrastructure as a Complex Adaptive System - available at
https://www.hydrogen.energy.gov/pdfs/progress06/viii_11_jones.pdf

20 World Energy Council (2019), New Hydrogen Economy - Hope or Hype?: Innovation Insights Brief — available
at https://www.worldenergy.org/assets/downloads/WEInnovation-Insights-Brief-New-Hydrogen-Economy-
Hype-or-Hope.pdf

21 The International Council on Clean Transportation (2017), Developing hydrogen fueling infrastructure for fuel
cell vehicles: A status update - available at https://theicct.org/sites/default/files/publications/Hydrogen-
infrastructure-status-update_ICCT-briefing_04102017_vF.pdf

22 International Energy Agency (2019), The Future of Hydrogen - available at
https://www.iea.org/hydrogen2019/

23 ScienceDaily (2019), Researchers design a roadmap for hydrogen supply network - available at
https://www.sciencedaily.com/releases/2019/09/190912124835.htm

24 Phys.org (2019), Scientists find way to help fuel cells work better, stay clean in the cold - available at
https://phys.org/news/2019-01-scientists-fuel-cells-cold.html
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The lack of regulatory frameworks supporting and governing the use of hydrogen
applications compounds these challenges.?®> For many years, hydrogen applications were
not technologically advanced enough to motivate the EU to develop and adopt hydrogen
legislation. However, policy guidelines at local, national and EU-levels are increasingly
necessary to enable hydrogen’s market entry at large scales.?%:27:28

Table 1 below provides an overview of key emerging challenges in the field of clean
hydrogen.

25 European Commission and Hydrogen Europe (2019), Hydrogen for Climate Action: How to kick start the EU
Hydrogen Industry to achieve the EU climate goals? —-available at
https://staticl.squarespace.com/static/5d3f0387728026000121b2a2/t/5d9f23c486e0ee312c6380a7/15707104
75026/Framework_H2+for+Climate+Action_final.pdf

26 European Commission and Joint Research Centre (2019), Hydrogen use in EU decarbonisation scenarios,
available at https://ec.europa.eu/jrc/sites/jrcsh/files/final_insights_into_hydrogen_use_public_version.pdf

27 Fuel Cells and Hydrogen Joint Undertaking 10th Stakeholder Forum (2017), Fuel Cell and Hydrogen
Technology: Europe’s Journey to a Greener World, available at https://op.europa.eu/en/publication-detail/-
/publication/15d2c3b7-c502-11e7-9b01-01aa75ed71al

28 Hydrogen Europe (2018), EU Legislative framework for implementation of Hydrogen in different applications
- available at https://www.waterstofnet.eu/_asset/_public/powertogas/Conference/10-Nicolas-
Brahy_Hydrogen-Europe-HyLaw-_Regulation-Overview.pdf
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Technical and
technological

Table 1: Overview of the emerging challenges

The safety of hydrogen applications is increasingly becoming a concern
as hydrogen diversifies from industrial use to use by the wider public?®

The scope of hydrogen applications is increasing from its present focus
on transport, FCs and electrolysers, and is expanding to include the
energy sector (power, heating and gas), industry and new transport
applications (maritime, aviation, rail, heavy transport).3°

With the regular emergence of new applications, the supply chain
becomes more complex and continuous improvements3! (new
materials3?, efficiency, reliability, lifetime33, cost34, ...) are still needed for
all applications.

Producing clean hydrogen is costly at the moment. Cost reductions, even
for some ready-to-market applications, are still expected (and needed).

Current hydrogen use (primarily by industry) is almost entirely supplied
from natural gas and coal. Harnessing this existing consumption whilst
keeping on track for a clean energy future requires both the capture of
CO; from hydrogen production from fossil fuels and greater supplies of
hydrogen from renewable electricity.

Hydrogen produced from renewable electricity is a versatile energy
carrier that can respond to a high share of renewables in the electricity
grid (expected 55% in 2030) by providing flexibility through large-
scale/long-term energy storage capability, it can also increase the
flexibility and efficiency of the entire energy system through sectoral
integration.

The development of hydrogen infrastructure is slow and holding back
hydrogen transport, distribution and use. Gas infrastructure, because of
its cost-efficiency compared to electricity transmission lines, could
transport hydrogen generated with electricity produced by large
renewable offshore plants.3>

2% Study on Value Chain and Manufacturing Competitiveness Analysis for Hydrogen and Fuel Cells Technologies,
Evidence Report, E4tech (UK) Ltd for FCH 2 JU in partnership with Ecorys and Strategic Analysis Inc, Oct 2018
(called the “Competitiveness Analysis”). This study shows how safety is addressed by Industries, Knowledge
Associations through projects and research.

30 The scope expansion has been addressed in the frame of the structured consultation of Member States fiche
for Clean Hydrogen, June 2019

31 The Appendix: Analytical report on the Strategic Value Chain (SVC) on Hydrogen technologies and systems in

the frame of the Strategic Forum on IPCEI (called the “IPCEI Appendix”), points out the special techno-
economic challenges of reducing the cost, increasing the efficiency and reducing the use of Critical Raw
Materials (from FCH JU lists) (p 29)

32 The “IPCEI Appendix” addresses, as example, the development and qualification of new materials to continue

improving high pressure hydrogen storage (p 10)

33 Example of buses lifetime addressed in the “Competitiveness Analysis” (p 67)

34 The “IPCEI Appendix” points out the cost of producing hydrogen should be reduced (p 13), FCEV should cost
similar to electrical vehicles (p14), technologies cost reduction is also a question of competitiveness with other
regions especially Asian competitors (p28);

The “Competitiveness Analysis” illustrates cost decrease expectations by 2030, for many different applications,
depending on mass production (p 48)

35 Study on the “Hydrogen - The Bridge between Africa and Europe” http://profadvanwijk.com/wp-
content/uploads/2019/09/Hydrogen-the-bridge-between-Africa-and-Europe-5-9-2019.pdf
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The market risks, the cost of hydrogen and (currently low) hydrogen
demand are among the barriers to rapid hydrogen uptake (with the
exception of the most mature transport applications, e.g. buses)

Cost reduction strongly depends on mass production, challenge is to
achieve higher volumes and cost reductions.3¢

Wide deployment of hydrogen-powered vehicles is limited in part by the
“chicken and egg” problem of needing to deploy infrastructure and
vehicles in tandem.

European nations, regions and cities need to take action now to achieve
Environmental their ambitious Greenhouse Gas (GHG) emission reduction targets and
to improve local air quality.

Production pathways should be aligned with the Paris Agreement and
global climate policy.

The Linz Declaration (Austrian presidency 2018) shows political attention
from Member States.

Hydrogen is gaining momentum at international level, e.g. through the
Clean Energy Ministerial (CEM) hydrogen Initiative, Mission Innovation
Challenge 8 “Renewable and Clean Hydrogen”, the international
Partnership for Hydrogen in the Economy (IPHE), the Hydrogen Energy
Ministerial (HEM). Those who move faster will seize the best
opportunities from hydrogen development.

Political, policy
and regulatory
framework

The lack of local regulations and appropriate standards (e.g. for
Hydrogen Refuelling Stations (HRS) regarding safety,...) currently limits
the development of a clean hydrogen industry. Government and industry
must work together

Achieving sustainable deployment and avoiding a cycle of
disappointment requires public support and intervention. Securing
appropriate policy support, especially, but not only, at national (MS)
level is essential to drive growth and uptake.

1.3 EU relative positioning
1.3.1 Competitive positioning of Europe in the field

European industry is active across all areas of the hydrogen economy’s value chain.?”
Principle trends in Europe can be summarised as follows:

Clean hydrogen production is the critical first link in the value chain for hydrogen. The
production of clean hydrogen will progressively occur through two primary pathways.
Firstly, it will be produced using three main electrolysis technologies (i.e., Alkaline, Proton
Exchange Membrane [PEM] and Solid Oxide Electrolysis Cell [SOEC] electrolysers).3® The
EU is a scientific and industry leader in today’s global alkaline electrolysis industry, with

36 The “IPCEI Appendix” highlights the need to scale up industrial electrolysis to get competitive (p 8), fuel cell
technologies and systems (p 11)

37 The main trends are coming from the study on Value Chain and Manufacturing Competitiveness Analysis for
Hydrogen and Fuel Cells Technologies, Evidence Report, E4tech (UK) Ltd for FCH 2 JU in partnership with
Ecorys and Strategic Analysis Inc, oct 2018. These are completed by the Hydrogen, enabling a zero emission
Europe, technology roadmaps full pack, Sept 2018, Hydrogen Europe

38 ScienceDirect (2019), Electrolysers: an Overview - available at
https://www.sciencedirect.com/topics/engineering/electrolysers
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highly active competitors in China and Japan and less active competitors the US.3° PEM
electrolysis is a much younger technology than alkaline electrolysis and could become an
essential hydrogen production mechanism in the future as it develops further.?® The US,
through initial development for military purposes, has pioneered the technology and has a
strong industrial presence in PEM electrolyser production.*! European developers are also
commercialising their own PEM electrolysers. A key US PEM electrolyser manufacturer was
recently acquired by NEL, such that Europe is now to be better positioned competitively in
this technological field. SOEC electrolysers are still at their earliest stage of development
and remain a focus of research base actors and academia.*?#3%

Clean hydrogen will also be produced using other near-zero carbon technologies, including
Steam Methane Reforming with Carbon Capture Storage/Use (SMR+CCS/U), but also
biomass gasification, solar hydrogen, waste gasification, biological production from algae.
Much of the global activity on these novel methods of production remains at the
University/Research Institute level, with EU institutions well positioned in these fields.
European companies are also well-placed to capitalise on these technologies once they are
further developed.*®

Currently, the bulk of hydrogen (though not clean hydrogen) is produced via Steam
Reforming of natural gas without Carbon Capture and Storage. This production method
counteracts CO: reduction objectives (as it is estimated that the production of 1 kg of
hydrogen via SMR leads to 10 kg of CO2 emissions). SMR without Carbon Capture and
Storage does not require investments in research and innovation.

Hydrogen distribution and storage that is cost-effective, efficient and safe is crucial to
the development of value chains for transporting and distributing large volumes of
generated hydrogen to end users.*® Currently hydrogen is distributed via dedicated
networks or via road transportation, and hydrogen is stored at industrial sites.

There remain significant opportunities for improvements to distribution technologies.47,48
EU industry and particularly EU SMEs are at the forefront of hydrogen handling and logistics

3% Euractiv (2019), EU-wide innovation support is key to electrolysis in Europe - available at
https://www.euractiv.com/section/energy-environment/opinion/eu-wide-innovation-support-is-key-to-
electrolysis-in-europe/

40 International Energy Agency (2019), The Future of Hydrogen - available at
https://www.iea.org/hydrogen2019/

41 US Department of Energy Office of Energy Efficiency & Renewable Energy (2019), Hydrogen Production:
Electrolysis — available at https://www.energy.gov/eere/fuelcells/hydrogen-production-electrolysis

42 Fuel Cells and Hydrogen Joint Undertaking (2018), European Developments in Electrolyser Technology:
Technical and Economic Outlook - available at
https://www.waterstofnet.eu/_asset/_public/powertogas/Conference/4-Nikolaos-Lymperopoulos_-FCH-JU.pdf

43 Hydrogenics (2019), State of Play and Developments of Power-to-Hydrogen Technologies - available at
https://etipwind.eu/wp-content/uploads/A2-Hydrogenics_v2.pdf

44 Industrialization of water electrolysis, IndWede study, 2018

45 ScienceDirect (2019), Hydrogen Production: An overview - available at
https://www.sciencedirect.com/topics/chemistry/hydrogen-production

46 US Department of Energy Hydrogen Program (2006), Analysis of the Hydrogen Production and Delivery
Infrastructure as a Complex Adaptive System - available at
https://www.hydrogen.energy.gov/pdfs/progress06/viii_11_jones.pdf

47 Jorg Gigler and Marcel Weeda on behalf of TKI Nieuw Gas (2018), Outlines of a Hydrogen Roadmap -
available at
https://www.topsectorenergie.nl/sites/default/files/uploads/TKI%20Gas/publicaties/20180514%20Roadmap%?2
OHydrogen%?20TKI%20Nieuw%20Gas%20May%202018.pdf

48 Joint Research Centre (2016), 4th International Workshop on Hydrogen Infrastructure and Transportation
Report - available at
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with many leading companies focusing on multiple applications and technologies, including
hydrogen refuelling stations (HRS), liquefaction facilities, hydrogen-rich aromatic and
alicyclic molecules handling, and ammonia and methanol conversion plants.49 The range
of hydrogen storage technologies varies widely, with applications at dramatically different
stages of development. For most storage technologies, Europe is generally well-positioned,
with suppliers or developers in all areas. Compressed storage is an area of relative
weakness given strong Asian and North American science and industry actors50, including
the lack of EU manufacturing for carbon fibres.

Hydrogen end uses in transport: Hydrogen and fuel cells can play an important role
fostering a low-carbon road transport system.>! In particular, hydrogen is envisioned to
play a vital decarbonisation role in long-distance transport (e.g. for long-haul heavy goods
vehicles and coaches), in buses and truck fleets, in aviation (i.e., through synthetic fuels
based on hydrogen), and in train transport, and in the maritime sector (i.e., through the
use of hydrogen fuel-cell-powered units).>> The long-term Strategy of the Commission
(November 2018) stated that electrification of light duty vehicles transport will effectively
move markets towards electrification, and that after the adoption of the Regulation on
CO; emission standards for new passenger cars and vans. Across these potential end use
sectors in transport:

e The leading OEM integrators for Fuel Cell Electric Vehicles (FCEVs) (cars and light
commercial vehicles) are in Asia. Daimler is currently the only European OEM with a
‘commercial’ product, which is in very limited production. Europe does however have
several entrepreneurial integrators targeting different applications;

» Europe is well placed in fuel cell bus development®, having deployed most of the early
roll-out buses, though China is now deploying more vehicles;

o Fuel cell forklifts markets and providers are predominantly concentrated in North
America. The potential exists in Europe for FC forklifts to be produced and deployed,
with an important gap in demand related to the comparatively weak economics of the
systems. This may require costs to come down before fuel cell forklifts are deployed in
the EU;

e In Europe, several hydrogen trucks (Heavy Duty Vehicles [HDVs]) have been
integrated into existing systems. There is growing interest in zero-emission logistics in
Europe, particularly from major retailers and their transport solutions providers. This
will help to generate an early market. The FC truck sector includes multiple segments,

https://publications.jrc.ec.europa.eu/repository/bitstream/IJRC103586/4%20int%20workshop%200n%20h2%2
Oinfra%?20final%20pdfonline.pdf

4 Hydrogen Europe (2017), Hydrogen safety - available at https://hydrogeneurope.eu/hydrogen-safety

50 TRENA (2017), Electricity Storage and Renewables: Costs and Markets to 2030 - available at
https://www.irena.org/-
/media/Files/IRENA/Agency/Publication/2017/0ct/IRENA_Electricity_Storage_Costs_2017.pdf

51 A Clean Planet for all - A European long-term strategic vision for a prosperous, modern, competitive and
climate neutral economy, p111

52 Fuel Cell and Hydrogen 2 Joint Undertaking (2019), Hydrogen Roadmap Europe, available at
https://www.fch.europa.eu/news/hydrogen-roadmap-europe-sustainable-pathway-european-energy-transition

53 The “Competitiveness Analysis” (p 68), with as main weakness: Stacks from EU suppliers who might supply
buses have not yet proven long lifetimes, so buyer confidence is less than for non-EU suppliers. And as main
threat: If costs do not come down, local authorities may not be able to justify budgets for FCEBs
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the most promising of which for FCs include long haul 26-40 tonne trucks, logistics
applications, and refuse collection trucks;>*

« In Europe, Germany leads in regional trains®> powered by hydrogen fuel cells, which
are now certified for passenger use.*® China is also relatively advanced in the
deployment of fuel cells for rail, with some light rail and tramway applications already
in service. China currently uses systems from Canadian suppliers;

o Europe has several Knowledge and Research Based Actors (KBAs) with FCH skills
specific to the maritime sector,>’” especially in Nordic countries. The European supply
chain is beginning to scale up. With multiple demonstration projects ongoing or in
preparation, Europe could become a market leader in optimised technological solutions
for maritime applications. This is exemplified by the range of European companies that
are active in the fuel cell maritime space;>®

e Aeronautics is one of the EU’s key high-tech sectors in the global market. With world-
leading aircraft companies and expertise in fuel cell technologies, Europe could achieve
a leading position integrating hydrogen within the aviation sector

Hydrogen end uses in energy: Hydrogen could supply heating and power for buildings
(leading to decarbonisation of the natural gas grid through blending & and the potential
upgrading of the natural gas grid to pure hydrogen grid), power generation (providing
seasonal storage for generated renewable electricity), and power for industry (by replacing
natural gas to generate process heat). Across potential end use sectors in the energy
sector:

e The European micro-CHP domestic market is developing, but only a few thousand units
are in currently use, in contrast to the ~300,000 units installed in Japan to date.°
Europe has strong heating appliance integrators with varied but increasing degrees of
participation in fuel cells, but very few have in-house fuel cell stack development. No
European player has the depth of experience that can be found in Japan;

o There are very few PEM commercial FC prime power® and CHP integrators either in
Europe or abroad. Nevertheless, this area could potentially grow into a stronger market
than that for micro-CHPs;

o The market for large FC CHP and primary power®! in Europe has been slow to develop
as few support schemes exist, and almost all installations are concentrated in Asia and
the US, due to ongoing industrial development and interaction. North America and Japan
have a stronger base of manufacturers for such fuel cells;

5 Hydrogen, enabling a zero emission Europe, technology roadmaps full pack, Sept 2018, Hydrogen Europe,
page 52

55 The “Competitiveness Analysis” (p 73)

6 Alstom Press Release. Available at: https://www.alstom.com/press-releases-news/2018/7/coradia-ilint-
hydrogen-train-receives-approval-for-commercial-operation-in-german-railway-networks

57 The “Competitiveness Analysis” (p 75)

8 Hydrogen, enabling a zero emission Europe, technology roadmaps full pack, Sept 2018, Hydrogen Europe,
page 61

%% Ene-Farm programme: https://fuelcellsworks.com/news/fcw-exclusive-tokyo-fuel-cell-expo-2019-300000-
ene-farms/

80 The “Competitiveness Analysis” (p 89)
81 The “Competitiveness Analysis” (p 95)
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» European gas turbines producers have signed commitments®? to deliver technologies
that can operate with high shares of hydrogen (20% by 2020 and 100% by 2030);

e Europe has strong heating appliance integrators with varied but increasing degrees of
participation in fuel cells. Many manufacturers, like the boiler manufacturers, have a
long history in heating appliances and in technology integration. Some are now
introducing boilers on the market. Those manufacturers are also deploying hybrid heat
pump-hydrogen boilers.

Hydrogen end uses in industry: Hydrogen can supply industry feedstock and partially
replace natural gas as feedstock in combination with CCU/CCS. Potential end-use sectors
for hydrogen in industry include steel and iron manufacturers, refineries, and ammonia
and other fertiliser manufacturers. Organisations involved with the multiple demonstration
projects ongoing in Europe will soon have unrivalled expertise in the integration of clean
hydrogen as a feedstock for industry.®3646> Europe could eventually become a market
leader in the use of clean hydrogen in industry.

1.3.2  Support for the field in the previous Framework Programme

Appendix D includes a summary of the First Interim Evaluation of the FCH JU,%¢ the Second
Interim Evaluation of the FCH JU,%” and the Final Evaluation of the FCH JU.68

The main conclusions of the Interim Evaluation of the FCH 2 JU®° are as follows:

e On continued relevance, the JU has further reinforced a community of industry and
research bodies around a common long-term research agenda and gathered a portfolio
of projects that reflects the specific objectives assigned to it. The JU continues to be
relevant. The evaluation concludes that the JU is supporting work across the right
spectrum of technologies to ensure they may be effectively deployed in Europe in the
light of the specific needs and circumstances of various regions.

o Implementation of the PPP has been successful in most relevant aspects. The
Industry Grouping has organised its participation effectively. The JU has successfully
created an active FCH community and extended this to include municipalities and
regions through a Memorandum of Understanding. Financial management appears to
be robust and the views of the public and beneficiaries sought in the consultations are
strongly positive. The overall operational efficiency of the FCH 2 JU has improved as the
institution has matured. It should be noted that the JU has continued to exceed the level

62 https://powertheeu.eu/

%3The H2FUTURE project, for example, is injecting green hydrogen into steel production, thereby eliminating
greenhouse gas emissions that would normally ensue. Demonstrating that even energy-dependent sectors can
rely on this technology will make for increasingly green industrial production (The FCH JU success stories)

64 Refhyne, launched in January 2018, is on course to build the largest hydrogen electrolysis plant of its kind in
the world, with a capacity of 10MW, at the Rhineland refinery in Germany (The FCH JU success stories)

651n 2016, SSAB, LKAB and Vattenfall formed a joint venture project with the aim of replacing coking coal in
ore-based steel making with H2. In 2018, a pilot plant was planned and designed in Lulea and the Norbotten
iron ore fields to provide a testing facility for green H2(produced by electrolysis) to be used as a reducing agent
in steelmaking. Project partners state that using this production method could make steel (the Technology
Roadmap, Hydrogen Europe)

%6 First Interim Evaluation of the Fuel Cell & Hydrogen Joint Undertaking (from 12/2010 to 04/2011)
67 Second Interim Evaluation of the Fuel Cell & Hydrogen Joint Undertaking (12/2013 to 07/2013)

8 Final Evaluation of the Fuel Cells and Hydrogen Joint Undertaking (2008-2014) operating under FP7 (June
2017)

9 Interim Evaluation of the Fuel Cells and Hydrogen 2 Joint Undertaking (2014-2016) operating under Horizon
2020
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of participation by SMEs specified for Horizon 2020. In terms of overcoming
fragmentation within Europe, the challenges of delivering improved coordination
between Member States’ FCH research and innovation support remain. There is little
evidence that the SRG is effective in this regard, and this continues to be a priority for
improvement for the FCH 2 JU.

e Added value and necessary leverage: The FCH 2 JU has an explicit added value
amongst the FCH innovation community. The decision to proceed with FCH 2 JU bringing
together 93 industrial organisations from 22 European countries can be regarded as a
substantial achievement for Europe, and was almost certainly enabled by the unifying
presence of the FCH JU programme. Though hard evidence is lacking to definitively
assess the leveraging position of the FCH JU, the assessment of contributions can be
considered an indication of the leverage achieved by EU funds and is clearly a strong
sign that the JU is successfully aligned on industrial priorities. For the period 2014-2015,
the FCH 2 JU generated 1.63 of total leverage.

o Coherence with EU policies: The work of the JU is coherent with policies of the EU in
energy, environment, transport and competitiveness. The technologies being developed
with the support of the JU are capable of significant contributions to the security of
energy supply, to the reduction of global and local pollution, to a clean and sustainable
transport sector and to a more competitive European economy in a carbon-limited
world.

e The future after FCH 2 JU: The IEG is of the opinion that there will be a continued
need for support in the field of fuel cells and hydrogen beyond the FCH 2 JU. The PPP
approach remains a viable option, and it is desirable that the community created
through the FCH 2 JU be maintained. However, the PPP scheme should be revised if
support to deployment is given. As with renewable energy technologies, FCH
competitiveness can only be achieved with appropriate regulatory support, which is not
in place at present, so the exploitation route for JU outputs is incompletely prepared.
Any new PPP should be considered in the context of the probable need for accompanying
deployment support for FCH technologies if the research and innovation outcomes are
to successfully transition to commercial use.

Research undertaken in a collaborative European environment such as FCH 2 JU has been
shown to be beneficial and should be continued as a means through which to efficiently
support the development of necessary new technologies.

The previous programmes (FP7 and H2020) managed by the Fuel Cell and Hydrogen Joint
Undertakings (FCH JU and FCH 2 JU) have partially addressed all stages/fields of the
hydrogen value chain described above, by focusing on:7°

e Transport, with demonstration activities concerning over 1,900 light-duty vehicles; the
deployment of 45 buses in 10 cities (in operation in 2018), with the aim to deploy 3107%;
the demonstration of material-handling vehicles (MHVs)”? including 226 forklift trucks
and 188 MHV covering 10 different MHV models;”® and with considerable progress made
on the production of state-of the-art stacks for automotive application.”*

70 All these data are coming from the FCH JU Annual Activity Report 2018

71 This European FCH bus deployment can be considered as worldwide state-of-art having progressed significantly throughout FCH 2 JU
projects (https://www.fuelcellbuses.eu/projects/jive)

72 With the 2 projects HyLIFT-EUROPE and HAWL
73 Deployed in 2018 at 3 sites
7*Through the AUTOSTACK CORE, INSPIRE, and VOLUMETRIQ projects
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o Infrastructure, with cross-cutting activities contributing to standardisation, RCS and
safety; demonstration and deployment of infrastructure network;’®> supporting the
deployment of Hydrogen Refuelling Stations (HRS) to reach 99 units (of which 48 in
2018); supporting the deployment of an HRS network for cars in 11 countries; and with
two projects’® currently working towards building and testing a prototype compressor
(HRS equipment);

« Hydrogen production, including the development of PEM manufacturing,”” the
development and testing of three principal types of electrolysers in various projects’®
(though the development of electrolysers and their technical integration with renewable
power plants should remain a prominent scientific focus of the initiative);

o Power production, with the relevant FC (stationary FC CHP) technology steadily
demonstrated in real installations,”® and one project® has demonstrated a CHP PEM fuel
cell power plant integrated into a chlorine-alkali production plant;

To conclude, the FCH JU and FCH2JU have developed successful mechanisms for fostering
continued technological innovation. There is still a need, however, for testing new
production processes for technologically advanced hydrogen applications that could result
in cost reductions. There is also a need for increased demonstration projects that can
generate and open markets to hydrogen technologies. And finally, there is a need to
increase the scope of applications by involving more sectors.81

Several weaknesses of the FCH JU and FCH 2 JU were identified. Allocated funds were
mainly concentrated in Western European Member States (like DE, FR, IT, DK and the UK,
as can be seen in Appendix D). And the participation of all Member States (including low
R&I performing Member States) in H2 R&D activities is still not fully achieved and should
be improved. These issues should be addressed in the next initiative.

1.4 EU policy context beyond 2021

As set out in the report on the overarching context to the impact assessment studies, the
R&I activities funded under the Horizon Europe Pillar II Cluster “Climate, Energy and
Mobility” will contribute to the attainment of at least three of the six main ambitions for
Europe: ‘A European Green Deal’, ‘A people-centred economy’ and ‘A Digital Europe.’
These activities will support several Sustainable Development Goals, particularly Climate
Actions (SDG13) and Sustainable Cities and Communities (SDG11).

A detailed analysis of synergies for the envisaged and candidate partnerships in the
climate & energy cluster is shown in Figure 1. This shows not only the central positioning
of the proposed hydrogen and battery partnerships, in terms of providing solutions to the
challenges for sustainable mobility and energy, but also synergies with many of the
partnerships in other clusters (especially the digital and industry cluster). Likewise, the

75In the frame of 2 FCH 2 JU projects

76 The COSMHYC55 and H2REF56 projects, with great potential for improving the techno-economics for
compression (and hence for HRS)

770n the side, four projects focus on the development of PEM manufacturing, balance of plant and quality
control practices for transport and MHV applications: DIGIMAN, Fit-4-AMandA, INLINE, INN-BALANCE projects

78 The International Energy Agency (2019), The Future of Hydrogen - Seizing today’s opportunities, Report
prepared by the IEA for the G20, Japan, available at https://webstore.iea.org/the-future-of-hydrogen

7% While most of targets set in the Multi-Annual-Work-Program (MAWP) have been met
8 The DEMCOPEM-2MW project

81 Fuel Cell and Hydrogen 2 Joint Undertaking (2019), Hydrogen Roadmap Europe, available at
https://www.fch.europa.eu/news/hydrogen-roadmap-europe-sustainable-pathway-european-energy-transition
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cross-pillar European Open Science Cloud partnership will provide ‘horizontal’
(infrastructural) support to collaborative research and innovation within each envisaged
partnership in Cluster 5, while also facilitating exchange and re-use of research data for
the integration of new technologies into energy and mobility solutions.

There are clearly many opportunities for collaboration between partnerships and across
clusters for the delivery and end-use of hydrogen. Though the Clean Hydrogen initiative
would be the only partnership focused on addressing hydrogen production.

Figure 1: Interconnections between the envisaged partnerships in the Climate, Energy and Mobility cluster

European Partnershipsin the Climate, Energy and M obility cluster
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The European Commission recently confirmed its intention to work on the barriers
identified®® (regulatory hurdles, infrastructure fit for hydrogen, sectoral integration in
general) through initiatives that will be put forward in 2020 in order to support the rollout
of advanced hydrogen applications. Until now, policy development has been limited to
planning and had not yet reached implementation stages.®3 National policy papers detailing
legal and administrative processes, identifying best practices, legal barriers and providing
policy recommendations are being regularly published. The HyLAW project continues to

82 European Commission and Hydrogen Europe (2019), Hydrogen for Climate Action: How to kick start the EU
Hydrogen Industry to achieve the EU climate goals? —-available at
https://staticl.squarespace.com/static/5d3f0387728026000121b2a2/t/5d9f23c486e0ee312c6380a7/15707104
75026/Framework_H2+for+Climate+Action_final.pdf

83 Hydrogen Europe (2018), EU Legislative framework for implementation of Hydrogen in different applications
- available at https://www.waterstofnet.eu/_asset/_public/powertogas/Conference/10-Nicolas-
Brahy_Hydrogen-Europe-HyLaw-_Regulation-Overview.pdf
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highlight the need for a pan-European legislative structure so that a hydrogen ecosystem
can fully advance.848586:87

To facilitate the growth of cohesive hydrogen value chains, policy makers will need to
address the need for regulation governing hydrogen storage, hydrogen transportation
(potentially through existing gas grids), hydrogen distribution
(through standardised refuelling stations), and hydrogen end-use.®® Safety standards will
need to be adopted across all potential applications for hydrogen.® While regulatory
research has been conducted and several potential frameworks proposed at international,
European and national levels, very few have been considered by lawmakers and
enacted.®%!

The hydrogen economy will comprise many different technological solutions and
applications, concerning different actors and linkages to various sectors. Adequate
collaboration and connections between relevant sectors will therefore be required along
the whole value chain.®>®3 There is a need to maintain and reinforce coherence and
collaboration, and to initiate new collaborations with:

e The initiative for Transforming EU's rail system, based on the Shift2Rail JU and the
FCH 2 JU’s joint study on the use of fuel cells and hydrogen in the railway environment,®*
which could be used as a strong common framework for collaboration

o The initiative for Clean Aviation, based on joint experiences like the FCH JU and Clean
Sky joint workshop on aeronautical applications of fuel cells®®

8 HyLAW (2019), Deliverable 4.5 EU policy Paper - available at https://www.hylaw.eu/sites/default/files/2019-
06/EU%?20Policy%?20Paper%20%28June%202019%29.pdf

8 HyLAW (2019), Deliverable 4.4 EU regulations and directives which impact the deployment of FCH
technologies — available at https://www.hylaw.eu/sites/default/files/2019-02/D4.4%20-
%20EU%20regulations%?20and%?20directives%20which%20impact%?20the%20deployment%200f%20FCH% 20t
echnologies_0.pdf

8 HyLAW (2018), D4.1 Cross-country comparison - available at https://www.hylaw.eu/sites/default/files/2018-
11/D.4.1%20-%20Analysis%?200f%20commonalities%20and%?20differences%20between®%?20countries.pdf

87 Hydrogen Europe (2018), EU Legislative framework for implementation of Hydrogen in different applications
- available at https://www.waterstofnet.eu/_asset/_public/powertogas/Conference/10-Nicolas-
Brahy_Hydrogen-Europe-HyLaw-_Regulation-Overview.pdf

8 HyLAW (2019), Deliverable 4.5 EU policy Paper - available at https://www.hylaw.eu/sites/default/files/2019-
06/EU%20Policy%?20Paper%20%28June%202019%29.pdf

8 Hydrogen Europe (2017), Hydrogen safety - available at https://hydrogeneurope.eu/hydrogen-safety

%0 HyLAW (2018), Deliverable 4.2 List of Legal Barriers - available at
https://www.hylaw.eu/sites/default/files/2019-01/D4.2%20-%20List%200f%20legal%20barriers.pdf

°! Dennis Hayter for HyLAW (2018), Hydrogen Law and removal of legal barriers to the deployment of fuel cells
and hydrogen applications — UK National Policy Paper - available at
https://www.hylaw.eu/sites/default/files/2019-
01/HyLaw%?20UK%20Policy%20Paper_Final_December%202018.pdf

°2 International Renewable Energy Agency (2018), Hydrogen from renewable power: Technology outlook for the
energy transition — available at https://www.irena.org/publications/2018/Sep/Hydrogen-from-renewable-power

%3 Element Energy Ltd on behalf of the UK Department for Business, Energy & Industrial Strategy (2018),
Hydrogen supply chain evidence base - available at
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/760479/H2
_supply_chain_evidence_-_publication_version.pdf

%4 https://shift2rail.org/publications/study-on-the-use-of-fuel-cells-and-hydrogen-in-the-railway-environment/

5 https://www.fch.europa.eu/news/joint-cleansky-fch-ju-workshop-aeronautical-applications-fuel-cells-and-
hydrogen-technologies
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e The initiatives on Smart Networks and Services and on Key digital technologies,
based on the fuel cell power plants at the heart of smart grids project®®

« The initiative for Circular bio-based Europe, based on the HyTime project®” and the
UNIfHy project®®

e The initiative on Clean Steel (low carbon steelmaking), based on the H2FUTURE
project®®

e SPIRE (cPPP on Sustainable Process Industry through Resource and Energy Efficiency),
based on the Refhyne project!®

e The proposed initiative on the waterborne sector, that could be based on the
experience extracted from the Flagship project!®?, the Maranda project'®?, and the
workshop!® on “Fuel Cells and Hydrogen for maritime and harbour applications: current
status and future perspectives in the EU”

e The proposed partnership “Towards zero-emission road transport (2ZERO)"”, based on
the experience extracted from JIVE project!®, ZEFER, TAYHA% ...

There is also a need to initiate new collaborations with all RD&I activities related to Carbon
Neutral and Circular Industry; the built environment and construction; Clean Energy
Transition; Batteries - Towards a competitive European industrial battery value chain.

Strong collaboration is needed between the Clean Hydrogen initiative and the
aforementioned initiatives to ensure proper integration of technologies into applications
aimed at decarbonising concerned sectors.

New coherence and collaboration opportunities should also be pursued with sectors not
addressed by initiatives, including:

e The power and especially the renewable energy sector
e The gas sector and especially gas grid operators
Synergies are also expected with other EU programmes and networks, including:

e The European Energy Research Alliance (EERA), currently the largest energy
research community in Europe. Organised into 17 Joint Research Programmes, of which

% https://www.fch.europa.eu/news/fuel-cell-power-plants-heart-smart-grids

°7 The low temperature hydrogen production from 2d generation biomass
https://www.fch.europa.eu/project/low-temperature-hydrogen-production-2nd-generation-biomass

%8 Unique gasifier for hydrogen production https://www.fch.europa.eu/project/unique-gasifier-nydrogen-
production

%% injecting green hydrogen into steel production

100 the largest hydrogen electrolysis plant of its kind in the world, with a capacity of 10MW, at the Rhineland
refinery in Germany (The FCH JU success stories)

101 https://www.fch.europa.eu/news/flagships-project-deploy-two-hydrogen-vessels
102

https://www.fch.europa.eu/sites/default/files/documents/ga2011/2_Session%204_MARANDA%?20%281D%204
811767%29.pdf

103 https://www.fch.europa.eu/news/fuel-cells-and-hydrogen-maritime-and-harbour-applications
104 https://www.fuelcellbuses.eu/projects/jive

105 https://www.fch.europa.eu/page/transport

Candidate Institutionalised European Partnership on Clean Hydrogen

1422


https://www.fch.europa.eu/news/fuel-cell-power-plants-heart-smart-grids
https://www.fch.europa.eu/project/low-temperature-hydrogen-production-2nd-generation-biomass
https://www.fch.europa.eu/project/unique-gasifier-hydrogen-production
https://www.fch.europa.eu/project/unique-gasifier-hydrogen-production
https://www.fch.europa.eu/news/flagships-project-deploy-two-hydrogen-vessels
https://www.fch.europa.eu/sites/default/files/documents/ga2011/2_Session%204_MARANDA%20%28ID%204811767%29.pdf
https://www.fch.europa.eu/sites/default/files/documents/ga2011/2_Session%204_MARANDA%20%28ID%204811767%29.pdf
https://www.fch.europa.eu/news/fuel-cells-and-hydrogen-maritime-and-harbour-applications
https://www.fuelcellbuses.eu/projects/jive
https://www.fch.europa.eu/page/transport

Impact Assessment Study for Institutionalised European Partnerships under Horizon Europe

the “Joint Programme on Fuel Cells and Hydrogen”' aims to accelerate and harmonise
long-term research on fuel cells and electrolysers in Europe. EERA coordinates energy
research to achieve more efficient and cheaper low carbon energy technologies;

e The Programme for Environment & Climate Action (LIFE) under the Natural
Resources and Environment heading, dedicated to the EU environmental and climate
objectives, with the strategic objective of bridging the gap between the development of
new knowledge and its implementation’

o« The High-Level Expert Group on Energy-Intensive Industries!®® which is
developing technology roadmaps referenced in the Masterplan for a competitive
transformation of EU Energy Intensive Industries enabling a climate neutral, circular
economy

The initiative could provide access to funds and financing mechanisms that would help to
bridge the so-called “valley of death” beyond the R&I phase. It would support the
innovation and industrialisation phase for clean hydrogen applications, whereby they could
enter markets at larger scales. These funds might be sourced from:

e The Strategic Forum for Important Projects of Common European Interest
(IPCEI'®®) which has identified six key strategic value chains!® of specific importance
for EU’s industries and competitiveness, including the “Hydrogen technologies and
systems” value-chain. It has recommended the development of “a roadmap for a future
European Hydrogen Economy”

e The Connecting European Facility (CEF) which aims to develop and modernise the
trans-European networks in the fields of transport, energy and digital and facilitate
cross-border cooperation with an emphasis on synergies between sectors!!?, i.e. in the
areas of connected and autonomous mobility, and clean mobility based on alternative
fuels and energy storage!!?

o The ETS Innovation Fund!!® which is one of the world’s largest funding programmes
for the demonstration of innovative low-carbon technologies. It can probably be relied
on to support the industrialisation phase of hydrogen applications

106 https://www.eera-set.eu/eera-joint-programmes-jps/list-of-jps/fuel-cells-and-hydrogen/

107 proposal for a European Commission, Proposal for a Regulation of the European Parliament and of the
Council establishing a Programme for the Environment and Climate Action (LIFE) and repealing Regulation (EU)
No 1293/2013, COM(2018) 385

108 https://ec.europa.eu/transparency/regexpert/index.cfm?do=groupDetail.groupDetail&groupID=3326

109 https://www.clustercollaboration.eu/news/call-applications-strategic-forum-important-projects-common-
european

110 https://ec.europa.eu/commission/sites/beta-political/files/euco-sibiu-eu_industry_fit_for_the_future.pdf,
where in total, three of the value chains are directly relevant to hydrogen: the “Hydrogen technologies and
systems”, “Low CO2 emissions industry” and “Clean, connected and autonomous vehicles”

111 EC (2018), Proposal for a Regulation of the European Parliament and of the Council establishing the
Connecting Europe Facility and repealing Regulations (EU) No 1316/2013 and (EU) No 283/2014, COM(2018)
438 final

112 EPRS (2018), Connecting Europe Facility 2021-2027 - Financing key EU infrastructure networks, BRI
(2018)628247

113 https://ec.europa.eu/clima/policies/innovation-fund_en
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¢ The European Investment Bank, which on November 14, 2019 launched an ambitious
new climate strategy and Energy Lending Policy,!'* like the loans provided by InnovFin
EDP!!S

e The Multi-annual Financial Framework (MFF) 2021-27, which extends beyond
Horizon Europe

2 Problem definition

This section discusses problems that must be addressed in relation to the emerging
challenges presented in Section 1.1, drawing on evidence from desk research and the
findings of the stakeholder consultation undertaken as part of this study. While the
problems identified by the FCH 2 JU impact assessment have been addressed to some
extent through FCH 2 JU management of industry and research during Horizon 2020, it is
clear that several underlying issues remain and that the main problems described in the
previous section will persist for emerging or new applications, and will likely re-emerge in
the absence of ongoing policy intervention.

A problem tree portraying related problems, their drivers and consequences is presented
in Figure 2 and described in detail in the following sections.

Figure 2: Problem tree for the initiative on Clean Hydrogen

Clean hydrogen applications
more expensive than

Limited large-
scale deployment
of clean hydrogen
generation
capacity

Fragmented development
of key interlinked clean
hydrogen applications

Underdeveloped and
non-adapted
infrastructure for storing,
transporting and
distributing hydrogen

Lack of large-scale
deployment of clean
hydrogen end-use
applications

Insufficient
demand,
acceptance and

Inadequate
regulatory, policy
and financing
frameworks for
clean hydrogen

competing technologies, not
yet fully reliable nor of
sufficient quality for take up

associated to limited
cross-sectoral
collaboration

preparation for a
clean hydrogen
transition

Problem drivers

Limited high-level scientific capacity and
fragmented research and innovation activities in
Europe in emerging clean hydrogen interlinked
applications limiting their market-readiness

Environmental, health and mobility pressures pushing for a
cleaner hydrogen generation, deployment and use
associated to a low level of demand, acceptance and take-up
of these technologies in the European economy and society

Innovative clean hydrogen applications not
sufficiently deployed to support the reinforcement
of EU scientific and industrial value chains in face
of currentand future competitive pressures

Alternativg Many difficult—to— ) The su[fply chai.n for A Iimitgd number Investments ) The employment pool
technologies are decarbonise sectors are still producing, storing, of public and needed to bring for overseeing

gaining market share highly emissive and prevent transporting, and private actors hydrogen hydrogen’s integration
while hydrogen member states from distributing hydrogen is consider hydrogen applications to into existing systems is
applications remain reaching their climate disjointed and an accessible low market are still small
under-deployed targets underdeveloped carbon solution limited

Consequences

Source: Trinomics

The problem tree presented in Figure 2 above portrays related problems, their drivers in
the scientific, technological/economic and societal spheres, and their consequences. They
are further described in detail in the following sections. This diagram will further feed the
objective tree and the intervention logic presented in the following sections of the report,
addressing the need for EU R&I action.

2.1 What are the problems?

EU research and innovation action is needed to address several key problems in the field
of Clean Hydrogen, given current and anticipated challenges in the sector. These issues
are explicated below. One crucial problem - the EU-wide absence of strong regulatory

114 https://www.eib.org/en/press/all/2019-313-eu-bank-launches-ambitious-new-climate-strategy-and-energy-
lending-policy

115 European Commission (2019) European Partnership on Clean Hydrogen. Fiche for the consultation with
Member States
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frameworks governing the use of key hydrogen technologies - cannot be addressed
exclusively through research and innovation. However, it is included as it relates to the
problem drivers described in section 2.2.

2.1.1 Limited scientific capacity and fragmentation in clean hydrogen interlinked
applications limiting their market-readiness

Hydrogen applications have been developed to different levels of technological readiness.
Those at higher TRLs - including stationary fuel cells, light FCEVs, fuel cell buses and
electrolysers - are ready for market deployment; however, they remain comparatively
more expensive than competitor technologies.1®117:118 Sybstantial R&I effort is still needed
to develop even the technologies/applications which are mature enough to enter the
market, to improve their efficiency, cost, durability and manufacturability.!*®

Due to their versatility, hydrogen applications can be used in a large variety of sectors and
sub-sectors. For some applications, clean hydrogen directly competes with less expensive
alternatives; in other cases, it is the only low-carbon option for decarbonisation, such that
its relative expensiveness is less important. Other applications could become more
interesting than competitor options because of unique advantages like longer lifetimes and
higher energy storage capacities. Though from a general perspective, hydrogen
applications remain expensive, there is no common rule when it comes to their comparison
to other options. Each option must be assessed separately regarding its comparative cost
and maturity (which is the purpose of a Strategic Research and Innovation Agenda and not
of this study).

The efficiency of hydrogen production/transformation should be considered as a critical
aspect and therefore needs to be stressed and assessed for each application. Having
sufficient conversion rates is essential to ensure long term viability of each hydrogen
application.

Competitor technologies are gaining shares in markets where hydrogen could play a role,
but where higher costs are preventing its uptake.!2021122 For example, renewable power
plant operators increasingly rely on batteries to store excess electricity, rather than on
electrolysers and hydrogen storage options.*?* Consumers are opting for battery-powered

116 Financial Times (2019), Hydrogen could help decarbonise the global economy - available at
https://www.ft.com/content/959d08e2-a899-11e9-984c-fac8325aaa04

17 World Energy Council (2018), Hydrogen an enabler of the Grand Transition: Future Energy Leader position
paper — available at https://www.worldenergy.org/assets/downloads/1Hydrogen-an-enabler-of-the-Grand-
Transition_FEL_WEC_2018_Final.pdf

118 power Engineering International (2019), Hydrogen: The hope for *hard-to-decarbonise’ sectors - available at
https://www.powerengineeringint.com/2019/09/26/hydrogen-the-hope-for-hard-to-decarbonise-sectors/

119 Strategic Research and Innovation Agenda, Hydrogen Europe, December 2019 (p 10)

120 Smart Energy International (2019), 2019 energy storage trends - available at https://www.smart-
energy.com/industry-sectors/storage/2019-energy-storage-trends/

21 McKinsey & Company (2017), Battery storage: The next disruptive technology in the power sector -
available at

https://www.mckinsey.com/~/media/McKinsey/Business% 20Functions/Sustainability/Our%?20Insights/Battery
% 20storage%20The%20next%?20disruptive%?20technology%20in%?20the%20power%?20sector/Battery-
storage-The-next-disruptive-technology-in-the-power-sector.ashx

122 peloitte (2019), New market. New entrants. New challenges. Battery Electric Vehicles - available at
https://www2.deloitte.com/content/dam/Deloitte/uk/Documents/manufacturing/deloitte-uk-battery-electric-
vehicles.pdf

123 paul Denholm, Jacob Nunemaker, Pieter Gagnon and Wesley Cole for the National Renewable Energy
Laboratory of the US Department of Energy (2019), The Potential for Battery Energy Storage to Provide
Peaking Capacity in the United States - available at https://www.nrel.gov/docs/fy190sti/74184.pdf
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